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LHHUPPOBA CXEMOTEXHHKA (LICxT)

3a ciieranHoct "KOMITIOTBbPHH CHCTEMH H TEXHOJ/IOTHH”
o6pa3oBaTeTHO-KBaTnpHuKaoHHa creneH “bAKAJIABBP”
npogecuoHanHo Hanpasaetue: 5.3 KOMyHUKanimoOHHa 1 KOMOITIOThPHA TEXHUKA
kod om yuebHus naau ceenacHo ECHTK: BCS38

Bodew npenodasamen (nomok 1, 2p.48,49,50):
aou,. x-p nHK. Banentun C. Monnos
Karegpa ‘Kommroorepau cucremun’, PKCY

Ka0.1200, TeJl. 965 3523;
e-mail: mollov@tu-sofia.bg

NMPpUEMHO BpeMe: cpsifa 13:30-15:30 Y.

JlabopamopHu ynpaxcterus (2p.48,49,50):

o Jlaboparopus no “‘LludppoBa cxemrexuuka. [Ipoekrupane Ha CTUC”
1a0.1413; Tes.3254
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Xopapuym:
Jlexyuu - 30 yaca (1 n1ekyus ceOMU4HO);

Jlab.ynpaxcHeHus — 30 uaca (4 yu.uaca npes cedmuua
3a ecsika nodepyna,).

[1posexcdare Ha:
Jlexyuu - 3ana 1152, cpa0da 15:45 -17:30 U.;
Jla6.ynpaxcHeHus — nab.1413.
2p.48: nH. 10:30-13:15 u.
2P.49: NH. 13:45-16:30 u.
2p.50: 4m. 16:45-19:30 4. 2 um. 8:00-10:154. 7
Popma Ha KOHMPoN:
Hznum (mecmoeo oueHsgaHe — 3adaqu u 86npocu);
Jlab.ynpaxcHeHus — npomokoau, 3awumad.
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CTATYT HA ANCHUTUTMHATA B YYEBHWA TTJIAH:

3aIb/DKUTETHA y9eOHa JUCIIUTUIMHA 3 CTYLEHTHUTE OT CIEIUaTHOCT
“Kommiorspuu cuctemu u TexHonorun. Ha PKCY, OKC “bakamasbp’.

Konx B yue6Hus niman - BCS38. Bpoit kpeauTw - 5.

LE/IKM HA YYHEBHATA AU CHUTUTMHA:

H3)/"lCIBCIH€ U 863MONMHOCM 3d npujaedHe noaxoaume, Mmemodume u
mexHuveckume cpeacmea 3d npoekKkmupdaHe, adHaju3 U npujiomxceHue Ha
qug‘ipoeu cxemu u cucmemu u 8 ceomeemececmeue cec ceoume nompeGHocmu u

uHmepecu cmyaeHmume da npu606uﬂm HOBU SHAHUA U 863MOMMHOCMU 8

masu npedmemHa obaacm.
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PE3YJ/ITATHU:

[To3HaBaHe MOHSATUIHUS anlapaT Ha HrU$poBaTa CXEMOTEXHHUKQ,;

OBnazasiBaHe HA OCHOBHMU MOHSTHS, BeTMUYNHHU, MOKA3aATeNU U
3aBHCHMOCTH B TEOPUSTA HA IIMPPOBATA CXEMOTEXHUKA.
Bb3MOXXHOCT 3a M3MOI3BaHe MPU MPOEKTUPAHETO Ha KOMIIOTbPHU
CHCTEMH U 3a YIIpaB/ieHHe Ha TeXHOJIOTUYHH ITPOIeCH, 00eKTU U
IIHUPOK KP'BI' TUPPOBU CUCTEMU;

CrtocoGHOCT 3a cpaBHsIBaHe Ha 06a3a pa3TUYHU TEXHOJTOTUYHU
pellleHHs] U CXeMOTEeXHUYHHU 0a31CH, MH)KeHepPHa OlleHKa Ha
CXeMHMUTe pellleHUs], Bb3MOXXHOCT 3a NpUJIaraHe, aHa/Iu3 U
MPOTOTUITHU3ALUS;

Bb3MOXHOCTH 32 €3MKOBO ONMCaHMe Ha 6Aa30BU U HHepapXU4HU
IUPPOBU CTPYKTYPH, TPOTOTUITU3HUPAHE C IPOTPAMHPYEMU
JIOTUYECKH CXeMHU Y IPOBEePKa Ha MPOTOTHUIIA BBPXY
CIeua/IM3UPAHU Pa3BOMHU MJIATKH.
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OINMCAHWE HA INCIIUTTJIMHATA - OCHOBHUW TEMU:

CTaTuyHY U ZUHAMUYHU MTAapaMeTPH Ha HUPPOBUTE CTPYKTYPH, U3MEPBAHE.
Jluneitnn popmupauiy Bepuru. AHATUTUYIHO OTpezie/isTHe TPOLb/DKUTETHOCT Ha
MMITy7ica U GPOHTOBETE;

CxemoTtexuuka Ha ounossipau (DTL, RTL, TTL, ECL), MOS, CMOS, BiCMOS
6a30BH ¥ MHOTOBXOJJOBU JIOTUYECKH CxeMH. [[MHAMUYHU CTPYKTYPH;

CI/IMeTpI/I‘-IHI/I TpUTEPHU — CXEMOTEXHUKA, dHA/IN3, BUA0BE, CHHXPOHHM3aALl U1,

HecumeTpuyHu Tpurepu, 10rudyeckKy CXeMH C XUCTePe3HC — C JTUCKPETHU U
WHTEerpasiHu pemeHus. [loBuilaBaHe IryMo3auuTeHOCTTA Ha HUPPOBH
cTpyKTypu. CXeMH C TpeTo, BUCOKOMMITeIAHCHO ChCTOsTHUE. bypepHu cxemu;

CxeMOTeXHWYHH aCIeKTH ¥ PyHKIIMOHATHOCT Ha CXeMH C'hC CPeJIHA CTelleH Ha
VHTerpanysi B KOMIIOTBPHUTE U KOMYHHUKALIMOHHU CUCTEMHM.

CxeMHu cbc cMeceHH curHaau (mixed-signal circuits): yakauy MyITUBUOpATOPH,
aBTOT€HepaToOpHU, TalMepy;

HOJIYI'IPOBO,Z[HI/IKOBI/I IIAaMeTH — CXeMOTEeXHMKa Ha 0a30BU KJIETKU Ha CTaTUYHU U
AMHAMHWYHU ITIaMETH. ApXI/ITeKTypa Ha CbBpEMEHHMU IIaME€TH, dHA/IU3 Ha
nponecuTe Ha 4e€TE€HE U 3allrC. HPI/IJIO)KQHI/IH;
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OITMCAHUE HA IUCIIUTUJIMHATA (OCHOBHU TEMHN):

* aCIMeKTH Ha MPOEKTUPAHEeTO Ha HMPPOBU CTPYKTYPH Ha 6a3a mporpaMupyemMu
noruvecku ctpykrypu (PLDs) — FPGA, CPLD. [poroTunusatius;

*  e3MKOBO OMMuCaHue Ha 1udppoBu Bb3/1H U cuctemu: esuk VHDL (Verilog
Hardware Description Language) - ocHOBHU e/IeMeHTH, KOHCTPYKIIWH;

* TpUIOXKeHUe Ha mpoeKTHhpaHeTo ¢ PLDs 3a onrcanme Ha iudpOBU CUCTEMU B
cpena ISE/WebPack na ¢pupmara Xilinx. [TpousBexganu pamuninu yumose:
BUJIOBE, IPHUJIOXKHA OPUEHTALI.

[PEANOCTABKU (MPEAXOXIALIN JUCLHUTIIUHN):

- [TonynpoBogHUKOBY IPUOOPY;

- TeopeTryHa e/IeKTPOTEXHUKA;

- AHaIM3 ¥ CUHTE3 Ha JIOTUYeCKU CXeMU;
- MukponpouecopHa TeXHUKA.

CBbP3AHU CJIEABALIIW KYPCOBE:
KII, CKE, BMKC, KM, KA, CM u gp.
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PASBUTUE HA EJIEMEHTHATA BA3A HA LUCxT
rnokoneHusi UC crioped 6posi usepakdauwil KOMIOHEHMU:

1-Bo nokoneHue: SSI (Small-Scale Integration) — ¢ H1UCKa cTeneH Ha
nHterpauunsa (< 100 komnoHeHTa/umn): JIE (AND, OR, NAND wu gp.);

2-po nokoneHue: MSI (Medium-Scale Integration) — cbC cpefHa CTeNeH Ha
nuterpaumns (ot 100 go 3000 komnoHeHTa/umnN): 6Gposun, aewmndopaTopu,
cymaTopu, MynTUNIEKCOPWU, PETUCTPU 1 Ap.

3-To nokoneHwue: LSI (Large-Scale Integration): ¢ BUCOKa cTeneH Ha
nHterpaums (ot 3000 go 100,000 kOMNOHeHTa/uMN ): cneyumnanusnpaHu
CXeMU, HAKON MUKpokoHTponepu, AU, LIAI, nameTtn ¢ Heronam obewm;

4-to nokoneHue: VLSI (Very Large-Scale Integration): cbC CBpbXBMUCOKaA
cteneH Ha uHterpaumusa (ot 100,000 go 1,000,000 komnoHeHTa/uunM):
MUKpoKoHTposiepu (EMK), nonynposogHnkoBm nameTu (rnasHo SRAM,
PROM), HAKon DSP CcTpyKkTypW;

5- To nokoneHune: ULSI / SVLSI (Ultra Large-Scale Integration): >1 mnH.
KOMMoHeHTa Ha 4un: DRAM nametu, PLD ctpyktypu (FPGA, CPLD),
MUKponpoLlecopu ¢ o6Lo npeaHa3HavyeHne, MHOros4peHn npoLlecopu un ap.
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OCHOBHU NAPAMETPU B ULUDOPOBUTE U UMITYJICHU CXEMU
(nornyeckn HMBa, cxeMoTexXHMYHU “O6a3uncun’)

GND [

INornyeckn Hmuea: U°, UL, kogupaHe:
TTL->0.4V / 0.8V CMOS>0+V/2; Vel2+V e (1)

2.4V [ 2.0V (Np1 Voe=5V) ECL>-1.5V /-1.1V (npu Vo=-5.2V)
|

/no oTHoweHue Ha Uq ¢/

/no oTHoweHne Ha U,/

YcnosHoCT!
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OCHOBHU NAPAMETPU B ULUWDOPPOBUTE U UMINYJIICHUA CXEMU

u, \
th
Umax Up
UmTin tM \/ : t
't3OJL< < t310 A

- MMHMMarHa n MakcumManHa ctonHocTtu, pa3max: U ... Umin » Up (Up.p)
- 3aKbCHEHMe CnpsaAMO HavanHusa MmomeHT /delay/ - t 4
- NPOABLIDKUTENHOCT Ha UMNyrica U Ha ppoHToBETE - 1, , 1391, 1510
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N3mepBaHe npoab/MKUTENHOCTTa Ha PPOHTOBETE

U

(0]

AU

% o
max
5 tl/l R
0.9AU | :
0.5AU
e 0.1AU |
DAY .
E—— «— gannan t
t301 t310

- mMexay 10% n 90% (noHsikora — mexay 5% n 95%);
- MPOOBIPKUTESNHOCT Ha nmMmnyrca — Ha HMBO 50% oT AU.
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lNpepaBatenHa xapaktepuctuka (MX)
CTaTU4YHU NapamMmeTpu

I edunHnUumA, CbLHOCT

- nornyeckun Hmea U°, U?

- paboTHM ToYkM - H,L;

- nparoBu Todkn - T, T, T ;

- 3anacu Ha LWyMOUCTOUYNBOCT
(noise immunity margins):
AUO  (NIly), AU (NI)).

/o OTHOLLUEeHne Bb3OEeUCTBUETO Ha
BXOAHWS1 CUrHarnN Ha eanH UHBEPTOP;
YHMUBEPCATHOCT 3a BCEKU TUM
CXEMOTEXHUKA — 3a cpaBHEHUE/,

lyo AUS Al L
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AuHamMuyHu napameTtpun. CpeaHoO 3aKbCHEHUe - U3MepBaHe

U. Kty
e = e

0.5 AU TE -
n, Vi, Wy

e - K=2N
Up ] =
0.5 AU = “4nctm 3aKkbCHeHna” (propagation delays):
To1 = Y3017 T10 = 310
S _ = 4eTeH bpon (K=2N) nHseptopu;
Tias *Tp1 - [paunBepHa cxema (MpenopbYUTESTHO);
U02

/ \ - YHMBEpCcarHocT.
0.5AU
P T10 1+ To1
. -

: 01 . 10
3abenexka: t39 #1437 ; 4307 45
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MapameTpun Ha undpoBUTEe cxemu (NpoabINKEeHUeE):

KoeduumeHT Ha obeanHeHune no BxoA - N,
KoedomuuneHT Ha HaTtoBapBaHe no u3xopg - N,

MakcnmaneH naxoneH ToK — | ..
KoHcymupaHa mowyHocT npu U; =U°
KoHcymupaHa mowyHocT npu U; =U?
CpeaHa koHcyMunpaHa MoLHocT - P

K.Cp.

Pa6ota Ha npeskniousare : A =1,.,P .,  [x10-100 fJ]
(power delay product)

3aemMaHa nroLy Ha Yuna, TUM Ha KOpnyca, pa3CTodHue M/y n3BoAuUTeE.

14



Llugpposa cxemomexHuka, criey. KCT, ®KCY, 2012-2013 yuy.200. /

JIlnHenHo bopMupaHe — MHTErpupaLum u
andepeHunpalum Bepuru

dopmupaHe - NpoMsiHa Ha curHana npu npemruHaBaHe nNpes3 NMHENHN BEPUrn

CBoncTtBa =2 rpexodHa xapakmepucmuka (gpyHkyus) — h(t). Peakuunsa Ha
cxemata (Npu HyrneBu HavarHu ycrioBusl) Npu nogaBaHe Ha eauHUYEH
‘noeaneH” nmnync: 1(t)=0 npwn t<0 n 1(t)=1 npn t=0.

U(t)=U,,.1(t), U,, — MaKc.CTOMHOCT Ha curHana.

3a NUHENHN eNeKTPUYECKN BEPUrN (U3TOYHUK, PE3UCTOP, PEaKTUBEH ENIEMEHT):

o) | neB Y(t) rdY(t)+ Y (t)= D(1)

It/ dt

MAay ot I-em pea/

15



Llugpposa cxemomexHuka, criey. KCT, ®KCY, 2012-2013 yuy.200.

JIlnHenHo cbopMupaHe — MHTErpupaLum m
andepeHunpalum Bepuru

3a ®(t)=const. > Y(1) = Ac "1 B

npu t=0 — Y(0)=A+B;
npu t=c — Y(c)=B, 1.e. A=Y(0)-Y (), B=Y(x).

PelueHue (obLy crnyyan):

Y (1) = Y(0) +[Y(0) - Y(0)].e ¥
Y(1) = Y(0) +[Y(0) - Y(0)].(1-¢ ™)

[MpakTnyeckn cnyyau: (1) Y(0)=0, Y(x)=U,, ; (2) Y(0)=Uy,, Y ()= 0.
Y,() =Uy(1- e7)
Y-l . e ”
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JIlnHenHo bopMupaHe — MHTErpmnpaLum m
andepeHunpalum Bepuru

it 3a pasnuyHn cboTHoweHuna Y(t)/U,, :

t0.0.05=11.0.05=37

0.95 Y0 e MPOOBLIKUMENTHOCT Ha
- MpPexo0HUS MPOUEC;

0.5
i Y,(t) to-05=t1.05=0.77
R AaEeioa aKkmueHa rpoob/KUMerTHocm
0.7 3 tz Ha rnpexoo0HUs rnpouec.
t=7In Y(OO) 7 Y(O) - pelueHue

Y(0) - Y(1)
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UHTerpupawm n gudgepeHuupawim RC Bepuru

InacuBHun Bepuru/ —iji ()t ij‘ui_UOdt,\,iJ‘u dt
R RC!™

u,=U,, (1-e¥7)
MHTerpupalla sepura

C
|
Ea i o Uy L ot/
u, R Hb wc u, avdepeHumpalla sepura
e i d :
- u —u
u, =1.(t).R=RC C )~RC—

dt dt
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U,,= U/A =0 (A2 x)
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