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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepgaHcHo cbectosasHme B TTL u CMOS 6a3uc

BucokommnepaHcHo cberossHue (BUC), Three-State (T.S.),
High Impedance (H.l.): aednHuuymna, pyHkumumn

O6Lwmn nsmckBaHums:

O [a MOXe [a ce YCTaHOBABA C MOMOLLTa Ha BbHLIEH (ynpaBasBall) curHan (Z,
H.l., T.S., CE, OE), He3aBMCMMO OT CTOMHOCTTA Ha BXoAHUTEe (Normyecku)
CUTHANWU;

O Aa USNCKBa MMHNUMAJIHA NMPOMAHA B CXEMOTEXHNUKATAd Ha OCHOBHATA CXEMa,
O B cbCTOAHME H.l. u3Xxoaa Aa He ce Bange oT NPOMAHATA HAa BXOAHUTE CUTHA/IN,

CbLWHOCT HA BUCOKOMMMNEAAHCHOTO CbCTOAHUE — BCUYKM TPAH3UCTOPWU B
KpalHOTO CTbMa/io Ha cXxemaTa cieaBa ga 6baaT e4HOBPEeMEHHO 3aMnyLLeHMN.

Pe3ynTtaT — BkAlouBaHe Ha NoBeYe OT e4Ha cxema Kbm 0buwa wuHa (bus) 6e3
/13 ce HapyliaBa paboTaTa Ha BcAKa OT cxemute. CbCTOSSHMETO Ha LIMHATA Lie ce
onpeaens oT U3XOAHOTO HUBO Ha €MHCTBEHATA Pa3peLLleHa CXema.



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuyeH 6asuc

= High impedance (H.l.) — cbcToAHMe Ha KpallHUTEe TPaH3UCTOPMU,
ynpaBieHue, CXeMOTeEXHUKA Ha NU3XOA4HOTO CTbNano
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuueH 6a3unc

= Peannsauma Ha BUCOKOMMNepaHCHO cbcTtoAHMe B TTL
CTPYKTYpPU — cXema ¢ 06paTHO BKAKOUYEH amnoa
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuueH 6a3unc

= Peannsauma Ha BUCOKOMMNepaHCHO cbcTtoAHMe B TTL
CTPYKTYpPU — CXeMa C HACUTEH TPAH3UCTOPEH KoY
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuueH 6a3unc

= Peannsauma Ha BUCOKOMMNepaHCHO cbcTtoAHMe B TTL
CTPYKTYPU — CXema C HACUTEH TPAH3UCTOPEH KoY U Anopa,
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuueH 6a3unc

" Peanusauyuna Ha BUCOKommnegaHcHo cbecroaHne B8 CMOS cxemoTexHu4yeH
6a3uc — cxema ¢ AONBAHUTENTHUN TPAH3UCTOPU
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuueH 6a3unc

= Peannsauua Ha BUCOKoMmneaaHcHo cbcrtoaHne B CMOS
cxemoTexHuuyeH 6a3uc — cxema c MNE B n3xoaa
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BucokommnepnaHcHo cbctoaHue B TTL u CMOS
cXemoTexHuyeH 6asuc

" Peanusauyuna Ha BUCOKommnegaHcHo cbecroaHne B8 CMOS cxemoTexHu4yeH
6a3uc — cxema B pamkute Ha 6ydpep 74HCT244 (2x4 nosToputena c BUC)

N.B. B cxemata 74HCT244 nma pobaBeH uHBepTOp KbM BX0A Z 1 Taka BUC ce nonyyasa npu
BMCOKO HMBO Ha BXopa Z
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH

= OcHOBHa cxema (MHBepTOp)
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH

" MHTerpanHa peanmsayma — CcbBMecTaABaHe Ha bunonsapHa u
MOS cTpyKTypu BbpXy eaHa Noa0XKKa B 06Ly, TexHo. npouec

MOS T, MOS T, bunonapeH TpaH3UCTOP
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH

= OcHOBHa cXema (MHBepTOp) — CbCTOAHME HA TPAH3UCTOPUTE
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH
" OcHOBHa cxema (MHBepTOp) — IorMYecKka amnanTyaa, HeaoCcTaTbLm

- npu Tp OTN., 6a3ata Ha T, e cBbp3aHa kbM Vc (EMN):
U™ = Ve -Uneo

HamarieHa cmoUHocm Ha fijoeudeckama eduHuya!

- npu T otn., T, e oTn. go toraea, gokato U ,.>U, .y, CNea KoeTo ce 3anyLuBa:
O N/
U~ UbeO
Mpw tT, U9 >0V (paspsag Ha C; npes cTpykTypata Ty-R, — BUCOKOOMHa).
AU = V. -2U,

Ut | - npobnemaTnyHo/HEBb3MOXHO YNPaBIIeHNEe Ha CXEMU OT ChLLUS TUM
(HeBb3MOXHOCT 3a 3anyLiBaHe Ha T oT crnefBallara cxema,V,p=0.6+0.8V=U, ;).



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH

= OnTMUMun3npaHn BapmaHTu Ha BiIiCMOS uHsepTop
/6e3pe3ncTopHn CTPYKTYpU, NnpakTuuecku cxemu/
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH

=" OnTMmusunpaH sapmaHT Ha BICMOS nHBepTOop — npumepHa MX
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypMH

= BiCMOS nHBepTOp € NOBULLEHA U3XOA4HA aMNAUTYAa
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

BICMOS cTpyKTypH
= ba3zosu BiCMOS nornyeckun cxemm
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamnuyHm MOS cxemu

" |len — HamanABaHe Ha AMHaAMMUYHATA KOHCcymaums. CxemuTte Aa KOHCymupat
MOLLHOCT OT 3aXpP.U3TOYHMK CAMO NO BPEME Ha TaKT. UMMYAC, B OCTaHAN0TO
Bpeme (nay3saTta) nHpopmaumaTa B U3xoaa Aa ce nasm nopaam Bucokmna C.—
(Ha cBbp3aHUTEe MOS TpaH3ncTopu);

= [lay3aTa mexxay MMNyacuTe — 40CTaTbYHO Ab/Ira NPu TPAH3UCTOPU C BUCOKO
BXOAHO cbnpoTusneHme (cbBpemeHHn MOS cTpyKTypm ¢ poly-Si renr).

KBa3ucratuueH nHBepTop

CxemarTa e ,,c OTHOoLwleHune" T1.e.
(W/L),>>(W/L),.

Keasucmamu4yHocm:

Ut =Vpp -Vry

u,=U°% — npu Hannume Ha nmnync
u,=0 —npwn aMnca Ha UmnyJc.



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamnuyamn MOS cxemu

EaHOTaKTEeH AMHamMmunyeH nHseptop “c otHoweHue”

" U, Ce CHema npes JoNbAHUTENEH
pasgenuteneH TpaH3uncTop (T;) — ocury-
pABa NbTMLWaTa 3a 3apaa/pa3pag Ha C;:

- u=U°(T, 3an.) n HannyeH nmnync
C ce 3apexpga po Ul ;npe3 Bepurata
Vpp-T,-T3-maca (yTeuka npes Ts);

= u=U! n nogageH nmnync C; ce
paspexga no sepurata T;-T,-maca.

| T, — ocurypaBsa ABYyNocoYeH MbT (KaKTo
B [E). CheaBa ga ma HUCKO
CbNPOTUBNIEHME.




Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamunyuun MOS cxemu

EqHOTaKTEH AMHaMuUueH uHesepTop “6e3 otHoweHne”

" T; Ha BXOoAa Ha cxemarTa;
- C;, - TOBapeH KanauuTeT Ha

“ npeAaxoaHOTO cTbnano (aHanor. - Cy,);
CLK IJ | OTmecTeHn egHa cNpsMo Apyra
S I T, TaKTOBW NopeauLM 3a ABe CbC.CXeMW.
u o
i ~©  [Oencrsue:
T C;, —2u=U°mCLK=,1“T,ce otnywsa, C,
= | . ce 3apexaa go Uy r;
L‘—‘ I

L LE T - u=U'n CLK=, 1" 3apaabT Bbpxy Cry

Cry CGL ce npepa3snpegens npes T, kbm C; U

MpW HanpexeHwe BbPXY Hero, no-
BUCOKo oT V;, T, ce oTnywsa,
OCUTYpABaANKK MbT 3a pa3paga Ha Cr,
1 B n3xoaa Ha cxemarta u =U°.



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamnuyamn MOS cxemu

Peanusaumsa Ha 10rMYEcKU cxemm Ha 6asa
eAHOTaKTeH AMHaMUu4eH uHBepTop “6e3 oTHoweHne”

CLK ||

" Ha BCEKM BXOJ, - OTAE/IeH
pasgenuteneH Tpan3uncTop (T5);

. , | L = 06Uy 33 UANaTa cxema
_— H 1TieTic! H v o ToBapeH TpaH3uctop T, ;

" TaKTOB MMNYC -
e/1HOBPEMEHHO KbM remTtoBeTe

[ | T Ha TOBAPHMA U Ha BCUYKM
|
A Tan , Pa3feNUTeNIHN TPaH3UCTOPH




Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamunyuun MOS cxemu

[ByTaKkTEH AMHAMUYEH NHBEPTOP

CLK,
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(NokasaHu ca ABe CbCeaHUN CXEMU)

YnpasneHue — OT ABe MMMNY/ICHU
(He3acTbnBaWM Ce) TaKTOBU
nopeauuu CLK; n CLK,;

KoHcymauma o1 3axXp.U3TOYHUK -
camo npwu 3apexgaHe C; (Bepurata
Vpp-Maca e BUHaru npekbcHara).

DeicTteue:

- npu CLK,=,1% C; ce 3apexga Ao
U?, KoeTo cbCcToAHME ce 3anasBa
npu CLK,=,1“ ako u;=U°(T, 3an.).
Npun u=U* (T, otn.) n npm CLK,=,1“
N3XOAHUAT KanauumTeT ce paspexaa
A0 Hyna npe3 T,-T, (T; e 3anywen).



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

AnHamunuum C2MOS ctpyKtypum (clocked CMOS)
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Ty, Tpr - “TakTyBaHK” TpaH3McTOpU
(BKNOYEHU AMPEKTHO KbM M3X0A3)

[MpeaMMCTBO - CbCTOAHUETO B

n3xoaa e AOCTbMNHO (BannaHo) npes
UA/0Mo 8pemMe: KakTo Npu Haan4ue,
TaKa M MNP INMNca Ha TaKTOB MMMYJIC.

[punoxeHue - Npu NnpemecTBalLLu
perncTpu (npm Tax ToBap Ha BCAKA
cekuma e BXOAHUAT KanaumTeT Ha
cnepaBalllaTa Takasa).




Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

Precharge-evaluation (P-E) CMOS anHamuuyHu CTPYKTYpU
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CLK @_{ : Tp
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nornyeckm — NMOS
BXofoBe TpaH3ncTopu
_—

.
CLK @_‘ :_, Ty
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[Be GyHKUMOHANHU a3u:

" noaroTButenHa (precharge, No):
NPU HUCKO HMBO Ha CLK;

" u3yncamntentHa (evaluation, U®): npwu
BMCOKO HMBO Ha CLK;

OcobeHocTu: npu N® (T, 3an., T, oTn.)
Uoyr= high; 8 N® n3xoawt ce
paspexga Ao U° nnm ce yctaHosABa B
U! B 3aBMCMMOCT OT lormMyeckara
CTPYKTYpa Ha cxemara.

IM3x0abT Ha CXemaTa e IorMYecku
BaAMAeH camo no Bpeme Ha UP.




Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

P-E CMOS nornyeckum cxemum
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

“NomunHo” CMOS cTpyKTypm
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BapunaHT Ha P-E cTpyKTypute
Mpu CLK="0“ - Z="0" (N®).

C, ce pa3spexga go 0 (T, otn.)
npu F=“1“ (Z=“1“) n ce
3anas3sa npu F=“0" (Z="0").

I3xoabT Ha eaHa ,A0MUHO"
J1C n3sbpLuBa npexoam camo
oT 021 B HayanoTo Ha NP



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

“NomunHo” CMOS cTpyKTYypH

(npumepHa cxema — nostoputen, B[l B usxoaa)
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Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

“NomunHo” CMOS cTpyKTypm

(kackapgHO cBbpP3aHU cxemm)

| BXxogHUTE CUTHANU KbM ,,AOMUHO"
N1C o1 apyrm cxemu, TpsbBa Aa ca
Z, Z, Zg cTabuaHm no Bpeme Ha NP. Tv KaTo
N3XOA4bT HA BCAKO CTbMNa/I0 U3BBLPLUBA
A CLK npexon camo ot 021,

N3x. 4

B/l npu KacKagHO CBbp3BaHe Ha
HAKOJIKO NOBTOPMUTENA HanoaobaABa
nopeguua nagawi 4OMUHO-MIOYKW.

v

t Cnep npeKpaTtaBaHe Ha CLK,
N3XoAUTE Ha BCMYKM CTbMana ce
YCTAaHOBABAT €4HOBPEMEHHO B HyNa.



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

“NomuHo” CMOS CTpyKTYpU — NPUNOKEHUA

L lornyecku cxemum

;IVMD
CLK = |'' T,
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Y=AB+CDE

C, - ToBapeH 3a OCHOBHaTa
CTPYKTYpaQ;

3apexaa ce npes oTnyLeHuUA
T, B8 MN® (CLK=,0%). Moxe ga
ce pa3peau no speme Ha NP
(CLK=,,1“) camo npw
eHOBPEMEHHO OTMNYLUEHMU
T, T,/ T,T:, T = M3XOABT Ha
CXemarTa Lue ce yctaHosu ,,1°



Lugposa cxemomexHuKa, cney. KCT, ®KCY, 2012-2013 yuy.200.

“NomuHo” CMOS CTpyKTYpU — NPUNOKEHUA

[ Peructpos npeHoc (TpaHcdep) Ha AaHHU

X S : : Y
° X CMOS 0
PEL “IIOMUHO" PET.
foruka 2
XN Ay f v Y\
Xy N Yy
CLK

“NOMWHO” CTPYKTYpU:

= [IpeammcTBo: camo egnH PMOS TpaH3MCTOp, HE3aBUCMMO OT CZIOXKHOCTTA Ha J10;

" HegoctatbK: HE 06pa3yBaT GpyHKLUMOHANHO NbAEH NOTMYECKN Ba3nc
(He peannsnpaTt AUPEKTHO MHBEPCUA);

" [lpunoxKeHune: Nnpm KOHBENPHa 0bpaboTKa (perncTpoB TpaHcPep) Ha AaHHW.



