5321

MHUHHACTEPCTBO OBPA3OBAHMSA M HAYKH POCCHICKON ®EJTEPAITNHA

PSI3AHCKH T'OCYJAPCTBEHHBIN PAITMOTEXHUYECKHWI YHABEPCUTET

KOHCTPYUPOBAHUE MUKPO- U HAHOCUCTEM

Mertoauueckue yka3zaHus
K 1aboparopHoil padote Ne 2

HpOeKTHpOBaHI/le TOMOJOI'MA TOHKOIUVICHOYHOI'0 KOHACHCATOPA

Pazauns 2018



VK 621.315.592

KoHcTpyHpoBaHHE MUKpPO- M HAHOCHUCTEM: METOANYECKUE yKa3aHUS K
nmabopaTtopHoii padore Ne 2 / Pszan. roc. pagmoTexH. yH-T; cocT.: H.B.
Pribuna, H.Bb. Pei6un., 1.C. Kycakun. Ps3ans, 2018. 16 c.

CoznepxaT KpaTKHE TEOPETHYECKHE CBEICHHS O KOHCTPYKLHSX |
crocobax pacyera TOIOJOTHH TOHKOIUIEHOYHBIX KOHICHCATOPOB IS
TMOpUIHBIX HMHTETPANBHBIX MHKPOCXEM, a TakKe Marepuaibl Uit
BBINIOJTHEHHS J1a00paTopHOW paboThl mo aucuumuinHe “KoHcTpynpoBanue
MHUKpPO- U HAaHOCHCTEM .

HpeﬂHa?;Ha‘leHLI IJIA CTYACHTOB IHEBHOI'O OTACJICHHWA HaAIpaBJICHUA
11.03.04.

Wn. 2. Tabn. 2. bubnworp.: 2 Ha3B.

Tonkonnenounwill KOHOEHCaAmMop, 2UOPUOHAs UHMeSPATbHAS CXeMd,
npoexmuposanue

[ledaTaeTcs 1O pENICHUIO PENAKIMOHHO-M3IATENLCKOTO COBETA
Ps3aHcKOro rocy1apcTBEHHOTO PaluOTEXHUYECKOTO YHUBEPCUTETA.

Penensent: xadeapa Mukpo- u HaHoanekrponuku PI'PTY (3aB.
kadenpoii T.A. XonomuHa)

KoHcTpynpoBanue MUKpO- 1 HAHOCHCTEM

CocTaBuTenu: P b1 6 m H a Haranes Baamumuposna
P b1 6 w5 Huxomnait Bopucosnu
Ky caxkun Imurpuii CepreeBuy

Penakrop P.K. Manryrosa
Koppekrop M.E. IIBeTkoBa
Ioamucano B nmevats 10.10.18. ®opmat 6ymaru 60x84 1/16.
Bymara nucyas. I[Teuats Tpadapernas. Yci. ned. i 1,0.
Tupax 30 3k3. 3aka3
Ps13aHcKuil rocy1apcTBEHHBIN paJUOTEXHUUECKUN YHUBEPCUTET.
390005, Psizanb, ya. arapuna, 59/1.
Penakunonno-uznarensckuii uentp PI'PTY.



eab padoTbl
W3yyeHne mopsaka pacdeTa TOHKOIUICHOYHBIX KOHJCHCAaTOPOB B

THOPUIHBIX HHTETPANBHBIX MUKPOCXEMAX.

1. KpaTrkne TeopeTuiecKkue cBeIeHUs

WnterpansHas  mukpocxema (MUMC) — 3T0  KOHCTPYKTHBHO
3aKOHYEHHOE  H3JeJIue  JIEKTPOHHONH  TEXHHUKH,  BBINOJHSIOIIEE
omnpejeneHHy0 (QyHKIMIO npeoOpa3oBaHHs MHGOPMAIMU U COJEpIKallee
COBOKYITHOCTh IEKTPUUECKH CBSI3aHHBIX MEXIY coboit
NIEKTPOPATHOIIEMEHTOB (BP2), M3TOTOBIICHHBIX B eIMHOM
TEXHOJIOTHYECKOM Iukite [1].

TepMuH «WHTETpaldbHAsE MHKPOCXEMa» OTpa)aeT: OOBbEIMHEHHE
3HAYUTEIBHOTO YHCJIa TPAH3UCTOPOB, TUOI0B, KOHIEHCATOPOB, PE3UCTOPOB
U COCUHSIOMHNX MIPOBOJHUKOB B €IUHYI0 KOHCTPYKLHUIO (KOHCTPYKTHUBHAs
HWHTETpalus);  BBIIOJHEHHWE  CXeMOM  GyHKIMH  mpeoOpa3oBaHMsA
nHpopmanuy, Ooyiee CIOXKHBIX MO CPAaBHEHHIO ¢ (YHKIMSMH OTIEIBHBIX
OPD  (cxeMOTexXHWYECKass WHTErpauys); BBIIOJIHEHHE B  E€IUHOM
TEXHOJIOTMYECKOM [HMKJIE OJHOBPEMEHHO Bcex OPD cxembl n
MEKCOEIMHEHUH M OJJHOBPEMEHHOE ()OPMUPOBAHUE TPYMIIOBHIM METOJOM
6osbioro uncia oguHakoBbIXx IMC (TexHOMOrHYecKass HHTETPaIys).

IIo crnoco0y W3rOTOBIEHUS pa3IMYalOT MOIYHPOBOJHUKOBBIE U
mwienounsle IMC. B momynpoogaukoBeix MMC Bce DOPD u wacth
MEXCOeIUHEHNH  COPMHPOBAHBI B  TPHIIOBEPXHOCTHOM  CJIO€
MIOJTYIPOBOTHUKOBOH (OOBIYHO KPEMHMEBOH) IOJUIOKKH. B IIeHOYHBIX
NMC naccuBHble OPD U3roTOBICHBI B BHJIE COBOKYITHOCTH TOHKUX (MEHee
1 mxM) mwm Ttoncteix (10 — 50 MKM) IUICHOK, HAaHECCHHBIX Ha

JMIIeKTpUUecKyto 1outoxky. ['uopunasie UMC (T'MMC) npexncrasistor



co00if KOMOWHANMIO IUIGHOYHBIX ITACCHBHEIX OPD ¢ MHHHATIOpHBIMU
0eCKOpITyCHBIMU TUCKPETHBIMHU aKTUBHBIMHU npudbopaMu
(TIOTyTIPOBOAHUKOBBIMU UMC, TPaH3UCTOPAMH, JTNOJIAMN),
pAacIIOIOKEeHHBIX Ha OO0IIeH IudIeKTpudIeckoil mommoxke. DPD, xoTopsie
SIBIIIFOTCSL HEOTheMJIeMOHN cocTaBHOW dacThio UMC um He MOryr OBITh
BBIZICTICHBI M3 HEE KaK CaMOCTOSITENIbHOE U3JIENe, Ha3bIBAIOT dJIEMEHTAMHU
HUMC, a nuckpetnble aktuBHble OPD 'MMC — HaBeCHBIMH KOMIIOHEHTAMH
(mmM  MPOCTO KOMITIOHEHTAaMHM), TMOMYEPKHBAs TEM CaMbIM, YTO HX
M3TOTAaBJIMBAIOT OTICIHHO B BHAE CAMOCTOATENBHBIX HMPHUOOPOB, KOTOPHIC
MoryT OBITh iproOpeTeHs! n3rorosutesieM ['MC kak mokymHbIe n3genus. B
OTIIMYME OT JHUCKPETHBIX KOMIOHEHTOB HsieMeHTel WMMC Ha3pIBaloT
HHTErpaJbHBIMHU (MHTETPATBbHBINA PE3UCTOP, MHTErpaNbHbIH quom) [1].

B coBmeniennbix UMC DPD BBHINOIHEHBI B IPUITOBEPXHOCTHOM CIIO€
MIOJTYIIPOBOTHUKOBOTO KpUCTa/ula (Kak y mnoxynpoBogaukoBoit MIMC), a
MaCCUBHBIE HAHECEHBl B BHUJE IUICHOK Ha TOKPBHITYIO JAMAJIEKTPUKOM
MIOBEPXHOCTh TOTO K& KpucTaiuia (kak y meHounot UMC).

I'MC 1o cpaBHEHHIO C TIONYHPOBOOHHKOBBEIMH HMEIOT  PAL
MPEUMYIIECTB: 00SCIIEYNBAIOT IIUPOKAN NHANa30H HOMHHAJIOB, MEHBIIINE
TIPEeITBl TOMYCKOB | JIyYIINE IEKTPHICCKUE XapPAKTEPHUCTUKH MACCHBHBIX
aeMeHTOB (0oJiee BEICOKYIO TOOPOTHOCTD, TEMIIEPATypHYIO U BPEMEHHYIO
CTaOMIIBHOCTh, MEHBIIIEE YHCIO M MEHEEC 3aMETHOE BJIHMSHUC Mapa3sUTHBIX
SIIEMEHTOB).

OpnHa W3 OCHOBHBIX XapaKTEPUCTHK MHUKPOIIEKTPOHHOTO H3IETHS —
paccenBaeMasl MOINHOCTh. IIpM THOPUIHOM WCIIONHCHHH MOXKHO
00eCIeYnTh U3TrOTOBIICHHE M3ACIHIA JOCTATOYHO OOJIBIION MOIIHOCTH, YTO
BaXHO TPU CO3JIaHUH AHAJOTOBBIX YCTPOWCTB, YIPABJISAIOMIAX MOIIHBIMHU

BXOAHBIMU LICTIAMU.



KoHCcTpyKIHM IJIEHOYHBIX KOHAEHCATOPOB

Tak Kak €MKOCTh TOHKOIDICHOYHOTO KOHAEHCATOpa OIpeaessieTcs
IUIOIAABI0 TIEPEKPHITHA ero OOKIamoK (aKTHBHOW IIIOMIANbI0  WIIH
IUIOIAABI0 BEpXHEW OOKIAagKH), TO OH MOXET OBITh HW3TOTOBICH B
HECKOJbKUX KOHCTPYKTHBHBIX BapHAHTAX, PUBEICHHBIX Ha puc. 1 [2].

Ha puc. 1, a mpuBeneHa KOHCTPYKIMSI KOHJEHCATOpPa C IUIOLIA/IBIO
BepXHel 0bKkTaaku Gonee 5 Mv°. Tak Kak BepXHHE OOKIAIKH (POPMHPYIOT
MaCOYHbIM MCTOJIOM, TO JJIs1 YCTPAHCHUS MOTrPEHIHOCTU COBMCILICHUA MAaCKU B
MecTe BBIBOJa BepXHEH OOKIAIKH C MPOTHUBOIOJIOKHOH CTOPOHBI OT BHIBOZA
JeTaloT KoMmeHcaTop. [Ipy 3HaYMTENbHOHN IUIOMAAN BEepXHEH OOKIaIKH 3Ta
TIOTPEIITHOCTh Malia ¥ KOMITeHcaTop He HykeH. [Ipu akThBHO# 1uiomanun ot 1
710 5 MM’ OOKIIaIKH KOHJIGHCATOPA MOYKHO BBIIIOJIHATH B BHJIE JBYX B3aHMHO
nepecekaronuxcs mojocok (puc. 1, ©0). Ecmm pacuetHas ruiomans
KOHJACHCATOpa MCHbBIIC 1 MMZ, KOHJACHCATOP MOKHO BBINOJHATL B BHUIC
TOCJIEIOBATENbHO COEIMHEHHBIX KOH/IeHcaTopoB (puc. 1, B). Eciu pacyerHas
IUIOIIA]b CJIMIIKOM Maja M He IO3BOJISIET KOHCTPYHPOBATh KOHZIEHCATOP
MPUEMIIEMBIX Pa3MEpOB, MOXKHO HCIOJIB30BATh B KAueCTBE JIUIJICKTPHKA
MOIIOKKY (puc. 1, T), KoTopass  JOJDKHA OBITH TIPHUTOMHA IS HAIBLIICHUS
00KIaIoK ¢ 00enx CTOpoH. MOXKHO KOHCTPYHpPOBATh TAaKXKE TIpeOCHUATHIN
koHAeHcaTop (puc. 1, o). EMKOCT Takoro KOHIEHcaTopa TOYTH IEITHKOM
OIIPE/IeNISETCS EMKOCTBIO, 00YCIIOBIEHHOM KpaeBbIM 3P (eKTOM.

Marepuajibl KoHIeHCATOpoB. OOKIAJAKM KOHICHCATOPOB JIOJDKHBI
HUMETh BBICOKYIO MPOBOJIMMOCTb, KOPPO3HOHHYIO CTOMKOCTb,
TEXHOJIOTHYECKYI0 COBMECTHMOCTh C MaTEPHAIIOM TOJUIOKKH M IM3JIEKTpUKa
KOHJICHCAaTOpa: TeMmIieparypHble Kod((HUIHEHTH JIMHEHHOTO paCIIMpeHus
(TKJIP), 6mm3kue k TKJIP momioky M IMAJIEKTPHUKA, XOPOIIYIO aJre3uto K

TIOJIOKKE U TUDJICKTPUKY, BBICOKYIO MEXaHUYICCKYTO TPOYHOCTbD.
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Puc. 1. Kondpurypanuu rmieHOYHBIX KOHIEHCATOPOB: a — IUIOIAAh BEpXHEH
oOkmnanku Ooiee 5 MM2; 0 — wromans ot 1 10 5 MMZ; B — pacyeTHas
ILIOIa /b KOHEHCATOPA MEHbIIe 1 MM?; I — KOHCTPYKIIHS C
HCTIOJIb30BaHUEM TOJUIOKKH B Ka4eCTBE JUAJIEKTPUKA; 1 — rpeOeHYAThIH

koHaeHcarop [1]

HawnyymM  matepuasnioMm a1 0OKJIaJOK KOHJIEHCATOPOB  SIBIISIETCS
AIIOMHUHUN, KOTOPBIM, OAHAKO, UMEET IUIOXYI0 aAre3uto K mojuioxkke. s
NpeaoTBpalliCHUA  OTCIIauBaHUA HWKHEN 06KJ'Ia}IKI/I BHa4aJI€ HAIIbUIIKOT
MOJACION TWTaHA WM BaHaiws. BepxHss oOKIagka, HanpuisieMas Ha
JIWDIICKTPUK, He TpeOyer moncinosi. [IpuMeHeHne 3050Ta s OOKIAIOK HE
PEKOMEHJyeTCcsT M3-32 BBICOKOM TMOJBIXKHOCTH aTOMOB M BO3MOXHOM
muhdy3ur CKBO3b JIMAJICKTPHK, TMPHUBOIAIICH K KOPOTKOMY 3aMBIKAHHIO
0OKJTIaIOK.

Marepuan AWAJIEKTPUKA [JOJDKEH HMETh XOpPOIIYI0 aAre3uio K

MOJUIOKKE M MaTepuaiy OOKIaJoK, 00JanaTh BBICOKOM ANIEKTPHIECKON
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MPOYHOCTHI0 M MAaJbIMU HOTEPSIMHU, MMETh BBICOKYIO AUAIIEKTPHUYECKYIO
MPOHUIAEMOCTh ¥ MHUHHUMAJIbHYIO TMIPOCKONHUYHOCTh, HE pa3iaraTbCsi B
nporiecce  (HOPMHUPOBAHUS IUIGHOK. B KadyecTBe  JIHAJIEKTPUUECKHX
MaTrepuaiioB Haubojee YacTO WCIHONB3YIOT MOHOOKHCH KPEMHHS U
repmanus. B Tabn. 1 mpuBeJcHBI OCHOBHBIC MapaMeTPhl TUAICKTPUICCKUX
MaTepHUaJIOB TOHKOIUICHOYHBIX KOHJICHCATOPOB.

KoOHCTpYKIIMM TJICHOYHBIX KOHICHCATOPOB JIOJDKHBI ~ YYHUTHIBATH
0COOEHHOCTH TOIIOJIOTHYECKOH CTPYKTYpPBI INIEHOYHOTO (pYHKIIMOHAIBLHOTO
y3na (pa3Mepbl MOAJI0XKKH, KOJIUYECTBO U PACMOI0KEHHE BBIBOJOB H T.1I.),
BEIMYMHY HOMHUHANA, XapaKTePHUCTHKH KCHOJB3YEMbIX MaTepHalioB,
TEXHOJIOTHUIO TPOM3BOJACTBA, TPeOYEeMYIl0 H BO3MOXHYIO TOYHOCTb
BOCITPOM3BE/ICHUSI HOMHHAIIOB, YCIOBHSI dKCIUTyaTtalluu MUKpocxem [2]. B
COOTBETCTBUM C OTUM OCHOBHBIMH  HCXOJHBIMH  JAHHBIMH  JJIs
MIPOSKTHPOBAHUS PE3UCTOPOB SIBJISIOTCS:

- HoMHHaJIbHas eMKocTh Cj, OM;

- MOTPEIIHOCTh HOMHUHAILHOU €MKOCTH Yci, %0;

- pabounii quamnazoH TeMIepaTyp, max — ! min, C;

- TEXHOJIOTHYECKUE OTPAHUUCHUSI;

- [Iar KOOPJIMHATHON CETKH, MM;

- HaNpsDKEHUE MUTaHUA cxeMbl Up,q, B;

- Irana3oH pabo4yux 4acToT.

TeXHOJOTrMYECKUE OrPAHUYCHHUS IIPH HCIOJIB30BAHHH Pa3IHYHBIX
METOJOB CO3JaHUS TOHKOILIEHOYHBIX KOHJEHCATOPOB [Macounoro (M),
¢oromurorpaduueckoro (D), KOMOMHHPOBAHHOTO  MAcCOYHOTO U
¢oromurorpaduueckoro  (M®), asnmekTponHo-monHoro (OU) w mo

taHTa’0Boi TexHosorun (TA)] npusenens! B Tabu. 2 [1].



Tabmuua 1. [TapamMeTpsl AUAICKTPHIECKAX MATEPHAIOB TOHKOIUICHOYHBIX KOHAEHCATOpoB [1]

Marepuan [TapameTpbl
s al = = O
o o % 5 §‘ s = 5 E = S
g2 & S g« g g SA | Zgd
o £ EOQO| @ X 8w oo E o Il 2 < £ 2
2584 g« & m F B D B o 2 E & &0 o
224 =3 E. | E8€% | oE&E | gM | 8 2 EY
JUDJICKTPUKA 00KIIaIoK E ZE x 5 5 s ¢ S £ 8= = 2 9 g ol
f5e2 8% | g2 | g8l | sE% | £2 | 7| TE:
SEEl 2 z c 5 S5a | SE|B| 35E
E o3 5 3 = 2 =a M o z =T
ol = s = & g 8=
>‘ = g o 2=
MOHOOKHUCH 0,2 5000 60 6 4
5,0-6,0 0,01-0,02 |(2-3)-10°| 500 2-10°
KPEMHHSI 10000 30
5000 10
MOHOOKHCH 0,005- 6 4
. 10000 7 11-12 1,0-10° | 300 3-10
repMaHusl Amomunnit 560 0,007
15 5
A99
2500 24
Bopocunu- 0.001
5000 15 ,001-
KaTHOE 4 (3-4)-10% 300 | 0,35-10™
10000 10 0,0015
CTEKIIO
15000 8




OxoHuaune TadIuIE! 1

o0KJIaIKa

15000 12,6 (0,5-1)-10™
20000 10-12,6 npu
Crekio
30000 6,3-10 0,002- 6 T=-60+25 °C,
JNEKTPOBAKY- 5,2 (3-4)-10° 300 .
0,003 (1,5-1,8) 10
YMHOE
40000 6,3 npu
T=25+155°C
Tanran 60000 15
TBY, 1-10
Tlnokuce HIDKHSS 100000 10
TaHTajla
oOKIaIKa 6 4
23 0,02 2-10 0,1 4-10
ATroOMHHHN
A99,
0,2 200000 3
BEPXHSA




Tabmmma 2.

KoHCTpyKTOPCKO-TEXHOTOTHYECKHE

OrpaHNYICHUSA

[pH IPOSKTUPOBAHMU TOHKOIUICHOYHBIX KOHACHCATOPOB [1, 2]

Tononorus Copnepxanue Pa3mep orpanudeHus, M,
KOHJIEHCaTOpa OTrpaHUYECHUS IIPY UCIIOJIb30BaHUM METOJa
M| ® | MO BU | TA
TouyHOCTH +0,01{+0,01{ +0,01 |+0,01| +0,01
H3rOTOBJIECHHS

JIMHENHBIX pa3MepOB
snementa Al, Ab, Aa,
AL, AB, Mmm

MuHuMaIbHO
JOIyCTHMBIE
PACCTOSIHUS, MM:

- ME&XIY KpasMu
TIURJIEKTPHUKA 1
HIDKHEN 00KJIaKOM

xoHzeHcaropa f

01 |01 |01

Mexy KpasimMu
BEpXHEH U HIDKHEH

00KIIa70K g

0,2

Mexny kpaem
TUBJICKTPHUKA U
HIKHENH 00KJIaIKOM B
MeCT€e BBIBOJIA

BEpXHEHN 00KIIaKu C

0,2

Mexny kpaem
JIUAIEKTPUKA 1
COEIUHEHUEM BBIBOJA
KOHJICHCATOPAa C
JpYTUM IUICHOYHBIM

snementoM h

03
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OxoHYaHHe TaOIHIBI 2

OT IIEHOYHOT0
KOHJIEHCaTopa J10
HaBECHBIX KOMIIOHCHTOB

z

0.5

MuHAMaBHAS TUIONIA]Th
MEPEKPHITUS OOKIIAIOK

L xB, MM

0,5%0,5

MaxkcumanbHOe
OTKJIOHEHUE EMKOCTHU
KOHJIEHCAaTOpa OT
HOMHUHAJIHHOTO 3HAYCHMS,

%

+12

HOpﬂ)IOK pacueTra TOHKOIMJICHOYHbIX KOHICHCATOPOB

Konpnencarop nokasan Ha puc. 2.

ISy

\
\\

\\

AN

\\

Ls

N
Ly

Ly

Puic. 2. TOHKOIIEHOUHBIE KOHICHCATOPHI ¢ EMKOCTHI0 10 5 * 10° nd
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OO0mutmii mops oK pacdeTa (puc. 2) BKIIOYACT HECKOIBKO MPUBEACHHBIX
HIDKE 3TaIloB.

1. Bribop wMmarepmana AMAIIEKTPHKA MO pabodeMy HaIpsHKSHUIO
NPOU3BOAUTCS B COOTBETCTBHM C JAaHHBIMH, IPHBEACHHBIMH B TaOi. 1.
Crenyer OpHEHTHPOBATHCS Ha MaTepuall JAMUAJIEKTPHKA C BO3MOXKHO Ooliee
BBICOKMMH  JTUDJICKTPUYECKOW  IPOHUIAEMOCTBIO &,  DJIEKTPUUYECKOU
NpoYHOCThIO F,,, ManeiMu 3HadeHMsMH TKC u tgd nns obecredeHus
MUHHAMAJIbHBIX T'€OMETPUUYECKHX Pa3MEpOB KOHAEHCATOpa, TUI KOTOPOIrO
NpUBEICH Ha puc. 2.

2. OmpegmeneHne  MHHHMAaJbHOM  TONIOMHBI  JHAJICKTPUKA
NPOU3BOAUTCS. U3 YCIOBHI oOecrmedeHHss HEoOXOIUMOH 3ICKTPUYECKOH

MPOYHOCTH 110 hopMyIie
dmin > k3Upa6 / En ) (1)

rae K, — xod¢duiMeHT 3amaca 3JeKTPUYECKOU MPOYHOCTH (OOBIYHO ISt

TOHKOIIJIEHOYHBIX KOHJeHcaTopoB K, = 2..3); E JJIeKTpUYECKast

np
HPOYHOCTb Marepuana AudnexTpuxa, Blwwm; Up,s - pabouee HampspkeHHe.
TonmuHy nudnexTpuka wyame BbIOWparoT B mpenenax 0,1..1  mxm.
MuHUMaNbHasT — TONIIMHA  JAMDICKTPUYECKOTO  CIOS ~ OTpaHMYCHA
TpeOOBaHUEM TOJIYYSHHUS CIUTONIHOM TUIEHKH 0€3 CKBO3HBIX OTBEPCTUH U C
33J]aHHOM  DNIEKTPUYECKOM TMPOYHOCTHIO, a MAaKCUMaJbHAs TOJIIMHA
OTpaHMYCHA MEXAHWYCCKUMH HANPSHKCHUSIMH B pacTyIIeld IUICHKE.
OnTUMalbHOHM TONIIUHON MPUHSTO CUUTaTh Beanuuny B 0,3...0,5 mxm.

o 2
3. Onpezenenne yaeabHON eMKOCTH KoHIeHcaTtopa (n®/em”) Bemercs

o gopmyne
Co, =0,0885¢ / d, 2

rac d- TOJIIHWHA JUDJICKTPUKA, CM.
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4. OrmpeneneHnue OTHOCHTEIBHOM TEMIEPAaTYpHOH IOTPEIIHOCTH

HpOI/ISBO,Z[I/ITCH nu3 BLIpa)KeHI/I}I
v = ¢+ (Tnax — 20 °0), @3)

TIe 0.c — TeMIEePaTyPHbBIH KOdQOUIHUEHT eMKOCTH MaTepHala AUdJIeKTPHKA.
5. Ompenenenne OOIMyCTUMOW  OTHOCHUTEIHHOH  IIOTPEUIHOCTH

aKTHBHOH IJIOIIAN KOHAEHCATOPA OCYIIECTBIIETCS IO (hopMyIie

YSnon = Yo — Yco— Yer — Yt 4)

Ie  Yco — OTHOCUTEIbHAs  MOTPEIIHOCTh  YIENBHOH  eMKOCTH,
XapaKTepU3yIollas BOCHPOU3BOJMMOCTh YIEIbHOW EMKOCTH B YCIOBHSIX
JaHHOTO MPOM3BOJICTBA (3aBHUCUT OT MaTepHaia M IOTPEIIHOCTH TOJLIHHBI
JMDIICKTPUKA U cocTaBisieT 3 — 5 %); y.. — OTHOCHTENbHAs MOTPEIIHOCTb,
00yCIIOBJICHHAsI CTapeHUEM IUICHOK KOHJCHCATOpa (3aBHCHT OT MaTepHana
M METO/Ia 3aIUThI ¥ OOBIYHO He mpeBbimaeT 2 — 3 %).

6. OmpeneneHue yAeNbHON €MKOCTH KOHJEHCaTopa C y4eToM

TOYHOCTHU U3TOTOBJICHUS:

2
= . [Ysmon]” Ko _
Coroun = € [ zAL] (1+Kg)?’ ®)
1711 00KIaI0K KBagpaTHoi dopmsl (ipu Ky, = 1)
2
¥ Spon
Coroun = C [%] . (6)

TOYHOCTH M3TOTOBJIECHUS JTHHEHHBIX Pa3MEPOB IJICHOYHBIX HJIEMEHTOB
" paccrosauit Mmexay aumu Al, Ab, AL, AB BeiGupaeTcs ¢ yuetom mMetosa

dbopmupoBanus dneMenTa (Tabm. 2).
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OmnpenensieM, KaKoi JTOJDKHA OBITh YAeTbHAas eMKOCTh KOHICHCATOPa C

YYETOM TEXHOJIOTHIECKUX BO3MOJKHOCTEH HM3rOTOBJICHHS II0 ILIOIIAIN

TIEPEKPHITHS 0OKIIAIOK M TOJIIMHE TUJIEKTPUKA. 3amaemMcs Syin = 1 MM,

C .
Comin = S::: (7

7. BI)I60p MUHHUMAJIBHOI'O 3HAYCHUA yZ[eJ'ILHOﬁ €MKOCTH KOHACHCATOpa

C yUC€TOM 3J’IeKTpPI‘IeCKOI>i MMPOYHOCTH U TOYHOCTHU U3TOTOBJICHUSA
CO <min {COV; COTqu; COmin}-

OmpepenisieM,  Kakasg — TOJMIMHA  JUOJIEKTPHKA  COOTBETCTBYET
BeIOpaHHO# ynensHoi emroctu Cp: d = 0,0885¢ / C,.
Jlajiee IPOBO/IMM PacueT reOMETPHIECKHX Pa3MEpOB KOHICHCATOPa.

8. Ompeznenenne K03 PUIMCHTA, YIUTHIBAIOLIETO KpaecBoi 3B eKT:

1; CICy > 5 mnd?,
(1,3...0,06) - CICy; 1 < CICo< 5 mnd.

9. Onpenesenue MIONIAIH BepXHEi 00KIaAKK KOHIECHCATOPA!

c
S=% (8)

10. Omnpenenenue pa3MepoB BepxHEH OOKIAIKM KOHJIEHcCAaTopa MpH
K;=1:
L=B=+05. 9)

11. Beluncienne pa3MepoB HIKHEH OOKJIaJKW KOHJEHcAaropa C

Y4€TOM JOIIYCKOB Ha IEPEKPLITUE:

12



LH=BH=L+2g’ (10)

rae g — pasMep NMEePEKPBITUS HUKHER M BepXHeM 00KIag0K KOHAEHCcaTopa
(tabm. 2).

12. Onpexnenenre pa3MepoB AUIIICKTPHKA:
Ly =By =Ly +2f, (11)

rae f — pasmep mepekphiTHs HIKHEH OOKIAMKH U JUIIICKTPUKA.

13. Omnpenesnenue miIomaan, 3aHUIMAaEMON KOHJICHCATOPOM:

dopma 00KIAOK KOHAEHCATOPa BHIOMpAETCs Ha JTtare pa3paboTKu
scku3a Tomnojornd. CHauana NPOEKTHpyeTcs OOKJIaJKa KOHJIEeHcaTropa
KBaJpaTHOU (OPMBI, & IPH OTCYTCTBHU MECTa HA YEPTEKE TOIMOJOTHH IS
pacriojiokeHHsi  KBajpaTa cCjelyeT 3aIarbCsi OJHOH M3  CTOPOH
KOHJIeHcaTopa, ko3 duireHToM HOpMbl 00KIAI0K M BBIYUCIUTL Pa3MeEphl
0OKJIaIOK IPSIMOYTOJIEHON (hOPMEI.

Jlnst KOHTpOJsI €MKOCTH B IPOLIECCE WM MOCHE H3TOTOBICHUS
MHUKPOCXEMBI ~ KOHJEHCATOp  MPOSKTUPYETCS  CO  CHElUaIbHBIMU
KOHTaKTHBIMH ILIONIA/[KAMH.

14. KonpmeHcaTtop CHpPOEKTHPOBAaH TMPABIIBHO NPH BBITOJHEHHU
NIPUBEACHHBIX HUXE YCIIOBUI:

a) paboumii TaHTeHC yria JUAICKTPUYECKAX TOTEPh HE MPEBBIIAET

3aJaHHOTO:

190,46 < g0,

rae tgépag = tgég + tgéog.
13



Tanrenc yrma motepb B oOkmagkax 1gd,; ClemyeT BBIYHCIATH IO

bopmye
190, ~ (47 / 3) * frax - Ros - C, (13)

roe R,; — comporuBiieHne 00KIanok KoHmeHcatopa, Om; C — eMKOCTh
koHaeHcaropa, @; fynax — MakcumasbHas pabouas yacrora, I y.
CompoTtuBieHne 0OKJIATOK KOHIEHCATOpa 3aBHCHT OT €r0 (OPMBI H

paccunThIBaeTCs o hopmyIe

Ro6 = psos - Ky (14)

TIE Psos — YACIBHOE MMOBEPXHOCTHOE COMPOTHBIICHUE MaTeprala 00KIaIok;
0) paboyasi HAIPSKEHHOCTH HEKTPHIECKOTO MO E,,; HE IIPEBBIIIACT

E,, marepunana qusnekrpuka E,,;; < E,)

Upas
Epa6 = I; ’ (15)

B) MOTPENTHOCTh AKTHUBHOW TUIOIIAIU KOHJEHCATOpa HE MPEBBIIAET
JIOTYCTUMYIO:

Vs pad < VS non

TJI€ Y5 pag BBIYHCIISETCA 10 hopMyIIe

1+K¢

VSpa6 =AL \/m

(16)

IIpoBepku MOKa3bIBaIOT, YTO KOHAECHCATOP HE BBIXOAMT 3a NPEEIb
TOYHOCTH, HMEET 3amac I10 DJIEKTPUUYECKOH MPOYHOCTH U AKTUBHOM

IIo1m@aan, TAaHTr€HC yrijia JUBJICKTPUICCKUX MMOTEPh MCHBIIC 3aIaHHOTO.

14



2. [MocnenoBaTeIbHOCTH BBIMOJHEHHS PA0OTHI

1. 3yunte TeOpETUIECKYIO YacTb PaOOTHL.

2. [lomyunte 3amaHWe B BUAE TNPHHOIWNHAIGHOH CXEMBI Yy
TIpero1aBaTes.

3. BeiOepute MaTepuaibl JUIICKTPUKA U OOKIaIOK KOHACHCATOPA.

4. PaccuuTaiiTe KOHCTPYKITMH BCEX KOHICHCATOPOB.

5. Caenaiite mpoBEepKy pacueToB.

6. Onpenenure CyMMapHyH  IUIOIIA[b, 3aHAMACMYI0  BCEMH

KOHACHCATOpaMHu.

3. Copep:xanue oTyera

1. Lems paboTHI.

2. Pe3ynbpTaThl pacyeToB.

3. UepTexkn TOHKOIUICHOYHBIX KOHJIEHCATOPOB B Maciitabe ¢
yKa3aHUeM pa3MepoB.

4. BBIBOJIBI IO MOJYYEHHBIM PE3YJIbTaTaM.

KoHTpoabHbIe BONpPOCHI

1. Yro Takoe ruOpuiHast MHTETpaJIbHAs cxema?

2. HazoBure  TpeOoBaHWs,  MNpeabsBIIEMble K  MaTepHaiam
JU3JIEKTPUKOB KOHICHCATOPOB.

3. HaszoBure TpeOoBaHUs, MPEABSIBIAEMbIE K MaTepHanaM OOKIJIaI0K
KOHJICHCATOPOB.

4. Ha3oBuTe OCHOBHBIE MaTepHaJbl IUICHOK JHAJIEKTPHKOB
koHzaeHcaropos TIMC.

5. HazoBuTe ocHOBHBIE MaTepHabl 00KIan0K KoHeHcaTtopos [ IMC.

6. Kakue KOHCTpyKIMM OBIBAIOT y TOHKOIUIEHOYHBIX KOHJICHCATOPOB?

15



7. Yto Takoe KpaeBoi 3G PeKT B KoHAeHCaTope?

8. Uto Takoe k03¢ HUIIeHT POPMBI TOHKOIUIEHOYHOTO pe3ncTopa?

9. Kak paboraet rpebeHuaThIif KOHACHCATOP?

10. KoHCTpYKIMH KOHAEHCATOPOB MaJIOX €MKOCTH.

11. INopsnok pacyera KOHIEHCATOPA.

12. Pacckaxxure O MOJCTpanBaeMbIX KOH/IEHCATOpPaX.

13. Kax npoBoauTcsi IpoBepKa MpaBUIBHOCTH pacdyeTa KOHCTPYKLUH

KOH/IeHCcaTopa?

Bbub6auorpaguyeckuii cnucox

1. Konenos JI.A. KoHCTpyHpOBaHNE W TEXHOJIOTHS MHKpPOCXeM: ydeO.
mocobue 11t By30B. M.: Bricmas mkona, 1984. 232 c.

2. MepkynoB A.U., MepkynoB B.A. OCHOBBl KOHCTPYHUPOBaHUS

HHTErpanbHbIX MUKpocxeM. Camapa: M3garensctBo CI'AY, 2013. 270 c.
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Hean paéoTbl
W3ydenne mopsaka pacdera TOHKOIUICHOYHBIX PE3UCTOPOB B
THOPHUIHBIX HHTETPATbHBIX MHKPOCXEMaX.

1. KpaTkue TeopeTHYeCKHe CBeICHHUA

Wnterpanpras  mukpocxema (MUMC) — 3TO  KOHCTPYKTHBHO
3aKOHYEHHOE  U3JleNMe  JJIGKTPOHHOM  TEXHUKH,  BBINOJHSIONIEE
omnpeJieNieHHy0 (QyHKIMIO NpeoOpa3oBaHMs MHGOPMAIMU U COJeprKallee
COBOKYITHOCTh INEKTPUIECKU CBSI3aHHBIX MEXTy coboit
3JIEKTPOPATUOITIEMEHTOB (BPY), W3TOTOBJIEHHBIX B €JIMHOM
TEXHOIOTHYeCKOM ImKite [1].

TepMuH «WHTETpalbHAs MHKPOCXEMa» OTpakaeT: OOBEIMHEHHUE
3HAYUTEIHHOTO YHCIIa TPAH3UCTOPOB, THOIOB, KOHIEHCATOPOB, PE3UCTOPOB
U COCIUHSIOMHUX MPOBOTHIKOB B €IUHYI0 KOHCTPYKUIHUIO (KOHCTPYKTHBHAS
WHTETpalusd);  BBIIONHCHWE  CXeMOM  (QYHKIMHA  mpeoOpa3oBaHUS
nHpopManuu, OoJiee CIOXKHBIX MO0 CPABHEHHUIO C (YHKIUSMH OTACITHHBIX
OPD  (cxeMoTexHMYecKas HHTErpalysl); BBINOJHEHHE B  €IUHOM
TEXHOJIOTHYECKOM  IIMKJIE€ OJHOBpeMEHHO Bcex OPD cxeMbl ©
MEXCOEIUHEHU U OJTHOBpEMEHHOe (HOpPMHUpPOBAHKME TPYNIOBBIM METOJOM
Goubioro yucia oguHakoBbix UMC (TexHoOrHYeckas HHTErparus).

IIo crnoco0y W3rOTOBIEHUS pa3IM4a0T MOIYHNPOBOJHHKOBBIE U
mieHoynsle UMC. B mnonynpoBonnukoBeix UMC Bce DOPD u uacte
MEXCOCIUHCHHH  C(OPMHPOBAHBI B MPUTIOBEPXHOCTHOM  CJIO€
MTOJYTIPOBOTHUKOBOIM (OOBIYHO KPEMHHEBOW) TMOMIOKKH. B INICHOWHBIX
HNMC naccuBHbIe DP3 H3roTOBICHHI B BHJIE COBOKYITHOCTHA TOHKHX (MEHEE
1 mxMm) wmwmm toicteix (10 — 50 MKM) IUICHOK, HAaHECEHHBIX Ha
IUdIIeKTpUdeckyto moanoxky. [ubpuaasie UMC (TMMC) npencTaBisioT
co00lf KOMOWHAIIMIO TUICHOYHBIX NAacCHBHBIX OPD ¢ MHHHMATIOpHBIMH
OEeCKOPITYCHBIMHU JIUCKPETHBIMU AKTHBHBIMHU npubopamMu
(TTOTyIpOBOAHNKOBBIMU UMC, TpaH3UCTOpaMH, JINOJIAMH),
PAaCTONIOKEHHBIX Ha OOIIeH MMANEKTpUYECKOr moiokke. DPD, kxoTopbie
SIBIIIIOTCS. HEOoThemJieMOlN coctaBHOW dacThio UMC m He Moryr OBITh
BBIZICJICHBI U3 HEE KAaK CaMOCTOSITENIbHOE U3JIEIHEe, Ha3bIBAIOT 3JIEMEHTAMU
UMC, a nuckpernble aktuBHble OPD I'MMC — HaBeCHBIMH KOMIIOHEHTAMH
(W TPOCTO KOMITOHEHTAMH), TIOAYCPKHABas TEM CaMbIM, YTO HX
M3rOTaBJIMBAIOT OTICIHHO B BUAC CAMOCTOSTENBHBIX HMPUOOPOB, KOTOPHIC



MoryT ObITh IproOpeTensl n3rotoBureneM ['MC kak nokymnHsle u3genus. B
OTIIMYME OT JHUCKPETHBIX KOMIIOHEHTOB 3jeMeHTHl VMMC Ha3bBaroT
HHTETPATBHBIMY (MHTETPABHBINA PE3UCTOP, MHTETPpaTbHbIH auox) [1].

B cosmemnierasix UMC DPD BHITOTHEHEI B MIPHIIOBEPXHOCTHOM CIIOC
MIOJYTIPOBOTHUKOBOTO KpHCTa/uia (Kak y moxynpoBomgaukoBoit IMC), a
[IACCHBHBIC HAHECEHBI B BHUIC IUICHOK Ha MOKPBITYIO IHAICKTPHKOM
TIOBEPXHOCTH TOTO K& KpucTayuia (kak y menouHoit UMC).

I'MC 1o cpaBHEHHIO C TOJYNPOBOAHUKOBBIMU HMEIOT  psil
MIPEUMYIIECTB: 00ECIIeYnBaIOT NUPOKUH Hara30H HOMHHAJIOB, MEHBIINE
MIPE/IEIbl IOMYCKOB U JIYIIHE JJIEKTPUUECKHE XapaKTePUCTHKU MacCUBHBIX
9JIeMEHTOB (OoJiee BBICOKasi OOPOTHOCTB, TeMIlepaTypHas M BpEeMeHHas
CTaOWIIbHOCTb, MEHBIIICE YHCIO M MEHEe 3aMETHOE BIMSHUE Iapa3sUTHBIX
3JIEMEHTOB).

OnHa M3 OCHOBHBIX XapaKTEPUCTHK MHKPOJJIEKTPOHHOIO HM3ICIUS —
paccenBaemasi MOINHOCTb. [lpm THOPHUAHOM  HCIOJNHEHHH MOXKHO
obecreYnTh U3rOTOBICHUE H3JCIHI JOCTATOYHO OOJNBIIONW MOLIHOCTH, YTO
BAKHO IIPU CO3JaHUM AHAJIOTOBBIX YCTPOMCTB, YIPABIAIOLIUX MOLIHBIMU
BXOJIHBIMH LICITAMHU.

KoHCTpyKIMM NUIEeHOYHBIX Pe3UCTOPOB

Pesuctops! sBISIOTCS Hambolee pacIpOCTPAHCHHBIMH 3JIEMEHTaMHU
TUIEHOYHBIX MHUKPOCXEM.

[Mapamerpsr TOHKOTIIGHOYHBIX PE3UCTOPOB OTIPENETISIFOTCS
CBOHCTBaMHM TNPUMEHSEMBIX PpE3UCTHUBHBIX MarepuanoB (tadum. 1). B
KayeCTBE PE3UCTHUBHBIX MAaTepuajioB HCIIOJIBb3YIOT YHCTBIE METaJllbl,
CIIaBBI, a TaK)KE CIEIMAIbHBIE PE3NCTHBHBIE Marepuaisl (kepmersl). s
CO3/aHUs PE3UCTOPOB HEOOXOAMMBI IICHKH C YACIHHBIM MOBEPXHOCTHBIM
COTIPOTHUBIIEHUEM ps OT AECATKOB A0 AECATKOB Thicsa OMm/O. UeM MeHbIe
TONMIMHA IUICHOK, TEM BBINIE ps, HO OJHOBPEMEHHO IIOBBIIIACTCS
TemnepaTypHelii ko3¢ ¢umuent comportusieHus or (TKR), a Tarxke
YXyaAIIaeTcsl TeMIepaTypHas ¥ BpeMEeHHas! CTaOMIBHOCTD IIJICHOK.

PesuctuBHBIE  27€MEHTHI  THOPUAHBIX ~ MHMKPOCXEM  IIOJIy4aroT
HamblJICHWEM Ha JIUDJIEKTPUYECKHE OCHOBaHUS  (TIOJJIOKKH)  y3KHX
PE3UCTHBHBIX  IUICHOYHBIX IIOJIOCOK PAa3MYHOW KOHPUTYpamuu W
KOHTAKTHBIX IUIOIAJ0K, UMEIOIUX ¢ HUMH HEKOTOPYIO 30HY MEPEKPBITUS

(puc. 1) [2].



Puc. 1. Konpurypanun TOHKOIIICHOYHBIX PE3UCTOPOB: a — ITOJIOCKA;
0 — coCTaBHOM M3 TOJIOCOK; B — MEaHIIp; T — 3MeiiKka [1]

KOHCprKI_II/II/I IIJICHOYHBIX PE3UCTOPOB JOJIKHBI YUYUTBIBATH

0COOEHHOCTH TOIOJIOTHYECKOH CTPYKTYpPBI IUIEHOYHOTO (pYHKIIMOHAIBLHOTO
y31a (pa3Mepsl MOAJI0XKKY, KOIUYECTBO M PACIONOXKEHHE BBIBOJOB H T.A.),
BCJIMYMHY HOMMHAJA, XapaKTCPUCTUKU  HCIHOJIB3YEMbIX MaTCpUaoB,

TEXHOJIOTHIO TPOM3BOJCTBA, TpeOyeMyl0 U BO3MOXHYIO TOYHOCTh

BOCTIPOM3BEJICHUS HOMHHAJIOB, YCJIOBHS JKCIUTyaTallud MHUKpocxeM [2]. B

COOTBETCTBUU C 3TUM OCHOBHBIMH HUCXOJIHBIMHU JaHHBIMH

JUIst
MPOEKTUPOBAHHSI PE3UCTOPOB SBJISIOTCS:

- HOMHHAJIbHOE conpoTuBieHue R;, Om;

- OTPEIIHOCTh HOMUHAIBHOTO COMPOTUBIICHHUS YRi, %0;

- paboumii quamazoH TeMIeparyp, 1 max — ! min, 'C;

- TEXHOJIOTHYECKUE OTPAHUICHUS;

- 11ar KOOPJIMHATHON CETKH, MM;

- HallpsDKEHME NTUTaHUs cxeMel E, B.

TeXHOJOTrMYECKUE OrPAHUYCHHUS IIPH HCIOJIB30BAHHH Pa3IHYHBIX
METOJIOB CO3/IaHHsI TOHKOIUJIGHOYHBIX PE3UCTOPOB
¢oromurorpaduueckoro (D), KOMOMHHPOBAHHOTO  MAcCOYHOTO U
¢doromurorpaduueckoro  (M®P), oamexktporHO-moHHOTO (OU) W WO
TaHTa0Boi TexHoxoruu (TA)] npusenens! B Tabu. 2 [1].

[Macounoro (M),



Tabmma 1.

JUIsI TWIEHOYHBIX PE3UCTOPOB ¥ TIPOBOAHKKOB [1, 2]

Onexrpodu3nyeckre XapaKTEePUCTHKH MaTepHaliOB

Martepuan ps, OM/0 [Py, 0g-107, Martepuain Crapenue,
Br/cm? l/rpan  |KOHTAaKTHBIX % 3a 5000 4
-60...+125, [momanox B HOPM. YCIL.
°C
Xpom XO, 'OCT| 200... 500 2,0 0,6 Mens (ry>xeHas) 2,0
5905-67
Huxpom X20HS80,| 100...300 1,0 1 Mens 0,1..0,4
T'OCT12766-67
Cmutas MJIT-3M 300...500 2,0 2+ Mens ¢ noacaoeM +0,1
+(1,9..2,4) BaHaaUs
(myxeHas);
Me[Ib C MOJICIOeM
HUXpOMa
(3anuieHHas
HHKEJEeM)
Kepwmer, 3000 2,0 3 30510T0 € +0,3
ETO.021.033. TY 5000 -4 MOJICIIOEM XpOMa
10000 -5 (Huxpoma)
Tauran, 300...500 3,0 -2 AnroMuHHH ¢ 2,6-3,2
CY0.021.041 TY MO/ICII0EM
BaHA/Ns; MEb C
HOJICTIOEM
HUXPOMA;
TaHTaJl
CraBbl: 3051010 €
PC-4800 (0,3..1)10° | 2,0 2,0 TOZCIOEM XPOMa 2,0
PC-3710 (0,5...3)10° 05..2 (amxpoma) 2,0
PC-3001 (0,8...1,5)10 1,0 1,0
PC-1004, 3 10,0 2,0
ETO.021.048TY | (1..4)10*




Tabmmma 2.  KOHCTPYKTOPCKO-TEXHOJIOTHUECKHE  OTPAaHUYCHUS
TIPH IPOEKTUPOBAHUH TOHKOTIEHOYHBIX pe3ucTopoB [1, 2]

Tononorus Conepxanue Pa3smep orpannuenus, MM, Ipu
pe3ucropa OTpaHUYEHHUS HCTIONb30BAHUM METO1a
M ) Mo )41 TA
TounOCTH +0,01 | 40,01 +0,01 +0,01 +0,01
U3TOTOBJICHHUS
JIMHEHHBIX

pa3MepoB IEMEHTA

U PacCTOSIHUN

Mexy Humu Al,
Ab, Aa, AL, AB u
JPYTHX TPH
PAacCIOJIOKEHHI
MIEHOYHBIX

DJICMEHTOB B OJHOM

ciloe, MM

MuHuManbHO b 0,1 0,1 0,1 0,15 0,05

JIOTTYCTUMBIH

pasmep
| 0,3 01 0,3 0,3 0,1
pesucropa, MM

MuHUMAaIIBEHO 0,3 0,1 0,3 0,1 0,05
JIOTTy CTUMBIE
PaCCTOSIHUSI MEXK LY
[JIEHOYHBIMU
JJIEMEHTAMH,
PacrooKEHHBIMH B
OJIHOM CJIOE, d, MM

MakcumanbHO 10 100 30 100 100
JOTTYCTHMOE
COOTHOIIICHHE
pa3mepos l/a




Ta6nuua 2. OxoHyaHue

MuHUMAIIBHO 0,2 0,1 0,2 0,1 0,1
JIOIyCTUMOE
PaCCTOSIHUE MEKTY
MIJICHOYHBIMH
JJIEMEHTAMH,
PAaCIOJIOKEHHBIMH B
Pa3HBIX CIOSIX, C,
MM

IlepexpbrTus mis >0,2 >0,1 >0,2 >0,1 >0,1
COBMEIICHUS
IJICHOYHBIX
9JIEMEHTOB,
PACTIONIOKEHHBIX B
Pa3HBIX CIOSIX, e,
MM

MunumansHOE 0,5 0,2 0,5 0,4 0,2
paccTosiHue OT
IUICHOYHBIX
JJIEMEHTOB JI0 Kpast
miatel d, MM

MuHuMaabHast 0,1 0,05 0,1 0,1 0,05
[IHpHHA
TUICHOYHBIX
MTPOBOTHHUKOB I, MM

MuHUMAIEHO 0,2 0,1 0,2 0,1 0,1
JIOIyCTUMOE
PaccTosIHUE MEXITY
KpaeM ILICHOYHOTO
pe3ucropa u Kpaem
€ro KOHTaKTHOM
TUTOIIA/IKY |, MM

Ilopsinok pacyera TOHKOIJICHOYHBIX Pe3MCTOPOB
1. KOHCTpYKTHBHBIH  pacyeT  TOHKOIUICHOYHBIX  PE3HCTOPOB
3aKJIIOYaeTCsl B OIpEAETIeHUH (OPMBI, TEOMETPHYECKUX pa3MepoB |
MUHHMAaJbHOHN IIOINAH, 3aHMMAaeMOHW pPE3UCTOpaMM Ha Mojuloxkke. Ilpu
9TOM HEoOX0AMMO, 4YTOOBI pPE3NUCTOpHl OOECHEeYMBaIM pPaccenBaHUE




3aJaHHOM MOIIHOCTH TIPH YIOBJIETBOPEHHH TpeOyeMOHl TOYHOCTH B
YCIIOBHAX CYLIECTBYIOIINX TEXHOJIOTHYECKHX BOZMOXKHOCTEH.

[IpoexTHpoBaHWEe  KOHCTPYKLMH  TOHKOIUICHOYHOTO  PE3UCTOpa
Ha4yMHAeTCs C pacdeTa MOIIHOCTH Pj, BBIIEIsIeMON Ha KaXKIOM PE3HCTOpE.
I'py6o P; Mo>xHO Oo1IeHUTH 110 hopMyIe

P=t ®

= Ri'

OpHako B 3TOM CiIydae pAcCUMTaHHOE 3HAYCHHE MOIIHOCTH
MOJTy4aeTCsl 3aBBIIICEHHBIM, TaK KaK CYMTAeTCs, YTO BCE HAMpsOKEHUE
MUTaHWs TaJaeT Ha i-M pesuctope. B wTOre pasmepbl pe3ncTopa TOXe
MOTYT TOJTY4UTHCS 3aBBIIICHHBIMU.

Boiiee TOYHO MOIIHOCTH MOYKHO PacCUUTaTh 1Mo (HopMyJie

Pi=1i2.Ril (2)

rae |; — Tok, mpoTekaronmii uepes i-it pesucrop. lj paccunThIBaCTCS UCXOMS
13 3a/laHHON MPUHIUIHAIBHON cxembl. Hampumep, Ha puc. 2 mpuBeneH
YY4acCTOK CXEMbI, I KOTOpOro TpeOyeTcss paccuuTaTh MOIIHOCTS,
PaccenBaeMyIO PE3UCTOPAMH.

o
En
R Rs
o— VT4
R

Puc. 2. YyacTok npruHIUNHATBHON CXEMBI



PaccuntaeM MakCMMaJbHYIO MOIIHOCTb, BBIACISIEMYIO Ha PE3HCTOPE
R;. Ilpemmomaraem, d9ro Tpamsuctop VT; B aKTHBHOM pPEXHME
(OMHTTEpHBIA IEepeXo] OTKPHIT, KOJUICKTOPHBIH — 3aKpBIT), TOIZIA TOK
MOTEYeT OT UCTOYHMKA MMUTAHUS Yepe3 Pe3rcTop Ry M SMUTTEPHEBIN epexon
Ha 3eMJIIO:

lpy = En/ Ry, ®)

CJIeJIOBATENILHO, MOIITHOCTh OYJIET paBHA
Pr1 = |R12/ Ri. 4
Ha pesuctope R, MakcumaipHas MOIIHOCTH OyIET BBIACIATHCSA TPHU

OTKPBITOM KOJUICKTOPHOM U 3aKPBITOM 3MUTTEPHOM IIEPEX0Je TPAaH3UCTOPa
VT;. To ecth TOK, mpoTeKaromuii uepes pesucrop Ry, Oyaer paBeH

Eﬂ
Ip, = R, + 1R’ (5)
2 R1+R3
cJeI0BaTeNIbHO, MOIITHOCTh OyIeT paBHA
Pro = I/ R 6
R2 = Ir2 2: (6)

AHAIIOTUYHO PACCUUTHIBAIOT BCE OCTAIBHBIC MOITHOCTH.

2. OcoOeHHOCTBIO pacueTa IUICHOYHBIX pPE3HCTOPOB  SBISCTCA
TPYIIIOBOE TPOEKTUPOBAHHUE, YTO CBSI3aHO C HEOOXOTUMOCTBIO BEIOOpa
pe3uctuBHOTO Matepuana. [1o BO3MOXXHOCTH OH JOJKEH OBITh CIUHBIM IS
Bcex pesucropo MMC. Ilostromy npnst mneHounsix HMMC  npu
MIPOEKTHPOBAHNU PE3UCTOPOB HEOOXOAMMO MPOBECTH aHATU3 HOMHHAIIOB
PE3UCTOPOB, CBECTH WX B HECKOJIBKO TPYNH C ONU3KMMH 3HAYCHUAMHU
COTIPOTHUBIICHUS, a 3aTEM YK€ BBIOPATh IS KaXKJOU TPYIIIBEI MaTepHal.

OmnpenensieTcss ONTHUMAaIbHOE 3HAYCHHE YHEIHHOTO ITOBEPXHOCTHOTO
COTIPOTHUBIICHUSI PE3UCTUBHOW IUICHKHM C TOYKH 3PEHHS OOeCIeYeHus
MUHHMYMa IUIOMAaIH o pe3uctopamu rudpunnor UMC mo popmyne



" @

rae N — Yucio pe3ucTopoB; R; — HOMHUHAN i-ro pe3ucropa.

3. Bribupaercs mMatepuai pe3uCTUBHOH IUIeHKH (Ta0l. 1) ¢ yAeIsHBIM
COIIPOTUBIICHUEM, ONMKAWIIMK 1O 3HAYCHUIO K BBIUYUCICHHOMY ps onr
Hcnonp3yemble  MaTepuaibl  PETVIAMEHTHPYIOTCS  COOTBETCTBYIOLIMNMH
I'OCTamun u OCTamu. Crnemyer oOpaTHTh BHHMaHHE Ha TO, YTOOBI
TeMIepaTypHBIH KO3 PUITHEHT COTIPOTHUBIICHUS (TKC) OBLI
MUHHMAJIBHBIM, a JIOIyCTHMas yiAelbHas MOLIHOCTh paccenBaHus P, Obuia
MaKCHUMAaJIbHOM.

4. TlpoBomuTcs TNpoBepKa MPaBUIBHOCTH BBIOPAHHOTO MaTepHaia
PE3UCTUBHOMN TUIEHKU C TOYKU 3PEHUS TOUHOCTH M3TOTOBIEHUS PE3UCTOPOB.

[lomHast OTHOCHUTENbHAs IOTPEIIHOCTh H3TOTOBJICHHUS IUICHOYHOTO
pesucropa yr = AR/R cOCTOHUT U3 CyMMBI HOTPEIIHOCTEH:

YR =Vp T Vps T VRCT YRom T VRes (8)
TIe Ygp — MOTPEHOCTh Kod(pduimenta (Gopmbl Yig = % + %; Vps
MOTPENIHOCT BOCHPOU3BEACHUS BEIUYMHBI ps PE3UCTUBHON IMIIEHKH; YR —
TEMIIepaTypHasl TOTPEHIHOCTb; YRy — HOTPENIHOCTh, OOYCIIOBJIEHHAS
CTapeHHeM IUICHKH; )r, — IOrPEIIHOCTh MEPEXOJHBIX CONPOTHBICHUN
KOHTaKTOB [1].

IlorpemHocTh  BOCHPOM3BENECHUSI  YIEJIBHOTO  IIOBEPXHOCTHOTO
CONPOTHMBJIEHHS  },, 3ABHCHT OT YCJIOBHH HambUIEHWs U MaTepuana
PE3UCTUBHON IUIEHKU. B ycla0BHAX CEpUMHOIO IIPOU3BOJCTBA €€ 3HAUCHUE
He npeBbimaet 5 %, y,,=5%.

TemmneparypHas morpenIHoCcTh 3aBUCUT 0T 7KR maTepuana mieHKH:

YRt = OR * (Tmax — Trin ): (9)

e og — TEMIEpPaTypHBIA KOA((GUIMESHT CONPOTUBICHUS MaTepuala
IUICHKH, T max — | min — pPA00OYHI TUATIA30H TEMIIEPATYp.

9



[orpemHoCcTh  Yre;, OOYCHIOBIEHHAs CTapeHUEM IUICHKH, BbI3BaHA
ME[UICHHBIM ~HM3MCHEHHEM CTPYKTYphl IUICHKM BO BpeMEHH U eé
okucneHneM. OHa 3aBUCHT OT MaTepHana IUICHKH H 3I(PPEKTHBHOCTH
3aIUTHI, @ TAKXKE OT YCIOBUH XpaHEHHS W dKcIuryaTanuu. OOBIYHO JUIs
IT'MMC  ygc,, HE TpeBbimaer 3 %.

ITorpermHocTs NepexoAHbIX CONPOTUBICHUH KOHTAKTOB )R, 3aBUCHT OT
TEXHOJIOTHYECKHX YCIIOBUH HaIblJICHUS IUICHOK, yIEIBHOTO
COIPOTHBIICHHUSI PE3UCTUBHOM IUJIGHKM M TEOMETPHYECKHX pPa3MEpoB
KOHTaKTHOTO Mepexoja: IUIMHBI MEPEKPHITUS KOHTAKTHPYIOMMX IUICHOK,
mupuHbI pesuctopa. OObMHO Ygr, =1 +2 %.

W3 (8) ompenenseM yyg, KOTOpas NOJKHA ObITh Oonbine Hyns. Ecnn
7k < 0, HeoOXommMo BHIOpPaTh JpPYroil MaTepHald, C MEHBIINMH
3HAYCHUSAMH OCTAIBHBIX COCTABIIAIONINX HOTPEIITHOCTH.

5. Omnpenensercss KOHCTPYKIMS  PE3UCTOPOB MO  3HAYCHUIO
ko3 dunuenta Gopmsr Ky

kd,i = Ri /ps (10)

Ecmm 1 < kg < 10, To pekoMeH/yeTcs KOHCTPYHPOBAaTh PE3UCTOP
npsMoyronsHoit dopmer; mpu 0,1 < ki < 1 — ucHone30BaTh Pe3HCTOp
HPAMOYTONBHOH (POPMEI, y KOTOPOTo JUIMHA MEHbIIE IMPHHBI, Ky > 10 —
PE3UCTOP CIOKHOU (POPMBEL.

6. PaccunThIBalOTCS TPSMOYTOJBHBIC IMOJOCKOBBIE TOHKOIUICHOYHEIE
PE3UCTOPHI.

Bribupaem texsomoruro. OmpenenseM OrpaHHYCHHS TSI BEIOpaHHON
TeXHoJoTHH. J[lamee MPOBOAWM pacdeT MOCIEAOBATSIFHO U1 KaXKIOTro
pesucropa.

s pesuctopos, umetomux 1 < ky < 10, pacdyerHoe 3HaueHHe
IIMPHUHBI PE3UCTOPA OIIPEeeTCS U3 YCIOBUS

Bpaca > MaX { Diexr s Prowns Bp o (11)
rae bpacq - MHUHHUMAJIbHas IHI/IpI/IHa pe3I/ICTOpa, OHpeﬂeHHeMaH

BO3MOXXHOCTAMU BBI6paHHOFO TCXHOJIOT'MYECKOI'O IMpOoIIecca;
bTqu — MUpHHA pE3UCTOPA, onpeaesieMas TOUHOCTbIO U3IrOTOBJICHUS:

10



bTqu > (Ab +Al/ kC]J) / VK nous (12)

rae Ab, Al — morpemHocTH W3rOTOBICHHS INMPHHBL M UTMHBI PE3HUCTOPA,
3aBUCAIINE OT BEIOPAaHHOTO METO/a U3TOTOBIICHNS;

b, — MHUHUMaNbHAs LIMPUHA PE3UCTOPA, IIPH KOTOPOIl pacceHBaeTCs
3aJaHHas MOIIHOCTb,

(13)

3a mmpuHy b pesuctopa npuHHMaeTca Ommkaiimee K Dpcq
HanGoJblIee 3HAYCHHE, KPaTHOE IIary KOOPIHHATHON CETKH, TPHHIATOMY
IUIsT depTeka TOIMOJIOTHH C ydeToM Mmacmraba. JIjisl TOHKOIUICHOYHOM
TEXHOJIOTUH Il KOOPAMHATHON ceTkH 00bruHO coctamsieTr 0,01 wm
0,005 mm.

PacueTHast JyiMHa pe3UCcTOpa OnpeaessieTcs mo GopmyJie

|paw =b- k(j,. (14)

Ilomuas JUIMHa Ppe3ucTopa C Y4YCTOM MCPCKPLITUA KOHTAKTHBIX
IIOIIAJ0K ONPEACIIACTCS BRIPAXKCHUEM

lione =1+ 26, (15)

e e — pa3Mep MEPeKPBITHS PE3UCTOpPa W KOHTAKTHON IUIONIAIKU
(e =0,1 mm).
[lnomaznp, 3aHMMaeMasi Pe3UCTOPOM Ha IUIOIIAIKE, ONMPEACIACTCS 10
dhopmyie
S = luom - 0. (16)

JUis mpoBepKH MpaBUIBHOCTH pacueTa HaxoAsaTca JeHCTBHUTENbHAs
ylenbHas MOIIHOCTb PAaCCEHBAHUS U IMOTPELIHOCTb pe3ucTopa. Pesucrop
CIIPOEKTUPOBAH yAOBICTBOPUTEIILHO, €CIIM:

1) yaenbHast MOIITHOCTD PacCEHBAHHSI

P*(): P/S < Pq; (17)
11



2) morpemHocth Kod(pduuueHTa GOPMBI Y g,  HE IPEBBIIIACT
JOIMYCTUMOTO 3HAYCHUS g -

V*Kq) =Al/ Inmu +Ab/Db = YKo s (18)
3) CyMMapHas NnorpeuHoOCTb y*R HE MPEBBIIIACT JOIIYCKA YR:

YR= Vo F Vs + VRt F YRer F YRe < VRo (19)

rae ykg = Al/1+Ab/b.
Hus pesuctopoB ¢ 0,1 < Ky < 1 pacder HauMHAEM C ONpEAEICHUS
JUIMHBI, & 3aTE€M ONPEAEIIAEM IUPUHY.
PacderHoe 3HauYeHHe [UIMHBI PE3UCTOPOB ..., ~ BbIOWpaercs u3
YCIIOBHS
Ipacv > maX{ Imexy ; Imotm; Ip }l (20)

re |y, — MUHMMabHas JUIMHA PE3MCTOpa, OmpesensemMas paspelniaromei
CHOCOOHOCTBIO BBIOPAHHOTO TEXHOJIOTHYECKOr0 MeToAa (HOPMHPOBAHUS
koupurypauuw; ., — MHHAMaNbHas IJIHHA PE3UCTOpPA, MPH KOTOPOH
obecrieunBaeTcst 3a1aHHasi TOYHOCTb:

ITqu > (AI +Ab - kd)) / yKd) }:[on; (21)

Ip — MUHUMAJIbHAA AJIMHA pE3UCTOpa, Ipru KOTOpOﬁ paccenBacTCd 3aaHHasA

P-K i
Ly = /P_O‘i’_ (22)

st metoza poromurorpaduu .., = 0,1 Mm.
PacueTHas muprHa PE3UCTOPOB ONPEEISETCS MO (GOpPMYJIe

MOIITHOCTB:

bpac'-li = Fqu (23)

12



IlonHass panuHA pe3ucTopa € YYETOM MEPEKPBITUS KOHTAKTHBIX
IUIOMAA0K W IUIOH[afb PE3UCTOpa OMPEACISIOTCS COOTBETCTBEHHO IIO
¢dopmymnam (15, 16).

Hanee nposenem pacuer pesuctopoB C Ky > 10. Takne pesuctopsr
OyzneM BBHITIONHATH B (popme Meannpa. [lluprHa pe3ucropa pacCUUTHIBACTCS
TaK e, KaK 11 pe3ucTopoB ¢ 1 < Ky < 10.

JnvHa cpenHel TMHUU MeaHapa

lep = bpacy * Ky (24)

3agaeMcs pacCTOSTHUEM MEXY COCCTHUMH 3BEHBSIMH MEAHIPA iy -
Hus wmeroma ¢oronuTorpaduul  d,,;, OEpercs U3 TEXHOJOTHMYCCKHX
OTpaHMYEHUH, JUISI MACOYHOTO METOZa OOBIYHO 3aMAI0T 8min = Opacy. TaKHM
00pa3oMm, Imar oJHOTO 3B€HA t = 2 * bpyey MM t = Apin + Dpacy.

OnTuManbHOE YKCIIO 3B€HbEB MEAHIPa

lep

nOl'IT t

=W

(25)

ITpu meanape kBaapaTHOil hopmer L=B:

Nonr = w’ K¢2/2 (26)

OrmpeienuM JUTHHY MeaHIpa:
L=ng.-" (a + bpacq). (27)

OmnpenenyM MWUPUHY MeaHpa:

lcp_a'nonT

B = (28)

nOl'[T

Tarke HEOOXOAMMO YYHTHIBATh, YTO MPH KCITOJIb30BAHUH MACOYHOTO
METoa JIOJKHO BBITIOJIHATHCS COOTHOIIIEHHE Bax/ @< 10,
obecrieunBaroriee TpeOyeMyro )KeCTKOCTh MaCKH.

13



[lpuBeneHHBIE pacyeTHbIE COOTHOIICHMS HE YYHUTBHIBAIOT, YTO B
pe3nucTopax THIAa «MEaHAp» IUIOTHOCTh TOKa B M3rnOax HEpaBHOMEpHA.
HepaBHoMepHOe pacupe/eneHre INIOTHOCTH TOKa HabJIloaeTcs B peaenax
TpeX KBaApaToB obmacTu u3ruda (puc. 3).

b b b

b
7 b
7R 7
.‘-;'.',-'. SRR 7727

a 0
Puc. 3. KoHcTpykimu u3ru0oB pe3ucTOpoB THIA «MeaHap»: a — [ -
o6pasHusIit n3rub; 6 — [1-o6pasueiii u3rud [1]

Conporusnenne I1-06pasubix usru6os R, = 4 - pg 5 [-00pasubix -
R, =255p, . Jns yTOYHEHHOTO pacyera C YYETOM HU3rMOOB
KOHCTPYKIIMIO PE3UCTOpa TMPEICTAaBIIOT B BHAC IOCIEIOBATEIHHO
COCTUHCHHBIX  MPSIMOJNMHEHHBIX  y4acTKOB W m3ruOoB.  OOmiee

COIMPOTUBJICHUE 6yZ[€T OIIPEACIATHCS KaK

R; =R,m+ l"Tnps, (29)

rae R, — comporuBieHure u3rubOB; M — KOJMYECTBO M3ruboB; |, — miuHa
MPSIMOJIMHENHBIX YYaCTKOB; N — YKCIIO 3BEHHEB MEaH Ipa.
JnrHa npsIMOIMHEMHOTO y4acTKa OJJHOTO 3B€Ha MEaHIpa

Ri—m'Ry,

psn

l,= (30)

ITocne aToro koppekTupyloT pasMepsl L n B ¢ mensio obecrnieueHus
3aJaHHOTO HOMMHAJIa PE3UCTOPa U IPOBOST IPOBEPKY.
7. PaccunThiBaeTCs CyMMapHas IUIONIAlb BCEX PE3UCTOPOB.
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2. IMocnenoBaTebHOCTD BbIMOJHEHHS PA0OTHI

1. 3yunte TeOpETHIECKYIO YacTh PaOOTHI.

2. Ilomyunre 3amaHWe B BHUAC TNPUHIOUNHAIBHON CXEMBI Yy
MIPEroAaBaTeIs.

3. CormacHO  TPUWHIUNHAAIGHOM  CXeMe  TPOBEOUTE  PACUETHI
MOIIIHOCTEH, BBIJENIAEMBIX Ha PE3UCTOPAX.

4. Beibepute MaTepuan pE3UCTHBHOW IUIGHKM W KOHTaKTHBIX
IUIOIAO0K.

5. PaccunraiiTe KOHCTPYKIUU BCEX PE3UCTOPOB.

6. Cnenaiite IpoBepKy pacueToB.

7. Ompenenure  CyMMapHyIO  IUIOHIA[b, 3aHAMAcMyld  BCEMH
pe3uCTOpaMH.

3. Copep:xanue oTyera

1. Lems paboTHI.

2. Pe3ynbpTaThl pacyeToB.

3. UepTexu TOHKOIUIEHOYHBIX PE3UCTOPOB B MAacCIITade C yKazaHHEM
pa3Mepos.

4. BBIBOJIBI IO MOJYYEHHBIM PE3YJIbTaTaM.

KoHTpoabHbIe BONpPOCHI

1. Yro Takoe ruOpuHast MHTETpaJIbHAs cxema?

2. HazoBure  TpeOoBaHWs,  MNpeabsBIIEMble K  MaTepHaiam
PE3UCTHBHBIX IUICHOK.

3. Ha3zoBure ocHOBHBIE MaTepHalibl pe3UCTUBHBIX TuIeHOK [ UMC.

4. HazoBute TpeOoBaHMs, IpeIbIBIsEMbIe K MaTepHalaM KOHTAaKTHBIX
IUIOIIAJIOK.

5. HazoBuTe OCHOBHBIE MaTepraIbl KOHTAKTHBIX momanok [ MTMC.

6. Kakne KOHCTPYKIIH OBIBAIOT Y TOHKOIUIEHOYHBIX PE3UCTOPOB?

7. Yto Takoe k03¢ HUIHEHT POPMBI TOHKOIUIEHOYHOTO pe3nucTopa?

8. [Topsimok pacuera pesucropa ¢ kosdpduirentom Gopmsl ot 1 o 10.

9. INopsimox pacyera pe3uctopa ¢ ko3pduuuentom opmst ot 0,1 1o 1.

10. ITopsimok pacdera pesucropa ¢ KodpQuIeHToM (HOpMEI OoJbIIe
10.

11. PacckaxuTe 0 MOACTPaUBAEMBIX PE3UCTOPAX.

15



12. Cioco0ObI MOATOHKY HOMHHAJA PE3UCTOPA.

Bub6aunorpaguyeckuii cnucox
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2. MepkynoB A.M., MepkymoB B.A. OCHOBBHI KOHCTPYHpPOBAHUS
HHTerpanbHbIX MuKkpocxeM. Camapa: M3ngarenscto CI'AY, 2013. 270 c.
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JIABOPATOPHAS PABOTA Ne 1

Pazpabomka nepedamuuka éaiitmos no cmanoapmy RS232
Kpartkue TeopeTudeckue cBe/IcHus

Ilocneoosamenvuwiii unmepgetic RS232

RS232 — mocnenoBaTenbHBI UHTEpQENC, B KOTOPOM JIaHHBIE MEpPEeHaroTCcs Io-
OWUTHO 1O OYepeny OJUH 3a APYTHM IO €IUHCTBEHHOMY MPOBOTHUKY. Kax bl GaiT me-
penaetcst BMecTe co ciaykeOHpiMu Outamu (puc. 1). K ciyxeOHbIM OMTaM OTHOCSTCS
CTapTOBBIN OUT, CTOMOBBIN OMT M OWTHI YeTHOCTH. Kak mpaBmiio, CTapTOBBI OUT KOIU-
pYETCsI JIOTHYECKUM HYJIEM, a CTOTIOBBIN — JIOTHYEeCKOU eauHuiieid. CTapToOBBINA U CTOMO-
BEIil OUTBI SIBIITIOTCS 00sI3aTENIbHBIMI. BUTHI 4eTHOCTH SIBISIOTCS HeoOs3aTenbHbIMU. KX
MPUMEHEHUE ONPEENIeTCs MPOTOKOIOM B3aUMOJICHCTBUS MEXKAY MEPEAAIOIINM U TIPU-
eMHBIM ycTpoiicTBaMu. Uncio nepenaBaeMbiXx OUT B OaiiTe MOKET ObITh MEHBIIE BOChH-
MHU.

CtapT — bur

Haumee (0 —# bur)

Hauune (1 —i 6ur)

Hauune (2 —# 6ur)

Hauure (7 —# Gur)

HeTHooTE 1-2 GHTA
{ommua)

Cron -6uT

Puc. 1. ®opmar nepenauu mo cranaapty RS232

JloGaBieHre OuTa YETHOCTH SIBISIETCSI IPOCTBIM METOJOM OOHApy>KEHUS OIIHOOK
mpu niepeaayde nanHbiX. OUH TOTOJHUTEIBHBIA pa3psii MpUOaBISETCs IS TOTO, YTOOBI
MO3KHO OBUIO ClIeJIaTh YETHBIM WIJIM HEYETHBIM TIOJTHOE KOJMYECTBO SIUHHII MU HyJIeH B
nepeaaBaeMou nocieaoBaTeIbHOCTH OUTOB. OHA OMmKMOKa U3MEHUT YUCIO €AUHUIL] WIH
HYyJICH ¢ YETHOTO YMCcia HAa HEYETHOE WM HAa00OpOT, M TaKUM 00pa3oM ommbka OyaeT
oOHapy’KeHa.

CyuiecTByeT HECKOJBKO PEKUMOB YETHOCTH:

1) 4eTHOCTB;
parity=DO0 xor D1 xor D2... xor D7,
Di — OuT 1aHHBIX;
2) HEYETHOCTD;
parity=DO0 xnor D1 xnor D2... xnor D7,
rine Xnor(DO, D1) = not(xor(DO, D1));
3) nmporpaMMHOE 3aJJaHUE YSTHOCTH.
[Ipu nporpaMMHOM 3aJJaHUHM YETHOCTH BMECTO OWTa YETHOCTH MEPEAAETCs HOJb JH00
eAMHHUIIA.

Jliist oOHapy>keHUsI ABOMHOW OLIMOKU MCTOIb3YIOTCS ABYXOUTHBIE PEKUMBI YETHO-

CTH.
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Bo Bpemst oTCyTCTBUS TIepeiauu B JTMHUIO ITEPEIACTCS CTOM-OUT.
Ha puc. 2 nmoka3ansl BpeMEHHbBIE JUarpaMMBbI Tiepeiadu OJTHOTO OaiiTa ¢ oHUM Ou-
ToM "eTHOCTH (T — Bpems mepenadu o JHOro Outa).

|
| Cron - Crapr - | | |Cron -
| 6ur 6uT [aHHble | | [aHHble | 6
: 4% ﬂ,aHHble | | YeTHOCTb |
I 0-abur; 14 | 2@ | 3 | g | 10-# 11+

Puc. 2. Bpemennsie nuarpaMmMepl riepeadu 06aiTa ¢ OTHUM OUTOM YE€THOCTH

Uucno U3MEHEHUI COCTOSIHUSL KaHaja NEepeladyd JTaHHbIX B CEKYHAY Ha3bIBaeTCS
CKOPOCTBhIO Tiepenaun B 0omax. B cucreme ¢ AByMs BO3MOXHBIMU COCTOSIHUSIMH CKO-
pOCThb mepeaaun B 00/1ax paBHa YMCTy OUTOB, MepeaBaeMbIX 3a CEKyHy (OUT/C).

[Ipu mepechuike TaHHBIX MEXAY OBYMs ycTpoilicTBamu 1o ctanaapry RS232 oba
yCTPOMCTBA AOJDKHBI paboTaTh B OJJHOM U TOM K€ PEXHUME TaK, 4TOObI BO BpeMs Iepe-
Jaud Kakoro-nmubo Oaifta yCTpONCTBO-NPUEMHUK NPUHUMANO Obl JaHHBIE HA TOH JKe
CKOPOCTH, Ha KOTOPOHM HX MOChUIAJN MepefaTyuk. Takas cucreMa SIBJISEeTCS aCMHXPOH-
HOM, TaK KaK MUHMMAaJIbHOE YUCJIO CUMBOJIOB, IIEPEAABAEMBIX B CEKYH]Y, OIpPEAEIsAeTC
CKOPOCThIO pabOThI MepeaaTinKa, T.€. MePeJaTUMK MOXKET CAeNaTh nay3y JitoOou JUin-
TEJIBbHOCTH MEXJy CUMBOJIaMU. Bo Bpems J110ObIX May3 JIMHUS HAXOJUTCS B COCTOSTHUU
JIOTUYECKOM €TMHUIIBI, IO3TOMY €CTECTBEHHO B KQUECTBE CTAPTOBOI'O OWUTa MpH mepeaa-
Y€ UCII0JIb30BATh JIOTUYECKHUI HOJIb.

Ha puc. 3 nmoka3anbl BpeMeHHbIE TUarpaMMBbI riepenadn 0aiita ¢ kogom 0X55.

| lownl1nl2-nl3-nl4nl5nle6nl7-nl  ICronlCrorl
onT | 6uT | OUT| BUT | BUT | BUT | BUT| BUT | 6UT | BUT |
L sl 1|
%Tmin§5101010105§|||
9| |
[

| |

Puc. 3. Bpemennsie auarpammsel nepenaun koaa 0X55 mocpenctsom RS232

Annapammuvle cpedcmea nociedogamenvHo2o unmepgeitica

Cnemmansupie MC, Ha3bpIBa€Mble YHUBEPCAJIbHBIMH ACHHXPOHHBIMH IMPHUEMO-
nepenaTarkamu (Universal asynchronous receiver/transmitters — UART), npeoOpasyror
JaHHbIE U3 MapajuIesbHOro (GopMara, MoJy4aeMoro OT MIMHBI JaHHBIX MUKPOIPOLIECCO-
pa WM CIELBBIYUCINTEIS, B MOCIEAOBATENBHBIN. DTH YCTPOMCTBA MOKHO paccMaTpu-
BaTh KaK yCTPOMCTBA C IByMsI BHyTPEHHUMHU CEKLUAMU: ITpeoOpa3zoBaTeieM napaijieib-
HOTO (popMaTa B MOCIEIOBATENHHBIN, HA3BIBAEMBIM MTPHUEMO-TIEPEAATINKOM, U Tpeodpa-
30BaTelieM MOCIe0BaTeNIbHOTO (popMarta B HapasuiedbHbl, HA3bIBAEMbIM PUEMHHUKOM.
[lepenaTuuk moacTaBisieT OUT YETHOCTH, CTApPTOBBIM U CTOMOBBIE OUTHI. [lpueMHUK
npoBepsieT popMaT U YETHOCTh MOJMYUYEHHBIX NaHHBIX. [[pUeMHUK U neperaTuuK MOTYT
paboTaTh OJIHOBPEMEHHO, TaKOW croco0 Mepeaayd Ha3bIBAETCs IMOJIHBIM IYIJIEKCOM.
[TIepenava TOJIBKO B OAHOM HANpPABJICHUHM HA3bIBACTCS CUMILIEKCHOW CBA3bIO. llepemaua
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B 000MX HaIpaBJICHUSIX, HO HE B OJHO U TO K€ BpeMs, HA3bIBAETCS MOJYIYIUIEKCHOU
CBSI3bIO.

CxopocTH nepeiauu U mpruemMa JaHHBIX KOHTPOJIMPYIOTCS BHYTPEHHUM WJIM BHEII-
HUM T€HepaTOPOM TAaKTOBBIX MMITYJIbCOB, pabOTAIOIINM Ha YaCTOTE, KPATHOM CKOPOCTH
nepeaadu JaHHBIX.

[Tpuemonepenaturk no crangapty RS232 moxer ObITh peain30BaH ¢ MPUMEHEHHU-
€M MporpaMmupyembix jJorudeckux uHTerpaibHbix cxem (IIJIUC). ITpu stom TIJIUC
OCYILECTBISET NPeoOpa30BaHUE JaHHbBIX U3 MapajljieIbHOro (hopMara B MOCIEI0BATENb-
HBI U HAa00OpOT, a MpeoOpa3zoBaHUE YPOBHEH JIOTMYECKUX CHUTHAJIOB, MOJABacMbIX B
JUHUIO TIepe/lau JaHHBIX, OCYIIECTBIISIET MUKPOCXeMa — Mpeodpa3oBaresib ypoBHs, Ha-
npumep, MAX212.

Mapwpym npoexkmuposanus yugpposwix ycmpoticme na oaze ILJIUC gupmor Xilinx

Jlnst coznanust mudpoBoro ycrpoiicrsa Ha 6aze [TJIMC XilinX HeoOX01uMO BBITOI-
HUTD CJICYIONIYIO TIOCIEI0BATEIBHOCTh ONEPAIlUii:
1) co3aath HOBBII POEKT, yKka3aB ceputo, Tu [1JIMC u cpencts cuHresa;
2) pa3paboTaTh OIUCAHUE MPOCKTUPYEMOTO YCTPOHCTBA B CXEMOTEXHHUYECKOW (C WC-
MOJIb30BAHUEM CXEMOTEXHUYECKOTO PEIaKTOpa), alTOPUTMUYECKOH (C UCTIONBb30BAHUEM
rpada COCTOSHUI KOHEYHOIO aBTOMAaTa) MJIM TEKCTOBOM (C HCIIOJB30BAHHEM SI3BIKOB
onucanus anmaparypsl — hardware description languages, HDL) gopmax;
3) BBIMOJHHUTH CHHTE3 YCTPOMCTBA;
4) mpoBeCTH MPOBEPKY MPOEKTa METOIOM (DYHKIIMOHAIBHOTO MOJICTTMPOBAHUS;
5) BBIMOJHHUTH pa3MEIICHUE M TPACCUPOBKY MPOCKTA B KPUCTAILT;
6) MpoBeCTH OKOHYATEIILHYIO BEpU(DUKAIIUIO MTPOSKTa METOJOM BPEMEHHOTO MOCIHPO-
BaHMUSI,
7) 3arpy3uTh KOH(PHUTYpaIMOHHBIC JAaHHBIC MPOEKTa B KPUCTAJUI (BBIIOJHHUTH MPOTPaM-
mupoBanue [1IJINC).

Omneparyu GyHKIIHOHATILHOTO U BPEMEHHOTO MOJICTUPOBAHUS HE ABJISIOTCS 00s13a-
TEJILHBIMU, HO TO3BOJISIFOT 3HAYUTEILHO COKPATHTh 00IIee BpeMs pa3pabOTKH YCTPOWi-
CTBa 3a CYET paHHEr0 0OHAPYKEHHS BO3MOXKHBIX OIIHOOK.

Ilpoepammuposanue IIJIUC ¢ nomowwio szvika VHDL

K coBpemennbim HDL-s3bikam otHOCcsTes VHDL (Very High Speed HDL) u Veri-
log.

ITpoexT Ha VHDL coctouT U3 MakpocoB, Ha OCHOBE KOTOPBIX CTPOUTCSI OMMCAHUE
cxembl B 11ejioM. CTpyKTypa Makpoca UMeeT BUJI, TOKa3aHHBIN Ha puC. 4.

Llenp paboThI: M3yUeHUE TOCIeA0BaTENbHOTO UHTEep(etica RS232, moctpoenue me-
penaturka 0aiToB Mo ctaHaapTy RS232 kak KOHEUHOTO aBTOMATa C €ro MOCIEAyIoIeh
peanuzarueit Ha si3pike VHDL.

Hcxonuple gagHaele 3aMadbl B Ta0m. 1.

3ajanue:
1) mocTpouTh aBTOMAT TepeaTunka 0alToB o cranmapty RS232;

2) peann3oBaTh aBTOMAT IepeaaTyrka OaiitoB Ha s3bike VHDL;
3) npoBecTH MOIEIMPOBaHuUe MepeaaTyrka ¢ momoiisio HDL-Bencher;



4) Noy4YHuTh KOH(PUTYPAIIMOHHYIO MTOCIIEI0BATEILHOCTD MEPeIaTINKa.
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[Tm. 1 — 2 3amaaus He0OXOAMMO BBITIOJIHATH TIPH MOJATOTOBKE K padoTe.

OnwucaHune
curHanos B/B
Makpoca

end Behavioral

entity HasBaHwue is

-- CeKumst onucaHusi Cxembl

< CeKkumsi onucaHus BHYTPEHHUX CUTHasioB Makpoca

-- - 0O3Ha4YaeT KOMMeHTapui

OnucaHue BHYTPEHHNX
CUrHanoB makpoca

Puc. 4. Ctpykrypa makpoca, HarmucagHoro Ha si3eike VHDL

Bapuantsl 3a1a0nit

Tabauma 1

Ne BapuaHnTa TaxroBas wactora F Cxopocts Speed , 6ur/c PexuM 4eTHOCTH
1 25 MTI' 2 500 000 YETHOCTbH
2 12,5 MI'a 2 500 000 HEYETHOCThH
3 60 MI'1 10 000 000 YETHOCTH
4 70 MI'g 10 000 000 HEYETHOCTh
5 1843,2 xI'g 230 400 YETHOCTD
6 2073,6 xk['g 230 400 HEYETHOCTH
7 1267,2 xI'a 115 200 YETHOCTD
8 1382,4 xI'q 115 200 HEYETHOCTH
9 748,8 x['11 57 600 YETHOCTH
10 806,4 xI'11 57 600 HEYETHOCTD
11 432 xI'1g 28 800 YEeTHOCTh
12 460,8 xI'11 28 800 HEYETHOCTH
13 224 8 k't 14 400 YETHOCTbD
14 259,2 kI’ 14 400 HEYETHOCTH
15 729,6 xI'11 38 400 YETHOCTbH
16 768 xI'11 38 400 HEYETHOCTH
17 403,2 xI'1 19 200 YETHOCThD
18 422.4 xI'1 19 200 HEYETHOCTh
19 220,8 k['g 9 600 YETHOCTH
20 230,4 xI'1 9 600 HEYETHOCTh

ConeprkaHue OTYETA:

1) Ha3BaHue, 11e)Ib PaOOTHI, 3a/IaHUC;
2) cxema aBTOMaTa nepenaryrka mo cranaapty RS232;
3) nporpamma nepeaarurka Ha si3pike VHDL;

4) pe3yabTaThl MOJICTUPOBAHUS CXEMBI.

[Ipumep BeIDOJIHEHUS PAOOTEI

Hcxoonvie oannvle: TakToBas 4actota — 4 MI'w, ckopocts — 1 000 000 6ut/c, pe-
’KMM 9ETHOCTH — OTCYTCTBYET.
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1-11 sman. TlocTpoenue aBToMara nepeAaTdynka 6aiToB mo crangapty RS232 kak
KOHEYHOTr0 aBToMara Muu.

[Tepenatunk OaiiTa Kak KOHEYHBIN aBTOMAT JIOJDKEH UMETh CIICAYIONINE COCTOSHUS
1) HaYaIbHOE COCTOSTHHE;
2) COCTOsTHHE TIepeiadl CTapTOBOTO OUTa;
3-10) cocrostnue nepenau i -ro Ourta gaHHBIX (1= lO, ...,7J);
11) cocrosiHME mepenadr OuTa YeTHOCTH (MIPH HAJTMYHUN OMTA YETHOCTH);
12) cocTosiHuE Mepeadu CTOMOBOrO OMTa.

[Tpu mocTpoeHnMn aBTOMaTa HEOOXOIUMO OMPEACITUTh YUCIIO TAKTOB, TPEOyEeMbIX
VTS TIepeiauy OJHOTO OWTA TaHHBIX:

kol _takt=F,/Speed .
Jlist paccmarpuBaemoro npumepa Kol _takt=4.

ABTOMAT nepeaaTuuKa IpuMeT BHJI, TOKa3aHHbBIN Ha pPUC. .

Ha rpade aBTomara (puc. 5) BBeIeHBI CIeAYIOIINE 0003HAYCHUS:
DATA(7 DOWNTO 0) — nepenaBaeMblii Oaiit;
cnt_takt — cueTunk TakTOB, 3aTpayMBACMbIX Ha IIEpeaady OJHOrO OMTA;
TX — nepegaBaeMblii B IMHUIO TIEPEAAYM TAHHBIX OUT;
Reset — curnan coOpoca aBTomaTta B Ha4ajlbHOE COCTOSIHUE;
Start — xomania Hayana nepeaadu OaiTa.

2-11 sman. Peanuzanusa aBTOMarta mnepenaTdyuka 0aitoB mo craHgapty RS232 wHa
s3pike VHDL.

Jlnst 3amycka makera Xilinx ISE B MeHro nporpammsl ciiefyeT BeiOpaTh rpyminy Xil-
inX ISE, B koTOpOI#i HY>KHO BBIACTUTH CTPOKY Project Navigator u menkHyTh Ha Hel Je-
BOW KHONKOW MBIIIH. [Ipy 3TOM Ha 3KpaHe MOHUTOpPA NOSBUTCA OCHOBHOE OKHO Hasura-
TOpa MpoekTa (puc. 6), KOTOPOE COAEPKUT KPOME CTAHAAPTHBIX IJIEMEHTOB 4 BCTPOCH-
HBIX OKHa!

— OKHO MCXOJIHBIX MOAyJIel mpoekTa (Sources in Project);

— OKHO HEOOXOJMMBIX TPOIIECCOB JUISI BRIOPAHHOTO MCX0oHOTO Moxyis (Processes for
Current Source);

— OKHO KOHCOJIBHBIX COOOIIeHHI IporpaMMHBIX MoayJei (Console);

— OKHO pefaktopa TekcToBbix HDL-onucanuii nmpoekra.

B oxHe wucxoaHblx Moayieill mpoekTta (puc. 6) oToOpaxkaercs uepapxudeckas
CTPYKTYpa, COCTOSIIIAs U3 MOJyJIeH, B KOTOPBIX COAEPKUTCS OMUCAHUE MPOEKTUPYEMOTO
YCTPOWCTBA U OMMMCAHKUE TECTOBBIX BO3JIEUCTBHM, UCIIOIB3YEMBIX B IIPOLIECCE MOAECITUPO-
BaHus. Kaxaplii TUIT MOJIyJiS MMEET COOTBETCTBYIOIIEE rpaduieckoe 00O03HAYEHUE —
MUKTOIPAMMY.

OxkHo mpo1tieccoB (puc. 6) MoKa3bIBa€T MapuIpyT 0OpaOOTKU BBIACIEHHOTO HUCXOJI-
HOTO MOAYJISl B IPOLIECCE MTPOCKTUPOBAHUS YCTpoiicTBa. B TaHHOM OKHE MOAPOOHO OTO-
OpaxkaroTcs BCe dTarmbl mporiecca pa3padotku u nporpammupoBanus [1IJIMC. [locneno-
BaTEIHLHOCTh U COJICPKAHUE ITATIOB OMPEEISIOTCS TUIIOM HUCXOAHOTO MOJYJIS M CEpHEH
[JINC.

OKHO KOHCOJIBHBIX cOO0OIIeHuH (puc. 6) MpeaHa3HaueHO sl BbIBOAA MH(OpMaALUU
MPOTpaMMHBIX MOJyJIeH MakeTa, paboTaroluX B KOHCOJBHOM pexume. 31ech 0ToOpa-
KAIOTCs COOOIIEHHUS 00 OMMUOKAX U TPEIyIPEIKICHUS.

OKHO MHTETPUPOBAHHOI'O TEKCTOBOTO pefakTopa (puc. 6) CTAaHOBUTCS aKTHUBHBIM,
€CJIM JJI1 IPOEKTUPYEMOT0 YCTPOMUCTBA WIIM UCIOJIb3YyEeMbIX OMOIMOTEK BBIOpaH Croco0
onucanus Ha a3bike HDL.



TX:=1
cnt_takt := kol_takt - 1

T™X:=0

cnt_takt := kol_takt - 1

TX := DATA(0)

cnt_takt := kol_takt - 1

TX := DATA(L)

cnt_takt := kol_takt - 1

TX := DATA(2)

cnt_takt := kol_takt - 1

TX := DATA(3)

cnt_takt ;= kol_takt -1

TX := DATA(4)

cnt_takt := kol_takt -1

TX := DATA(5)

cnt_takt ;= kol_takt-1

TX := DATA(6)

cnt_takt := kol _takt-1

TX := DATA(7)
cnt_takt := kol _takt-1
T™X:=1

cnt_takt=0

Reset

HayanbHOEe cocmosiHue
, Start

Start

CocmosiHue nepedayu cmapmogoeao

buma
’ cnt_takt >0

cnt_takt := cnt_takt - 1
cnt takt=0

CocmosiHue nepeda4yu 0-20 buma
9’ cnt_takt >0 OanHbIX

cnt_takt := cnt_takt - 1
cnt takt=0

CocmosiHue nepedayu 1-20 buma
e’ cnt_takt >0 OaHHBIX

cnt_takt := cnt_takt - 1
cnt takt=0

CocmosiHue nepedayu 2-20 buma
e, cnt_takt >0 OaHHBIX

cnt_takt ;= cnt_takt - 1

cnt takt=0
CocmosiHue nepeda4u 3-20 buma
e cnt_takt >0 OaHHBIX
cnt_takt ;= cnt_takt - 1
cnt_takt=0

CocmosiHue nepeda4u 4-2o0 buma

’ cnt_takt >0 OaHHbIX

cnt_takt ;= cnt_takt - 1
cnt_takt=0
CocmosiHue nepeda4u 5-eo0 buma

cnt_takt >0 OariHbIxX
cnt_takt :=cnt_takt -1

cnt_takt=0
CocmosiHue nepeda4u 6-20 buma

cnt_takt >0 OaHHbIX

cnt_takt :=cnt_takt - 1
cnt_takt=0
CocmosiHue nepeda4u 7-20 buma

’ cnt_takt >0 OatiHbIX

cnt_takt :=cnt_takt- 1

cnt_takt=0
CocmosiHue nepedayu cmornogozo
cnt_takt >0 6uma

cnt_takt :=cnt_takt- 1

Puc. 5. Ilepenatuunk GaiitoB no ctanaapty RS232 kak apromat Muim
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—_ — Fort { clk : in =td logic;
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DATA : in =td logic_wector(?
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Puc. 6. OcHoBHOE 0kHO Hasucamopa npoexma mnaketa Xilinx ISE

JInst co3aHust HOBOTO MPOEKTa CIIeIyeT BHITOIHUTH KoMaHay File ocHoBHOTO Me-
HI0 Hasueamopa npoexma, a 3aTeM BO BCILTBIBAIOIIEM MEHIO BBIOpaTh cTpoky New Pro-
ject. IIpu 3TOM MOSIBUTCS THAIOTOBOE OKHO, IMOKa3aHHOE Ha pHUC. 7.

B oTkpsIBIICHCS TUATOTOBOM MaHe u (pHUC. 7) HYKHO ONPENETUTh UCXOAHbIC TaH-
HbIC, HCOOXOMMBIC TSl CO3JIaHMS TPOCKTA:

— Has3Banue npoekta (Project Name);

— JIMCK M KaTajor, B KOTOPOM IPEe/roaraeTcsi pacioioxuTth mpoekt (Project Location);
— cepuro [IJIMC, Ha 6a3e koTopoii pa3padarkiBactcst yctpoiictBo (Device Family);

— tun kpuctaiia (Device);

— KOpIyC;

— OBICTPOJICHCTBHE;

— cpenctio cuntesa (Design Flow).

Jlns co3aanus npoekta Ha VHDL Heobxoanmo B mento Design Flow (puc. 7) BbI-
opath crpoky XST VHDL.

[Tporenypa onpeneneHus: Bcex HEOOXOAUMBIX MapaMETPOB CO3/IaBAEMOT0 MPOCKTa
3aBepmactes HaxartueM kinaBuiy OK, Haxoasieics B HIXKHEH YacTH MaHeIH YCTaHOB-
KU TIapaMeTPOB HOBOTO MpoeKTa (puc. 7).

JInst co3maHusi HOBOTO MOJYJIsl MCXOIHOTO OIMHCAHUS TPOCKTA CIIEAYeT BHIOPAThH
komany New Source u3 paszaena Project ocHoBHOro MeHio. B OTKpbIBIICHCS AHAIOrO-
BOW IMaHeNu, MOKa3aHHOW Ha puC. 8, HEOOXOAMMO BBIOPATh THIT HOBOTO MOJIYJIS, 3aIlv-
caTh €ro UMs U yKa3aTh MECTO PACIoyioKeHus (ailyia Ha JHCKeE.
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Puc. 7. Coznanue HoBoro mpoekta B CAIIP Xilinx ISE

s pa3pa®oTku (yHKIMOHAJIBHOW CXEMbl MpPOEKTa CJEIyeT B MPesIOKEHHOM
CIMCKE JUAJOrOBOI MaHenu BbIOpaTh TUI CO3[aBaeMoro ucxoaHoro moayis VHDL
Module, menkHyB Ha COOTBETCTBYIONICH CTPOKE JIEBOM KHOIKOM MBIIIH. 3aTeM HYKHO
aKTHBH3UPOBATH TOJIC PEAAKTUPOBAHUS Ha3BaHus Moy (¢aitna) File Name u BBecTH
TEKCT UMEHHM C MOMOUIbIO KJaBUATypbl. Paciimpenue umeHu Qaiina ycraHaBIMBaeTCs
ABTOMATHUYECKU B COOTBETCTBUU C BHIOPAHHBIM THUIIOM MOAYJS. MecTo pacmoioKeHus
CO3/1aBaeMOr0 MOJIyJIs Ha JHMCKE yKa3bIBaeTCs B MOJIe pelakThpoBanus Location quao-
roBoii manenu (puc. 8). [lo ymomuanuro mpeanaraercst pabo4uii KaTtajaor TeKyIero mpo-
ekta. Ecmu duar naankaropa Add to project Haxoautcst B yCTaHOBJICHHOM COCTOSIHUH,
TO CO3/1aBa€MbIil MOJTyJIb aBTOMaTHYECKU BKJIFOYAETCSl B COCTaB TEKYIIETO MpoeKTa. Y c-
TaHOBKA 3HAYEHMUI BCeX HEOOXOAMMBIX MapaMeTPOB CO3aBaeMOI0 MOJIYJIA 3aBepliaeTcs
HaxxatueM kiaaBumu Next (/Jazee), koTopas HaXOAWTCS B HU)KHEH YacTH JMAjOrOBOM
nanenu (puc. 8). Ilpu sToM oTkpbIBacTcs uH(popmarmonHas mnanens Define VHDL
Source, moka3zanHast Ha puc. 9.

B muanorosom okue Define VHDL Source (puc. 9) 3amarorcss Ha3BaHHE MOJIYJIs
(moste Entity name), umst apxurektypsi (Architecture Name), a Takxe BXOJIHBIC U BbI-
XOJHBIE curHabl Moayis. B mome Port Name ykaspiBaroTcst Ha3BaHUsI BXOJIOB U BBIXO-
noB, B mosie Direction — ux Hanpasiienue (in win out). I[Tons MSB u LSB 3anmarot pas-
PSAHOCTH MHOTOOUTHBIX cUTHAJOB (mnH). Ha puc. 9 moka3aHo 3aaHue BXOJHBIX U BbI-
XOJTHBIX CUTHAJIOB JIJISl TiepefaTyuka 0aitoB mo crannapty RS232. Ciemyer OTMETHUTS,
YTO CUTHaJIBI BBOJA-BBIBOJA B AMAIOrOM OKHE (puc. 9) BBoAUTh HE oOs3aTenbHO. X
MOXHO J100aBUTH Ha dTamne pazpaborku HDL-onucanus. 1o 3aBepiieHun ycTaHOBOK



napametpoB B okHe Define VHDL Source (puc. 9) cnenyer Haxartb kinaBuiiny Janee. B

9

pe3yinbTaTe 3Toro nossutcs okHo New Source Information (puc. 10).

| |1 zer Document

Coregen IP

Schematic

“hal Libramy

YHOL Package

WHOL Test Bench
Test Bench ‘Waveform
BMM File

State Diagram

File Mame:

X

IIaI:u1_vhu:|I

Location:

IE:RLaI::'HIaI:ﬂ

¥ £dd to project

-

< Hazan I Hanee » I

CtraeHa |

Cnpaeka |

Puc. 8. lnanoroBast maHesib yCTAHOBKU MapaMETPOB HOBOTO UCXOIHOTO MOTYJIS

Define ¥YHDL Source

IpOEKTa

x|

Ertity Mame Ilab1_vhdl

Architecture Mame IBehaviDraI

Port Hame Direction MSEB LSB ﬂ
clk in
start in
DATA in v ]
™ out
in j
< Hazan I Hanee » I OTreHa | Cnpaeka |

Puc. 9. III/IaJIOFOBOG OKHO 3alaHusI CUTHAJIOB BBOAA-BbIBOAAd UCXOJHOT'O MOIYJIA

Jns nepexona k peaaktupoBanuio HDL-onmcanus B okue (puc. 10) HeoOXx0oaumMo

Ha)KaTh KJIaBuuly / omoeo.

New Source Information

X

following specifications:

Project Havigatar will create a new skeleton source with the

Source Mame: labl_vhdl
Entity Hame: lab1_whdl

Fart Definitions:
ik
ztart
DATA
TH

Source Type: YHOL Module

Architecture Mame: Behavioral

zcalar
zcalar
vechor:
gcalar

0

Source Direchany:

< Hazan I [aToEn I

OTtieHa |

Cnpaeka

Puc. 10. OxHO nH(bOpMAIK O HOBOM MPOEKTE

PaszpaboTtannas nporpamma Ha si3eike VHDL npunsna By
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library IEEE; -- Pa3nen onucanus Oubimorek
use IEEE.STD_LOGIC_1164.ALL,;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity labl_vhdl is -- Pa3men 0ObsABICHUS BXOAHBIX M BBIXOJHBIX CUTHAJIOB
Port (clk :instd_logic; -- TakToBas yacroTta

start : in std_logic; -- curnan 3amycka nepenauu Oaiitra
DATA :instd_logic_vector(7 downto 0); -- kox nepemgaBaemoro Oaiita
TX :outstd_logic; -- BBIXOAHO# CHTHAN, IOCKUIACMBbIH B JIMHUIO Iiepeaayun Oaiita
SO_O :outstd_logic; -- BBIXOHBIE COCTOSIHHSI aBTOMATA, BBIBEACHHBIC HA BHIXOTHBIC
S1 O :outstd_logic; -- HOXKH C LIETBIO UX POCMOTPA B CUMYJIATOPE
S2 O :outstd logic;
S3_0O :outstd_logic;
S4 O :outstd logic;
S5 O :outstd_logic;
S6_O :outstd logic;
S7_0O :outstd_logic;
S8 O :outstd logic;
S9 O :outstd _logic;

S10 O : out std_logic

);

end labl_vhdl;

architecture Behavioral of labl_vhdl is -- onucanue nepenarunka 6aiiToB
SIGNAL SO : STD_LOGIC; -- coctostaue aBTomata SO
SIGNAL S1 : STD_LOGIC; -- cocrosinue aBTomata S1
SIGNAL S2 : STD_LOGIC,; -- cocrosinue aBTomaTa S2
SIGNAL S3 : STD_LOGIC; -- cocTosinue aBromaTa S3
SIGNAL S4 : STD_LOGIC; -- cocTostnue aBTomata S4
SIGNAL S5 : STD_LOGIC; -- cocTosinue aBTomaTa S5
SIGNAL S6 : STD_LOGIC,; -- cocrosinue aBTomaTa S6
SIGNAL S7 : STD_LOGIC; -- cocTosinue aBromaTa S7
SIGNAL S8 : STD_LOGIC,; -- cocrossnue aBTromaTa S8
SIGNAL S9 : STD_LOGIC; -- cocrosinue aBromaTa S9
SIGNAL S10 : STD_LOGIC; -- cocrosaue aBTomata S10
SIGNAL NEW_S0 : STD_LOGIC; -- 3nauenue cocrostaus SO B CIEIyIONIEM TaKTe
SIGNAL NEW _S1 : STD_LOGIC; -- 3HadeHue cocTostHUS S1 B CIIEIYIONIEM TaKTe
SIGNAL NEW_S2 : STD_LOGIC; -- 3HaueHue cocTOsIHUS S2 B CIEIYIONIEM TaKTe
SIGNAL NEW _S3 : STD_LOGIC; -- 3HadeHue COCTOSHUS S3 B CIIEIYIOIIEM TaKTe
SIGNAL NEW_S4 : STD_LOGIC; -- 3HaueHue coCTOSIHUS S4 B CIEIYIONIEM TaKTe
SIGNAL NEW_S5 : STD_LOGIC; -- 3HadeHUe COCTOSHUS S5 B CIIEIYIOIIEM TaKTe
SIGNAL NEW_S6 : STD_LOGIC; -- 3HaueHue COCTOSIHUS SO B CIEIYIONIEM TaKTe
SIGNAL NEW _S7 : STD_LOGIC; -- 3HadeHue COCTOSHUS S7 B CIECIYIOIIEM TaKTe
SIGNAL NEW_S8 : STD_LOGIC; -- 3HaueHue COCTOSIHUS S8 B CIEIYIONIEM TaKTe
SIGNAL NEW_S9 : STD_LOGIC; -- 3HadeHue cOCTOSHUS S9 B CIIEIYIONIEM TaKTe
SIGNAL NEW_S10 : STD_LOGIC; -- 3Hauenue cocrossHus S10 B crneayromeM TakTe
SIGNAL Reset : STD_LOGIC,; -- curnan cOpoca aBTomara
SIGNAL cnt_takt :STD_LOGIC_VECTOR(2 DOWNTO 0); -- c4eT4rK TaKTOB
SIGNAL kol _takt : STD_LOGIC_VECTOR(2 DOWNTO 0); -- KOIH4YeCTBO TaKTOB,

-- 3aTpa4uBacMbIX Ha IICpcaavyy oaHOro ownTta JaHHBIX

SIGNAL CNT_TAKT_EQ_O : STD_LOGIC; -- curnan paBeHCTBa HYJIIO CUETYMKA TAKTOB
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SIGNAL LOGIC_1 : STD_LOGIC; -- curnain, ucnosib3yemblii 11t coOpoca
SIGNALLOGIC 1 T : STD_LOGIC; -- curnam, ucroiab3yeMbli a1 coOpoca

begin -- Haua0 POrpaMMeI

kol_takt <="100"; -- 3HaueHue 3a1a€TCS B ABOUYHOMN CHUCT. CYMCIICH. B COOTBETCTBHH C 3aJaHHUEM

- (bOpMI/IpOBaHI/Ie 3HAYEHUI COCTOSTHUN aBTOMATa B CICAYIOIEM TAKTE

NEW_S0 <= Reset OR (SO AND (NOT START)) OR (S10 AND CNT_TAKT_EQ 0);
NEW_S1 <= (S0 AND START) OR (S1 AND (NOT CNT_TAKT_EQ_0));

NEW_S2 <= (S1 AND CNT_TAKT_EQ 0) OR (S2 AND (NOT CNT_TAKT_EQ 0));
NEW_S3 <= (S2 AND CNT_TAKT_EQ_0) OR (S3 AND (NOT CNT_TAKT_EQ 0));
NEW_S4 <= (S3 AND CNT_TAKT_EQ 0) OR (S4 AND (NOT CNT_TAKT_EQ 0));
NEW_S5 <= (S4 AND CNT_TAKT_EQ_0) OR (S5 AND (NOT CNT_TAKT_EQ 0));
NEW_S6 <= (S5 AND CNT_TAKT_EQ_0) OR (S6 AND (NOT CNT_TAKT_EQ 0)):
NEW_S7 <= (S6 AND CNT_TAKT_EQ_0) OR (S7 AND (NOT CNT_TAKT_EQ 0));
NEW_S8 <= (S7 AND CNT_TAKT_EQ_0) OR (S8 AND (NOT CNT_TAKT_EQ 0));
NEW_S9 <= (S8 AND CNT_TAKT_EQ_0) OR (S9 AND (NOT CNT_TAKT_EQ 0));
NEW_S10 <= (S9 AND CNT_TAKT_EQ 0) OR (S10 AND (NOT CNT_TAKT_EQ 0));

-- OIMCaHME TPUITEPOB, XPAHSAIINX 3HAYECHHS COCTOSHUE (11 criocoba koauposanus ONE HOT)
PROCESS(clk)
BEGIN
IF (clk="1"and clk'event) THEN -- ycioBue CHHXPOHHOM OIEpaIMy 110 NepeaHeMy GpPOHTY
IF (Reset ='1") -- cOpoc aBTOMaTa
THEN SO <=1}
S1 <=0}
S2 <=0}
S3 <=0}
S4 <='04
S5 <="04
S6 <='0"
S7 <=0}
S8 <='01
S9 <=0}
S10<="04
ELSE SO <= NEW_SO0;
S1 <=NEW _S1,;
S2 <=NEW_S2;
S3 <=NEW _S3;
S4 <=NEW_S4;
S5 <= NEW_S5;
S6 <= NEW_S6;
S7 <=NEW _S7,
S8 <=NEW_S8;
S9 <=NEW_S9;
S10 <= NEW_S10;
END IF;
END IF;
END PROCESS;

PROCESS(clk) -- onmcanue cueTyrnka TaKTOB Ha repeady oura
BEGIN
IF (clk="1"and clk'event) THEN
IF (((SO="1") AND (NEW_S1="1")) OR ((S1="1") AND (NEW_S2 ="1")) OR
((S2="1") AND (NEW_S3="1)) OR ((S3="1") AND (NEW_S4 ='1")) OR
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((S4="1") AND (NEW_S5="1)) OR ((S5="1") AND (NEW_S6 ='1")) OR
((S6 ="1") AND (NEW_S7 ="1)) OR ((S7 ='1") AND (NEW_S8 ='1")) OR
((S8="1") AND (NEW_S9 ="1)) OR ((S9 ='1") AND (NEW_S10 ="19))
THEN cnt_takt <= kol _takt - 1;
ELSE cnt_takt <= cnt_takt - 1;
END IF;
END IF;
END PROCESS;

PROCESS(cnt_takt) -- omucanue kommaparopa CueT4MKa TaKTOB C HYJIEM
BEGIN
IF (cnt_takt = "000")
THEN CNT_TAKT_EQ_0<="1}
ELSE CNT_TAKT EQ 0<="0;
END IF;
END PROCESS;

PROCESS(clk) -- hopmupoBanue BBIXOHOTO curHaza TX
BEGIN
IF (clk="1"and clk'event) THEN

IF ((SO="1) OR (S10="1")

THEN TX <="1}

ELSE IF (S1="1"

THEN TX <="0";
ELSE IF (S2 ="1)
THEN TX <= DATA(0);
ELSE IF (S3="1"
THEN TX <= DATA(L);
ELSE IF (S4="1)
THEN TX <= DATA(2);
ELSE IF (S5="1")
THEN TX <= DATA(3);
ELSE IF (S6 ="1")
THEN TX <= DATA(4);
ELSE IF (S7="1)
THEN TX <= DATA(5);
ELSE IF (S8 =1
THEN TX <= DATA(6);
ELSE TX <= DATA(7);

END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END PROCESS;
LOGIC_1 <="1"; -- hopMupoBaHus curHaia st cOpoca aBTomMara Mpu BKIIOUYEHUH TUTaHUS

PROCESS(clKk) -- hopmupoBanust curnana s copoca aBToMara Mpy BKIFOUCHHH TATAHUS
BEGIN
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IF (clk="1"and clk'event) THEN
LOGIC 1 T<=LOGIC 1;
END IF;

END PROCESS;

PROCESS(clk) dbopmupoBanus curnana copoca aBromara Mpy BKIFOUYCHUH THTAHUS
BEGIN
IF (clk="1"and clk'event) THEN
Reset <= LOGIC_1 AND (NOT LOGIC_1 T);
END IF;
END PROCESS;

S0 _O <=S0; -- BBIBOJ COCTOSIHHI aBTOMAaTa Ha HOXKH CXEMBbI
S1 O <=81;
S2 0 <=82;
S3 O <=8S3;
S4 O <=54;
S5 O <=S5;
S6_0O <= S6;
S7 O <=87;
S8 O <=8S8;
S9 O <=1S89;
S10 O <= S10;

end Behavioral; -- koHer mporpaMmsI

Jlns 3amycka KOMOWJISIMH MPOrpaMMbl HEOOXOIUMO B OKHE Sources in Project
BBIOpaTh aitn *.vhd, a B okae Processes for Current Source 1BOWHBIM IIETYKOM MBIIIH
3amyctuTh Synthesize. TIpu oTcyTcTBUM OHMIMOOK CEIyeT MEPEUTH K MOJCIHPOBAHHIO
IIPOEKTA.

3-11 sman. MoaenupoBaHue nepenaTynka 0aToB ¢ momoiisto nporpammbl HDL-
Bencher.

JIist MoienmMpoBaHus MPOEKTa HEOOXOIMMO CO3/1aTh TECTOBBIM BeKTOp. st aTOTO
cienyeT BbIOpath komaHay New Source u3 pasgena Project ocHoBHoro meHto. B ort-
KPBIBILICHCST MATIOTOBOM TaHeNu, MOoKa3aHHOW Ha puc. 11, HeoOXoauMo BBIOpaTh THUI
HoBoro mosyisi Test Bench Waveform, zamucars ero umst (0OBIYHO €r0 Ha3bIBAIOT IO
umenn Vhdl-gaiina ¢ no6asnenuem cyddurca _tbw Ha KOHIIE) U yKa3aTh MECTO pacro-
7okeHus (aiina Ha AKCKE.

hew x|

|Jzer Document
YHOL Maodule
Coregen P
Schematic

Yhal Libramy
YHOL Package IIaI:u1_vhn:II_tI:w'-.1
YHOL Test Bench

File Mame:

T ezt Bench "W avefarm

Bkt File Location;

State Diagram

[6\RS232 _|

v Addto project

< Hasan I Hanee » I OTrEHa | Cnpaeka |

Puc. 11. Jlnanorosas naHejab yCTaHOBKH MMapaMeTPOB TECTOBOI'O BEKTOPA UCXOTHOTO
MOJIYJIS POEKTA
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[Tocne Haxkatust KJaBuIM /{aiee OSBUTCS MEHIO (puc. 12), TO3BOJIAIOIIEE yCTaHO-
BUTh B3aMMOCBSI3b MEKIY TeCTOBBIM BekTOpoM 1 Vhdl-momyem.

select x|

}fl'-.sscuciate with Source

¢ Haszan, I DHanee » I OTtieHa Cnpaeka |

Puc. 12. /TnaioroBoe OKHO YCTAHOBKH B3aUMOCBSI3H MEXKIY TECTOBBIM BEKTOPOM
u ucxoaaeM Vhdl-onmmcanuem

Haxas knaBuiy /Janee (cM. puc. 12), monp30Barens YBUIAUT OKHO UH(GOPMAIUU O
TECTOBOM BeKTope (puc. 13).

MNew Source Information 5'

Project Havigatar will create a new skeleton source with the
following specifications:

Source Type: Test Bench wWavefarm
Source Mame: labl_vhdl_thws
Agzociation: labl_vhdl

Source Directony:

< Hazan,

OTtieHa | Cnpaeka |

Puc. 13. OxHO uHdpOpMaI 0 HOBOM TECTOBOM BEKTOPE

[Tocne Haxarus knaBuim [ omoso (cM. puc. 13)MOSBUTCS MEHIO BPEMEHHOW WHH-
muanu3anuu Initialize Timing (puc. 14). Pagnoknonka Master clock 3amaer curHan Tak-
tupoBanus. Kuonku Rising Edge u Falling Edge BeiOupator criocod TaktupoBaHHs 3J1e-
MEHTOB TIAMSTH 110 TiepeaHemy win 3aaaemy ¢pouTty. [Tons Clock high time u Clock low
time onpenensoT JUTEIbHOCTh CAMHNYHOTO U HYJICBOIO YPOBHEH TAaKTOBBIX CUTHAJIOB.
Jlns paccMmarpuBaeMoro mnpumepa, korma F.=4 MIT, mepuo ciemoBaHHsS TaKTOBBIX
CUTHAJIOB cocTaBUT 250 HC, a UIMTENBHOCTh MX SAMHUYHOTO U HYJIEBOTO YPOBHEH — IO
125 uc. [Mone Input setup time 3amaeT BXOJHYIO 3aJepPKKy CpabaThbIBaHUs 3aIIOMHHATO-
mmx amemenToB, a Output valid delay — Beixoanyto. ITone Time Scale 3amaeT equnuIy
WU3MCHCHHUS BPEMEHHU.

[Tocne ycTaHOBKM Bcex HEOOXOIUMBIX MapaMeTpoB MeHIO (puc. 14) cinemyeT Ha-
xatb kHonKy OK. B pe3ynbrate 4ero ¢ 1eibto onpeeiCHus BXOIHBIX CHTHAJIOB 3aITyC-
tutcs HDL Bencher (puc. 15). C moMOIIbi0 MBI U KJIaBUATYPbl HEOOXOIMMO 3a/1aTh
BXOJIHbIC CUTHabBI. Tak, B 3-M TakTe pabOThl CXeMbl CHTHas Start 3amaH eIMHUYHBIM
3HaucHueM, a muHa DATA — 3nadenuem 55h. [{ns usMeHnenus macitada 0ToOpakKeHHUs
BPEMEHHBIX JHarpaMm ciyxat kinasummm Zoom In u Zoom Out. Kuonku 16, 10 u 2 on-
pEIeNAIOT OCHOBAHWE CHCTEMBI CUMCIICHHUS, B KOTOPOW oTOOpakaroTcst miuHbL. [locie
OKOHYAHUS 3aJ[aHus1 BXOJHBIX CUTHAJIOB CIIeAyeT HaxkaTh kiaBuiry Safe Waveform. Ipu
9TOM TosBIsieTcss MeHio (puc. 16), B mosie End the test bench kotoporo ykaseiBaercs ko-
JMYECTBO IHKIIOB TMOCJE MOCIECTHETO IUKIA, B KOTOPOM OCYIIECTBICHO M3MEHEHUE OJI-
HOT'O U3 BXOJHBIX cUrHAJI0B. [locie BBoa uncia Haxxumaercs kiapuma OK. [pu Haxa-
tun F4 ocymiectrisiercs Beixoa u3 nporpammbel HDL Bencher.

JInst 3amycka MpoeKkTa Ha MOJCIUpOBaHKe HEOOX0IUMO B OKHE Sources in Project
BeIOpaTh (aitn *.tbw, a B okne Processes for Current Source 1BOMHBIM IETYKOM MBIIITH
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Bo Bkiajgke ModelSim Simulator 3anyctuts Generate Expected Simulation Results. Tlo-
CJie Yero Ha SKpaHe MOHHMTOpa MOsSBUTCS OkHO mporpamMbl HDL Bencher ¢ pesynbrara-
MU MOJIEITUPOBAHHUS.

Initialize Timing x|

Freview
| : Minimum
Meximum . input
ol 4
output delay | .~ setup
i Clock . Clock
i_ _ —E- i
- high for ! low for -
' Master clock Iu:lk j " Combinatorial Design [or internal clock)
— Clock Timing = Combinatonal Timing

Inputs are azsigned at 'input zetup time' and

o o LA g |nputs are assigned, outputs are decade then

checked, A delay between inputs atd outputs

% Rising Edge " Falling Edge awoids assignment/chesking conflicts,
Clack high time 125 ns Check outputs IEIII he  after azsigh inputs
Clack low time 129 ne || AssiOninpLts |ED me  after output

Input setup time I'I 0 ris Tirme Scale Ins j
Cutput walid delay |1':' Nz oK I Can.:ell Help |

Puc. 14. MeHto BpeMEHHON MHUITUATTU3AIIUN

=10l x|

File Edit Wiew ©Options Help

2 | & | B Ty (Wl (18 10| 2 | & | Q[ =

Open Save ‘Wiew HOL Timing Coverage Display Dizplay in Display

Waveform | Wavebarm Source Constraints | Statistics in Hes Decimal In Einary Zoomin | Zoom Out
Titne (18]

clk sy,

I start —

IDaTAFD) =

ITx |l

Puc. 15 Oxno nporpammer HDL Bencher
x|

The test bench ends before outputs are verified.

End the test bench E, 100 cycles after the lazt input assigrment

k. I Ignnrel Help |

Puc. 16. OxHO 3a1aHus JIINTEIILHOCTH TECTOBOU MMOCIIEI0BATEILHOCTH

4-11 sman. TlomydyeHne KOH(PUTYPAIIMOHHON TOCIEAOBATEILHOCTH TMepeaaTINKa
OaiiToB 1o cranmapty RS232.

JIist mosydeHus: KOHPUTYpPAlMOHHOM MOCIEA0BATEIbHOCTH HEOOXOAMMO B OKHE
Sources in Project BeiOpath aiin *.vhd, a B okue Processes for Current Source asoii-
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HBIM IIIETYKOM MBIIIH 3amycTuth Generate Programming File. B ciydae ycnexa B aua-
JIOTOBOM OKHe mosiBuTCs coobrienne Done: completed successfully.

KoHTpoabHBEIE BOTPOCHI
1. OxapakrepuzoBarb crangapt RS232.
2. IlepeyncnuTh pexUMbl YETHOCTH, 1aTh UX XapaKTEPUCTUKY U MpeHa3HAUYCHUE.
3. [TocTpouTs nepeaatunk 6aiiToB 1Mo crangapty RS232 ¢ yuciom 6uT B OaiiTe, paBHBIM
5-7 (1m0 3a/1aHuIO MPEMNOoIaBaTeNs).
4. Ilo 3aganuio mpenonaBatens peanu3oBarb pparment HDL-nporpammel B cxemorex-
HUYECKOM PEJAKTOPE.
5. [lo 3amanutio mpenojaBarenst peain3oBaTh PParMEeHT CXEMbl, TOCTPOCHHON B CXEMO-
TEXHUYECKOM penakTope, Ha sa3bike VHDL.
6. Oncars MapuIpyT NpoeKTUpoBaHUs U(PPOBBIX ycTpoiicT Ha O6aze [TJINC.

JIABOPATOPHAS PABOTA Ne 2
Pa3zpabomka npuemnuxa éaiimoe no cmanoapmy RS232

Ilenp paboThl: M3yueHHE MocienoBaTeslbHOTO uHTepdeiica RS232, moctpoenue
npueMHuKa 0alTOB 1Mo cTaHAapTy RS232 Kak KOHEYHOTO aBTOMATa C €ro MOCIe Iy IOIIeH
peanuzarueit Ha s3pike VHDL.

Hcxo1HbIC JaHHBIS 3alaHbl B Tabmn. 1.

3ajiaHue:
1) moCTPOUTH aBTOMAT MPUEMHUKA OalTOB 1Mo cTaHmapty RS232;

2) peanm30BaTh aBTOMAT NpreMHUKa OaiiToB Ha si3bike VHDL,
3) mpoBecTH MoIeIMPOBaHKe MpreMHnKa ¢ momoiibio HDL-Bencher;
4) NOy4YUTh KOH(DUTYPALMOHHYIO MTOCIIEI0BATEIBHOCTD IPUEMHHKA.
[ 1 — 2 3amanus HEOOXOAMMO BBIMIOTHUTH TIPU MOJATOTOBKE K padoTe.

ConeprxaHue oTyera:
1) Ha3BaHwue, 11e)Ib paOOTHI, 33/IaHUC;
2) cxema aBTOMAaTa IMpUeMHHUKa 0aiTOB 10 cranaapTy RS232;
3) nporpamma npuemMHuKa 0aiitoB Ha si3p1ke VHDL;
4) pe3ybTaThl MOJCTHPOBAHUS CXEMBI.

KoHTpOABHBIE BOIIPOCHI
1. TToctpouts npueMHUK OaifToB mo cranaapty RS232 ¢ yucnom 6ut B Gaiite paBHBIM
5-7 (1Mo 3a/laHuIO MPEMNoiaBaTes).
2. Ilo 3amanuio mpenogaBatens peanu3oBaTh ¢pparmeHT HDL-mporpamMmel B cxeMoTex-
HUYECKOM PEIaKTope.
3. Ilo 3aganHuio mpenojaBartens peaan3oBaTh PParMeHT CXeMbl, IOCTPOSHHON B CXEMO-
TEXHUYECKOM pefakTope, Ha sizbike VHDL.
4. OxapakrtepuzoBath Mukpocxembl UART.

bubnuorpaduueckuii crimcok

1. Cymut [Ix. ConpsikeHHE KOMITBIOTEPOB ¢ BHEIIHUMH YCTPOMCTBAMH. Y POKH peain3a-
uuu: Ilep ¢ anra. — M.: Mup, 2000. — 266 c.

2. Jlannos B.H. IIpoektupoBanue IIJIMC na VHDL: Yu4e6. nocobue / Brnagum. roc.
yH-T. Bnagumup, 2000. 120 c.
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OEJEPAJIBHOE ATEHTCTBO I1IO OBPA30BAHUIO

PA3ZAHCKASA TOCYJAPCTBEHHAS PAIMOTEXHUYECKAS AKAJEMUS

INPOEKTUPOBAHUE

[MUP®POBBIX YCTPOUCTB
HA OCHOBE CAIIP

OUPMbI XILINX

MeTtoandeckre yka3aHus K 1a00paTOpHbIM paboTam

Psszann 2005



YK 621.315.6
[IpoextupoBanue uudpoBsix ycTporctB Ha ocHoBe CAIIP dupmer Xilinx:
Meronnueckue ykazaHus K JlabopaTOpHbIM pabotam / Psi3aH. roc. paguoTexH. aka.;

Cocr.: B.H. JlokTroxun, C.B. Uenebae, H.B. Illemonaes. Ps3ans, 2005. 24 c.

N3n0eHbl KpaTKUE TEOPETUUECKUE CBEJICHUS U OCHOBBI METOJ0B IPOECKTUPOBAHUS
mudpoBeix cxem Ha ocHoBe [IJIMC ¢upmer Xilinx. Paccmorpeno mnpoexkTupoBaHue
CUETUYMKOB, PETUCTPOB U JAPYrux ycrporctB Ha ocHoBe [IJINC.

[Ipennaznauens! 11 ctyaeHToB HanpasieHus 200100.

Tabn. 5. Un.17 . bubnuorp.: 5 Ha3s.

Ilpoexmuposanue, yugposvie cxemot, [IJIUC, Xilinx , CAIIP

[lewaraercsa 1Mo pemIeHUI0O METOAMYECKOTO coBeTa Ps3aHCKON rocyIapCTBEHHOU

paﬂHOTeXHquCKOﬁ aKaJCMMH.

Penenzent: xadenpa OnoMeTMIIMHCKON U TIOTYTIPOBOHUKOBOM 3JEKTPOHUKHI
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JIABOPATOPHAS PABOTA Ne 1

OCBOEHME ITAKETA ITPUKJIAJIHBIX ITPOI'PAMM
OUPMBbI XILINX

Leab padoTbl: 03HAKOMUTHCS C BO3MOXKHOCTSIMU TAKeTa MPUKIAIHBIX

nporpamm ¢upmbl Xilinx, HAyYUTHCA UCCIAEAOBATH MPOCTHIE TOTUYECKUE CXEMBI.
1. IloaroroBka k padorte

[lepen HauanoMm paboTHI CleIyeT O3HAKOMUTHCS C OMUCAHHEM, JUIS TOTO
HEOOXOMMO HM3YyYHUTh PEKOMEHAYEMYIO JIMTEPATypy U NPUIOXKEHHE K JAHHOMY
OCOOUIO.

2. TeopeTnueckue cBeeHMsI
2.1. 3anyck HOBOTI'O MPOEKTA

e 3anycture Project Manager nBoVHBIM HaxxaTueM UKOHKU (Active-Cad) B
rpytine ukoHok Active-Cad.

e Korna nosiBurcst okHO Project Manager, Haxmute UKOHKY (New Project)
115 BBI30Ba OkHA New Project.

e BBegure uMs IIpOEKTa, €ro Karajuor M Tun B OKHe New Project.
Hekotopble TUIBI TPOEKTOB TMO3BOJISIIOT BBHIOMPATH TAaKXKE CEMEHCTBO, HOMEP
JETAIA U CKOPOCTh YCTPOKCTBA.

e 3amyCcTUTE CXEMHBIA PENAKTOp Ha)KaThueM KHONKU Schematic Editor B
okHe Project Manager. PenakTop OTKPOET B CBOEM OKHE HOBBIA CXEMHBIU JIMCT
(.sch). Ero ums 6yeT Tem ke, 4TO U UMS TEKYILETro MPOeKTa.

2.2. ITocTpoenne cxembl

2.2.1. Pamka cTpaHuubl U Ta0aMna

CxemMa MOXET COJEpKaTb MHOTO JIUCTOB (CTPAaHMI]), KOTOPbIE MOTYT
co3gaBaTbCsd KoMaHI0ll New Sheet B MeHIo File. Bbl MOXeTe YEepPTUTh CXEMY Ha
HOBOI CTpaHMIle cpa3y Iocie ee co3nanud. Pa3Mep U paMka HOBOI'O JIUCTA U €ro
UM 1O YMOJYaHHMIO T€ K€, YTO B TeKyleM mnpoekte. OHM MOTyT OBITh
U3MEHEHBI ¢ TIoMoIblo onuuu Page Setup B meHto File. cnionb3ys nons Frame,
Sheet Format v Ruler BbI MOXKETE ONIPEICITUTH:

® BKJIIOYEHHUE/BBIKIIOUEHNE PAMKH U YUCJIO 30H HA CTPAHMUIIC;

e pasmep smcta (A-E, A0-A4, moboii pazmep);

e OpHEHTAalMs JiucTa (MOPTPET WK JaHAmadr);

® HAyaJo KOOPJAUHATHBIX OCEH.

Active-Cad  mo3BoiiieT  3aKa3blBaTh  TaONMUIly  TPOEKTa,  KOTopas
oTOOpa)kaeTcs W TedaraeTcs B MPaBOM HIDKHEM YTy JIUCTa cxeMbl. [[s 3akasza
TaOJIMLIBl UCNOJIb3YyiTe onuuto Table Setup.

2.2.2. O003HAYECHUSA M KOMIIOHEHTBI

Kaxxnoe o003HaueHue coaepKUT rpauuecKyro 4acTh, UMsi KOMIIOHEHTHI, €€
TUD W arpuOyThl. [l moucka »xXKejnaeMoro KOMIIOHEHTa HaXXMHTE JH0oe



o0o3HaueHue A BBI30BA IOACBEUMBAEMOro Kypcopa. Jlanee mnpoiinurech 1o
CIHCKY C MIOMOIIIBIO KJIABHIII Kypcopa WK MPSIMOYTOJIbHUKA CKposunHTa. Ecim BbI
3HaeTe uMs 00O3HA4YCHHsI, HAleyaTalTe ero B CTPOKE PEAAKTHPOBAHUS BHU3Y
cnpaa B okHe SC Symbols. llogcBeueHHBII Kypcop YKaXeT Ha IepBOe
noJxos1iee 0003HaueHue B crucke. [[is moMeneHuss Ha cXxeMe HOBOT'O 3JIEMEHTa
BOUAUTE B pexuM Symbol HaxxatueM KinaBulv F2 uinum ukoHku Symbol Toolbox.
Oo6o3HayeHne U3 OKHa OMOIMOTEKH aBTOMATUYECKH MOSBUTCS HA MPABOW CTOPOHE
sKkpaHa. [lepemectute 0603HaUEHUE, CBA3AaHHOE C KypCOPOM MBIIIH, B KEJIAEMYIO
MO3MIIMIO U HAKMUTE JIeBYIO KiaBuIlly MbImd. Koraa Bbl BeIBeauTe 0003HAUCHHE
3a Tpenenbl OKHa, cxemMa OyJeT aBTOMaTUYEeCKH MPOKPYUYMBATHCS O]
yIOpaBICHUEM CPEACTB aBTO-MIaHOpaMupoBaHus. [l TOMEUIEeHUs Jpyroro
KOMIIOHEHTA Ha cxeMy BblOepute ero B okHe SC Symbols 1 HOBTOpUTE MPOLERYPY
pa3MenIeHnst KOMIIOHEHTA.

2.2.3. Coennnenus (MpoBOAA WU IIMHBI)

[TpoBoiHBIE COETMHEHUSI MOTYT OBITh HAYEPUCHBI:

® OT KOHTAKTa /10 KOHTAKTa;

® OT KOHTAaKTa /10 TePMUHAJIa BBOJA- BBIBOA;

® OT KOHTaKTa K CYIIECTBYIOIIEMY ITPOBOJTHOMY COEIMHEHUIO U HA0OOPOT.

Bbl MOkeTe 3aKOHYUTH MPOBOJ B JHO0OM MO3UIMU JABOWHBIM Ha)KaTHEM
KHOMKW MBbIIIU. DTO MNPOU3BeACT (UKTUBHBIM TEPMHUHAN, TAKXKE Ha3bIBA€MbIN
KOHIIOM MpoBoja (wire-end), KOTOPBIA BBIMJISAUT KaK KPYXEK WU MaJCeHbKUU
KBaJpaT C KPaCHbIM KPECTUKOM BHYTpH.

Bce coeanHeHust 1eCTBUTENBbHBI, IOKA OHU BBIYEPUYUBAIOTCS, PEAAKTOP HE
paspeliaer HauvMHATh WM 3aKAHYMBATh MPOBOJI, KOTOPBIM HE MPEACTaBISAET
JNEUCTBUTEIBHOTO JJIEKTPUUYECKOTO COCTUHEHHS. DTO OrpAaHUYECHHUE - CIEACTBHUE
MOAYMHEHHON UMHUTAIINU cucTeMbl Active-Cad.

2.2.4. ToYKH NOAKJIIOYECHUS MU TAHUS

AxTtuBmu3upyiTe UKOHKY Power Symbol. Active-Cad oToOpa3uT OKHO ISt
BbIOOpA CUTHAJIa TUTaHUs U ero rpaduueckoro npeactaBieHus. Caemnaiite BIOOp
u Haxmute Ok. Kypcop Oyner conmpoBokaaTh ManeHbKHI kBagpatuk. [lomecture
€ro Ha YKEJAeMbIi KOHTAKT WJIM MPOBOJ U HAXMUTE KJIaBUILy MbIiu. [Tpouzoiiaer
MOJICOeIMHEHUE UCTOYHUKA, eciii BMecTo Ok HaxaTh Repeat.

2.2.5. ImeHa TepMHUHAJIOB (KJIeMM, 32KMMOB) U CXeM

NmMena cxem uUCHONB3YIOTCS JJIsi HAMMEHOBAHUS TMPOBOAOB (Y3JIOB) Ha
cxeme. Bce cxempl, UCMONB3yIONME OAMHAKOBBIE UMEHA, OOBEAUHSIOTCS B OIHY.
Bnauane npoBogam npucBauBarOTCs CKpbITbie UMEHA. OHU UCIOJIB3YIOTCS BHYTPU
Active-Cad  nnst mpokjagku  mpoBoJoB. OpHako s TOSCHEHUS U
JOKYMEHTHPOBAHUS BBl MOXKETE JaTh UMSI KaXKJJOMY MPOBOJIY Ha CXEMeE.



Jlnst mobaBieHUsT WMEHH K CYIICCTBYIONIEMY TIPOBOJY HCIOIB3YETCS
caeayronas npoueaypa

e Haxxmure ukonky Add Net or Bus Name.

e Korja nosiButcst okHo Net Name, BBequte uMs u Haxxmute Ok.

e [Ipu Kypcope NOSBUTCA KpacHbIM IpAMOYroiabHUK. Ilepemecture ero B
MO3UIIUIO, T JAOHKHO ObITh MOMEIIEHO MM, U HaKMUTE KJIABUIILY MbIIH. Mms
CXeMbI OyZeT MOMEIIEHO 0KO0JI0 IpoBojaa. C Apyroil CTOpOHbI, OHO OTOOpa3UTCs
JPYTUM I[BETOM (3€JI€HbIM), B OTJIMYME OT UMEHU CXEeMbl (CHHHUIA), U HE OyIeT
peicTaBieHo NpoBoay. M3MeHeHue 1BeTa B MEHIO Preference U3MEHUT paHee
OTMCAHHBIE I[BETA.

[Ipumeuanne. Kaxaplii y3ell MOXKET UMETh TOJbKO OJHO MMs. Eciu Bbl
NONBITAETECH COEOUHUTH JIBE CXEMbl C OJMHAKOBBIMM HMMEHAaMH, Ha CXEME

HOSIBUTCS MpEeAyIpexaeHre. Bbl JOMKHBI U3MEHUTh WIH yAATUTh OJHO U3 UMEH
nepes COSTUHEHUEM JIBYX CXEM.

Ecnu BBl mombiTaeTech MPHUCBOUTH HOBOE HMMS YK€ MOMMEHOBAHHOMY
npoBoAy, OyJeT BbIIAHO MpEayNpekIeHUE, a omepanus OTMEHeHa. Bbl Moxkere
IPUCBOUTH HOBOE UMS TOJIBKO MOCJIE YaJIeHUs] IEPBOHAYATIBHOTO.

JIJisi M3MEHEeHHsI UMEHU JBaXK/Ibl HAKMUTE MMSI CXEMBI U, KOTJIa MOSBUTCS
OKHO Net Name, peIaKTUPYWUTE UMS.

Jlnis ynajaeHusi IMEHU CXEMbI BRIOEpHUTE UMS M HAKMUTE KiaBuiry Delete.

Jliist mepeIBMKCHUSI UMEHU CXEMBI BKITIOUUTE PEXXUM Select, HAOKMUTE WM
CXEMBbI U TIEPEMECTHUTE €T0 B JKEJIAEMYIO MMO3UIIMIO.

2.2.6. I'papuka u Texkcr

I'paduueckuit pemakTop BbeIOMpaeTcss wuKoHKOW Grafics Toolbox wnmm
KJIaBuLIeN F'6. BeruepurBaeMbI€ 3JIEMEHTBI HE HUMEIOT DJIEKTPUUECKUX ITapaMETPOB
U HE TPOBEPSIOTCS MO DJJICKTpUYECKUM mpaBuiam. Onmuu rpaduueckoro
peaaxkrTopa:

e Line - 4epTUT €IMHCTBCHHYIO JINHUIO;

e Polyline - 4epTUT MHOTOCEIMEHTHBIE JTUHUU;

e Ortholine - 4epTUT TOJIBLKO FTOPU3OHTATILHBIE WJIM BEPTUKAIIbHBIC JINHUH;

® Rectangle - 4YepTUT NPSIMOYTOJBHUK IO BBIOPAHHBIM JTUATOHATBHBIM

yTiaMm;

e Circle - 4epTUT KPyT C BEIOPAHHBIM IICHTPOM M BBITSATHUBAHUEM (stretching)
€ro BHEUIHEH JINHUH;

e Arc - 4epTUT AYry IMyTeM BBIOOpAa KOHEYHBIX TOUYEK U TMPOBEACHHUEM

BHEIIIHEH JTUHUM;

e Text - co3/laHue U pa3MelIEHUE CTPOK TEKCTa Ha CXEME;

o Text Style - ycTaHOBKa pa3Mepa TEKCTa, MpudTa U 1BETA;

e Line Style - ycranoBka ()OpMbl JJUHUU, LIBETA U TOJIIHHBI.



Kaxnmast onepanust peqaktupoBanus rpaduKi HAUMHACTCSA U 3aKaHYHBACTCS
Ha)KaTUEM JIEBOM KJIAaBUIIM MbIIIH. Bbl MOXKETe MPUOCTAHOBUTh TEKYIIHUHA PEXKUM
Ha)KaTUEeM MpaBOM KJIABUIIM MbBIIIM C MOCIEIYIOUIMM BBIOOPOM UKOHKH End B
nanenu uacrpyMmentoB SC Graphics.

2.3. BHeceHue U3MEHEHUI B CXeMY

2.3.1. Bbi0op obs1acTH cXeMbl

Jlnst mpocmoTpa cenuuuHON 00JaCTH CXEMBI UCIIOJIB3YUTE ONIUU:

® YBEJIMYUTH BEIOPAHHYIO 00JIaCTh;

® YBEJIUYUTH MOJIHBIN JIUCT CXEMBI;

® OOMEHATH TEKYILYIO CTPAHUILY C U300PAKEHUEM MOJTHOM CTPaHULBI;

® TIOMECTHUTh BHIOPAaHHYIO 00JIaCTh B IIEHTP U300pAKEHUS CXEMBI.

2.3.2. YBesinueHue B BLIOpaHHOM 00J1acTH

Bri6epute UKOHKY Zoom Area B BEpXHEM IMPSAMOYTOJIBHUKE U IIEPEMECTUTE
€€ B yroJi, MPOTHUBOIOJOXHBIM yTily BhIOpaHHOW oOnactu. IIpu ocBoOoxaeHUU
KJIABUILM MBIIIA OTMEYEHHAasi 00JacTh paCIPOCTPAHUTCS HA BECH DKPaH.

Jlist yBenmyeHus BHYTpU BbIOpAaHHOM 007acTH HAXKMHUTE HA OJUH U3 YIJIOB
yBEIMYMBAEMON OOJACTH W HaXXMHUTE OJHOBpPEMEHHO KiaBuiry mbimu U CTRL.
VY iepxuBasi KJIABUILY MBIIIHA HAXKATOU, IEPEMECTUTE KypCOP B MPOTUBOIIOIOKHBIN
yroja yBeanyuBaeMor o0sactu. OTMEYEeHHBIH MPSMOYTOJIBHUK OTOOPaKaeTcs BO
BpeMsl olepaluu JJid OTMETKHM BblOpaHHOM oOrnactu. Korga sxenmaemasi 00iacTh
OKaXETCSl BHYTPHU MPSMOYTOJIbHUKA, OCBOOOAWTE KIABUIINY MbIK. BriOpanHas
00J1aCTh PACIIMPUTCS HA BECh DKPaH.

Jist  mieHTpupoBaHUsA BBIOpAaHHOW OO0JAaCTM Ha H300pPAKEHHH CXEMBbI
HE0O0XouMO HaxaTh F'9 unu BbIOpaTh onuuto Center B MeHto Display . B oTBer
Active-Cad oT0Opa3uT Kypcop B BHJe npuiena. Eciu Bbl HaXXMETE JIEBYIO
KJIABUILTY MBILIH, 00JaCTh MO KypCcOPOM OTOOpa3UTCs B LIEHTPE IKpaHa.

2.3.3. lyoaimpoBaHue 0003HAYEHHU I

[Tpu axtuBHON uKoHKe Symbol Toolbox naxatue Ha mobOoe 0003HAYCHUE
IPOU3BOJUT €ro KOMHUI0 (JyOJauKaT), KOTOPBIA cleAyeT 3a KypcopoM MbIU. Bl
MO>KETE MOMECTUTh TyOJauKaT B JIOOYIO MO3UIMIO SKpaHa HAKAaTHEM Ha KIIABHUIILY
MBIIIA. DTO pPa3pelieHo, €ClM CXeMa HaXOAMUTCS B TOJbKO pexume Symbol
(pa3melieHue), 1 HUKaKoe apyroe o003HauYeHHE HE MPEACTaBICHO Kypcopy. Ecinu
0003HaueHUE MPEJCTABICHO KYypCOpY, HAXMHUTE MPaBYIO0 KJIABUIIY MBIIINA s
OCBOOOKICHHSI CYLIECTBYIOIIEIO0 OOO3HAUEHUS, a 3aT€M HaXMHUTE Ha >KeJaeMoe
o00O3HaueHue, KOTOpOE Bbl XOTUTE CKomupoBarh. Kaxnoe nomemeHHoe
0003HaYEHKE MOIYYUT CBOM CCHUIOYHBIN HOMED.

2.3.4. Hymepauust 0003HauYeHH I

Bce o0o3HaueHusi aBTOMaTUYeCKd MMEHYIOTCS NIPU MOMEIIEHUHU B CXEMY.
WM coCTOMT U3 TEKCTOBOM CTPOKM M YHUCIOBOTO cyddukca, KOTOPHIU



YBEIMYMBACTCS KaXIbI pa3, KOrja BB ToMmemaere oOo3HadyeHuwe. Jlms
NeperMEHOBAHUS IeTaI BRIOCpUTE OMINI0 Annotation B MeHI0 Options.

2.3.5. [loBoport (BpaieHue) 0003HAYECHHU I

Jlyist BpamieHusi 0 4acoBOW CTpEJIKE OTACIBHOIO0 0003HAUYECHUS HAXKMUTE
knaBumu Ctrl+L, moka o003HaueHUEe MpeACTaBiIeHo Kypcopy. Kaxmgoe Haxkatue
noBopaurnBaer obosnauenne Ha 90°. Haxartue Ctrl+M MOpOXIaeT 3epKalbHOE
oTpaxeHue 0003HAYCHUSI.

Ecnu o0o3HavueHne yke MOMEIIEHO Ha CXeMe, MOJICBETUTE €T0 B PEKHME
Select u HaXXMUTE UKOHKY Properties. 1o BbI30BeT OkHO Edit Symbol. B oxue Edit
Symbol Be16epute onuto Attributes, BBIOGPUTE KeTAEMbIl TOBOPOT KOMIIOHEHTHI.

2.3.6. Yaajenue 0003HAYECHU I

Jlnst ynanenusi 0003HaYEHUHN, TOJIBKO YTO BBEACHHBIX, HAKMHUTE KIABHUIITY
Del na nanenu. [lo xaxmomMy HaxaTHIO YJAISI€TCA MO OJHOMY OOO3HAYCHUIO B
nopsJike, 0OpaTHOM UX BBOJy B cxemy. Omepanus yJajeHus 3arperieHa TOJIbKO,
KOrJa Bbl BeIXoUTE U3 pexkuma Symbol Toolbox. Bo3BpaT o0paTHO B ATOT PeXKUM
HE BOCCTAHABJIMBAET OMIINIO yIaJICHUS.

Bol MokeTe ynanuTh 1r060e 0003HaYeHHEe, TEPMUHAI WA POBOJT B PEIKUME
Select. Jlng ynaneHus 3J€MEHTa, BbIOEPUTE €ro HakKaTHEM KJIABUIIM MBIIN U
TOT/Ia HAXXMUTE KiIaBuily Del Ha TaHeNnu WIM BOCHOJB3yHTech omiued Delete B
MeHto Edit. Ecau Bl omMOOYHO yjanuid o0O3HauY€HUE, MOKET€ BOCCTAHOBUTH
ero Haxxatuem onuuu Undo B meHro Edit.

2.3.7. CoxpaHeHue POEKTAa
s Toro 4toObl COXpaHUTh MPOEKT HeoOxoaumo BeiOpaTh omuuio File: Save
(xomOuHanms knaBuin  Ctrl-S) wim HaxaTh COOTBETCTBYIOIIYH0 HKOHKY Ha
TOPU30HTAIBHOW MMaHEeTu pelakTopa.

3. ITopsA1OK BHINOJHEHUSA PA0OTHI

1. TlomyuuTs y mpemnojaBateliss BapUaHT 3aJaHuUs COTJIACHO HOMEpPY Opuraibl
(cM. Tabnuiry), TPOBECTH MUHUMU3AINIO (DYHKITUH.

2. CdhopmupoBaTh JTOTUYECKYIO CXEMY.

3. ChopmupoBaTh MOITYYEHHYIO JIOTUYECKYIO CXEMYy C IIOMOINBIO TaKeTa
TMPUKJIATHBIX TIPOTPAMM.

4. TlpeacraButh OTYET O paboTe: pacleyaTrka JOTUYECKOM CXEeMbl U
pe3yAbTaTOB MOJEIUPOBAHMUS.

BapuaunTtsl 3aganuii Kk JadboparopHoi padore Ne 1

Ne BapuaHTtsl 3a1aHui
1 S =xX%,050, + XX, +X,x,
2 [ =X,00,X, + X,%; + X,X,X,
3 f=X%, + X0, +X,X,X,
4 f:x1;3 + XX, + X, X, X,




f=Xx;, +X,%,X;, + X, X4

f=X%,%5 + X, X, +X,X; X,

f =XXx, +x,%; +x, +X,X,

f =X,% +X,X,0, + XX, X,

J =X,2,%; XX, + X, X,X,

O| 0 9| O] W

f=Xx,x, +X,X,%; + X, X,

—
S

JIABOPATOPHAS PABOTA Ne 2

MOJAEJINPOBAHUE KOMBUHAIIMOHHbIX
I[IU®POBBIX YCTPOUCTB

Leab padoThi: 00ydeHNE METOIMKE MPOSKTUPOBAHUS KOMOMHAIIMOHHBIX
1 POBBIX YCTPOUCTB, 3akperieHre HaBbIKOB puMenenus [T pupmer Xilinx.

1. TeopeTnueckmne CBeIeHUS

Ilepen  Hawasiom  paboOThl  PEKOMEHIYETCS  H3YyUYUTh  TEOPHIO,
IPEICTAaBICHHYI0O B PEKOMEHIYyeMOW JuTepaType IO MPUHIMUIIAM CHHTE3a
KOMOWHAITMOHHBIX CXEM.

MeToauka CTPYKTYPHOT0 NIPOCKTHPOBAHUSI KOMOMHAIIMOHHBIX CXeM

KoMOvHanmnoHHBIME ~ CXeMaMH  Ha3bIBAIOTCS  ITUGPOBBIC  YCTPOWCTBA,
JIOTUYECKOE COCTOSIHUE BBIXOJOB KOTOPBIX 3aBUCUT TOJBKO OT KOMOWHAIIUU
JIOTUYECKUX CUTHAJIOB Ha BXOJIaX B JAHHBIA MOMEHT BPEMEHHU.

HcxonHbIMU JAaHHBIMH IS TPOEKTUPOBAHUS KOMOWHAIIMOHHOW CXEMBI
SBIIAIOTCS  €ro (PyHKIIMOHAILHOE OMHCaHWEe U TpeOOBaHUS K OCHOBHBIM
IIEKTpUUECKUM TapameTpaMm. DyHKIMOHATBFHOE OMHCaHUE KOMOWHAIMOHHOU
CXeMbl OOBIYHO JAeTCs B BHUAEC TaOJMIBI MCTUHHOCTU WIH alre0pandecKoro
BhIpakeHUsA. Ha craguu CTpyKTypHOTrOo MPOEKTUPOBAHUS MOJIy4aeTcs Hauboliee
npocroe (MUHUMU3UPOBAHHOE) JIOTUYECKOE BBIpAKEHUE 3aJaHHOW (YHKIMU U
CTPOUTCSA COOTBETCTBYIOIIAs €My CTPYKTypHass CXeMa Ha 3aJaHHOM WU
BbIOpaHHON aneMeHTHOM ©Oasze. Ilpomecc CTPyKTypHOrO MPOEKTHPOBAHUS
pa30uBaeTCs Ha HECKOJIBKO MOCIIEI0BATEIIHHO BHITIOIHSIEMBIX ITATOB.

1. MuHuMH3auMs 32IaHHOM JIOTHYeCKOoil GyHKIIMU.

Yem mpolie JOruYecKoe BhIpaKeHUE peanu3yemMoil GyHKIHUU, TEM MEHbIIE
DJIIEMEHTOB TpeOyeTcss Uil ee BBIMOJHEeHus. B pesynaprare MHKpocxewma,
BBITIOJHSIOMAsT 3Ty (YyHKIUIO, OyJAeT UWMeTh Jydliue I[OKa3aTeld 110
OBICTPOACHCTBHIO, TOTPEOIISIEMO MOIIIHOCTH, IJIOIIAU KpUCTalia.

B anreGpe noruku pazpaboTraHbl METOABl MUHHUMHU3AIUU JIOTHUYECKUX
bynkumit. s MuUHUMU3aUUK (QYHKIUA OTHOCHUTENbHO HEOOJBIIOr0 YHcia
nepeMeHHbIX (kK < 6) HamboJiee MPOCTHIM U HATVSIAHBIM SIBJsICTCS rpaduuecKuid



MeTOJ, ucnonb3ymuid kKaptel Kapno. Jnsa ¢yskuuii Oonbimero gucia
nepeMeHHbIX (k>6) MOXHO JEKOMIIO3UIIMEH BBIJEIUTh 00Jiee TMPOCThIC
COCTaBIAIOIIME (PYHKIMU C YHUCIOM TNEPEMEHHbIX He Oonee 6, KOTOpbIE
MUHUMH3HUPYIOTCS ¢ TOMOIIBIO KapT KapHo.

IIpy UCHOJIB30BAaHMM 3TOTO METOJA HCXOAHAsl JIorMdyeckas (Wi
nepexiouarenabtas) (yHKIUs npeactaBinsercs Ha kapte Kapro. MunTepwmBbl,
COOTBETCTBYIOLIME JIBYM COCEIHHUM (B CTOJNOLE WIH PsiAy) KieTkaM KapTsl KapHo,
OTJIMYAOTCSA 3HAYEHUSAMU TOJIBKO OJHOW IlepeMeHHOW. IloaToMy nu3brOHKIHA
3TUX [JBYX MHUHTEPMOB JA€T OJUH KOHBIOHKTUBHBIA YJEH, B KOTOPOM
UCKIIFOUYCHA 001mas mepemenHas [3].

UYtoObl BBLACIUTH KIETKH, MNPEACTABISIONME OJUH KOHBIOHKTHUBHBIN
WIeH, UX Trpapuyecku OOBEeIUHSIOT — 00BOAST Ha Kapre KapHo TOHKOMH
nunuen. Takum o00pa3oM, KOHBIOHKTUBHBIM WIEH MpPEACTaBIsSETCS Ha KapTax
Kapho aBymsi 00betuHEHHBIME KJIeTKaMH. Takoe o0beuHEeHHE KIETOK Ha KapTax
KapHo  5KBUBaJ€HTHO  BBINOJHEHHUID  JAHHOTO  pPAHEE  JIOTMYECKOTO
npeoOpazoBaHus U MO3BOJISET MOIYYUTh 0OJIEe MPOCTOE BHIPAXKEHUE JTOTUUECKOMN
¢yHkuu. OObeAMHEHHBIE KIETKM OYyIyT COOTBETCTBOBATH KOHBIOHKTHUBHBIM
YIeHaM, JU3BIOHKIMS KOTOPBIX JacT MUHUMHU3UPOBAHHYIO JIU3BbIOHKTHUBHYIO
HOopManbHY0 hopmy (MIHD) 3ananHoi pyHKIUH.

2. IlocTpoeHne CTPYKTYPHOH CXeMbl NPOEKTHPYEMOl MHKPOCXEMbI B
cooTBeTcTBUM ¢ noJydeHHbIMA MIH® nian MKH®

IIpy »>TOM MOIy4YEHHBIE JIOTMYECKUE BBIPAXKEHUS CHadajga CIEIyeT
OpEACTaBUTh B BHUAE KOMOMHAIIMM OIEpaluid, BBINOJHIEMBIX 3JIEMEHTaAMU
0a30Boro Habopa, a 3aTeM MOCTPOUTH JIOTHUECKYIO CTPYKTYpPY cXeMbl. bazoBbie
DIIEMEHTHI COBPEMEHHBIX HU(MPOBBIX MUKPOCXEM BBIMOJHSIOT omnepanuu U —
HE, UJIU — HE, U — WUJIK — HE, HE u MonTtaxnoe U (M°JT), WJIU — HE
u Monrtaxuoe NJIN (3CJII).

IIpumepsl THNNYHBIX KOMOMHAIIMOHHBIX CXEM

1. Iudgparops! 1 AemIuppaTopbl

OaHuMu U3 OCHOBHBIX BHJIOB IpeoOpa3oBaHus MH(GOpPMAIMU B LHUPPOBBIX
cuctemax sBIAeTCS wuppayus u OJewuppayus. llludpanueir HazpIBaeTCs
npeodpazoBaHue M-pa3psagHOTO JBOMYHOTO Koja, umeroniero K, 6e3pa3iuyuHbIX
HaOOpPOB BXOJHBIX MEPEMEHHBIX, B OJIHO3HAYHO COOTBETCTBYIOUIMI emy n-
pa3psaHbIA KOJA, UMEIOUIMI MEHbIIEe YUCIO pa3panoB n < M u 0e3pa3InyHbIX
HabopoB K, < K. Takum oOpazom, mpu mmmppanuu kaxmomy u3 (2" — Km)
pabourx HAOOPOB BXOIHBIX MEPEMEHHBIX CTABUTCS B COOTBETCTBUE OJMH U3 (2" —
K,) pabounx HabOpOB BBEIXOAHBIX IEpeMeHHBIX, T. €. (2" — K,) = (2" — K,). B
pe3yJibTaTte mudpanun oCyImecTBISIeTCs «CxKaThe» HHPOPMAIUK JUIs Tepeaadn HO
MEHbIIIEMY 4YHUCIy JuHUM cBsizu (n<M) 3a cuer nonHoro (npu K, = 0) unu
yactuyHoro (mpu K, #0) wuckmoueHus Oe3pa3auyHbiXx HabopoB. OOpatHOE



npeoOpazoBaHue, T. €. BOCCTAHOBICHHE HH(POpPMAIMU B TMEpBOHAYaIHLHOM M-
paspsiiHoM Kojie ¢ K, n30bITOYHBIMU KOMOWHAIIUSIMU, Ha3bIBaeTCs Jenudpaimei.
OYHKIMOHAJIBHBIC  Y3JIbl JUIS  BBIMIOJIHEHUST OSTUX OINEpaluid  Ha3bIBAIOTCS
wugpamopamu 1 oewudpamopamu. OHU pa3IUyvaAIOTCA IO YHUCITY BXOJOB U
BBIXOJIOB M HasbiBaroTCsl «mmudparop (aemudparop) u3 M B n (u3 n B M)».
MakcuManibHOE 4YHCIIO BXOJOB MU(paTopa HE NPEBBIIIAET KOJUYECTBO
BO3MOHBIX KOMOWHALMI BBIXOAHBIX CUTHAIOB: M < 2. COOTBETCTBEHHO I
nemudparopa 4ucio BeixomoB n <2 [3]. JlemmdpaTop peamusyer Ha BBIXOJAaX
MUHTEPMbI BXOJHBIX MIEPEMEHHBIX WJIM UHBEPCUU MUHTEPMOB — MAKCTEPMBI.

2. MyJbTHILIEKCOPBI U AeMYJIbTHILJIEKCOPbI

Mynemunniexcopom Ha3biBaeTCs (HYHKIIMOHAIBHBIN y3€i1, 00eCeYnBaOIINN
nepenavy wHGOPMAIUH, TTOCTYIAIONICH M0 HECKOJIBKAM BXOIHBIM JIMHUSM CBSI3H,
Ha OJHY BBIXOJIHYIO JHMHUIO. BbpIOOp TOM WM WHOM BXOAHOW JIMHUU A,
OCYIIECTBIISIETCS. B COOTBETCTBUU C MOCTYNAKOIIMM aApecHbIM KoAaoMm SyS;... Ilpu
HAJIMYUK 7 AJPECHBIX BXOJ0B MOXHO peanu3oBath M = 2" KOMOMHAIMN aJpeCHbIX
CUTHAJIOB S; Kaxaas M3 KOTOPBIX oOecreunBaeT BHIOOP OJHOW M3 M BXOIHBIX
JuHUNA. Yale Bcero UCnoyb3yrTCs MyJIbTUILIEKCOPHl «u3 4 B 1» (M =4, n = 2),
«38B1I» M=4,n=3), «uz 16 B 1» (M. =16, n = 4). Ecniu 1onyCTUTh HAJIUUKE
M30BITOYHBIX KOMOWHAIIMN aJpPECHBIX CHUTHAJIOB, TO MOXHO CIPOEKTUPOBATH
MYJIbTHILICKCOPBI C JIFOOBIM YHCIIOM BXOIHBIX JuHuMA M < 2",

JIJis BOCCTaHOBJICHUSI MYJIbTUIUIEKCUPOBAHHON HH(OpPMAIIMKU WCIOIB3YIOTCS
0eMyIbmunieKcopsl, KOTOPble B COOTBETCTBUH C MPUHSATHIM apeCOM HAIMPaBISIOT
uH(popManuio B 0aHy U3 M BBIXOAHBIX JUHUN CBS3HU. [Ipu 3TOM Ha OCTaIbHBIX
JUHUAX TOJJIepxKUBaeTca Joruuecku "0".

MynbTUILIEKCOPBl U JEMYJIBTUILUIEKCOPBI MOTYT OBITh peaii30BaHbl Ha
AIIEMEHTAX Pa3JUYHbIX TUIIOB IIyTEM BBIIIOJIHEHUS JJOTHUECKUX BBIPAXKEHU.

2. Ilopsi10K BBHINOJHEHUS PA0OTHI

2.1. TlonyuuTs y mpenojaBaTessi BapHaHT 3aJaHUsl COTJIACHO HOMEpY Opuraibl
(cm. Tabnuiry).

2.2. B coOTBETCTBUH C 3a7aHuEM C(HOPMHUPOBATH TAOIUIy HCTUHHOCTH
TpeOyeMOoro ycTpoucTBa.

2.3. Ha ocHoBaHMM 3TOM TaOIUIIBI TOTYYUTh HeoOxoaumbie CIIHD.

2.4. C nomoupto kapt KapHo nposectu munnmu3anuio noixyueHubix CJJHD.

2.5. Ha ocHOBaHMU NOJIyYEHHBIX B pe3yiibrare MuHUMU3anuu MIH®, noctponts
CTPYKTYPHYIO CXEMY YCTPOMCTBA.

2.6. ChopmupoBaTh MOTYyUYECHHYIO cxemy ¢ nmomoiibo TTIITI.

2.7. IlpoBecTu uccie0BaHUE 3a/1aHHOM cXeMbl U yOeAUThCS B IPaBUIIBHOCTH €€
paboTHI.

2.8. IIpencraBuTh OTUET: pacreydarka JOTHIECKOM CXEMBI M pE3YyJIbTATOB
MOJIETUPOBAHMUS.



BapuanTsl 3agannii k J1adopaTopHoi padore Ne 2

Ne Bapuaunrtsl 3agaHui
Jloruyeckast cxema baszuc
1 Mudparop "uz 10 B 4" N-HE
2 Mudparop "uz 10 B 4" NJIN-HE
3 Hemmudparop "uz 4 8 10" N-HE
4 Hemmudparop "uz 4 B 10" NJIN-HE
S MynbTumnnekcop "8 na 1" N-HE
6 MynsTunnexcop "8 ma 1" NJIN-HE
7 HemynbTumnnekcop "1 na 8" N-HE
8 Hemynbrumniekcop "1 na 8" NJIN-HE
9 S- pa3psaHbIA MaXOPUTAPHBINA SJIEMEHT N-HE
10 5- pa3psAaHbIA MAKOPUTAPHBIN JJIIEMEHT NJIN-HE
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JIABOPATOPHASA PABOTA Ne 3
MOAEJINPOBAHUE ITOCJIEJOBATEJIBHOCTHBIX
I[IU®POBBIX YCTPOMCTB

Heab padoThi: 00ydeHNE METOIUKE MMPOSKTUPOBAHUS TTOCIICIOBATEIHHOCTHBIX
U (PPOBBIX YCTPOUCTB, U3yUEHUE JOTIOJHUTEIIBHBIX BO3MOXKHOCTEH MakeTa
NpuKIaaHbIX porpamm i mpoektupoBanus [IJIMC ¢upmbr XILINX .
1. IToaroroBka Kk padorte

[lepen Hadamom paboThl TpeOyeTcs U3YUUTh TEOPHUIO, MPECTABICHHYIO B

PEKOMEHIyEMOM JIUTEPATYPE.
2. Teoperuueckue cBeeHHs

OCHOBHBIMHM THUIIAMHU TOCJIEAOBATEILHOCTHBIX (YHKIIMOHATBHBIX Yy3JIOB
SIBJISIFOTCSL PETUCTPBI, CYETYMKUA U T€HEPATOPHI YU CEIL.

B nannoii pabote paccMoTpeHbl cueTUuku. Cuemuyuxom Ha3bIBAECTCS y3€d,
Ha BBIXOJIaX KOTOPOro oO0pa3yeTcsl YHCJIO, COOTBETCTBYIOIIEE KOJMYECTBY
MOCTYIHUBUIMX Ha BXOJ HUMITYJIbCOB. OCHOBHBIM NapaMEeTPOM CUETYMKA SIBJIACTCS



Mooy cuema K, — MaKCHUMaJIbHOE YHCJIO HMITYJIbCOB, KOTOPOE MOXKET OBITh
cocuntaHo cyetyukom. [locrme moctymieHuss K. MMIYJIbCOB CUETUYUK JOJKEH
BO3BpAILlATbCA B UCXOJHOE COCTOssHME. Bemnuuua K. paBHa 4UCIy YCTOMYUBBIX
cocTosiHuM cuerunka. CUeTuuK, colep Kaluil m pa3psaaoB (TPUTTEPOB), MOKET
uMeTh 2" yCTOWYMBBIX COCTOSHHUM, IOJTOMY €ro Moxayib cuera K,<2".
KonnyecTBO MOCTYNMMBIIMX HA CYETHBIA BXOJI UMIYJbCOB IPEACTABISIECTCS Ha
BBIXOJIC CYETYMKA B BHUJE JABOMYHOIO YHCIA B TOM WIA HHOM KOJAE: MHPSIMOM
JOTIOJTHUTENILHOM, IUKINYeCKOM. OOBIYHO CUETYMKUA HMEIOT JOIMOJHUTEIIbHBIC
BXOJbl YCTAaHOBKH .S, IMO3BOJISIIOLIME MPEABAPUTEIBHO YCTAHOBUTH Ha BBIXOJE
CYeTUYMKa 3aJJaHHOE YHCJIO0, WJIM BXOJbl cOpoca R, CUTHal Ha KOTOPHIX (110
nepeaHeMy WM 3aJHeMy (PPOHTY) MEPEBOJUT CUETUYUK B HCXOJHOE COCTOSIHUE
[3].HacToTa MMIyJIbCOB Ha BBIXOJI€ MOCJIEIHEr0 paspsijga cueryuka B K. pas
MEHBIIIE, YEM YAaCTOTa MMITYJIbCOB, MOCTyMalOIMUX HAa BxoAd. [loaToMy cuerunku
UCIIOJIB3YIOTCS B KAUECTBE denumeriell yacmomaol, 00eCIeUMBAIOIINX HA BBIXOJE B
K. pa3 MEHbIIYIO YaCTOTY CUTHAJIa, YEM Ha BXO/JE.

[To Tuny QYHKIMOHUPOBAHMS PA3NTHYAOT CUETYUKH CYMMHPYIOIIHUE,
BBIYUTAIOIME U peBepcuBHbIE. Cymmupyrowuili CYETUYUK BBIMOJHIET MPSIMOU
CUET, T. €. IPU NOCTYIUIEHUU HA BXOJI OYEPEIHOTO UMIYJIbCA YHACIO HA BBIXOJE
CUETUMKA YBEJIMWYUBACTCS Ma €AUHULY. Bbluumarowuu CUYETYUK MPOUZBOIUT
0oOpaTHBIN CYET, T. €. MPHU MOCTYIJICHUH CUETHOTO MMITYJIbCAa YUCIO Ha BBIXOE
YMEHbBIIIAETCS HAa €IMHUILY. PegepcugHblii CUETINK MOKET padoTaTh B PEKUMaAX
npSMOro U 0OpaTHOTO cUeTa.

CueTyrKu MHUPOKO UCTOJB3YIOTCS B YCTPOUCTBAX YMPABICHUS MUPPOBBIX
CHUCTEM ISl TIOJCYETA YMCIIA BBIMOJHEHHBIX OINEpAIMil, B CBA3HOM U KOHTPOJIbHO-
U3MEPUTEIBbHON anmnapaTrype, IJs ONPEAEIEHUs YnCiia MOCTYIIUBIINX CUTHAIIOB U
YMEHBIIECHUS UX 4acTOThI U JIp. [[0 CTPYKTypHOI OpraHu3aluy CYETUYUKH JEIATCA
Ha TapajuielibHble, MOCIe0BaTEIbHbIE U MMApAILIEIbHO-TIOCe10BaTeNbHbIE. OHU
pasziauyarTcs cnoco0amMu MoJavyu CYETHBIX UMITYJIbCOB Ha BXOJIbl Pa3psd0B.

I[MapanyenbHble cHeTYMKH. B cueTunKax 3TOro TUIa CYETHbIE UMITYJIbChI
OJIHOBPEMEHHO (MapajuiesIbHO) MOCTYIMAT Ha CUHXPOBXObl C TPUTTEPOB BO BCEX
paspsnax. [lapamienbHble CUETYMKH OOBIUHO cTposATcs Ha 6aze T-, JK-, D-
TPUTTEPOB, CHHXPOHU3UPYEMBIX (PPOHTOM.

CTpyKTypHOE MPOEKTUPOBAHUE TAKUX CUETUMKOB BBIMOJHSIETCS C HOMOIIBIO
cinoBapHoro meroja [1]. Ilpu yBenuuenun Moayist cyeTa, T. €. Yuciia pa3psioB m,
B MapauIeJIbHBIX CUETUYMKAX BO3PACTAIOT KOJMYECTBO JIOTUUYECKUX IJIEMEHTOB U
TPUTTEPOB, TPEOOBAHUS K YHCIIY UX BXOJIOB, CYLIIECTBEHHO YCIIOKHSIETCS CUCTEMA
MexcoenuHeHni. [1oaTroMy mapamienbHbple CHETYMKM M > 6 — 8 HCIOJIb3YIOTCS
penko. Jlns mnomydyenus wMoxyneir K. > 16 0OObIYHO NPUMEHSIOTCS
MOCJIeI0BaTENIbHbIC WIIM MapaJlIeNIbHO-10CIeA0BATEIbHbIC CUETUMKH [3].



ITocsenoBaTe/ibHble M NMapaJlie/bHO-TIOC/EI0BAaTE/IbHbIE CYeTYNKH. B
CYETUMKaX 3TOr0 TUIA CYETHBIE MMITYJIbChI MOJAIOTCS TOJIBKO HA BXOJ TpUITEpa
nepBoro paspszaa. Jns Kaxaoro u3 MOCIEAYIOUIUMX pPa3psioB CUTHAIbI
NEPEKIIFOUEHUSI MOCTYMAT € BbIXOJA MNPENbIAYIINX pa3psaoB. B pesynbrare
IIPOUCXOJUT ITOCJIEI0BATEIBHOE MEPEKIIFOUEHHUE Pa3PsAI0B CUETUHKA.

[TocnenoBaTenbHbIE CYETUUKHU C MOAYJISIMU cueTa K. OOBIYHO peaanu3yoTcs
NOCJIEIOBATEIbHBIM COEJUHEHUEM m T-TPUTTEPOB, KAl U3 KOTOPBIX
pabotaet kak cueTurk ¢ K. = 2. CTpyKkTypHas cxeMa U BpeMeHHas Auarpamma
TaKOro cyMMHUpymlero cueryuka ¢ K. = /6 noka3ansl Ha puc.l.

T1 Q1 T2 Q2 T3 Q3 T4 Q4

TH LT TH TR
c C DJ—C JJ—C D ’—C D

Puc.1. [locnegoBaTenbHbIil cyeTunK Ha T - TpUrrepax
OtmeTuM, 9TO NaHHas cxema OyAeT padoTaTh KaK BBHIYMTAIOIINN CUCTUHK,
ecii  Bxon 1 kaxjaoro mocieayroniero (k-ro) Tpurrepa mNOAKIIOUHUTH K
HEUHBEPTUPYIOIIEMY BBIXOAY (J;; NPEAbIAYIIET0 TPUTTEpa, a ACUMHXPOHHBIC
BXOJIbI S; HMCIOJB30BATh ISl YCTAHOBKM KaKOro-JIuOO HayalbHOTO YHCIA.
PeBepcuBHBIN CUETUMK MOXXHO pE€aanu30BaTh, BKIIOYMB HA CYETHOM BXOJE
Kaxaoro u3 tpurrepoB dineMmeHT U—UJIM—HE, BeinonHstomuil GpyHKIIUIO

Tk = MOk +1+ MOk —1

Jlst mony4enust Mmoayneit cuera K.# 2™ B mocsenoBaTebHbIX cueTuynkax Ha T-

Tpurrepax TpeOyeTcsi BKIIOYEHHE JONOIHUTENIbHBIX JOTMYECKHX 3JIEMEHTOB.
OauH U3 cnoco0OB peanu3alMyd TAaKUX CUETYMKOB COCTOMT B HUCIOJIb30BAaHUU
BX0JI0B cOpoca TpurrepoB. Hanpumep, nekaausiii cuetyuk (K. = 10) mMoxHO
MOJIYYUTh W3 MOCIEI0BATENbHOrO 4-pa3psaaHoro cueruuka ¢ K. = 16, ecinu npu
nocrynaennu 10-ro mmnynsca 7 = 1, KOrga yCTaHOBUTCS COCTOSIHUE
BEIX010B 000;0,0; = 0101, mogate Ha oOmuit u X0 cOpoca curHan R = 1.
JIng 3TOTr0 HKCHOJIB3yeTCs yHOpaBistomas KOMOMHAIMOHHAs CXEMa, BBIXOJHAas
dbyukius R xoropoit paBHa 1 Tonpko ipu O; = OQ; = 1 u Qp = O, = 0. Ilocne
MUHUMU3ALHUH [10JIy4aeM BhIpaKeHHE (PyHKIIHH

R=01+03,
KOTOpoe peanusyercs ¢ nomouisto sementa MJIN — HE, noxkinroyaeMoro ko
BXOJly R MOCI€10BATEIBHOIO CYETUHKA.

O0o3Ha4eHNs TPUITEPOB B PpOrpamMme:

FDC — D-tpurrep;
FTC — T-tpurrep;



FJKC — JK-Tpurrep;

FJKRSE — JK- Tpurrep ¢ npeumyIiiecTBeHHbIM COPOCOM;

FJKSRE — JK-Tpurrep ¢ npeuMymecTBEHHON IPeayCTaHOBKOM.
2. ITopsiiOK BBHINOJHEHUS PA0OTHI

1. IMonyuuTs y mpemnojaBatessi BapUaHT 3a/JaHHs COTJIACHO HOMEPY OpHrajsl
(cM. TabmuIry).

2. CopoeKTHpOBATh JOTHYECKYIO CXEMY MOCIEA0BATEIbBHOCTHOTO YCTPOWCTBA
110 METOJUKE, U3JIOKEHHOM B [1].

e Ormnpenenutb KOJIUYECTBO SUYEEK (TPUTTEPOB), HEOOXOIUMBIX IS
peanu3anuu 3aJaHHOTO  YCTPOMCTBA.

e CocTaBUTh TAOIUILy COCTOSTHUM yCTPOICTBA.

e Ha ocHoBanuu 3TOM TaOIUIIBI COCTaBUTH KapThl KapHo st pyHKIuit
IIEPEXO0I0B.

e MuHUMHU3UPOBATH PYHKIIUH BXOJIOB TPUTTEPOB.

e CdopMHpOBaATH JOTUYECKYIO CXEMY YCTPOUCTBA.

3. CdopmupoBaTh NOIYUECHHYIO CXEMY C TIOMOIIIBIO MaKeTa MPUKIaIHbIX
nporpamm ¢upmbl XILINX, pykoBOACTBYSCH YKa3aHUSIMH K J1a00OpaTOPHOI
pabote Ne 1 1 ucnosib3yst JTOrHYECKHE SJIEMEHTHI U TPUITEPHI U3
CTaHJIaPTHON OMOIMOTEKH.

4. TlpoBectu uccineaoBaHUE 3aJaHHON CXEMbI U YOSAUTHCS B TPABUIIBHOCTH €€
paboThI.

5. IlpencraBuTh OTUET: pacrieyarKka JIOTHYECKON CXEMbI U PE3YJIbTaTOB
MOJEIUPOBAHUS.
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BapuanTtsl 3agannii k J1abopaTopHoii padore Ne 3

Ne Tun cuerunka Koy punuent Tun
cyera TPUITEPOB
1 [TapaiienbHBIN CYMMUPYIOLINAN 10 D
2 [TapajutenbHBIN BBIYUTAOLINN 11 D
3 [TapannenbHpI CyMMUPYOLIIUN 11 T




4 [TapaiutenbHBIN BBIYUTAOLINN 12 T
5 [TapayutenbHBIN CYMMUPYOLINAN 10 JK
6 [TapaiienbHBIN BBIYUTAIOLINAN 11 JK
7 [TapajutenbHBIN CYMMUPYOLINAN 12 D
8 [TapayutennbHBIN BBIYUTAOINN 13 D
9 [TapannenbHbI CyMMUPYOLIIUN 14 T
10 [TapayienbHBIN BBIYUTAIOLINAN 13 T
11 [TapayutennbHBIN CYMMUPYIOLINAN 12 JK
12 IlocnenoBaTenbHBIN 11 JK
CYMMUPYIOLIUN
13 | IlocnenoBaTeabHBII BEIYUTAIOIIAN 11 D
14 ITocnenoBaTenbHbIN 12 D
CYMMHPYIOIIHN
15 | IlocnenoBaTelbHBIA BEIYUTAIOIIUNA 12 JK

JIABOPATOPHAS PABOTA Ne 4

PA3BPABOTKA CXEMbI ®OPMHUPOBAHUSA HIMPOTHO-
VUMITYJIbCHOM NOCJIEJOBATEJIbHOCTH

Heab padoThl: 00yuyeHrne METOANKY TPOSKTUPOBAHUS cXeM (DOPMUPOBAHUS
IIMPOTHO-UMITYJIbCHON TIOCIIET0BATEIBHOCTH.
1. IloaroroBka k padore
[lepen Hauamom paboThl TpeOyeTCa U3YUUTh TEOPHUIO, IPEICTABICHHYIO Jaliee.

2. Teopernueckue CBeJIeHUA

[IupotHo-uMmnyiascHas moayisuus (ILINM) xapakrepusyercs
OTHOCUTEIIBLHOM IIUTENBHOCTBIO (CKBaXXKHOCTBIO) O =7/T , e T — nepuon

UMITYJIbCHOTO CUTHaJa, 7 — JJIUTEIbHOCTh €IMHUYHOTO (hpoHTa (pHC.1).
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Puc.1. MonynupoBaHHbIM HIMPOTHO-UMITYJIBCHBIN CUTHA

CKBaXHOCTh MOXET OBITh KaK OJIMHAKOBOW, TaK M IepeMeHHOH. J[lns
noctpoeHus: cxemsol, hopmupytomeit [HIMM ¢ nocTtossHHONW CKBa)KHOCTHIO (pHC.2),
TpeOyeTcss cYeTuuk M jABa Kommnaparopa. CyeTduk, paOOTaroUIMil MO TaKTOBOM
yactore clk, GopMHUpYyeT UIMTENbHOCTh Nepuoaa 1, 1Mo JOCTHKEHUH KOTOPOTO
cOpacbeiBaeTcs B HauajdbHOe 3HaueHue. Cur”an cOpoca reset popmMupyer nepBbii
KoMIapaTop. Bropoii komnapaTtop cpaBHUBAET TEKYILEE 3HAUEHUE count CYETUNKA
C BEJIMYMHOM 7 BHYTpH nepuonaa 7 . BbIXOHON CUrHai cXeMbl shim CHUMAETCA C
BBIX0J1a BTOPOI'O KOMIIApaTopa.

CELRE COMPY COMPNY
CLK
- ool counTo COUNTI| A0 COUNTD —| A0
LsHIM [ Jy —, 1] ] COUNTI—— &1 COUNTT —— &1
Q2L counT2 COUNTZ— A2 COUNT2 — A2
03 counT3 COUNTA—{ &3 COUNT — &3 GT

B2 RESET

P — — P—

CLE— R TC | o B1 1] B1

P — P —
RESET —— 1
p B3 = B3

5
Sy, o ]

Puc.2. Cxema ¢opmupoanus [LHINM ¢ nocrosiHHON ckBakHOCTBIO O =7/14

BpeMeHHbIe trarpaMMbl pabOTHI CXEMBI, TPUBEICHHON Ha puC. 2.2, MPUBEICHBI
nanee (puc. 2.3):

B0 ] B0 LT SHIM

L | Fns/div | ]

| o.a IIII|IIII|IIII|IIIIIIII|IIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIII

Z0ns |4Dns ‘SD = |8I3ns |lDIZIns |lZDns |l4EIns |16I2Ins |lEans |ZDIZI

Puc.3. Pe3ynbrarsl MmonenupoBanus cxemsl (hopmupoBanus [IIMM c nocrosiHHON
CKBaXXHOCThIO O =7/14

Cxema ¢opmupoBanusa [IIUM ¢ nepemMeHHON CKBaXXHOCTHIO (puc.4) COCTOUT W3
JIBYX CYETYMKOB M TpeX KommapaTopoB. llepBeiii cueTuuk ¢GopMupyer curhai
count, oTcunThiBaromuii nepuoj; 7. COpoc ero ocymecTBiasercs Ju00 Mo CUTHAITY
3amycka start, 1u0o 1o goctwkenuu nepuona 7. Curnan reset BoipabaTbIBaeTCA
MEPBBIM KOMIApPaTOPOM Kak Npu3HaK okoHuyaHus nepuona 1 . Ilo curnany reset
MIPOUCXOUT TAKKE IMPUPAIICHUE CKBAXXHOCTH HAa BTOPOM CUETUYMKE. BBIXOIHOM
CUTHAJ CXeMbl Shim CHHUMAeTCi C BBIXOJla BTOPOro KomImaparopa. TpeTuit
KOMITIapaTop BbIpaOaThIBAET MPHU3HAK OYEPEIHOTO MOBTOPEHUS LIUKIIA reset_cycle.




CHIRE COmMpL
CLK - COMPMY
START Q0| couwTd COUNTI] AD
L= COUKTD —| 20
L= 1L counT COUNT—A M
o COUNTI —— &1
I Q2 count2 COUNTZ—| A2
COUNTZ — A2
03l counTa COUNTA— &
B[ REsET  CcounTd A3 GTL
p o P—TE R & — B0 T
GHD —
L R = ; - DLINAD SHIN
— R OLibed —{ 81
RESET P62
_ DLINe2 B2
START G—{83
i DLINe3 — ] B3
CHICLED COMPE
p—{00 ool puNen DLINeD —] A0
I m 21 prinat OLINAY —{ A1
G___ |02 02| pLMAZ DLIMAZ a2
G —{03 Q3L pLNe3 DLINGG —] &3 -
__ |80 __DiRESEI'_C\"CLE
RESET
p—]Uup p a1
RESET CYCLE ANDZ
e —:
START
__ |cE CEO| B3
OR2 RESET ¢
CLK—§F ™
CLR
[ |

Puc. 4. Cxema popmupoBanust HIUM ¢ nepemenHo# ckBaXHOCTBIO O =3/7 +6/7

Bpemennbie quarpamMmbl paboThl CXEMbI, IPUBEACHHON Ha pUC. 4, IPUBEICHBI
nanee (puc.S):

Zns fdiv Z0ns 4 0ns & 0ns 2 0ns L005ns

1Z0ns
o

14 0ns
nlin

l&0ns
i

L& 0ns
T

Z00ns
Y

ZZ0ns
nlin

Z40ns
i

ZE0ns
T

ZS0ns
o

Iﬁl‘

0.0

I

1

1

BICOUNTO. . .<hex>#4
BDLINAG. . . ChexOitd
1
1
o

Puc. 5. Pesynbrarel MmonenupoBanus cxeMsl popmupoBanus LM ¢ nepemenHoi
CKBaXKHOCThIO O =3/14+6/14

3. IlopsA1OK BBINOJHEHUS PAdOTHI

3.1. ITomyuuTs y mpenogaBaTess 3aaHUe COTJIACHO HOMEpYy Opurajibl (cMm.
TabIuILy).

3.2. IlpoBectu cuHTe3 cueTdynka Tpedyemoro tuma (cm. 1ad. Paboty Ne3).
3.3. Iloctpouts cxemy popmupoBanus LLIM.

3.4. CocTaBUTh OTYET.

BapuanTtsl 3ananuii K JjadbopartopHoi padore Ne 5

Bun ckBaxkHOCTH QO=7/T Tumn cuetunka | PaspsgHOCTB
1 ITocTostHHAS 5/15 D 4
2 ITocTossnHas 6/11 T 4
3 ITocTrostHHAs 3/13 D 4




4 [TocTosiHHas 9/11 T 4
5 ITocrosiHHas 4/12 D 4
6 [TocTosiHHas 8/13 T 4
7 [TocTosiHHasA 11/15 D 4
8 [TocTosiHHas 4/15 T 4
9 [lepemennas 1/7—-6/7 D 3
10 [Tepemennas 1/7—6/7 T 3
11 Ilepemennas 2/7—5/7 D 3
12 [lepemennas 2/7—5/7 T 3
13 [Tepemennas 1/7—-5/7 D 3
14 Ilepemennas 1/7—5/7 T 3
15 [Tepemennas 2/7—6/7 D 3
16 [lepemennas 2/7—-6/7 T 3

JIABOPATOPHAS PABOTA Ne 5
PABPABOTKA JUCIIETYEPA ITAMATH

He.]'lb paﬁoTbll 06y‘ICHI/Ie MCTOAUKE ITPOCKTUPOBAHUA NUCIICTUCPA ITAMATH,
HN3YyUCHUC ITPUHINIIOB pa6OTBI C BHCIIITHHUM 3aIIOMHMHArOImM1uM YCTpOﬁCTBOM.

1. MMoaroroBka Kk padore
Ilepen Hauamom paboThl TpeOyeTcss H3YYUTh TEOPHUIO, MPEACTABICHHYIO
nanee.

2. TeopeTuueckue cBeieHUs

JlucnieTdyep mamsATH HEOOXOAMM JUTsl OOpaIieHus: K OJHOMY MOTYJIIO TTaMsTH
OT HECKOJIbKUX MoTpedutesneil (kaHanoB). J/lucreruep mamsiTh COCTOUT U3 JABYX
KOMITOHEHT: KOHTPOJLJIepa NaMsTH U 0J10Ka IPHOPUTETOB.
KoHTposiep naMaTu ocyliecTBIIsET:

1) BBIIAYy CUTHAJIOB pa3pelICHUs 3aMUCH U YTCHUS HA TIaMSITh;

2) ycTaHOBKY ajjpeca oOpalieHus K MaMsTH;

3) mepekitoueHUe ABYHANPABICHHOW IIMHBI JAHHBIX B 3aBUCHUMOCTH OT

BUJIa oOpaIieHusl (3aITUCH WIA YTEHUS );

4) mpueM JaHHBIX U3 MAMATH TIPU YTCHUU.

brokx mpuopuTeToB (opMHUpPYET OTBET TOMY KaHally, 3allpoc Ha OOpalieHue
K TMaMsITH 10  KOTOpOMY  cliefyeT yaoBieTBopuTh. I[lo  anropurmy
GyHKUIMOHUPOBaHUS  OJIOKM  MPUOPUTETOB  JENSATCS HAa  aOCONIOTHBIE U
OTHOCHUTEJIbHBIE.

B 6y0ke ¢ abCOMOTHBIMU MPUOPUTETAMU BCE KaHAJbI UMEIOT CBOMl CTPOTO
ONpeeNeHHbIA TPUOPUTET. DTO O3HAYAET, UTO €CIM UMEETCS 3aIpoc MO KaHaly ¢
HAWBBICIIMM TMPUOPUTETOM, TO BBIMOIHAETCS MMEHHO OH. 3ampoc MO KaHaly ¢



caMbIM HHM3KHM TNPUOPUTETOM BBINOJHACTCA TOJBKO B TOM CiIy4ae, €Cld HET
3alpOCOB HU 10 OJJHOMY U3 APYTUX KaHAJIOB.

B 6510ke ¢ OTHOCUTEIHHBIMU IPUOPUTETAMHU OTBET BBIIAETCS TOMY KaHAIY,
B OUEPE.IN 3alPOCOB KOTOPOT'O HAXOJIUTCSI HAUOOJIBIIIEe KOJTMYECTBO SJIEMEHTOB.

Ha puc.] noka3aH AByXKaHaJdbHBIA OJOK aOCOJIIOTHBIX MPUOPUTETOB, TIE
req_a — 3ampoc MO KaHaTy C BBICIIUM MPUOPUTETOM, req b — 3ampoc Mo KaHaly ¢
HUBIIMM NPUOPUTETOM, ask a W ask b — OTBETHI Ha 3ampoChl MO KaHAJaM, ask —
oOmmii otrBer. B cremyromeM TakTe mocie BBICTABICHUS CUTHala ask Ha
KOHTpOJUIEp TaMATH IMOJAI0TCS Mpu3HaK ureHus/3anucu rd wr (rd wr=1 npu

YTEHUH), aJipec adr v nfaHHble d_in (TIpU 3aIUCH).
FD

RED_& — D [ ST

CLk—]C

FD

REO_B
B ol ssKm
RED_#

AND2ZE1

CLE

FD

RED_#
- SR e E— T
REQ_B

OR2

CLE C

Puc.1. JIByxkaHanbHbIi OJI0K aOCOTIOTHBIX MPUOPUTETOB

Ha puc. 2 noka3aH AByXKaHaJIbHBIN OJIOK OTHOCHUTENBHBIX IpuoputeToB. Ha
CXeMe HMMEIOT MECTO Clenylolre OO003HAUEeHUS: cni a — YUCIIO HEOTBEUYEHHBIX
3aIllpOCOB 110 KaHAIY a, cnt b — 4iCII0 HEOTBEYEHHBIX 3aIIPOCOB 10 KaHally b.

QOYHKIMOHUPOBAHUE KOHTPOJUIEpA MaMITH 3aBUCHT OT €€ Tuma. [lamars
ObIBa€T CUHXPOHHOM U aCUHXPOHHOM.

ACHHXpOHHAs TaMsTh XapaKTepU3yeTcsl JUIMTEIBHOCTBIO LHUKIA [,

oOpaiieHus K Heil. ITo Bpemsi, Kak npaBuiio, coctaiiseT 20-30 ns. OCoOOEHHOCTHIO
JAHHOTO THUMA NaMSATH SBIAETCA TO, YTO MEXIYy COCEIHHMHU OOpALEHUSIMU Ha
3alliCh M 4YTEHUE JOJDKEH ObITh CBOOOIHBIM LMKI. BpeMeHHbIe nuarpaMMbl 1O
YTEHUIO U 3alIMCU AaCUHXPOHHOW IMAMATH ITOKAa3aHbl HA PUC.3.

JIist acCHHXpOHHOW MaMsITH MakCcUMaibHas TaktoBas yactota CLK paboTsl
CXEMbl BBIOMpPAETCs MCXOMs U3 Bbipaxkenus: CLK <2/f, . Ilpu ynoBneTBOpeHuu

JAHHOTI'O YCJIOBHA THKII O6paH_ICHI/I$I I10 3aIIMCH WJIN YTCHUIO OJIUTCS 2 TakTa.



CCBCLED

O[F:0] .
G,G,G,G,G.G,G,G—— ape——CNT_A[7:0]

REQ &4 _— | UP
RESET — L
REQ_&

— CE CED |

N S
CLk — —

HORZ CLR

G—
CCaCLED

0D i
G,G,G,G,G,G,G,G—— ape——=CNT_B[7:0]

REQ_B —{ UF
RESET — L

REC_B
ASK_B::) —
Lk — & LS —

HORZ CLR
G

COMPME
CNT_A[7:0] mem 4791

CE CEO [

GT | ask_a
LT

CNT_B[7:0] == *7¥

COMPE

CNT_B[7:0] == 71
oT
(& - MK_A;'D_ASK_B

G,G,G,G,G,G,5,5 == Br1l AND2E
PEK_A
T
ASK_B
ORz
Puc.2. JIByxKkaHaabHBIN OJIOK OTHOCHTEIbHBIX IIPHOPUTETOB

CLK [ ] [] [] I

WR L1 .
RD —_ ] |_= t
ADR XX [WR _ ADR | XXXXX |RD _ADR | XXXXX _

—

DATA XX WR _DATA| XXXXXXXXXXXX|RD_DATA

YUK YUK
3anucu YmeHusl
- -

Puc. 3. BpeMeHHbIE 1MarpaMMbl IUKJIOB YTEHUS U 3alIMCH ACHHXPOHHOM NaMSITH

Curnanel pazpemieHusi 3anucu WR w uteHuss RD 1ipu OTCYTCTBUH
oOparmienust kK nmamsaTu ycranapnupatorcs B "1". [lpu ytenun namstu curHan RD
ycranaBnuBaercs B "0" u ynepxuBaercs B TeueHHH BpemenH f, . Ilpu sTom Ha

mamsiTh BbICTaBIsieTcst aapec ADR=RD _ADR. Ilo wucreyeHnu ¢, ¢ TamsTH

caumaroTca gaHHble RD DATA. llpu 3anucu B TaMsaTh CurHan  RD



ycraHaBiuBaercs B "0". Bmecre ¢ 3TMM Ha MaMATh BBICTABISIOTCS aApec
WR ADR w pnannusie WR DATA. Curnan WR ycranaBnuBaercs B "0" 1o

HCTCYCHUU BPEMCHH, PABHOI'O l‘u /4 mocne Hayaja 06paHICHI/I$I, U YACPKUBACTCA B
JAaHHOM IIOJIOKCHHMHW B TCUYCHHMH HWHTCpBAJla BPCMCHH, PABHOT'O tu /2. Cxema

dbopmupoBanus curHasioB WR u RD tipuBenena Ha puc. 1.4.
aFn

sl T_[::_-;D_— o 2 RD 4 OFRD
T

CLk —FF

FO

OFD 1

2K T
= o v}
RO_WR D of  WR Opal
sk T

ANDZE1

CLKZ LG HAN D281
CLKZE — bl

Puc.4. YcraHOBKa NpU3HAKOB YTEHMS U 3aIIMCH JJIs1 ACUHXPOHHOU MTAMATH
CuHXpOHHas mamsATh sBIAETCS TakTupyemol. Lluki oOpaimeHus k Hel
cocraBiseT 2-3 Takra. [{nurenbHoCTh oOpaleHus 37ech ONPEaeIsIeTcs NePUoaoM
TAKTOBOM YacTOTHl, IOMHOXEHHBIM Ha 4YHCJIO TaKTOB IMKJIa OOpaIleHHUs.
BpeMeHHbIE nuarpaMmbl IO YTEHUIO M 3alUCH CHHXPOHHOW NaMATBIO C 2-
TaKTOBOM 3aJIepKKOM IMOKa3aHbl Ha puc. 1.5.

CLK [ ] [] 11 [T e

RW t

\/

ADR XX [WR_ARD A XXXXXXXXXXXXXXXXXX

\J

DATA XX | XXXXX |WR_DRD_DXXKXXKXXXXXX= t

YUK
3dnucu

YUK
umeHusl

Puc. 5. BpeMeHnHble quarpaMmbl HUKJIOB YTEHHS U 3aIIUCU ACHHXPOHHOW MaMsTH

Curnan mnpu3Haka 4YTeHWs/3amucu RW mpu OTCyTCTBHUHM OOpameHus K
namsAtu ycranasiupaetcs B "1". [Ipu urenun curnan RW ycranaBnuBaetcs B 1"
U ynepKuBaeTcs OAMH TakT. IIpy 3TOM Ha mNaMATh BBICTABISIETCS aApec
ADR=RD A. Cnycra 2 TakTa ¢ NaMsaTH CHHUMArOTcs aanHele RD D. Ilpu

3anucu curHan RW ycranaBnuBaercs B "0". Bmecre ¢ 3TuM Ha mamsTh
BBICTABILAIOTCA aapec WR A. Jlamasle WR D mnoparTcs Ha NMaMmAaTh CITyCTs 2

TaKTa.
YcraHoBka ajpeca oOpalieHus naMsaTy noka3zaHa Ha puc.6:



QFD1E
ADR[15:0] ===t

CPAD1E
0[50

ADR MEM[15:0]

0[15:0]

CLE

Lo

Puc. 6. YcranoBka agpeca oOpaiieHusi K CHHXPOHHON M aCHHXPOHHOW MaMsTH

Cxema BblJa4U IIpU3HAKa YTEHHS/3aITICH CHHXpOHHOﬁ IIaMsATH I1I0Ka3aHa Ha

puc. 7:
joDi'uh’R_RD WR_RQ

AMDZB1

ACK_T

_|>Q_ Fay_IM

RO_WF 1300

QFD

R N — | D o} R aOPAD

cLk — G

Puc. 7. Beinaua npusHaka yTeHUs/3aUCH HA CHHXPOHHYIO TTaMSITh

[lepexntoueHue IByHAIIpaBICHHOW IIMHBI JaHHBIX B 3aBUCUMOCTH OT BHJA
oOpamieHust s CUHXPOHHOW M ACHHXPOHHOW NaMsATH MOKa3aHO Ha puc.8 m 9
COOTBETCTBEHHO.

FD1ECE

D[15:0]

D IN T[15:0]

FO1BCE
D[15:0]

Q[i5:0]

Q[15:0]

——D_IN_2T[15:0]

D_IN[15:0] ==
P CE

P CE

CLE c CLE c

CLR
G—

CLR
G—

RESET FDSE RESET RESET FDSE

R 1N o 8 a Ri_IM_T o # o Rubi_IM_3T o #

P CE P

[=]

T_IN

CE B CE

Lk —5C cLk —§:C Lk —§C

OFDT16

i

TN

D_IN_2T[15:0] ==—ous] DIO[15:0]

IOPADTE

CLK

Puc. 8. [lepekitouenne qByHanpaBiIeHHON IUHBI TaHHBIX
JUTSI CHHXPOHHOM MaMsITH

OFOTIE

RO R —|:“_:{} T
) Y DIO[ 50
D IN[15:0)] =g 015 005D e
KpaDis
L

Puc. 9. IlepexiiroueHue AByHaAINPaBICHHON IMHBI JAHHBIX
JUISL ACUHXPOHHOM MaMSITH

CxeMbl MpreMa JaHHBIX U3 MaMSITH P YTCHUU UMEET CIICTYIONTUI BHUI
(puc.10m 11):



IFOx16

IO 500 m—t 150 sy DA TA_ QLT[ S00]
sz T —CE

CLk —F

FO FO FO FO

P, ) Q Ak T o ] Ak IT o o Ak 3T o 2 kAT

CLK ——C CLk—35 CLk —C CLk—F

Puc. 10. CxeMa npuema TaHHBIX U3 CHUHXPOHHOM MaMsTH MPU YTEHUHU
FD FO

Lk T
- 1 Ol pakar  agkIT —0 [ TR
RO_WIR

AND2

CLK— 5 CLE— G
FO IFOX1E
aEk 0 Qs T D01 50| ee—nEE sy —ATA DT 5:0]
Az Ir —CE
CLK—C CLK —F

Puc.11. Cxema npuema JaHHBIX U3 ACHHXPOHHOM NaMSTH MIPU YTEHUU
Pe3ynbpTaThl HCTIOIB30BaHUS PECYPCOB KpHUCTAJUIA JIJIsl OJTHOTO U3 BapUAHTOB
3a/laHusl IPUHSIIA BU/T;

Design Summary

Number of errors: 0
Number of warnings: 19

Number of Slices: 7 out of 1,200 1%
Number of Slices containing
unrelated logic: Ooutof 7 0%
Number of Slice Flip Flops: 8 out of 2,400 1 %
Number of 4 input LUTs: Soutof 2,400 1%
Number of bonded 10Bs: 69 out of 166 41 %
IOB Flip Flops: 50
Number of GCLKIOBsS: loutof 4 25%

Total equivalent gate count for design: 542
Additional JTAG gate count for IOBs: 3,360
[TocmoTpeTs oTUET MOKHO B (haitsie map.mrp uinv B OKHE Reports MEHeKepa
MIPOEKTOB.
3. Tlopsiaok BHINOJIHEHUS] Pa0OTHI
3.1. Ionyuuth y mnpemnoaaBaTens 3aJaHUE COTJACHO HOMepy Opuraisl (CM.
Ta0IUILY).
3.2. ITocTpouTs OJIOK MPUOPUTETOB (CM. MPUMEPHI HA puC. 1 u 2).



3.3. BbiOpaTh TaKTOBYIO YacTOTY (711 aACHHXPOHHOM MaMsTH).
3.4. IlocTpouTh CXeMy YCTAaHOBKHM ajJipeca 0OpallieHus: K MaMsTH.
3.5. IlocTpouTh cxeMy BbIIAUM CHUTHAJOB pPa3pelleHHs] 3alUCH M YTEHHsS Ha
aMSTh.
3.6. ITocTpouTh cXxemMy NEPEKIIOUCHHUS IBYHATIPABICHHON IMHBI JaHHBIX.
3.7. IlocTpouTh CcXxemy npHema JAaHHBIX U3 NaMATH.
3.8. I[IpoBecTr TpacCUPOBKY CXEMBL.
ns aToro HeoOxoauMo B okHe Project Manager 3anyctuth Implementation.
[Tpu 3amycke pa3BoJKu HEOOXOAUMO OYET 3a/1aTh CIAEAYIOIIHNE OMIIUU:
Options—Simulation=0OFF,
Options—Implememntation—Optimize and Map— Trim Unconnected Logic=OFF.
3.9. C nomomsio Tools—Implementation—Floorplanner 3amycTuts yTuauTy
Floorplanner u mocMOTpeTh pa3melieHrne IpoeKTa B KPUCTAILI.
3.8. CocTaBUTh OTYET.

BapuaunTtsl 3agaHuii K JJadopartopHoi padore Ne 5

KommuecTBo
Tumna namstu Tun npuoputeTos 3anepxkka
KAaHAJIOB
1 CunXpoHHas AOGCOMIOTHBIN 2 TakTa 3
2 CunxpoHHas AOCOTIOTHBIN 2 TakTa 4
3 CunxpoHHas AOGCOMOTHBIN 3 TakTa 3
4 CuHXpOHHaA AOGCOIOTHBIN 3 TakTa 4
5 CunxpoHHas OTHOCUTENBHBIN 2 TakTa 3
6 CunXpoHHas OTHOCUTENBHBIN 2 TakTa 4
7 CuHXpOHHaA OTHOCHUTENBHBIN 3 TakTa 3
8 CunxpoHHas OTHOCUTENBHBIN 3 Takta 4
9 AcCUHXpOHHas AOCOTIOTHBIN 20 ns 3
10 | AcunxpoHHas AOGCOMIOTHBIN 20 ns 4
11 ACHHXpOHHas AOGCOIOTHBIN 30 ns 3
12 | AcunxpoHHas AOGCOMIOTHBIN 30 ns 4
13 AcCUHXpOHHas OTHOCUTENBHBIN 20 ns 3
14 ACHUHXpOHHas OTHOCUTENBHBIN 20 ns 4
15 ACHHXpOHHAas OTHOCHUTENBHBIN 30 ns 3




[Ipunoxenue
OIMMCAHUE UHTEP®ENCA CXEMOTEXHUYECKOI'O
PEJAKTOPA

1.1. Onpenesienue cxemMbl

Penaktop  0OBIYHO  WCHOJB3yeTCS Ui CO3JaHUS  HM300paKEeHUS
ANEKTPUUECKONW CXEMBbI, KOTOPOE COJEPKUT HCIOJIb3yeMble KOMIOHEHTHI M UX
COCIMHEHUS.

CxeMoTeXHUYECKOe H300pakKeHHEe MOXKET OBITh HCIOJIB30BAHO B TBEPOU
KOMUU JJI TOKyMEHTAIIMH HJIA COOPKH CXEMBI.

1.2. ®u3nyeckue M JOru4ecKue coeTuHeHUust

duznueckoe COeIMHEHHUE - 3TO  rpadudeckas JuHUSA (Ha3bpIBaeMas
IIPOBOJIOM ), TPOBOIMMAs HA CXEME MEXKy JIByMs WM O0Jjiee BHIBOJAMHU.

Jlornyeckoe cOeqUHEHUE JeNaeTcs MEXAYy IByMs Wik 0oyiee BBIBOJAMU
0e3 u300pakeHHs] TMPOBOJA. ITO JENACTCs NMPUCBOCHUEM MJICHTHUYHBIX UMEH JIBYM
win 0oJiee MPOBOTHUKAM TTOJICOCIMHEHHBIMU K BHIBOJAM YCTPOUCTBA.

1.3. UnTepdeiic cxeMOTEXHUYECKOTO PeIaKTOpa

Onepauuu  pegakTopa YHOpPaBIsAIOTCS aKTHBAlMEHd MKOHOK WJIM KHOIOK Ha
BEPTUKAJBHBIX WIH (DYHKIIMOHATBHBIX TOPU3OHTATBHBIX TTAHEISIX.

1.3.1. YnpaBJ/ieHue cxeMaMu IIPOEKTOB

WkoHKM, mpelHa3HAUEHHbIE [JIi MaHUMYJSALUUA CO CXEMaMU IPOEKTOB
(Project Management Icons):

e B| Hosas cxema (New Schematic) - 3ammyckaeT HOBYIO CXEMY.

. g Otkpeith cxemy (Open a Schematic) - OTKpBIBa€T OJHY U3
CYILLECTBYIOLIUX CXEM.

o = Coxpanuts (Save) - MO3BOIAET COXPAHUTh TEKYIIINE CXEMHBIC MPOESKTHI.

HNkoHka akTMBHA TOJIBKO B CJydae, €CJIM B CXeMe ObUIM M3MEHEHHUs TOCIIe
TOTO, KaK OHa MOCJIICTHUN pa3 coxpaHeHa. B MpoTHMBHOM ciydae OHa OCTaHETCS
CEpOU WM HEAKTHUBHOMU.

o El [Ipoextsl (Projects) - otoOpaxaet skpan Project Manager.

o S| TMevarars cxemy (Print a Schematic) - 3anyckaeT TUIOBYIO OINEPALIUIO
nevyatu Windows.

1.3.2. Onepauum UCKJIKOYEHHUS U HAKJIEHKHA

HkoHKM omnepauui HCKIIOYEHHS, KONMUPOBAaHUS U HAKIEHKH TPeOyroT
YCTaHOBKH PEIaKTOpa B peKuM Select Haxkatuem ukonku Select and Drug.

o & Beipezats (Cut) - mo3BomseT «3abpaTh» BBIOPAHHBIA JJIEMEHT
cxembl B «kapMman». CHauajga aKTHUBU3MPYHTE peXuM Select HaKaTUEM HAa UKOHKY
Select and Drug. Jlanee mnepeMecTuTre NPSIMOYTOJIbHUK K BHIOPAHHBIM 3JE€MEHTaM
VI BBIOEPUTE X HAXKATUEM KIaBUIIU Shift Ha KaxaoM snemenTe. Haxxatuem na Cut
yAalseT BBIICICHHBIC JJIEMEHTHI U3 CXEMbl M TOMEIIAeT UX B «kKapman». Bce



MPOBOJIA, MOJHOCTHIO OCTAIOIIMECs B yJalieMOW 00JIacTH, TakKe KOMHUPYIOTCS B
«KapMaH».

Ep
. Konuposatrs (Copy) - 103BOJSIET KONMMPOBaTh ()ParMEeHT CXEMbI B
«xapMan». Beibepute konupyemsble 31eMeHThl U Haxkmute Ha Copy.

o B Kneurs (Paste) - MOMEIAET COJIEPKUMOE «KapMaHa» B BHIOPAHHYIO
no3unwuio dkpana. IlepBas aktuBarus Paste oToOpakaer OTMEYEHHOE
paMKoit COIEpKUMOE «KapMmaHa». Btopoe Haxkarne Paste nomMeniaer 3TO
COJIEP’)KUMOE B BRIOPAHHYIO MO3UIIHUIO.

1.3.3. Onepauuu macmradupoBaHus

I'pynna wukonok Zoom Operations u3MeHsieT MaciiTad BHIBOJUMBIX Ha SKpaH
CXEM.

+
o N JIBe kHomku Macimitad (Zoom). 3HaueHue mIOC (+) IpeacTaBiseT
ONMIHI0 «YBEIUYUTh H300paxkeHue» (Zoom in), a 3HAYOK MHHYC (-) - OIIIHIO
«YMEHBIIUTh u300pakenune» (Zoom out).

o« K O6nactes MacmrabupoBanus (Zoom Area) oOecmeduBaeT BBIOOD
dbparmeHTa cxembl, KOTOpbI  OyZeT OTOOpakeH Ha TOJHOM »JKpane. I[lepBoe
Haxatne Zoom  Area axkTuBH3UpYyeT Kypcop BbeIOOpa. IlomectuTe Kypcop B
MPOTUBOIIOJIOKHBIN yrou ¢pparmenta. [lo ocBoO0kIeHNN MBIIIKA BhIOpaHHAsE 00J1acTh
pacHIMPUTCS HA BECh DKPaH.

o Macmtab monno# crpanuusl (Full Page Zoom) ucnonb3yercs Ais
OTOOpa)KEHUS Ha HKPaHE MOJHOTO PUCYHKA CXEMBI.

1.3.4. Onepauuu perakTHPOBAHUSA

WkoHku ynpaBieHus onepanusMi peaakTHPOBAHUS:

o]
. Otmenuts (Undo)- OTMEHsAET TOCIETHEE CXEMHOE H3MEHEHUE W

BOCCTaHaBJINBACT COCTOAHUC CXCMbI 1O HECTO.

. ﬂl Hasnauenus (Properties) -103BOJSIET U3MEHATh aTPUOYThl MPOBOJOB
1 0003HAYEHHUE JIEMEHTOB.

. ﬂl [Ipucoequuute  anmement (Connect Symbol) - coenwHSET BBIBOJBI
9JIEMEHTOB C TIEPEKPBITHEM C 0003HAYCHUSMHU KOHIIA MPOBOAA (Kpyr MM KBaJpatr ¢
KPECTUKOM). DTH OIepaIiiy UCIIOJIb3YIOTCS JIJIs 3aMEHBI JIeTaJlICH WM MPUCOETUHECHUS
IPOBOJIOB.

o ©1 Otcoequuuth 3memeHT (Disconnect Symbol) - oTcoequHsET BCe
poOBOJIA OT BBIOPAaHHOTO D3JIeMEHTAa W pa3MemaeT 0003HAaYeHUs KOHIIOB

OTCOEMHEHHBIX TPOBOJIOB.
Ok
. il Konenr (End) - ucnomb3yeTcst IUisl pa3pbiBa NMPOBOJOB M LIMH B

TeKyIIeH Mo3uIuu dKpaHa. [IpoBoga MOTyT pa3pheIBaThCsl BBEICHUEM 0003HAUCHUS MX
KOHIIOB.

. ﬁl Otmena (Cancel) - npepbIBaeT BbIYEPKMBAHKUE TPOBOJIOB U ILIKH.

1.3.5. Onepauuu BBOJAA CXeMbI

HNxoHKM omnepanui BBOJA CXEMbl Pa3MELIAOTCA Ha JIEBOM CTOPOHE JKpaHa.
OpnHako OHU MOTYT OBITh TIEPEMEILIECHBI B APYTYIO MO3UIIMIO dKpaHa.



. Ql DJieMeHTHasi MaHeldb WHCTpYMeHToB  (Symbol Toolbox) -
aKTUBHU3UPYET CpelncTBa ¢ oOO3HaueHWeM  ycTpoicTBa. [laHenb MHCTPYMEHTOB
(toolbox) BKIIIOUAET TaK)K€ MKOHKU JUIsI BbIOOpa >KEIaeMbIX TUIIOB O0O3HAUYEHUU U
MO3BOJISIET MOUCK JJIs1 BEIOPAaHHOM J€Taly UM TUIIOB JIeTaJeH.

. il PucoBate mnpoBoma (Draw Wires) - akTUBU3UPYET PEXUM
BBIUEPUYMBAHUA NPOBOAOB. HakaTme Ha KOHTAaKT HauuHaeTr nposoia. Haxatne Ha
IPYyrOM KOHTAKT AaBTOMAaTHUYECKU PHUCYET NPOBOA. /[BOMHOE HaxkaTue Ha IyCTOM
MeCTEe HAaUMHAET MPOBOJI C 0003HAYEHUEM KOHIIA IIPOBO/A.

. ﬂ PucoBare mmubl (Draw Buses) - TO3BOJSET PUCOBATh IIMHBI
Ha)kKaTUeM B JII00OM mo3unuu sKkpaHa. s OKOHYAaHMSA WIMHBI HaXMHUTE MPaBYIO
KJIABUIILY MBIIIN WM AKTUBUPYWUTE UKOHKY OK.

. El PucoBath  mmHHBIE KOHTaKkThl (Draw Bus Tops) - 3amyckaer
BBIUEPUNBAHUE COCAMHEHUN MEXAY IIMHAMHA M KOHTAaKTaAMH - OTBETBJICHHE ILIVH.
HaxaTtue Ha mmHy, a 3aTeM Ha 00O3HA4Y€HUsSI KOHTAKTOB aBTOMAaTUYECKU COEAMHUT
3TU KOHTAKTHI C IIMHAMU U OTBETBJICHUSAMH.

. é-l JloGaButh uMsa coeauHeHuss win mnpoBoaa (Add Net or Bus
Name) - ucnonb3yeTcs Il HaMMEHOBaHMs IPOBOAOB W muH. HaskaTwe Ha mpoBoj
WIN IUHY B pexxuMme Select OKpacUT BBIOpDAHHBIA  JJIEMEHT B KpPAacHBIM IIBET.
AxtuBuzaimsa UKOHKU Add Net or Bus Name oTOOpa3uT OKHO IS
HAMMEHOBAHUS BBIOPAHHBIX 3JIEMEHTOB.

LT
= DJIeMEHT nutanust  (Power  Symbol) - mo3BoisieT mnpsmoe

pa3mernieHue 0003HauYCHU THUTaHKUS Ha cxeMe. FIKOHKa aKTHBHA TOJIBKO, €CITH TaKKe
akTUBHA UKOHKA Draw Wires.

o g Tepmunan BBoaa/BeiBosia (I/O Terminal) - mO3BOJISIET HaUMEHOBAHUE
KJIEeMM BBOJIa/BBIBOJIa W 3agaHWe  uX  HampaeieHus.  [IpenBapurenbHO
aktuBuzupyercsa Draw Wires.

. El [Tanens wHCTpyMeHTOB st rTpaduxu (Graphics Toolbox) -
MO3BOJISIET BBHIYEpUMBATh Tpaduueckre dsaeMeHTh. Bce smemMeHThl, pHuCyeMble B
3TOM pEXUME, HE UMEIOT JJEKTPUUYECKUX CBOWCTB. DTOT  PEXKUM  HCIOJIB3YETCS
JUISL HEAJIEKTPUUECKUX PUCYHKOB, JUlsl J00aBieHus WHGOpPMALMM, KOTOPYIO HeE
HY’)KHO COXPAaHSTh B 9JIEKTPUYECKON 0a3ze JaHHBIX.

1.3.6. O6mue onepauun

Beibop u mnepemelnieHne MKOH - HauOosiee yactasi omepauus sl BbIOOpa
00BEKTOB Ha cxeme U ux 00paboTku. Onius Select ycTaHOBICHA aBTOMATHUECKH IS
HECKOJIBKUX ONEpalui peaaKkTopa.

Koopaunarsl. Ctpoka craTyca B HIDKHEM JIEBOM YIJIy OTOOpa)aeT
KOOpAMHATHI Kypcopa TMpH €ero JBW)KEHHH IO cxeme. 3HaueHHe KOOpJUHAT
BbIJIACTCS B JIIOMMax, MIWJUTUMETPAX WU CChUIKax Ha 30HY. BbIOOp OJHOrO M3 3THX
TUIOB - onuusi Page Setup B meH1o File.

Macmtad (Ruler). OtoOpaxkenue Macmtaba yHOpaBiseTcs omuuen View:
Ruler. OtoOpaxkaercss cieBa (BEpPTHKANIbHBIA) U HaBepXxy (TOPU3OHTAIBHBIN) B
Ka)KJIOM CXEMHOM OKHE.



[IpssMOYTOJIBHUKM CKPOJUIMHIA Pa3MELIECHbl B IIPABOM HHKHEM YIJy Ka)XI0TO
cxeMHoro okHa. Onepanusi MO3BOJSIET IJIABHOE NMEpeMellleHue (CKPOJUIMHT) I10
CXEM€ B FOPU30HTAIIBHOM U BEPTUKAJIIBHOM HAIIPABJIEHUSX.



