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LMOPOAHAIIOIOBbIU MPEOBEPA30BATENb
LENTb PABOTbI

O3HakoMIIEHHE C TIPUHIUIIOM pabOThl M UCIBITAHUE WHTETPAITLHOTO IUQPO-
aHaJIOrOBOTO MPEOOpaA30BATEIIS.

TEOPETUYECKUE CBEOQEHUA N PACYETHBLIE ®OPMY/bl

1. CTPYKTYPA PESUCTUBHBIX MATPHUII IAIIL

[Ipu mocTpoeHUU YCTPONCTB, CBA3BIBAIOIMIKUX IIU(POBOE YCTPOIMCTBO C 0OBEK-
TaMH, UCHOJB3YIOUIMMHU HH(OpMaIMIO B HEMPEpPHIBHO HU3MEHsONIecs dopme,
TpedyeTcs npeodpazoBaHre HHGOPMAIIMK U3 aHATIOTOBOW (hOpMBI B IUGPOBYIO U
U3 1M(dpOBON B aHAJIOTOBYIO. YCTPONCTBO, OCYIIECTBIISIONIEE aBTOMATHYECKOE
npeoOpa3oBaHUE HEMPEPHIBHO M3MEHSIOMIMXCS BO BPEMEHHM aHAJIOTOBBIX 3Haye-
HUN (PU3MYEeCKOl BEIUYUHBI (HAMPSIKEHHsI, TOKA) B AKBUBAJICHTHBIC 3HAYCHHUS
YHCIIOBBIX KOJOB, HA3BIBAIOT aHano2o-yugposvim npeoopazosamenem (ALIL).
Y CTpoiCTBO, OCYHIECTBIIAIOIIEE AaBTOMAaTHYECKOE NMPeoOpa30BaHue BXOAHBIX 3HA-
YEHHM, MPE/ICTABJICHHBIX YUCIOBBIMU KOJIaMH, B DKBUBAJICHTHBIC UM 3HAYCHMSI
KaKkoN-HUOYb (DU3UYECKON BEIMYMHBI (HAMPSKEHUS, TOKA W Jp.), HA3bIBAIOT
yughpoananoeosvim npeodopasosamenem (LLAI).

Wtak, uudpoaHanoroBeiii mnpeodpazoBaTelib MpeAHA3HAYEH JIsi IPSIMOTO
npeoOpa3oBaHusl BXOJAHOTO JIBOMYHOTO Koja, Hanpumep, Ai(azaiao) B aHAIOTO-
BbII DKBUBAJICHT. BhIXOHAsI aHAIOTOBasi BEJIMYMHA, OOBIYHO HAMPSHKEHUE Ugpry,
WHOT1a HOPMUPOBAHHOE Ugpry.rs = Ugpix/Ugsix. max, COOTBETCTBYET KOJOBOW KOMOH-
HallK Aj, TOCTYNUBILIEH HA BXOJ, U BOCIIPOU3BOJUTCS JIJIsl TUCKPETHBIX MOMEH-
TOB BpeMeHH (puc. 2.1, a). CMeHsromuecss BXOAHbIC TH(POBBIC KOJBI 00yCIaB-
JIMBAIOT CMEHSIOIEECs CTyIeHUaToe HampsbkeHue Ha Bbixone (L — macambHas
nepenaroyHas xapakrepuctuka [IAIT).
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CymiecTByeT /iBa MMPOKO PACIPOCTPAHEHHBIX CIOco0a u(poaHaIoroBoro
npeoOpa3oBaHus C UCTIOIH30BAHUEM:



® PE3UCTHUBHON MATPHIIBI C BECOBBIMU JTBOMYHO-B3BEIICHHBIMU COMIPOTHUBIIC-
HUSIMU;

® PE3UCTHBHOW MATPHIIBI C IBYMSI HOMHHAJIAMHU COTPOTHBIICHUH, KOTOPYIO
0OBIYHO Ha3bIBAIOT MaTpulieid R—2R.

LIAIT ¢ BeCOBBIMU 080uuHO-836¢eUleHHbIMU conpomusenienusmu (puc. 2.1, 6)
COCTOWT: U3 n MepeKiovaresneit Si (o oJHOMY Ha KaKIbIA pa3psi), yrpasJse-
MBIX JBOUYHBIM KOJOM Aij; W3 MaTPHUIBl JBOMYHO-B3BEUICHHBIX PE3UCTOPOB C
conpoTuBiIeHnAMH 2" 'R; HCTOUHNKA OIIOPHOTO HAMPSIKEHMS Ug M BBIXOIHOTO
onepanoHHoro ycuiutens OV, ¢ MOMOIBI0 KOTOPOTO CYMMHUPYIOTCS TOKH,
MIPOTEKAIOIINE YePe3 PE3UCTOPHI C TBOMYHO-B3BEIICHHBIMU COMPOTHBIICHUSMH,
JUTSL TIOJTYYIEHHUS aHATIOTOBOTO BBIXOIHOTO HAMPSIKCHUS Ugpx.

Kaxplii i-if pa3psit ynpasisieT mepeKiroyaTesieM Sj, KOTOPBIA IMOAKITI0YacT-
Csl K ICTOYHUKY OTIOPHOTO HampshKeHHs U, Koraa aj = 1, wim K oOmmiel mumHe,
xorna aj = 0. Conpotusienus pesuctopos 2" 'R (n — HoMep pa3psiza BXOJHOTO
KOJIa), COEIMHEHHBIX C KJIFOYaMH, TAKOBBI, YTO 00ECIIEUUBAIOT MPOTOPIIMOHATb-
HOCTh B HUX TOKa IBOMYHOMY BECY COOTBETCTBYIOIIETO pa3psijaa BXOIHOTO KO-
na. CnenoBarenbHO, TOK Ha BxoAe OV u BeixonHoe HanpsbkeHue LIAIL

. a, Uy  a,,u Uy  ayu : Ry &t .
i = “Rl 0 4+ ”22R L 2n1—10R + 2?]; LU, =—Ry.i=-U, 2n°CR > a; 2.
i=0
Hanpsixenue Ha Boixoje [IAIT nponopiroHansHo "Becy' MpUCYTCTBYIOIIIE-
ro Ha BXOJIaX KOJa, a MaKCUMaJIbHOE 3HaYE€HHE UMEET MECTO, KOTJla BCe pa3psi-
JIbl IPUMYT 3HaueHue 1, T. €.
(2" —DRy
Umax =|Uo R !

¥ OHO BCETJ/Ia MEHBIIIE OIMIOPHOI0 HANPSDKEHUS Ha Iiar KBaHToBaHus UoR,/(2"R).
HomuHansl conpoTrBIEHUI PE3UCTOPOB B MIAIUIEM M CTAPIIEM pa3psaax
oTIMYaoTCA B 21 pa3 M JOIKHBI ObITh BBLICPIKAHBI C BHICOKOH TOYHOCTHIO.
Hanpumep, nns 12-pazpsagnoro LIAII ncnonb3oBaHue B cTapiieM pa3psiae pe3u-
ctopa ¢ conpotuBieHueM 10 kOM motpedyeT BKIIOUEHHS B MIAQAIIMNA pa3psia
npeodpaszoBaresis pe3ucropa ¢ conpoTusieHueM mnopsaka 20 MOwM. [upoxwmii
Ha0Op HOMHHAJIOB PE3UCTOPOB U TPeOO-
2R BaHMS WX BBICOKOW TOYHOCTH, B 0COOEH-

C+—
R -~ HOCTH IIPU 3HAYUTEIBHOM 4YMCIIE pa3psi-
R JIOB 1 BXOAHOTO KOJA, CO3AI0T TPYIHO-

ao —> L Roc CTHU II All
> T pu peanmzanuu 1] IIOCPEICTBOM

tIR SR . i VHTETPAIBHON TEXHOJIOTUU.
s, Dol { o Bo Bropoii cxeme LIAII ¢ Marpuueit
a“ | oy ug””‘l, R-2R MCMIONB3YIOT PE3UCTOPHI C JBYMS
{ HOMHHAJIAMH COMPOTUBIICHUH, MNPUUEM

PE3UCTOPHI C COMPOTHBJIECHHEM R BKIIO-
YEHBI B KX pa3psaa (cM. puc. 2.2 npu
n = 3). OmHako B JTOW CXeMme YyBe-




JMYMBAIOTCS 3HAYEHUS NTAPA3UTHBIX EMKOCTEM.

[TpuHIMN PYHKIIMOHMPOBAHUS CXEMBbl OCHOBAaH Ha CBOMICTBE PE3UCTUBHOIO
nenutenst R-2R coXpaHATh MOCTOSTHHOE COMPOTUBIEHUE HArpy3KH Ui MCTOY-
HUKa OIIOPHOI'O HANPsDKEHUS INPU 3aMbIKaHUM Kirodeu. Beneacreue 3toro Ha

BBIBOJIaX pe3ucTopa R, HaumHasi co crapuiero n — 1 pazpsga, onopHoe
HaNpsDKEHUE TOCIEA0BATENBHO JAEIUTCS MOMOJIaM, KaK U BXOIAIINN B KaXKIbIN
y3eJ1 MaTpullsl ToK. [Ipu 3TOM HanpskeHre Ha BbIXOZE peo0pa3zoBaTesl ¢ MaT-
pureit R—2R:

n-1
Roc > a2,
2"Ri%

Taxkum oOpazom, BeixogHoe HampspkeHue [[AIl mpomopumoHanbHO CyMMe
HaIpsHKEHUH CO CBOMMM BecaMM, OOYCIIOBJIEHHBIMHU IEpPEKIII0YaTeIs MU, MO/
KJIFOYCHHBIMU K UCTOYHHUKY OTIOPHOTO HANPSIKEHUS Ug.

Henocrarkom LIAII ¢ maTpumneit R—2R sBasieTcss cuimpbHOE BIMSHUE HA TOY-
HOCTh MpeoOpa3oBaHUsi HECTAOMJIBHOCTH COMPOTUBJICHUN TEpeKIoyaTesie B
3aMKHYTOM COCTOSIHMH, YTO CHUKAET BPEMEHHYIO M TEMIIEPATYPHYIO CTaOWIIb-
HOCTb XapakTepucTuk L{AIl. 3TOT HEAOCTATOK B 3HAUYUTEIBHOU CTEIEHH y/IaET-
Csl YCTPAHUTh B CX€MaX KOJI-HaNpsKEHUE, BHIMOJHEHHBIX Ha 0a3e MOJIyIpOBO/I-
HHUKOBOW TEXHOJIOTUM C HCIOJIb30BAHUEM TOHKOIUIEHOYHBIX PE3UCTOPOB Ha
kpuctaiuie u nepexmoyarened Ha KM/III-Ttpan3ucropax, B KOTOPBIX HEJIMHEU-
HOCTh OT 10,8% o +0,003% ot onmopHOro Hampsi>keHus Uy, BpeMsl yCTaHOBJIE-
HHUS TOKA OT 5 MKC JIO JIECATHIX JIOJE€A MUKPOCEKYHJ U MEHEE, YACTO BBIXOJIHOMN
Jrarna3oH HarpsbkeHus +5 B. Onopaoe Hanpsbkenue B cxemax LIAIT moxeT BbI-
OMpaThCs pa3HOU MOJSIPHOCTH UM ABYHOJISIPHBIM.

2. OCHOBHBIE ITAPAMETPBI LHAII

OcHoBubiMH TTapameTrpamu LIAIT sBasitoTCst unciio pa3psiaoB n =38, ..., 24 u
abconomuas paspewaouas cnocobHocms — CpeliHee 3HaYeHUe MUHUMAJIBHOTO
u3MeHeHus: curHajga Ha Beixoae L[AIl, oOycrmoBieHHOE YyBENHMUYCHUEM WM
yMEHbIIEHUEM ero kojaa Ha enuuuiy. Teopermuecku LAII, nmpeoOpasyrouiuit
n-paspsHbIe JBOWYHBIE KOBI, MOJDKEH oOecrneunuTh 2" pa3nuyHbIX 3HAYCHHM
BBIXOIHOI'O CUTHAJIA C pa3peliaroliei crmocoonocteo 1/(2” — 1). Ipu uucie pas-
pPAIOB 7 = 8 KOJMYECTBO HE3aBUCUMBIX KBAHTOB (CTYIIEHEW) BBIXOAHOTO HAIpS-
xenunst LIATT pasro 28 — 1 =255, npu n=12,2%2-1=4095u 1. 1.

AOCONIIOTHOE 3HAYEHUE MUHUMAJILHOTO KBAaHTA HAMPSIKEHUS ONMPEACNIIeTCS
KaK MpeeTbHBIM MTPUHUMAEMbIM duciaoM 2" — 1, Tak 1 MaKCUMaJTbHBIM BBIXO/I-
HbIM HanpspkerreM L[AIL mo-apyroMy Ha3bpIBaeMbIM HAIPSHKEHUEM ITKATBI UITH
OTIOPHBIM HampsDKeHHEeM U,. 3HaueHHe abCOIIOTHOM pa3periaromieii crnocoOHo-
ctu L{AII, gacto o60o3Hauaemoe 3MP (3HaueHHe MIaAIIEro paspsaa), npu # = 8
Y ONIOPHOM HampskeHuu U, = 5 B

3MP = u,/(28 — 1) = 5/255 ~ 0,0196 B = 19,6 MB.

OTnrure peasbHOTO 3HAYEHUS pas3periaronieil CioCOOHOCTH OT TeOpeTHYe-
CKOro OOYCIIOBJIEHO TMOTPEIIHOCTSIMU U ImymMamu Bxoasmux B L[AIl y3mos.
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Tounocts LIAII onpenensieTcst 3HaueHUEM a0COIOTHOM MOTPEIIHOCTH O, U He-
JMHENHOCTBIO TIpeoOpazoBaTest J,. AOcContomHuas noepeuHocms O, XapakTepu-

3yeTCsl OTKJIOHEHHEM MaKCHMaJIbHOTO 3HAYCHHUS BBIXOJHOTO HAMPSKEHUS Umax
OT pacu€THOT0, COOTBETCTBYIOIIETO KOHEUYHON TOYKE XapaKTEPUCTHKH HJICalTh-
HOTO TIpeoOpa3oBaTesi, U U3MeEPSIeTCcss 0OBIYHO B equHuIax 3MP.

Henunetinocme npeobpazosamens J, XapakTepu3yeT OTKIOHCHUE EHCTBU-
TEJIPHON XapaKTECPUCTUKH OT JUHEHHOMN (0T mpsmoii uuuu L, cMm. puc. 2.1, a),
MIPOBEICHHON Yepe3 IIEHTPHI CTYICHEK WJIN Yepe3 Hyllb U TOUYKY MAaKCHMaJIbHOTO
3HA4YEHUS BBIXOJTHOTO CUTHAJIA.

W3 nuHAMUYECKUX TTapaMeTpoB Hanbosiee BaKHBIM SBIISICTCS] MaKCHMaJTbHAS

gacToTa nmpeodpa3oBaHus fmax (IECSITKH M COTHU KHUIIOTEPI]) — HAMOOJbINAs Ya-
CTOTa AMCKpETH3aluu, npu kotopoi mapamerpsl LIAIl cooTBeTCTBYIOT 3aaaH-
HBIM 3HAYEHUSIM.

Pabota LIAII yacto conpoBokaaercs: cneU(pUuIECKUMH MEPEXOTHBIMU UM-
IIyJIbCAMH B BBIXOJHOM CUTHAJI€, BOSHUKAIOIMMHU M3-3a Pa3HOCTH BPEMEHH OT-
KpbIBaHUS M 3aKpbIBaHUs aHAIOroBbiX nepekitouatene B LJAIL. OcobenHo
3HAUUTEIHLHO BBIOPOCHI MPOSBIIAIOTCS, Korna BxoaHou ko 01...111 cmensercs
kogoM 10...000, a nepekmoyarens crapuiero paspsana L{AIT otkpeiBaeTcs mos-
e, UEM 3aKPBIBAIOTCS MEPEKI0YaTeNId MIaAIINX pa3panoB. Beneacrsue ompe-
NEeNEHHON uaeanu3anuu npu MozenupoBanun Oubnuoteunsix LAIL cpenbl
MS11 He Bcerna yaa€rcst onpeaeanuTh OTMEYEHHBIE BBILIE TAPaAMETPHI.

bubnuoreunsie unTerpanbubie cxembl LIAIl cpeast MS11 tpeGyroT mis
CBOEW pabOThl MOJKIIOYEHHS] TOJBKO MOCTOSHHOTO 3TajJOHHOTO HamlpsKEHUs,
3a3eMJIEHUS U BXOJHBIX CUTHAJIOB.

YYEBHbIE 3AAHUA W METOOAUYECKUE YKASAHUA
K X BbINOJIHEHUIO

3apaHue 1. CoOpath Ha paboueM moje cpeabl MS11 cxemy st UCTIBITA-
HUSI MTHTETPAIBHOTO YU@poananoeo8oeo npeobpazosamens (puc. 2.3, a) v ycra-
HOBHUTb B JHAJIOTOBBIX OKHaX KOMIIOHCHTOB X IMapaMeTPhbl WIIH PEKUMBI pado-
Tel. CkOMUpoBaTh cxeMy (puc. 2.3, a) Ha CTpaHHIly OTYETA.

B cxeme (puc. 2.3, a) ucnoin3oBan oubarmorednsiii (Mixed) 8-paspsaHbii
nudpoananoroelii mpeodpazoBarenb DAC, Ha BXOIbI KOTOPOTO MOJAIOTCS
chopMHpPOBaHHbBIE C MTOMOIIBIO Tepekmovareneid 0, ..., 7 TBOMYHBIC KOABI OT
00000000 mo 111111112 (FF16 mim 25510). Beixonnoe nanpsokenue [{AIT mox-
HO U3MEPUTH C MOMOIIBI0 BosibT™MeTpa V1 mmm ocimnorpada XSC1, Bocmoms-
30BaBIIMCH BUBUPHBIMH JIMHUSIMH, PACITOJIOKEHHBIMHU Ha €T0 dKpaHe.

3apaHue 2. IMoayunts Ha 3kpaHe ocimniorpada XSC1 cTyneHdaToe BbI-
xoanoe Hanpspkerue LIAIT (puc. 2.3, 6). s 3Toro Hy)KHO BHa4ajae 3aMKHYTh
nepexaouatens 0, T. €. mogarh Hanpspkenue 5 B Ha Bxon DO LIAIIL, u 3amy-
CcTUTH TIporpammy MojenupoBanus. Ha Beixone LHAIT dopmupyetcst Hanpsixe-
Hue, paBHoe 3MP. 3aTem BO BpeMsi OCTAHOBOK MOJICITMPOBAHUS 3aMBIKATD T10-



ouepénHo mepekmouarenu 1, 2, ..., 7, momaBas BXOAHBIC JECATUYHBIE KOMOU-
namuu 3, 7, 15, 31, 63, 127, 255 na Bxoasr DO, ..., D7 IAII (puc. 2.3, 6).
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IoBTOPUTH 3KCTIEpUMEHT, TToAaBast Ha BXo bl LIAII cdhhopmupoBaHHbIE C TI0-
MOIIBIO TIEpeKIIIoYaTesieh mectHaanarepudabie koasl oT 0 10 FF (25510) yepes
mrar 1016 (1610) u 3aHOCs B Ta0m. 2.1 moka3anus BoibTMeTpa V1 (3HAYCHHUS BBI-
XOJIHOTO HaIpsKeHUs Ugyx LIAIT) npu Hanpsbkenun ncrounnka VCC Up = 5 B.
HaiiTu yacTu4HbIC M yCPETHECHHOE 3HAYCHUE CTYIIEHU, YaCTHYHBIC M YCPEIHEH-
Hoe 3HaueHue M3P. IMocTpouth rpaduk Ugx(N), BBIOpaB COOTBETCTBYOIINE
MacITaObl ISl HAPSOKCHUH W BXOIHBIX JIECATHYHBIX uyncea N, OTKIaapIBaeMbIX
10 OCSIM KOOPAMHAT.

Tadonuna 2.1

N Bxonnoi Beixognoe Hanpsbxenue T y——.
o HCCHTH‘IHLIP'I KO HaprI)KeHI/Ie, CTyneHI/I _ N

n/n N Ugsix, B Ugex2 — Ugoxl, B M3P = (Ugpx2 — Usnix1)/16, B
1 0 0 0 -

2 15

3 31

4 47

S 63

6 79

7 95

8 111

9 127

10 143

11 159

12 175

13 191

14 207

15 223




16 239

17 255

3apaHue 3. CobOpars Ha pabouem mosie cpeasl MS11 cxemy uis ucmbITa-
HUS yugpoananocosozo npeodpazosamens (puc. 2.4, a) 1 yCTAHOBUTD B JIHa-
JIOTOBBIX OKHaX KOMIIOHEHTOB HX TMapaMeTphl WK PeXUMbI padoTel. CKONMPO-
BaTh cxemy (puc. 2.4, a) Ha CTpaHHUIly OTYETA.

IIpoBectn moxenupoBanue LIAIl, 3amporpammupoBaB renepatop XWG1
(uactoTa reHepanuu curHanoB f. = 1 x[') Ha Bo3pacTanue ¥ yObIBaHUE IIIECT-

HaanatepudHbix urcea ot 0 qo FF (25510) mpu mrare 1016 (1610).

CocraBuTb TaOMuIy u 3aHecTH B Heé BbhixoAHble HanpsbkeHus LIAIl u Be-
JMYUHY CTYIIEHEH, KOTOPHIE BHIBOIATCS B HHKHEM OKHe ocuuiutorpada XSC2.

W3mepeHne HanpsHKEHUH MPOBOAMTH C IIOMOIIBIO BU3UPHBIX JTUHUN OCLIMII-
jorpada, yCTaHaBIMBAas WX Ha JBYX COCEAHUX CTYIEHsX (cM. puc. 2.4, 6) npu
Pa3IMYHBIX KOJIOBBIX KOMOMHAIMAX Ha Bbixojie reHeparopa XWG1 u Hanpsoke-
HUHU Uy = 5 B ucrounmnka VCC.

Tak, mpu BXOIHBIX JeCATHUHBIX ynciaax 175 u 191 u nanpsoxenun Up = 5 B
BbIxoaHble HampsukeHus L[AIl coorBercTtBenHo paBHbl 3,437 B u 3,750 B, a
Harnpsbkenue crynean — 312,5 mB. Ilpu stom 3MP = 312,5/16 = 19,53 MB.
Haiitu u cpaBHNTH ycpenqHEHHOE 3HaueHne 3MP ¢ pacu€THBIM 3HAaUEHUEM.
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YcranoBurh Hanpsokenue Up = 10 B ucrouynnka VCC u noBTopurs Moje-
maposanue LIAII pu onoproM Hanpsokenuu 10 B. Tlocrpouts rpadguku Ussyx(N)
npu Uo =5 B u up= 10 B Ha ogHOM puCcyHKe, BBIOpAaB COOTBETCTBYIOLINE Mac-
mTadbl JUIsl HANPSDKEHUM M BXOJIHBIX JAECITHUYHBIX uncesl N, OTKIaJbIBae€MbIX 1O
OCSIM KOOpAMHAT.

COOEPXAHUE OTYETA

1. HaumenoBanue u 11esb padboThI.




2. Ilepeuenb npuOOPOB, UCIIOJIB30BAHHBIX B AKCIIEPUMEHTAX, C UX KPaTKUMHU
XapaKTEPUCTUKAMHU.

3. N3o0paxkeHns MEKTPUUYECKUX CXEM JJISi UCIBITaHUs [U(PPOAHATOTOBOTO
npeoOpazoBaTesl.

4. Komuu rpadukoB BBIXOAHOTO HampspkeHUs ucciexyemoro LIAIL, oTo6-
pakarolux ero padory.

5. I'padpukut Ugux(N) TIpH pa3aruHbIX 3HAYSHHUSIX OTMIOPHOTO HATIPSKCHHUS.
6. BeiBozbI 110 pabdore.



