Grounding in Mixed Signal Systems

HA I'TABHYIO CTPAHUIIY

3A3EMJIEHME B CUCTEMAX CO CMELWWAHHBIMX CUTHANTAMUA

CoBpeMeHHble cucTeMbl 00paboTkM AaHHbLIX OObLIYHO
cogepxart B cebe yCTponcTBa CO CMeLUaHHbIMW CUrHanamu,
TakuMmn Kak aHanoro-umdgposble npeobpasosatenu (ALM),
undpo-aHanoroeble npeobpasosatenu (LJAl), a Takke
ObIcTpoaencTBytoLme LUpoBbIE CUrHarMbHbIE MPOLLECCOPDI

(DSP). ObpaboTka aHanoroBbiX CUrHanoB Tpebyer

OonbLIOro  AMHAMMYECKOro  AvanasoHa,  Mo3ToMy
BO3pacTaeT posib BblcokonpoussoantTenbHblix LIAM 1 AL.
ObecneyeHre LWNPOKOrO AMHaMMYECKOrO [guanasoHa C
HU3KUMW LLIYMaMn BO BpakaebHOM LIMPOBOM OKpPY>KEHUM

BO3MOXHO TOMbKO MpU MCNONb30BaHUM 3(PEKTUBHBIX

NPMEMOB MPOEKTUPOBAHUSI BbICOKOCKOPOCTHBIX — CXEM,
BKITHOYAIOLLMX B Ce6S TEXHUYECKM FPaMOTHYH TPaCCUMPOBKY
CurHana, pasBsa3ky 1 3a3eMreHue.

B npownomMm BbICOKOTOYHbIE HWU3KOCKOPOCTHbIE CXEMbI
00bl4HO paccmaTpuBanucb OTAENbHO OT TaK Ha3blBaeMbIX
BbICOKOCKOPOCTHbLIX cxeM. B Tom, 4to kacaetca AU wn
LIAl, yactota otcyeToB (MM OBHOBNEHWA Ha BbIXOAE)
00bIYHO paccmaTtpuBanach Kak KpUTepui CKOPoCTU paboThl
cxembl. OgHako cregyowMe ABa nNpumepa MNoKasbiBaloT,

YTO Ha npakTuke OONbLUMHCTBO COBPEMEHHbLIX WC
006paboTkn curHamnoB SBASIOTCA BbICOKOCKOPOCTHBIMU U
No3TOMY AOSMKHbI paccMaTpyMBaTbCsl Kak TaKoBble Ans
OOCTWXKEHNS XOpowmx pesynbTatoB. JTO Kacaetcs
LMpPOBbLIX CUrHanNbHbIX npoueccopos, AL n LIATT.

Bce AL co cxemon BbIGOpKM-XpaHEHUS, NCMOSb3yeMble
B cuctemax obpaboTku curHamnos, paboTalT ¢ JOCTAaTOYHO
BbICOKOCKOPOCTHBIMM reHepaTopamm TakToBbIX UMMYINbCOB C
ManbiM BpPEeMEHeM HapacTtaHuss W cnaga (o6blivHO
HECKONbKO HAHOCEKYyHA) M AOMXHbl paccMaTpuBaTbCs Kak
BbICOKOCKOPOCTHbIE ~ YCTPOWCTBA, [Jaxe ecnu  Uux
NPOU3BOAUTENBHOCTb (YacToTa OTCYETOB) MpeAcTaBnsieTcs
HEBbICOKOWN. Hanpuwmep, 12-pa3psgHbin AL
nocnenoBaTenbHOro npubnmkeHus tuna AD7892 paboTtaet
npu BHYTPEHHEN TakToBOW 4YactoTe 8 MIL, Torga kak ero
YyacTtoTa OTCYETOB cocTaBnsaeT Tofibko 600 KIL.

Ona 2-? AU Ttakke TpebyeTca BbICOKOHACTOTHbLIN
TaKTOBbI reHepatop, nockonbky Takne AU umetoT
BbICOKNI KO3 pULMEHT nepeguckpeTmsaumn.
16-paspsagHbin ALIM AD7722 nmeeT 4actoTy OBHOBREHUS
Ha Bbixoae (3PEKTUBHYIO YACTOTy OTCHETOB), paBHy 195
kU, HO B AEWCTBUTENBHOCTM MNPOU3BOOUT BLIOOPKY C
yactoton 125 MIy (B 64 pasa Bbiwe). [daxe Tak
HasblBaemble HM3koYacToTHble ?-? AL npombilneHHoro
Ha3Ha4YyeHus C BbICOKUM paspeLleHnemM (MMeloLne 4acToTy
obHoBneHus Ha Bbixoge ot 10 'y go 7,5 kl'u) paboTatoT npu
TakToBon 4actote 5 ML unu Bbille M obecrne4ymBaloT
24-pa3psigHoe paspelleHve (Hanpumep, MUKPOCXEMbI TUna
AD7730 n AD7731 compmbl Analog Devices).

Ewe ©Oonee ocnoxHaer Bonpoc To, 410 WC co
CMeLLaHHbIMU CUrHanamMm CoOAepXXuUT Kak aHanoroByo, Tak u
uncpoByl0O Yactu, M MNOSTOMY MHOTME BO3HMKaOLLNE
npobnembl CBS3aHbl C HenpaBWUNbHbIM 3a3emrieHnem. K
TOoMy e Hekotopble WC co cMelaHHbIMU curHanamm
MMET OTHOCUTESNBHO HU3KNE LMPOBLIE TOKW, B TO BPEMS
Kak y OpYrMx OHW Benuku. Bo MHOrmMx cnyyasix, C TOYKM
3peEHMS ONTMMaribHOro 3a3emIieHusi, 3T ABa BapuaHTa
JOJMKHbI paccMaTpuBaTbLCS OTAENBHO.

[MPOEKTUPOBLUMKN LIMPPOBLIX XU aHanoOroBblX YCTPOWCTB
CKITOHHbl paccMaTpuBaTb YCTPOMCTBA CO CMELUAHHbIMU
CMrHanamu C pasnuyHbiX NO3UUWA, U Lenb 3TON cTaTby -
paspaboTtaTtb 06Ly0 UNOCoU0 3as3eMreHns, KoTopas

Oyoer pabotatb B OONbLUIMHCTBE YCTPOWCTB  CO
CMeLlaHHbIMM curHanamm, 6e3 HeobxoaMMocTu M3ydeHUs
cneundunyecknx getanen nx BHyTpEHHEro yCTpoucTaa.

NMOBEPXHOCTU 3A3EMJIEHUA U NUTAHUA

Ob6ecne4veHune HU3KOUMMEeOaHCHbIX 3a3eMISAoLLNX
NoBepXHOCTEN BGONbLUON MNOLWAaaN OYEHb BaXXHO AN BCEX

COBPEMEHHbIX  aHarnoroBblx CcxeM. 3asemnsioLlas
NMOBEPXHOCTb AENCTBYET HE TONBbKO Kak HU3KOMMMNEOAHCHbIN
oOpaTHbIM NyTb AONS pasBsA3KM BbICOKOYACTOTHBLIX TOKOB
(BbI3BaHHbIX PabOTOM CKOPOCTHbLIX LMGPOBLIX CXEM), HO
Takke MUHUMUINPYET ANEKTPOMArHUTHbIE Pagno4acTOTHbIE

nomexwn. bnarogapa  akpaHupylowemy — OeUCTBUIO
3a3eMSHOLLEN MOBEPXHOCTN YYBCTBUTENBHOCTb YCTPONCTBA
KO BHELLHMM MOMEXaM TaKkKe YMeHbLUaeTCs.

3azemngtoLune NOBEPXHOCTU Takxe NO3BOJIAIOT
nepeagaBaTb BbICOKOCKOPOCTHbIE LI,VId)pOBbIe 1N aHanoroBbie
CUrHanbl C MCMONb30BaHMEM TEXHOMNOIMUN NUHUN nepeaad
(ﬂOJ'IOCKOBbIX nnn MVIKpOI'IOJ'IOCKOBbIX), Tam, rae Tpe6yeTc9|
nony4nTb onpeneneHHoe Xapakrtepuctmnyeckoe
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PeanusoBatb HacTtoslliee OgHOTOYEYHOE 3a3eMieHue B
cucTeme, KoTopas CcogepXut 6onblioe  KOonM4ecTBO
BbICOKOYACTOTHbLIX TPaKTOB, CIIOXHO, T.K. dm3nyeckas
ONMHA Kakgoro npoBoda, MO KOTOPOMY TeveT oOpaTHbIv
TOK, OyaeT BHOCUTb MNapasMTHOE COMPOTUBIIEHME W
WHOYKTUBHOCTb, KOTOPbIE MOTYT cAenatb 3aTpyaHUTESbHbIM
obecnevyeHne HU3KOMMMNEOAHCHOro 3a3eMIeHNa AN TOKOB
BbICOKOW YacToTbl. Ha npakTtvke nyTb BO3BPaTHOrO TOKa
OOJDKEH BKMoYaTb B cebs 3asemMnsiolime MnoBEepXHOCTU
OonbLUOK nowagn anst Toro, YTobbl 0becneynTb HU3Koe
COMPOTUBIIEHNE AN BbICOKOYACTOTHLIX TOKOB. Takum
obpasom, ©0e3 HM3KOMMMEOAHCHOW  3a3eMNALLEN
NOBEPXHOCTM  MPaKTUYECKN HEBO3MOXHO u3bexartb
NosIBIieHNs o6LIEero Ansi aHarioroBov M LMpoBon Yacten
CXeMbl NyTU 3a3eMreHns1, 0COBEHHO Ha BbICOKMX YaCTOTax.
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conpoTueneHune rIMHun.

Wcnonb3oBaHne LLUMHbI-NPOBOAHMKA B KayecTtBe
3a3eMreHnsa  KaTteropudecku Henpuemnemo u3-za ee
uMnegaHca Ha 4YactoTe, COOTBETCTBYIOLLEN CKOPOCTM
nepekrtoyeHns 6onbLIMHCTBA formyeckmx cxem. Hanpumep
nposof kanubpa 22 craHgapta AWG (American Wire
Gauge), 4To cooTBeTcTBYeT Anametpy 0,64 mm, obnagaet
WHOYKTUBHOCTLIO okoro 20 HIH/gtonm. [lMpoxoadawimm no
3TOMY MPOBOAY TOK, Bbl3BaHHLIN FIOMMYECKMM CUTHaNoMm u
UMeLWNn  ckopocTb HapacTanua 10 MA/He, Oyaet
cosgaBaTb MMMYSbC HanpsXXeHus BennymHon B 200 mB Ha 1
Olonm nposoaa:

Al 10m & )
Avr=L —=20nH « ———=200mV
At ns

Ons curHanos, umerowmux pasmax 2 B, 3ato o3HavaeT
owunbky okono 200 mMB wnm 10 % (TOYHOCTB
npubnuantensHo 3,5 paspsiga). [daxe B MOMHOCTbIO
UMdPOBLIX CxemMax aTa owwnbka OygeT o3HayaTb
3HaYUTENbHOE YMEHbLUEHNE 3anaca NOMEXOYCTONYMNBOCTMU.

Puc. 1 wnnocTpupyeTt cutyauumto, Korga LmngpoBOn TOK,

BO3BpalLaLIMACA NO LIMHE 3emnu, Moaynupyet
aHanoroBbIl  BO3BPATHbI TOK (BEPXHWUA  PUCYHOK).
MHOYKTUBHOCTb M COMPOTMBIIEHME MPOBOAA, MO KOTOPOMY
TeyeT obpaTHbIN TOK, ABMSIOTCA O6LUMMUY A4S aHaNoroBow U
LMdPOBON YacTenm CxXeMbl, 3TO U SABNAETCA MNPUYNHON
B3aMMOEWCTBUS W npuBoAMT K nomexam. OgHO u3
BO3MOXHbIX PELUEHUA - 3acTaBuUTb OOpaTHbI TOK WOTU
npsiMmo k obLen Touke GND REF, kak NokasaHO Ha HUXKHEM
pucyHke. JTO - wnncTpauus  dyHOAMEHTanbHOM
KOHUENUUN 3a3emMneHns 3Be3gon UM CUCTEMbI C OOHOWN
TOYKOM 3a3eMINEeHNS.

Bce BbiBOgbl  3a3eMNEHUss  MUKPOCXEM  AOSTKHbI

COEAUHATBLCA C  MOMOLLLID  Naunku npsmMo ¢
HU3KOUMMEAAHCHON 3a3eMNAOLLEN MOBEPXHOCTHLIO C LEMbHo
MWHUMM3NPOBATbL MOCNEAOBaTENbHYI0 WHAYKTUBHOCTL U
conpoTtuBneHue. Mcnonb3oBaHne TpagULMOHHBLIX MaHenek
O MUKPOCXEM B BbICOKOCKOPOCTHbLIX YCTPOWCTBaX He
pekomeHayeTtcs. [JobaBoyHasi MHAYKTMBHOCTb M EMKOCTb
Jaxe HU3KONPOMUITbHLIX MaHeneKk MOXEeT MPUBECTU K

HapylleHutio  paboTbl  CXeMbl  K3-32  MOSIBIEHUS
OOMNOMHUTENbHBIX MyTeW TOKOB. Ecnv nmaHenbku BCE xe

OOIMDKHbI  ObITb  UCMONb30BaHbl C  MUKPOCXEMOW B
DIP-kopnyce, HanpumMep, Npy KOHCTPYUPOBaHUKN NPOTOTUNA,
TO WUMEET CMbICIT WUCMOMb30BaTb MaHENbKy-pasbem MWmnu
HabOpHY0 MNaHesnbKy M3 oTAeNnbHbiX rHe3d. CyuiecTByloT
naHenbKkn-pa3beMbl CO BCTPOEHHbIM  pPa3Bs3blBAKOLLUM
KoHaeHcaTtopoM wmnu 6e3 Hero (no katanory AMP Ne 5-
330808-3 u 5-330808-6). OHWM UMET MNO30SI0YEHHbIE
NPY>KUHHbIE KOHTAKTbl, KOTOpble OGecnevMBaloT XopoLluee
ANEKTPUYECKOE M MEXaHMYEeCKOe COeagUHEHME C BbiBOAAMMU
MC. OpgHako MHOrOKpaTHOE WCMOSIb30BaHME MOXET
YyXyOLWKWTb X NapamMeTpbl.

BbiBoAbl NUTaHUS OOMKHbI OblTb pa3Bsi3aHbl NPSMO Ha
3a3eMNsoLLYyo NMOBEPXHOCTb c NMOMOLLbIO
HU3KOMHOYKTUBHBIX KepaMWYeCcKMX KOHOEHCATOPOB Afis
MOBEPXHOCTHOrO  MOHTaxa. Ecnu  ucnonbayetcs
KOHOeHcaTop AN 0ObIMHOro MOHTaXka, TO €ero BbIBOAbI
OOMMKHbI MMeTb AnnHy He Gonee 1 mm. Kepamuueckue
KOHOEeHcaTopbl AOMMKHbI OblTb PacnoONOXeHbl Kak MOXHO
onwke K BbIBOgAM NUTaHUA  MUKpPOcXembl. [ns
[OOMONMHUTENbHON Pas3BA3KM MOFYT Takke noTpeboBaTtbcst
eppuToBbIE BYCUHBI.
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Puc. 1. UudpoBble Toku, NpoxoasiLume Nno aHanoroBomMy BO3BpaTHOMY TPaKTy, CO3[4aloT HanpsKeHne OLLINGKM

OBYCTOPOHHSAA UNU MHOTOCNOWHAS NEYATHASA MNJIATA

Kaxxpasa neyaTHas nnaTta B CUCTEME AOIMKHA MMETb XOTH
Obl OONH CNON, MOMHOCTLI0 OTBEAEHHbIV NOA, 3a3EMIISOLLYHO
NnoBepxHOCTb. B unpeane [OBYCTOPOHHAA nnata LOMmKHa
MMETb OOHY CTOPOHY, MOSIHOCTLIO OTBEAEHHYK MOA
3as3emsieHMe U BTOPYIO - AfS pasnnyHbiX coeanHeHun. Ha
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Takke 3a3eMnsiolwlas MNOBEPXHOCTb AOMMKHA ObITb
npoBepeHa Ha npegMeT CrAWLIKOM TOHKUX COeOUHEHWUN
Mexay cocegHVMM GonbLIMMK NnowaaaMu, KoTopble MoryT
3HAYUTENBHO YMEHbLUNTL 3(PEKTUBHOCTL 3a3eMNSAIOLLEN
NnoBepxHOCTU. MOXHO pJaxe M He rOBOpUTb, YTO Npu
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NMpakTUKe 3TO HEBO3MOXHO, T.K. YaCTMYHO 3asemrstoLlas
MOBEPXHOCTb, pa3yMeeTcs, OOofkHa ObiTb ydaneHa Ans
OTBEeOEeHNss MecTa Mo [AOPOXKMA MUTaAHWUS U CUrHamnoB,

MEXCIOWHbIE Mepexodbl W  CKBO3HblE  MOHTaXHbIE
oTBepPCTUS. TeM He MeHee Kak MOXHO Oonblue nnowaau
3a3eM/ISIoLLEN MOBEPXHOCTU OOIMPKHO ObITb COXpPaHEHO,
x0T Obl 75 % HeobxoAMMoO ocTaBuUTb. [locne okoHYaHus

npeaBapuTENbHOM  pas3BoAKM  Mnatbl  MOBEPXHOCTb
3a3eMsieHUs OOMKHA OblTb TLlATENbHO NpPOBEpeHa Ans
TOro, YTo6bl Y6EeanTbes, YTO He OCTarocb WU30NMPOBAaHHbIX
OCTPOBKOB 3a3€MSIEHUs, T.K. BblBOAbl 3a3eMIEHUs
MUWKPOCXEM, PacroSIOKEHHbIE HA TaKUX OCTPOBKaXx, He byayT
WUMETb CBA3W C 3a3eMIISIIOLLEN NOBEPXHOCTDIO.

aBTOMaTU4YeCKOM pasBogke MnaTbl OObIYHO BO3HMKAOT
HemonagkM B paboTe YCTPOMCTBa CO CMELUAaHHbIMU
CUrHamamu, MNO3TOMY HACTOSITEMbHO  PEKOMeHAyem
AOBOAUTL MNaTy BPYYHYIO.

Cuctembl, B KOTOPbIX MHTErpanbHble MWKPOCXEMbl AfiS
NMOBEPXHOCTHOrO MOHTaXa pacrornoXxeHbl TecHo, 6yayT
UmMeTb 60MbLLIOe YNCIIO COEAMHEHUIN, MOSTOMY 34EeChb HYXHO
MCMOmb30BaTb MHOFOCIIOWHbIE MraThl. ATO MO3BOMUT XOTHA
Obl OOWH CrNoW NOMHOCTLID OTBECTM MNoA 3a3emneHve. B
NPOCTON 4-CMOMHOW nnaTte ABa BHYTPEHHUX CNosi OBbIYHO

UCMonb3ylTCa ANA  3a3eMnsiolen NoBepXHOCTU U
NMOBEPXHOCTU MWTaHUs, a ABa BHELIHUX Cros - Ans

BbIMOJIHEHNS COEAMHEHUA MeXdy YCTaHOBIEHHbIMU

KOMMOHEHTaMMW. PacnonoxeHue nuTaroLLen "
3a3eMnsiolen NOBEPXHOCTEW B  COCEOHUX  CrosiX
obecneynBaeT [OOMONMHUTENbHYD  MEXMOBEPXHOCTHYIO
€MKOCTb, KOoTopasi cnocobCTByeT BbICOKOYACTOTHOM

pa3Bs3ke Toka NUTaHusA. B GOnbLUMHCTBE CUCTEM YeTbIpex
CrNoeB HeJoCTaToO4YHO, U TPebyloTCa OOMNOMHUTENbHBLIE Cron
AN TPACCUPOBKM NIMHUIA CUTHAroB, a TaKkke NMTaHus.

BE3 3A3EMNIAIOLLNX NOBEPXHOCTEW HE OBOUTUCD!

1) WcnonbayinTe gnsa 3asemneHns (M NUTaHUs) MOBEPXHOCTM GONbLUIONW nrowaan, YTobbl obecneunTb HU3KOMMMNEe4AaHCHbI
nyTb A4S BO3BPATHOrO TOKa (HE06X0AMMO MCMNOSb30BaTh Kak MMHUMYM [ABYCTOPOHHIOK nnary!)

2) [IByCTOpOHHME Nnatbl:

a) M3berante MHOTOYMCIEHHbIX CKBO3HbIX COEONHEHUN U MEXCIONHBIX nepexonos, N3-3a KOTOPbIX YMEHbLUaeTCAd nroLaib

NOBEPXHOCTU 3a3eMJ1eHUd

TBOAUTE Mo MIeHne He MeH o MroLaan ogHOM CTOPOHbI MnaThl
b) OTBOOMTE NOA 3a3emMneHne He MeHee 75% nnowaan oaHOM CTOPO a

3) MHorocnoviHble nnathbl:

a) OTBeanTe Kak MUHUMYM OZMH CrOV Mo NOBEPXHOCTb 3a3EMIEHUS

b) OTBeguTe Kak MMHUMYM OAWMH CNOW NOA MOBEPXHOCTb NMUTAHUS
4) cnonb3ynTe no MmeHbluen mepe 30-40 % BbIBOAOB COEAMHUTENSA NeYaTHOW nnaThl AN 3a3eMeHus
5) MNMpogomxanTe NOBEPXHOCTb 3a3eMIeHUsS Ha MaTEPUHCKYIO MraTy 40 UCTOYHUKA NUTaHUS

MHOIOMMATHbIE CUCTEMbI CO CMELUAHHbIMKU CUTHANTAMA

Jlyuwinin cnocob MWHNMU3NPOBaTh nMrnegaHc
3a3eMfieHnss B MHOronmslaTHOM CUCTEME - MCMONb30BaTh
MaTEPUHCKYI0 MraTy B KayecTBe OObeaMHUTENbHOW Ans
opraHusaumy coevHeHUs Mexay nnatamu, U, Kpome Toro,
obecneuntb NPOAOITKEHNE 3a3EMNSAIOLLIENA NOBEPXHOCTU Ha
obwyo nnaty. B coeguHuTene neyatHom nnatbl XOTsl Obl

30-40 % BbLIBOOOB [AO/MKHO OblTb OTBEAEHO MoA
3a3eMiieHne, U 3TU BbIBOAbl OOIMKHbI ObiTb CBS3aHbl C

3a3emnaoLen NOBEPXHOCTbLHO Ha MaTEPUHCKON
obbeauHstowen nnate. [ns okoHYaTenNbHOro 3aBepLUEHMS

YCTpPOWCTBa 3a3eMifeHUs CUCTEMbl CyLUeCTBYIOT [ABa
crnocoba:

Grounding in Mixed Signal Systems.htm[02.06.2015 13:22:53]

1. 3aszemnstoLLas NOBEPXHOCTb HA 00beaMHSOLLEN NnaTe
MOXET OblTb COeAWHEHa C 3eMJle MOHTaXXHOW naHenu
(waccn) BO MHOrMX TO4YKax, TakMuM OOpa3oM paBHOMEPHO
pacrnpefensisi pasnuyHble MyTW BO3BPATHOro TOKa. OTOT

crnocob 00bIYHO Ha3blBaeTcs MHOrOTOYEYHbIM
3a3eMJIEHMEM M Er0 CXEMaA NokasaHa Ha puc. 2.

2. 3asemnstoLlas NOBEPXHOCTb MOXET ObITb MOAKMYEHa
no cxeme 3Be3gbl K E€AMHCTBEHHOW B CUCTEME TOYKE
3a3emreHus (06bIYHO BONN3N UCTOYHUKA NUTAHKS).
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Pwuc. 2. KoHuenuusa MHOroTo4e4YHOro 3a3eMrnenus

lMepBbIi NOOXOA4 Yalle BCEro WUCMOofb3yeTCcs B YUCTO
UMGPOBLIX CUCTEMAX, HO MOXET ObiTb MUCMOMb30BaH U B
cucTeMax CO CMELUaHHbIMA CUrHamamm, €ecnn TOKu
3a3eMrieHnMs UMpoBbIX CXeM OOCTaTOuHO Marnbl W
pacnpegeneHbl Ha 6onblwnx nnowaaax. Huskun nvmneaaHc
3a3eMreHuss obecneynBaeTcss Ha BceM MyTW Mo nnarte, no
oObeanHSALLEN NnaTe U Jgarnee no MOHTa)KHOW naHenwu
(waccn). OgHako OYeHb BaXHO MoAdepXuBaTb Xopoluee
3MEeKTpUYEecKoe COeanHEHne B MeCTax, rae 3emrisi CcBs3aHa
C MeTannn4yeckoM MOHTaXHOW naHenbl. [Ona 3Toro
HeobxoauMbl MeTanNIMYEeCKMe BUHTbI-CAMOPE3bl UMK LLaObI
¢ Haceuykamu. Ocoboe BHMMaHWE COEOWHEHMUIO OOMKHO
ObITb yAENEHO TaMm, rae B Ka4ecTBe MaTepuana MOHTaXHOM
naHenn WUCMNonb3yeTcs antoMWHWUA, T.K. ero MoBEepPXHOCTb
nposiBNseT cebs kak n3onaTop.

Btopon nogxog  (3asemneHve  3Be340OM)  4acTo
UCMOMb3yeTCsi B  BbICOKOCKOPOCTHbIX  CUCTEMax C
CMELlaHHbIMA  CUTHanamu, MMEWLWMX  OTAENbHbIE

aHanoroBylo U UMGPOBYI YacTu, U Huxe obcyxaaeTtcs
6onee noapobHo.

PA3OENEHWE AHAJTOTOBOIro " LM®POBOIO 3A3EMJIEHUA

B cuctemax co cmellaHHbIMW curHanamy ¢ 6onbLmm
YMCnom LMAPOBBIX CXEM BECbMa XenaTenbHo (PU3nyecku
OTAENUTb YyBCTBUTENbHbIE aHANOroBble KOMMOHEHTbl OT
WYMHbIX LMMPPOBbIX KOMMOHEHTOB. Takke nongeT Ha

nonb3dy MCNonb3oBaHWe pasgenbHbIX — 3a3eMMsoLLmnX
MOBEPXHOCTEN AN aHanoroBbiX U UU(POBbLIX CXeM. OTu
MOBEPXHOCTU HE AOMXKHbI NEPEKpbIBaTbCS, YTOObI He Obina
OOonbLUOA E€MKOCTHasi CBSA3b Mexay Humn. PasgenbHble
aHanoroBas ¥ UumMdpoBasd 3asemMnsoLme MNOBEPXHOCTU

npogomKalTcss Ha  obbeguHuTenbHOW nnate C

UCMOMb30BaHWEM UMM 3a3eMMSAIOLLEN  NMOBEPXHOCTU
MaTEPUHCKOM MNNaTtbl, UMW 3KPAHMPYHOLLEro 3a3eMIieHus,

KOTOpOe  BbIMOMHAETCA MpU  MOMOLLM  MPOBOLOB
3a3eMrneHus, YyepeayrLmMMmca B pasbeMe C CUrHanbHbIMU
npoBogamu. Ha cTpyKTypHOW cxeme, nokasaHHOW Ha puc.3,
BWAOHO, YTO ABE 3a3eMNSAILIUX MOBEPXHOCTM Ha BCEM
CBOEM MPOTSHXKEHUN UOYT OTAENbHO OO TOYKW 3a3eMreHust
3Be3701, KoTopas 0BbIYHO pacnonaraeTcs OKOno UCTOYHMKA
nutaHus. CoegnHeHWe 3a3eMnsoLWLMX MOBEPXHOCTEN U
WCTOYHVKA NUTAHUSA B TOYKE 3a3eMIEeHNsi 3BE3A0N [AOMMKHO
ObITb BbINOMHEHO C MOMOLLBIO MHOTOYMCIIEHHBIX LUIMH UK

TONCTOTO  MEAHOro  Xryta  Ansg  MUHUMU3auUuu
CONPOTUBMEHUS N UHAYKTUBHOCTMU.
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Mapa BcTpeyvHo-napannesnbHbix guogoB LLoTTkun nmeetca
Ha Kaxdow nevyaTHOW nnarte And npenoTBpalleHus
Cny4arHOro nosiBfIEHWs1 MOCTOSIHHOrO HanpsiKeHUs Mexay
OBYMS 3a3eMMSOWUMM CUCTEMAMN B MOMEHT, Koraa nnatbl
BCTaBMSATCA UMW BbIHUMAKOTCA. ATO HanNpshkeHWe He
OommkHO npesbiwaTtb 300 MB, 4To6LI M3bExaTb Bbixoda U3
cTpost IC, KoTopas MOAKIYEHA KaK K aHanoroBow, Tak 1 K
LMdpoBon 3a3emMsIaLwmm NOBEPXHOCTSAM.
MpeanoyTnTEnbHO Mcnonb3oBaTh Auoabl LLUoTTkM, Tak Kak
OHUW UMEIOT Marnyk EMKOCTb U Maroe nageHne HanpskeHus
B pexume npsmMoro Toka. Hu3kas eMKocTb no3BOMsieT
n3bexaTb CBA3N N0 NEPEMEHHOMY TOKY MEXOY aHanoroBou
M UMGPOBON 3aseMASWMMU  NOBEPXHOCTAMU. [dunogbl
LLoTTKM HaumMHaOT NPOBOAMTL MPU MPSIMOM HamMpsKeHUN
okosno 300 mB, n ecnn oxugatotcs GonblLUME TOKU, MOXET
NOHaZoOUTLCA HECKONMbKO MnapannenbHO COeAMHEHHbIX
anonoB. B HekoTopbix cnyvyasx BMecTto amogoB LUoTTkm
MOryT OblTb MCMOMb30BaHbl Apoccenu € eppuToBbIMU
OycuHamMn, OAHaKO OHM BbI3bIBAKOT MOSIBNEHNE Mapa3nTHbIX
KOHTYPOB C 3aMblKaHMEM 4epe3 3eMSIl0 N0 MOCTOSAHHOMY
TOKY, KOTOpblE€ MOryT Bbl3BaTb Npo6nemMbl B NPELM3NOHHBLIX
cucrtemax.
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Puc. 3. PasgeneHne aHanoroBon n umMdpoBon 3a3eMNALLNX NOBEPXHOCTEN

3A3EMJIEHME U PA3BA3KA NC CO CMELUAHHBIMUA CUTHATNTAMU U HEBOJIbLUMMU LLU®POBbIMUA TOKAMMU

YyBCTBUTENbHbLIE aHANOroBble KOMMOHEHTHI, TakMe Kak
YCUMUTENU W WUCTOYHMKM OMOPHOrO HanpsPKeHusi, Bcerga
MOOKMYaTCA W pa3BA3bIBAlOTCA Ha  aHanoroBou
3azemnstoLlen nosepxHocTn. ALM u LJATT (u dpyeue UC co
CMeWwaHHbIMU cueHanamu) ¢ Hebonbwumu yugpossimMu
mokamMu 06bI4HO OOJ/IKHbI —paccMampueambCsl  Kak
aHarno208ble KOMMOHEHMbI U MmakKxXe 3a3emMsieHbl U
pases3aHbl Ha aHa/i02080l 3a3emrsouwel MosepxHocmu.
Ha nepBbii B3rnsig 9TO MOXET MOKa3aTbCA HECKOMbKO
NpoTMBOPEYMBLIM, T.K. nNpeobpasoBaTenb WMeeT W
aHanoroBbIN U LUPOBON NHTEPENC, N OH UMEET BLIBOAHI,
06bIYHO O0003HaYEHHbIE KakK aHaroroBoe 3aseMileHue
(AGND) u uwncpoBoe 3aszemneHne (DGND). Cxema,
nokasaHHasi Ha pUCYHKe 4 NMOMOXeT pa3obpaTbCs C 3TUM
KaXXyLLUMMCS 3aTPYLHEHUEM.

BHyTpun MUKpocxem, KOTOpblE MMEIOT KaK aHaroroByk Tak
N umdpoByo cxembl, Hanpumep AU wnnn LAMT, 3emnn
00bIYHO pasgensaTcs ANg NpefoTBpaLLleHUst BIUSHUSA
LMPOBLIX CUrHANIOB Ha aHaroroByo 4acTb.

Ha puc.4 nokasaHa yNpOLLEeHHas Mogernb
npeobpasoarens. lNpoektnpoBwnk AC HMYero He Moxet
nogenartb C  WHAYKTUBHOCTBIO WM COMPOTMBMEHWEM
COEOVHEHUN, WOYLIMX OT KOHTaKTOB Ha KpucTamme K
BbiBoAaM kopnyca WMC, TOmbko OCTaBUTb MX KaK ecCTb.
LindbpoBble Toku, MMelOLWNe peskue nepenagbl, co3garT
HanpsbkeHne B Touke B, koTopoe HensbexHO nepepaetcs B
TOYKY A aHarioroBo/ CXeMbl YEpPEe3 MapasuTHYH EMKOCTb

CraPAs-
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K ToMy e Heu3bexHo npucyTCTByeT napasuTHas
€MKOCTb MeXay KaxablM BbiBogom kopnyca WC, pasHas
npnbnuantensHo 0,2 Nn®. N 3agaya npoektnposBwmka UC -
3acTaBUTb MUKpPOCXeMy paboTaTb, HECMOTPSA Ha 3To.
OpHako gna Toro, 4YTobbl MpefoTBpaTUThL OanbHewlee
BnusHne, BbiBogbl AGND wn DGND pgomkHbl ObITb
COeOUHEHbl C aHasrno208o0l 3a3eMnALWen NOBEPXHOCTbIO
KpaTyanwum nytem. Jlioboe AonNonHUTENBHBIN MMNegaHC B
coeanHeHun DGND c 3emnen npuBefeT k 06pas3oBaHuUio
[OMNOJSTHUTENBHOIo LMEPOBOro Wyma B Touke B, 4To, B CBOIO
oyepenb, HaBedeT [AOMOMHUTENbHbIN LMGPOBON LIYM B
aHaroroBoM cxemMe 3a CYeT MapasuTHOM EMKOCTH.
Obpamume eHumaHue, Yymo npu coeduHeHuu DGND c
uugposoli 3aszemssouwieli MOBEPXHOCMbIO HarpsKeHue
wyma Vi yma 6ydem npuknadbieambcs mexoy eblgodamu

AGND u DGND, ymo npusedem k Heydaue!

Obo3HayeHue e6blgoOa Mukpocxembl kKak “"DGND"
2080pUM O MOM, 4YmMO 3mMom 6bi800 c8s3aH C UEerbH
3azemrieHusi yugpposoli 4Yacmu WC. Ho asmo He
rnodpasymesaem, 4mo 3amom 8bI800 Oos/mkKeH O6bimb
COEO0UHEH C Yugpo8bIM 3a3eMIIeEHUEM CUCMEMBI.
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Puc. 4. I'IpanmbHoe 3asemMJieHmne MMKpocxembl CO CMeLLaHHbIMU CUrHanamu c HebonbLLINMK LIMdeOBbIMM TOKaMu

KoHeuyHO, Takass KOMMOHOBKa MOXET MpuUBECTU K
NnosiBNEeHnt0 HeGOomMbLLOro LMPOBOro LWymMa B aHanoroBou
3a3eMnsoLWen noBepxHoctu. Ho 3aTM  Tokm 0BbIMHO
OOCTaToOYHO Marbl, U MOTyT OblTb MUHUMU3NPOBAHBI, ECNN
rapaHTMpoBaTb MUWHWMAarbHYO Harpysky Ha BbIXo4e

npeobpasoBatenss (0OblMHO  npeobpasoBatens WU
NMPOEKTUPYETCS C MANIOMOLLHBIMY BbIXO4aMU). YMEHbLUEHME
Harpysku Ha LMdpPOBbIX BbIxo4ax npeobpasoBaTensi, Kpome
TOro, coenaet NnorMdeckue nepexogbl curHana Ha BbIXxoAe
npeobpasoBaTtenst CBO6OAHLIMU OT NEPEXOAHBIX NMPOLECCOB
N MVHUMU3MPYET LMAPOBLIE TOKU NEPEKIIOYEHUS, U TaKnUM
06pa3oM ymeHbLUT noboe BO3MOXHOE BMMSHWE Ha
aHanoroByl 4acTb npeobpasoBartens. BbiBog nuTaHus
uucpposon 4yactm (Vp) MoxeT OblTb [AONOMAHUTENBHO
M30MMpPOBaH OT WCTOYHMKA aHaroroBOro MWTaHWs npwu
MoMOLLM BbICOKOAOBPOTHOTO Apoccenss ¢ (eppuToBOW
OyCVHOW, kKak NokasaHo Ha puc.4.

BHyTpeHHWe UMMYIbCHbIE undposble TOKM
npeobpasoBaTens OyayT AT MO HEGOMbLIOMY KOHTYPY OT
Vp uepes koHaeHcatop pas3saskM k DGND (aTtoT nyTb

nokasaH Ha cxeme TomncTon nuHuen). WmnynbcHble
LUMdpOoBbIE TOKM, TAKUM 0OPa3oM, He MOSIBATCH BHE KOHTypa
Ha aHaroroBoOW 3a3eMnNslLLIEN MOBEPXHOCTW, a OyayT
LMpKynMpoBaThb B KOHType. Pa3BsasbiBaowmii koHaeHcaTop
Ha BbiBoAe Vp AOIMKEH ObITb YCTAHOBMEH Kak MOXHO Gnivxe
K npeobpasoBaTento, YTO6bl MUHUMN3MPOBAaTL NapasuTHYHO

WHOYKTMBHOCTb. B kayecTBe [JaHHbIX KOHAEHCaTOpOB

OOMXHbl  OblTb  MPUMEHEHbI HU3KOMHAOYKTUBHbIE
Kepamuyeckune KoHaeHcatopbl, 06bl4HO BenuymHon ot 0,01
0o 0,1 Mk®.

BHUMATEJIbHO OTHECUTECbH K ULM®POBOMY BbIXOAY AL

Bcerna nomesHo nopgknoyatb OydepHbId perncrtp K
BbIXOOy npeobpasoBartens (kak mokasaHo Ha puc. 4) ¢
Lenbio M3onupoBaHus LMdpoBbIX Lenen npeobpasoBatens
OT LWIYMOB, MPUCYTCTBYIOLUUX HA LUMHE AaHHbIX. [aHHbINA
PErUCTP TaKkKe CIYXUT AN MWHUMU3ALMU Harpys3ku Ha
uncpoBbIX BbIXO4ax NpeobpasoBaTens M AEWCTBYET Kak
3KpaH Mexay STUMM LUMPOBbLIMW BbIXOA4AaMU WU LUMHON

OaHHbIX. [laxe HecMoTpss Ha TO, 4TO MHOrve

npeobpasoBaten MMET BXOAbl/BbIXOAbl C  Tpewms

COCTOSIHUSIMU, MNPUMEHEHME NOA0OHOrO0 W30NMPYHOLLIEro
pervctpa octaeTcs onpaBAaHHbIM. B HekoTopbIx cryyasix
ana  obecneyeHus Oonbluen pasBA3KM MOXET ObiTb
XenaTtenbHbiM OobaBneHue ele ogHoro OydepHoro
perMcTpa Ha aHanoroBoW 3a3eMrisiiollerl MOBEPXHOCTU
nocne Bbixofa npeobpasoBaTens.

MocnegoBaTenbHO BKJTHOYEHHbIN pes3uctop
(0603Ha4YeHHbIN cMMBONOM R Ha puc. 4) mexay BbIXOLOM
AUM wn Bxogom OydepHoro pernctpa nomoraet

MWHUMUN3NPOBATb LI,VI(*)pOBbIe MMnNyJrbCHblIE TOKWU, KOTOpPble
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BydepHbIN pernctp u gpyrue ungpoBble CXembl AOSMKHbI
OblTb 3a3eMneHbl U pasBsaA3aHbl Ha  LMAPOBOM
3a3eMnsoLLel NOBEPXHOCTM MevaTHon nnatel. ObpatuTe
BHMMaHWe, 4To nobOM LIYMOBOWM CcCUrHam Mexay
aHanoroBov 1 LMMPOBON 3a3eMIISIOLLMMN NOBEPXHOCTAMU
yMEeHbLIaeT 3anac MoMexoyCTOMYMBOCTM  LIMAPOBOro
uUHTepdpenica npeobpasoBaTens. Tak kak 3anac
NMOMEXOYCTOMYMBOCTM  LIMAPPOBOM CXEMbl COCTaBnseT
nopsigka CoOTEH UMK ThiCAY MUIINIMBONLT, 3TO eABa nu byaeT
UMeTb 3HavyeHue. AHanorosas 3asemnsiollas NoBEPXHOCTb
0ObIYHO He ObIBA€T CrMLLUKOM LUYMHOW, HO €Crnu LyM Ha
LUMdpoBON 3as3eMNfALen MOBEepPXHOCTU (OTHOCUTENBHO
aHanoroBon 3aseMnsflWen MNOBEepXHOCTW) MpeBbilaeT
HECKONMbKO  COTEH  MWNNMBONBT, TO HEOOXOAMMO
NpeanpuHATL  arM Ans  YMEHbLUeHWs  uMMmneaaHca
uncpoBON 3a3eMmsOLLEN MOBEPXHOCTU, TakMMm obpasom
obecneuynBas npuemnemsIn YPOBEHb 3anaca
NOMEXOYCTOMYMBOCTU LUMGPPOBOM cxeMbl. Hu npm Kakux
YCIOBUSIX HampsbKeHMe Mexay [ABYMsl 3a3eMnsomumm
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MOryT MOBNUSATb Ha KayecTBO paboTbl npeobpasoBaTens.
OTOT pe3ucTop M3onupyeT AparviBep LUGPOBOro BbixoAda
npeobpasoBaTtenss OT BXOAHOW eMKOCTM OydepHoro
obpasyemas
pe3ncTopoM R 1 BXOAHOM eMKOCTbo BydepHoro perncrpa,
OEencTByeT Kak unbTP HU3KOW YacTOTbl U Takum obpasom

pernctpa. Kpome TOoro, RC-uenouka,

CTNaxvBaeT pe3kne PpoHTbI.

TunuyHbin normyeckuii anemeHt KMOIT B codeTtaHun ¢
M CKBO3HbIM MEPEXOOO0M
00pasyeT eMKOCTHYK Harpysky BenuuuHon okono 10 nod.
CKOpOCTb MEPEKNIOYEHUS FIOTMYECKOrO BbIXOA4a BENNYMHOWN
1 B/Hc BbI3oBeT umnynbCc Toka B 10 MA, ecnn 3gecb He

JOPOXKOM nevaTtHoW nnatbl

OyaeT U3oNUPYIOLLETO peancTopa:

Ay . B .
|=C5 - =10nd=1 = =10 mMA
At HC
lMocnepoBaTensHO BKIMHOYEHHbIN pesuctop

conpotueneHnem 500 OM yMEHbLUWT JaHHbIA BbIXOLHOW TOK
U B pesyrnbTaTe YBENUYUT BPEMS HapacTaHus u craga
umnyneca [o npubnusmtensHo 11 HC, ecnu BXOAHas

€eMKoCTb peructpa oyget pasHa 10 nod:
tr = 2,2¢? = 2,2°RC = 2,2.500 Om+10 n® = 11 HC

Pernctpos TTJ1 xenatenbHo u3beratb; OHU

TaK Kak UMeroT 6OJ'IbLIJy}O BXOOHYH €MKOCTb.

OPOCCENE

MOoryT
3aMeTHO YyBEeJIM4YNUTb OUHAMUYECKME TOKU MepeKkritoyHeHusd,

NOBEPXHOCTAMM HE JOIMKHO npeBbiwaTth 300 MB, nHayve NC
MOXET BbIATU U3 CTPOA.

Takke BecbMa XenaTenbHO HanmuMune OoTAenbHbIX
WCTOYHUKOB MUTaHWSA ONfs1 aHanoroBon U LMGPOBOA CXEM.
Onsa nutaHna npeobpasoBaTtens HeOOGXoAUM aHanoroBbIv
WCTOYHUK NuTaHua. Ecnn npeobpasoBaTenib UMEET BbIBOL,
0003HaYeHHbLIN Kak BbIBO4 MNUTaHUA UUGPOBOMA 4YacTu
cxembl (Vp), OH pJormkeH ObITb MOAKMNIOYEH WnNu K
OTAENbHOMY aHaroroBOMy WCTOYMHWKY MUTaHUS, WUnn
NOAKIMOYEH Yepe3 hunbTp, Kak MokasaHo Ha cxeme. Bce

BbIBOAbl MWUTaHWA npeobpasoBaTend AOMMKHbl  ObiTb
pa3Bs3aHbl HA aHaNoOroBOM 3a3eMNSALLEN NOBEPXHOCTH, a
BCE BbIBOAbl MUTAHWUS LMAPOBLIX CXEM [AOJMKHbI ObiTb
pa3Bsi3aHbl Ha LIMPOBOM 3a3EMIIAIOLLEN NOBEPXHOCTU, KaK
nokasaHo Ha puc. 5. Ecnn MCTOYHMK LMPOBOro NUTaHMs
OTHOCUTENBHO TUXUIN, OH MOXET OKaslaTbCA BMOJIHE
NPUroaHbIM AN MUTaHUS aHarnoroBbIX CXEM, HO OyabTe
OY€Hb BHUMATENbHBbI.

B HekoTOpbIX criydyasx He MpeacTaBnseTcs BO3MOXHbIM
NOAKNIOYNTE BbIBOA Vp K UCTOYHUKY MUTAHUS aHarorosow
yactTu. HekoTopble 13 HOBENMLWINX BLICOKOCKOPOCTHbIX NC
MOryT ObITb paccynTaHbl Ha paboTy aHarnoroBown Yyactu npu
HanpsbkeHun nutadus +5 B, B To Bpemsa Kak uudpoBas
YyacTb NUTaETCs OT UCTOYHUKA +3 B anga Toro, 4Ytobbl ObITb
COBMECTMMbIM C 3-BONbLTOBOM forukon. B atom cnydvae
BbIBOA NuUTaHus +3 B MUKPOCXeMbl JOMKEH ObITb pa3BA3aH

HEMocpeaCTBEHHO Ha  aHasnoroByl  3a3eMAAOLLYHO

NOBEPXHOCTb. Takke OygeTr 6naropasymMHO BKIOYUTb
gpoccenb Ha depputoBo BycuHe nocnegoBaTenbHO C
TNIMHWEN NUTaHWS, KOTopas MOAKMOYEHa K BbIBOAY NMUTAHMS
+3 B umdposon 4actu C.

Cxema reHepaTopa TaKTOBbIX MMMYNbCOB [OMMXHa
paccmMaTpuMBaTbCs KaK aHaroroBasi Cxema TakkKe [OOorkHa
ObITb 3a3eMreHa 1 TuaTenbHO pas3BedeHa Ha aHaroroBoun
3asemMnsiowen nosepxHoctn. Pas3oBbi LIYyM reHepaTopa
TaKTOBbIX UMMYMNbCOB MPUBOAMUT K YXYALWEHUO OTHOLLEHUS
curHan/wym cucTembl, Kak OydeT BKpaTLe pacCMOTPEHO
HUXe.
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Puc. 5. Toykn 3a3emMneHnst n pasBasku

O FrEHEPATOPE TAKTOBbIX UMMYIIbCOB
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B BbiCOKONpOM3BOAUTENBHBIX CUCTEMAX AMCKPeTU3aLmu
0N reHepauum TaKTOBbIX WMMYyNbCOB MpeobpasoBaHust
AU (unm LLAM) Heobxogumo ucnonb3oBaTb KBapLEBLIN
reHepaTop C HU3KUM ()a30BbIM LLUYMOM, T.K. 0a30BbIA LUYM

TaKTOBOrO  reHepaTopa MoOAynupyeT  aHanorosbii
BXOZAHOW/BLIXOOAHOW CUrHaN M yBenMyuBaeT ypOBEHb Luyma
N UCKaXXeHWW. ['eHepaTop TaKTOBbIX WUMMYNbCOB [AOIMKEH
ObITb U30MMPOBaH OT LWYMHbIX LUUPOBLIX Lenen u
3a3eMrieH U pasBfA3aH Ha aHanoroBor 3as3eMnsLlen
MOBEPXHOCTU, TOYHO TaK >Xe Kak OonepaLMOHHbIe YyCUNUTEnu
n AL,

OenctBne as3oBOro LWyma TaKTOBOrO reHepartopa Ha
OTHOLLEHue curHan/wym aHanoroBo-LMdpPOBOro
npeobpasoBartens BblpaXkaeTcs cnegytoLlen

NpnénNunanTensHOM hopMyron:

_ |
SNR = Eil-lugm[m|

roe SNR - 370 oTHOLIEeHUe curHan/wym naeansHoro AL
C GeCKOHeYHbIM paspeLleHneM, B KOTOPOM €AMHCTBEHHbIM
WCTOYHMKOM LUYMa SIBNSAETCA LUYM, Bbl3BaHHbLIA (pa3oBbIM
LUYMOM TaKTOBOrO reHepatopa CO cpeAHeKBagpaTUYHbIM
3HaveHueM tj. ObpaTute BHUMaHWe, YTO f B MpmMBEegeHHOM
YPaBHEHUN O3Ha4aeT YacToTy aHanoroBoro BXOAHOMO

curHana. [puBegem  npoctom  npumep.  [lycTb
cpeaHekBagpatuyHoe 3HadeHue tj = 50 nc, f = 100 kI,

Torga oTHoweHue curHan/wym SNR = 90 dB, uTto
COOTBETCTBYET 15-paspsgHomy OVHamMun4yeckomy
OnanasoHy.

Heobxoanmo oTMeTUTb, YTO tj B NpUBEOEHHOM YpaBHEHUM
- 9TO KOPEHb M3 CyMMbl KBaapaTOB BenuYMH (pa3oBOro
LWyMa BHELLHEro TakTOBOro reHeparopa 1 ¢as3oBoro Liyma
BHYTPEHHMX TakToOBbIX umMmnynbcoB AL (HasbiBaemoro
anepTypHbiM a3oBbiM WwymMoMm). OgHako B G0OnbLUMHCTBE
BblcoKkonpounssoanTenbHblx AL BHYTpeHHUI anepTypHbIn
a30BLIN LIYM MNPEHEDPEXUMO Man MO CPaBHEHUKD C
¢a3oBbIM LLYMOM FreHepaTopa TakTOBbIX UMMYbCOB.

Tak KaK yxy[LeHne COOTHOLLIEHUS CUrHan/lym B nepByto
oyepedb CBA3aHO C ha30BbIM LLYMOM BHELIHENO TAKTOBOro
reHepartopa, He06X0AMMO MPUHATE Mepbl ANs TOro, YToobI
reHepaTop TaKTOBbIX MMMYNbCOB Oblf1 HACKOMBbKO BO3MOXHO

ManowyMAWMM U UMEN HaUMEHbLUMA W3 BO3MOXHbIX
¢a3oBbIN WyM. ITO TpebyeT MNpUMMEHEHUS KBapLEBOro
reHepatopa. CywectsyeT psg  npoussBoauTenen
MUHUATIOPHbIX KBapLEBbIX reHepaTopoB C HU3KUM YPOBHEM
¢asoBoro wyma (Co cpegHekBaapaTUYHbIM 3Ha4YeHMEM
mMeHee 5 nc) u ¢ KMOI-coBMeCTUMbIM BbIXOL,OM.
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B wvpeane KBapueBblIl TaKTOBbIM reHepaTop [OOJIKEH
HaxXoANTbCHA Ha aHarloroBOM 3a3eMISIOLLEN NMOBEPXHOCTU B
cucTemMe C pasgenbHbiM 3aszemrneHneM. OgHako 3TO He
BCerga BO3MOXHO MO pas3nuyHbIM Mpu4nMHaMm. Bo MHormx

crnyyasix  TakToBble  WMMMyMbCbl  NpeobpasoBaTens

HeobxoouMO Monyy4ntb ©3 6Gonee BbICOKOYACTOTHbIX

TaKTOBbIX  MMMYNbCOB  BCEW  CUCTEMBbI, KOTOpblE
reHepupyTCa Ha LMMPOBOM 3a3eMNAoLLEN MOBEPXHOCTH.
3aTtem 3T MMNynbChl JOIMKHBI AT OT MECTa UX reHepaLmm

Ha uupoBon 3asemndwowwen nosepxHocTn Kk AL,

HaxogsLemycs Ha aHanoroBou 3a3eMnaALLEen
nosepxHoctu. Llym mexagy QABymMs 3a3emnsdowmumm

MOBEPXHOCTAMW  O00aBnsieTCcsd  HEenoCpenCTBEHHO K
TaKTOBOMY CUrHamy W NpuBOAWUT K yBernuyeHuto ¢a3oBoro
Wwyma. OTOT (Pa3oBbIf LLUYM MOXET YXyALUUTb COOTHOLLEHNE

curHan/wym npeobpasoBatensi, a Takke Bbl3BaTb
NnosiBNEeHNe HexenaTenbHblIX rapMoHUK. [laHHoe sBneHue
MHOr4a MOXHO YCTpaHWTb, €Cnu nepefaBaTbh TaKTOBbIE
UMMYNbCbl Kak AnddepeHunanbHbIi CUrHaM C MOMOLLbHO
nnbo HebomnbLIOro BbICOKOMACTOTHOrO TpaHcdopmaTtopa,

Kak nokasaHo Ha puc. 6, nmMBo C MNOMOLLbIO

ObICTPOAENCTBYOLLNX WHTErpanbHbIX MUKPOCXEM
onddepeHumaneHOro gpareepa W npuveMHuka. Ecnu
Mcnonb3yeTcs akTUBHbIM AuddepeHumnansHbin gparisep 1

MPUEMHUK, TO OHW [OMKHbl ObITb BbIMNOMHEHbI MO
TexHonormm ECL, 4ToObl MMHUMN3NPOBATL (as3oBbIf LLYM.
B cucteme ¢ ogHononsipHbIM nutaHnem +5 B mMukpocxema
ECL-norvukm MoxeT ObITb BKIIOYEHA MEXAY LUMHOW 3eMMNA 1
nutanna +5 B, a curHan ¢ guddepeHumanbHbIX BbIXO40B
npeobpasoBaH ANs MOL4AYM Ha BXOA TAKTOBbIX MMMYMbCOB
AUT. B ntobom cny4vae, nsHa4yanbHble TakTOBbIE UMMYIbChI
OOMXKHbl ObITb FeHepMpoBaHbl C MOMOLLLIO KBapLEBOroO
reHeparopa C HU3KMM YPOBHEM (pa30BOro Luyma.
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Puc. 6. lNepegaya TakToBbIX MMMYMNbCOB C LMAPOBOM 3a3eMIstoLLE NOBEPXHOCTU Ha aHaNoOroByto

MCTOYHWUKN HEYOAY NPU 3A3EMJIEHUN CUCTEMbI CO CMELUAHHBLIMUA CUTHATTIAMMA:
NMPUMEHEHWUE OOHONJATHOW CXEMbI 3A3EMJIEHUSA K MHOFOMNATHOW CUCTEME

B GonblumMHcTBE TexHu4Yeckmx onucanumm AL, LA un
OpYrMx YCTPONCTB CO CMELLaHHbIMU CUrHanamu pedb naet o
3a3eMfiIeHUN Ha eOUHCTBEHHOW nedyaTHoW nnaTte, 0OblY4HO

OLIEHOYHOM nnare, pa3paboTaHHom Tem xe

npousBogutTenemM, 4YTO M  JaHHad  MUKpOcxema.
Mcnonb3oBaHue aToro nogxona K MHoronnaTHbIM cuctemMam
unun K cuctemam ¢ Heckonbkumm ALIM/LATI yacto aBnseTcs
UCTOYHMKOM Heyaay. OBbIMHO pekoMeHAyeTCs pasfaensaTb

3a3eMMsIolLYy0  MOBEPXHOCTb MeYaTHoW nmaTel  Ha
aHarnoroByt 1 LUngpoByto. [lanee pekoMeHayeTcs BblBOAbI
AGND n DGND npeobpa3oBaTenss CoOeaMHUTb BMECTe W
COeOVHUTb aHaroroByl 3a3eMISoLLY0 MOBEPXHOCTb C
LMPOBON B 3TOM XKe TOYKE, Kak NOKasaHo Ha puc. 7. 1o, B

CYLLHOCTW, CO3[4aeT B YCTPOWCTBE CO CMeELUaHHbIMU
curHanamy cuctemy 3asemMreHus 3sesaa.
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Bce wymHble undpoBLie TOKM NPOTEKaOT OT MCTOYHWKA
UMPOBOro MNUTaHUA K  LMCPOBOM  3a3eMSIoLLEN
MOBEPXHOCTU U OBpaTHO K LMEPPOBOMY WUCTOYHUKY, OHU
M30MMpOBaHbl OT YYBCTBMTESNIbHOW aHanoroBoM YacTu
nnatbl. CuctemMa 3asemreHus 3Bes3ga obpasyeTcs, Koraa
aHanoroBas M uUMdpoBasd 3aseMnsoLne MNOBEPXHOCTU
coeguHeHbl BMeCTe B TOMW TOYKe, rAe Haxoautcst
YCTPOMCTBO CO CMELUaHHbIMU CcurHanamu. XoTs 9TOoT
noaxon oOblMHO paboTaeT B MPOCTOM CUCTEME C OOHOW
neyaTHo nnaton M ogHum AUI/UAI, oH He sBnsieTcs
ONTMMarbHbIM AN MHOIOMMATHbBIX CUCTEM CO CMELUaHHbIMU
curHanamu. B cucteme, umetowen Heckornbko AL wnnu
LIAT Ha pa3nunyHbIx NeYaTHbIX nnartax (Mnu Ha ogHON, ecnu
XOTUTE), aHamoroBad U UMdpoBas MNOBEPXHOCTU
Mony4yaltTCsl COEOMHEHHbIMU B  HECKOMbKMX TOYKaXx,
co30aBasi BO3MOXHOCTb MOSIBMEHWUSI KOHTYPOB 3a3eMreHust
U genas cuctemy 3asemsieHuMs B OOHOW TOYKe 3Be3oMn
HEBO3MOXHOW. [lo 9TMM MpuvyMHam TakonW Mnogxod K
3a3eMMNeHNI0 He peKoMeHOyeTCcd Ans MHOronnaTHbIX
cuctem; ana WC co CMElWaHHbIMW  curHanamm u
HebonbLLIMMU uncpoBbIMU TOKamu OOIKEeH
MCMNOMb30BaTbCA MEeToA, OOCY>KAEHHbIV BbiLLE.
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Puc. 7. 3azemneHue nc co cmellaHHbIMU CUrHanamu:
ogHonnaTtHaa cuctema (TI/II'IVI‘-IHaﬂ oLeHoYHas/TecToBas nnaTa)

BbiBOAbI: 3A3EMNEHUE YCTPOUCTB CO CMELLAHHBIMU CUTHATTAMU
N MANbIMU LIW®POBbLIMA TOKAMU B MHOTIOIMJTIATHbIX CUCTEMAX

Cxema Ha puc. 8 0bobLLuaeT paHee onMcaHHbIA Noaxon K
3a3eMJIEHUNIO0 B YCTPOMCTBAX CO CMELUAHHbIMU CUrHanamm u
HebombWMK  UMdPOBBIMA  TOKamMu. Ha aHanoroByio
3a3eMISIOLLYI0 MOBEPXHOCTb MOMEXU HE MPOHMKAKT, T.K.
HebomnbLUMEe UMMYINbCHbIE LMAPOBLIE TOKM MPOTEKAKT MO
HebomMbLWOMY KOHTypy Mexay Vp, pasBa3biBaloLMM
KOHZEHCATOPOM 7] DGND (nokasaHo XXUPHOWN
NIMHUEN).YCTPONCTBO CO CMELLAHHLIMW CUrHanamu nwoboro
HasHa4YeHWsi  paccMaTpMBaETCsl  Kak  aHasrloroBhbIN
komnoHeHT. LWym VN  Mexgy  3asemnsiowumu
NOBEPXHOCTAMM YMEHbLLAET 3anac NOMEXOYCTOMYMBOCTU B
undpoBOM MHTEPGENCE, HO 0OBIMHO OH HE BPEAEH, ecnu
noagepXxunBatb ero Ha ypoBHe MeHee 300 MB ¢ momoLLbto
HU3KOMMNELAHCHON LNMPOBON 3a3eMASIOLLEN MOBEPXHOCTU
Ha BCEM MYTU K TOYKE 3a3EMSIEHUS CUCTEMbI 3BE3AO0MN.
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OpfHako ycTponcTBa CO CMeLUaHHbIMU CUrHanamu, takue
Kak ?- ? AU, kogekm n DSP co BCTPOEHHbIMU
aHanoroBbIMU PyHKLMSIMUK, CTAHOBSITCA Bce bonee n 6onee

HacbIWeHHbIMK  uMdpoBbiIMM  cxemamn. Bmecte c
OOMOMHUTENbHBIMU LIMAPOBLIMU CXEMaMU LINEOPOBbLIE TOKU
W Wymbl cTaHoBATCA Gonble. Hampumep, ?- ? AL wvnu
LIAM cogepxaT CnoXHbli UMdpoBor UIbLTP, KOTOPbIA
CYLLIeCTBEHHO yBenuymBaeT UMPOBOM TOK B YCTPOWCTBE.
MeTon, koTophI Gbin OOCY)XOEH paHee, 3akmi4ancs B
noMeLLeHMn pasBa3blBaloLLEro KoHAeHcaTopa mexay Vp U
DGND c uenbto yaepxmaTb LMPOBbLIE TOKU 3aMKHYTbIMU
N M30NMpoBaHHLIMU B Hebonblom kKoHType. OgHako ecnu

undpoBbLIE TOKM AoCTaToyHO Gonbluve U UMelT

MOCTOSHHYDO WMNN  HMU3KOYACTOTHYH  COCTaBMSOLLYHO,
pa3BA3bIBaOLWNA KOHAEHCATOP, BO3MOXHO, AOSDKEH Oyaet
MMETb Henpuemnemo 6onbLuyo eMKocTb. Jllobon Lmndposom
TOK, KOTOPbIN MpoTeKaeT BHe KOHTypa mexay Vp n DGND,

BblHyXXOeH OydeT npoxoauTb Yepe3  aHarnoroBylo
3a3eMMsIoLWLY0 MOBEPXHOCTb. OTO MOXeT oTpuuaTenbHO
NoBNUSATbL Ha paboTy cucTembl, OCOBEHHO B cUCTEMax C
BbICOKMM paspeLUeHnemM.

TpygHo 3apaHee ckasaTb, kakas BenMYMHa LUEPOBOro

TOKa, TeKylero MO aHanoroBol  3asemnsioLlen
MoBepPXHOCTU, ByaeT Henpyvemnema ans cuctemel. Bee, 4to
Mbl MOXEM cfenaTb B CBS3M C 3TUM - 3TO NPeasiokuTb
anbTepHaTUBHLIN MEeToZ, 3a3eMieHusi, KOTOpbIA, BO3MOXHO,
obecneynT nyyLlyo NPoON3BOAUTENBHOCTb.
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Puc. 8. 3asemnenune NC co cmellaHHbIMK curHanamu ¢ HebonbLLUMMU
BHYTPEHHUMU LMEPOBLIMY TOKaMUK: MHOronmnaTHasi cuctema

BbIBOAbI: 3A3EMNEHUE YCTPOUCTB CO CMELLAHHBIMU CUTHATTAMU
C BONbLUUMU LIUOPOBbLIMU TOKAMWU B MHOIOMJITIATHOW CUCTEME

AnbTepHaTUBHbLIN MEeTOA 3a3eMNeHns Ars YCTPOUCTB CO
CMELLaHHbIMY CUrHanamu u 60onbWmMmn LMpPoBLIMIN TOKaMu
nokasaH Ha puc. 9. BbiBog AGND ycTponctBa co
CMELUaHHbIMX CUrHanaMmym CBSA3blBaeTCd C aHanoroBon
3a3eMnaloLen noBepxHocTblo, a BbiBog DGND 3aToro
YCTPONCTBA CBA3bIBAETCA C LMAPOBOM 3a3eMMstoLLen
NoBepPXHOCTb. LludpoBble TOkM m30MNMpoOBaHbl  OT
aHanoroBon 3a3eMMfLEen NOBEPXHOCTN, HO LUYM MeXay
OBYMS 3a3eMISIOWNMN NOBEPXHOCTAMU MpuUKNagbiBaeTcs
npsmo mexay BbiBogamm AGND u DGND ycTpowncTsa.
YToObl 3TOT MeTod Obim  yCrnelHbIM, aHaroroBble W
UMdpoBLIE CXeMbl B YCTPOMUCTBE CO CMELUaHHbIMU
CcuUrHanamym LOJDKHbl ObITb XOPOLIO W30MMpoBaHbl. Llym
mexagy BbiBogjamu AGND u DGND He pomkeH ObiTb
HacTonbko  GomnblWwKM, 4YTOObI  YMEHbLUWTb  3anac
MOMEXOYCTOMYMBOCTM WUNKN BbI3BaTb HapyLlUueHne paboThbl
BHYTPEHHMX aHaroroBbIX CXeM.
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Ha puc.9 nokasaHoO MEeCTO BO3MOXHOFO BKIHOYEHUS
BCTpPEYHO-NapannenbHbix gnogos LLoTTkm nnmn gpoccens Ha
deppuToBO OyCMHE [N COEOUHEHUS aHaroroBOW WU
uMdpoBoN 3asemnarowmx nosepxHocten. Aduoapl LLUoTTKM
nNpegoTBpalLalT MNosiBIieHNne OOomnblUMX  MOCTOSHHbIX
HaNPSPKEHUA MM HU3KOYACTOTHLIX BbIOPOCOB HaMnpsiKeHUs
Mexay OBYMSI MOBEPXHOCTSIMU. JTU HaMNpPsbKEHUs MOryT
paxe noBpeantb VIC co CMELLaHHbIMW CUrHanamu, ecnmu
OHU npeBbicaT 300 MB, MOTOMY 4YTO OHM MNOSABMASIOTCA
HenocpeacTBeHHO mexay BbiBogamu AGND n DGND. Kak
anbTepHatmea guodam LUoTTkn gpoccenb Ha dheppuToBOm
OycuHKke obecneynBaeT CBA3b MO MNOCTOSIHHOMY TOKY Mexay
3TUMN ABYMSA MNOBEPXHOCTSAMU, HO M30NUPYET MX Ha
yacTtoTax Bblle HECKOMbKMX Merarepl, Ha KoTopbIX
apoccenb-0ycnHka obpeTaeT 3HauMMbIA MMMefaHc. 3970
3awmwaet IC oT nosBRNeHUst MOCTOSIHHOIO HanpsiKeHus
mexgy BbiBogamum AGND u DGND, HO cBfA3b MO
NMOCTOSIHHOMY TOKy, oObGecneuyMBaemasi COEOUHEHMEM C
deppuToBO OYCUHKOW, MOXET MNPUBECTU K MNOSIBMEHUIO
HexxenaTtenbHOro KOHTypa 3a3eMIeHUsi Mo MOCTOSHHOMY
TOKY, YTO MOXET OblTb HEMPUEMIEMO OIS CUCTEM BbICOKOIO
paspeLleHus.
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Puc. 9. 3asemnenune NC co cmellaHHbIMK curHanamu ¢ HebonbLLIMMmn
BHYTPEHHUMU LMEPOBLIMY TOKaMUK: MHOronnaTHasi cuctema

3A3EMJIEHUE LUPPOBbLIX NMPOLIECCOPOB OBPABOTKU
CUIrHANoB (DSsP) C BHYTPEHHUMU CUCTEMAMU PANY

Kak n npu paccmotpeHun WC co cmewaHHbIMU
curHanamu, rge npocto 3asemneHns AGND n DGND 6bino
HeJOCTaTOYHO, HOBbIE MPOLIECCOopbl LMGPOBON 06paboTkM
curHanos, Takme kak ADSP-21160 SHARC co BCTpOeHHOM

cuctemon  QAlMY, yBenmumBatoT TpeboBaHusa K
NPOeKTUpoBaHuio 3asemneHuns. Cuctema PAMY ADSP-
21160 nos3BondeT BHYTPEHHEMY reHepaTtopy sa4pa

(onpepensiowemy BpemMs  BbINOMHEHUS  MHCTPYKLUM)
paboTtatb Ha 4actote B 2, 3 uin 4 pasa (No BbIGOpy)
npesblllatollern yactoty BHelwHero reHepatopa CLKIN.
CLKIN - aT0 yactoTa, Ha KOTOpoi paboTaloT CUHXPOHHbIE

BHELIHME nopTbl. XOTA 3TO MO3BONMSET WCMNOMb30BaThb
BHELUHU reHepatop 6onee HU3KOM 4acTOTbl, HYXXHO ObITb
BHMMAaTemNbHbIM MPU COEAMHEHUM MUTAHUSA U 3a3eMIeHNs C
BHYTpeHHen cuctemon PATY, kak nokasaHo Ha puc.10.

[nsa npegoTBpalleHns BHYTPEHHEro BNUSHUS LMEPOBbLIX
ToKOB Ha cuctemy PAlMNY coeamHeHusa PAMNY c nutaHmem u
3a3eMfieHneM Mnpou3BOOATCS OTAENbHO Ha BbiBOAAX,
oTMeydeHHbIX AVpp U AGND cooTBeTCcTBEHHO. [MuTaHue
AVpp +2.5 B gomkHo nony4vaTtbed ot nutanus Vpp |NT 2.5
B npu nomoLu punbTpyloLlen Lenovkm, Kak nokasaHo. 970

obecneunBaeT CcpaBHUTENbHO OecllymMHOe nUTaHue
BHyTpeHHen cuctembl PAMY. BbiBog AGND cuctemsl
DAY gomkeH BblTb COeAMHEH C LMGPOBOIN 3a3eMIISAOLLEN

NMOBEPXHOCTbIO MeYaTHOM nnaTbl KpaTdyanmMMm nyTem.
PasBsa3sbiBatoLe KOHAEHCATOPbl AOMKHbI ObiTb MOMELLEHbI
TaKkke Ha MWHMMarbHOM PacCTOSHUM MeXAy BbiBOAAMMU
AVpp 1 AGND.

1M0m +25B

2TH LENH JOMKHE!
EbITE KAK MOMXHO
KOPO4E

+313B

40 46

AVpp Vooinr Voo ext
0.01 mrd PAMH
0.1 Ml{m::- MH:: X1, X2, DSP
X3, X4 | (ADSP-21160)
CLKIN
AGND GND
f"BS

LUHPePOBAA SAZEMNAKLUAA NOBEPXHOCTE

\/

Puc. 10
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BbIBOAbl MO 3A3EMJIEHUIO

He cyuectByeT eOuHoro metoga  3a3eMrieHus,
rapaHTupytowero 100 % onTumanbHyto paboTy B Nnobom
crnyyae. B aton ctatbe ObINO MpencTaBreHO HECKOSbKO
BO3MOXHbIX BapuaHTOB, B 3aBMCMMOCTM OT Tpebyembix
XapaKTepUCTUK OTAENbHbIX YCTPOWCTB CO CMEeLUaHHbIMU

curHanamu. OHu BCeE NMPUMEHNMBI, OfHaKo
npeaycMaTpuBaloT MHOro BO3MOXHbIX BApNaHTOB pa3BoAKu
neyaTHow nnarhbl.

Ob6s3aTenbHO XoTa Obl 0OAMH CrOW MnaTbl OOMMKEH ObITb
oTBedeH noa 3a3eMnsoLLYI0 NMOBEPXHOCTB!
[MpenoBaputenbHoe pasmelleHne KOMMOHEHTOB HY>KHO
genatb Tak, 4ToObl obecneuvMBaTb HenepecekawLlmecs
aHarnoroBylo M UUGPOBYID NOBEPXHOCTM, @ B HECKONbKUX
MecTax [OMXHbl OblTb MNpPegyCMOTPEHbl KOHTaKTHble
nnowankMm M MEeXCronHble nepexonbl Ans YCTaHOBKU
BCTpeYHo-napannensHbix anoaos LWoTTkn nnu gpoccenen ¢
depputoBbIMM  BycuMHKamMK, ecnn noTpebyetcsa. Takke
OOMXKHbl ObITb MPegyCMOTPEHbI KOHTAKTHblE Mrowaaki u
MEXCNovHblE nepexofbl, YTobbl aHanoroBass u uUMdpoBas
NMOBEPXHOCTU MOMNN BbiTb CBA3aHbI BMECTE MepeMblYKOM
ecnu notpebyeTcs.

BeiBogbl AGND yCTPOWMCTB CO CMELUAHHLIMW CUrHanamu
OObIYHO [OIMKHbI OblTb COEOUHEHbI C  aHaroroBOW
3a3eMnsIoLWen MNOBEPXHOCTLIO. WcknioveHne u3 3Toro
npaBuna - LMgpoBbIE NpoLeccopbl 06paboTkn CUrHamos,
Takne kak ADSP-21160 SHARC, B KOTOpbIX WMMeEKTCH
BHYTPEHHUE CUCTEMBbI (Da30BON aBTOMOACTPOMKM YACTOThI.
BbiBoa 3azemnerHns ®AMNY otmeveH kak AGND, HO AormKeH
ObITb COeaVHEeH HanpsiMyld C LUgpPOoBOM 3a3eMIistoLen
noBepxHOCTLIO ans DSP.

KPATKAA ®UITOCODPUA 3A3EMITEHUA

1) He cylectByeT equMHoro Metoda 3aseMIieHuns], KOTopbIv rapaHTMpoBarn 66l 100% pesynbTaTt Bo BCeX cryyasix!

2) OgHoro 1 Toro e pesynbTata MOXHO A0OUTHCS PasnMYHbIMU METO4AMMW.
3) XoT1s 66l oauH crion Ha kaxxgon nnate JOJIKEH 6biTb 0TBEAEH Noa 3a3eMnsioLLy 0 NOBEPXHOCTbL!
4) [enaiite npegBapuTEnbHYIO KOMMOHOBKY Tak, YTOObl aHamoroBas M uudpoBas 3asemnsolne MOBEPXHOCTU Obinn

pasgeneHsbl.

5) ﬂpeﬂyCMOTpMTe Ha nraTe KOHTAKTHblE MMOLAAKM U MEXCOMHbIE nepexoabl Ana BCTpeYHO-napasiesibHblX ANO40B
LoTTKM 1nun, BO3MOXHO, /J,pocceneﬁ C (beppVITOBbIMM 6yCI/1HKaMl/l ana coegunHeHua 3aleMnArLnx I'IOBerHOCTeVI apyr c

APYrom.

6) MNMpenycMoTpuTe yCTaHaBMMBAEMbIE MEPEMbIYKM Takum ob6pasom, 4ToObl BbiBogbl DGND yCTPOMCTB CO CMELUaHHbIMU
curHanamy Mornuv ObiTb CBsA3aHbl ¢ BbiBOgaMu AGND (C aHanoroBoK 3a3eMiisiiollell MOBEPXHOCTbI0) unu ¢ LudpoBon
3a3eMnsoLLen NoBepxHOCTbD. (AGND PAIMY B DSP gomkHbl ObiTe CBSI3aHbl C LNMMPOBON 3a3eMISALLEN MOBEPXHOCTbIO).

7) Ob6ecneybTe KOHTaKTHbIE MIOLWAAKN U MEXCHOMHbIE nepexogbl AnA yCTtaHaBJIMBaeMblX NepemMblHeK Takum 06pa30|v|,
4yTOOblI aHanoroBble U LI.VId)pOBbIe 3asemMridLuimne noBepxHOoCTn MOrn OblTb COefMHEHbI BMECTE B HECKOSIbKMX TOYKaxX Ha

Kaxkgon nnaTe.

8) Cnepnyvite pekoMeHAaLMAM TEXHUYECKUX ONMUCAHWI MO YCTPONCTBAM CO CMELLAHHBIMU CUrHaNamu.

HEKOTOPbIE OBLUUE NMPABUJIA KOMITOHOBKU MIATbI
Ansd CUCTEM CO CMELLAHHbIMU CUTHANNTAMU

O4yeBUOHO, YTO LUYM MOXET ObITb MUHMMWU3MPOBAH Mpu
TLLATENbHON KOMMOHOBKE YCTPOMCTBA U NP MUHUMMU3ALUA
BMUSHNS PasfMYHbIX CUrHANoOB Apyr Ha Apyra. AHanorosbie
CurHanbl BbICOKOTO W HU3KOTO YPOBHEN [OMKHbI ObITh

pasgeneHbl, U Te W [Jpyrme [OOJDKHbl pa3mellaTbCs
OTOENbHO OT LMMPOBLIX curHamnoB. Yacto GbiBaeT, yYTo B
cucteMax C npeobpasoBaHMeEM curHana B LMpPOBYIO

dopMy U 0OpaTHO curHam TaKTOBbIX MMMYNbCOB
(asngoWmnca LMOPOBLIM CUrHaNOM) Tak Xe YyBCTBUTENEH
K Wymy, Kak Ntobon aHamnorosbli CUrHaM, HO OH B TO Xe
Bpems cnocobeH co3aaBaTth LUyM, Kak 1 Mobon LmdpoBomr
curHan, no3aToMy [JOikeH ObiTb M30MMpoBaH Kak OT
aHarnoroBbiX, Tak M OT uudpoBbix cuctem. Ecnn pns
BbIpabOTKM TaKTOBbIX UMMYNbCOB ucnonbdyetca WUC, To
TONbKO OJHAa YacToTa JOImKHA BbipabaTtbiBaTbcs ogHon UC.
CoBMelLieHNe TaKTOBbIX FTeHepPaToOPOB Pa3fMYHON YacTOThl B
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3asemnsioLas NoBEPXHOCTb MOXET paboTaTb Kak 3KpaH,
roe nepecekarTcs YyBCTBUTEMbHbIE CUrHanbl. Ha pucyHke
11 noka3aHa xopoLlasi KOMNOHOBKA NnaTtbl cbopa AaHHbIX,
roe Bce YyBCTBUTENbHbIE OOMacTu U3onMpoBaHbl Apyr OT
Apyra v nyT¥ CUrHanoB YKOPOYEeHbl HACKONbKO BO3MOXHO. B
Tex pedkux criydasix, Korga B pearbHOCTU BCE TaK Xe
ngeansHO, 3TOT NPUHLMN OEUCTBYET.
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ogHon WC npuBeneT K MNOSIBIIEHUO AOMOSIHUTENBHOro

hba3oBOro Lyma W B3aUMHbIX TMOMEX W  yXyawwuT
Ka4eCTBEHHble XapakKTepUCTUKN CUCTEMBbI.
| — .
FEHERPATOP | CXEMBI YMPABNSA-
TAKTOBBIX L | TAKTHPO- P HOLWAR
UMNYNLCOB : BAHWA MOrUKA
Y i | A/
WCTOYHMK ] I . ) '
onopHoro —»| ALM 7 BY®EPHbLIW > NEMYNbTHUMNEKCOP
[ PEMMCTP
HANPSAWEHMA :
: /F T UWePOBAA
I YACTE
AHANOroBag ®WNeTP | Y
HACTE ! DSP y EY®EPHAS
| unm pP MAMATE
YCUNWUTENL :
|
_— —_— | —
|
o & & LIMHA &
MUTAHWE & MHOTOTOYEYHOE AIIPECA MHOMOTOYEYHOE
3AZEMNEHWE

AHATOrOBbiA SASEMIEHWE -~
Bxon OAHHBIX

Puc. 11. AHanoroBkle n Lll/l(prBbIe CXeMbl OOJKHbI pacrnofiaratbCA Ha neyaTtHom nnate pasgeribHO

MsrotoButenu  BbicokonpoussoautenbHbix WC  co
CMELLUaHHbIMW curHanamu, Takume kak Analog Devices,

CyluecTBYeT psii BaXKHbIX MYHKTOB, Ha KOTOpble Hado
0o6paTuTb BHWMaHWE MpPU BbIMOMHEHUN COEAVNHEHWN

nMTaHus U curHanoB. Bo nepBbiX, pasbem - 370 OOHO M3
MECT B CUCTEME, FAe BCE CUrHamnbHble NPoBOAA AOMKHbI
MOTM MapannenbHO - 3HAYUT HYXXHO 06s3aTenbHO
nepemMexatb WX C MpoBogaMu 3asemneHus (co3gaTtb
ANEKTPOCTaTUYECKUA  3KpaH), 4YTOObI  YMEHbLUUTb
B3aVMOOENCTBME MeXAY HUMMN.

MHOeCTBO BbIBOAOB 3a3EMJIEHMSI BaXKHO MO €LLEe OAHOMN
MPUYMHE: OHM OOecneYMBaloT HU3KOE COMPOTUBIIEHUNE
3a3eMrieHns B CoOeaAMHEHUN NnaTtbl YCTPOMCTBA C OCTaNbHOMN
cxemon. KoHTakTHOe COMpoTMBMEHME OOHOMO0 BbIBOAA
COoeauHUTENs1 neyaTHoOM nnaTtbhl [AOCTAaTOMHO HU3KOoe
(mopsigka 10 mOm) korga nnarta HoBad, Korda e nnarta
CTapeeT, CONpPOTMBIIEHNE KOHTAKTOB MOXET YBENUYUTHLCSH, U
paboTa nnatbl MOXET ObiTb HapylieHa. Mo3ToMy O4YeHb
peKoOMeHAyeTCHa MCMOMb30BaTh AOMOSHUTENbHbIE KOHTAKThI
pa3bemMa MnevyaTHOM MraTthbl Tak, YTOOblI ObINO AOCTATO4MHO
MHOro coeanHeHun 3a3emnenus (xots 6bl 30-40 % oT Bcero
KONIMYECTBa KOHTAKTOB pa3bema Mne4vyaTHOM nnaTbl AOSDKHbI
ObITb KOHTaKTamMu 3asemrieHusi). o Tem e npuYnMHam
OOIMKHO ObITb HECKONbKO KOHTaKTOB [AONfsl  KaXkadoro
COEOVHEHUs1 MUTaHWs, XOTS, KOHEYHO, He TaK MHOro, Kak
KOHTaKTOB 3a3eMIeHus.
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npegnaralT OLeHOYHble nnaTbl Ans TOro, YTobbl MOMOYb
3aKa3uMkaMm B WX MpegBapuTenbHbiX paspaboTkax U
komnoHoBke. OueHoyHble nnatbl AL obblMHO cogepxat
reHepaTtop TaKTOBbIX WMMYNbCOB C HU3KMM (dba30BbIM
LLYMOM, BbIXOAHbIE PErMCTPbl U HEOBXOANMblE COEAMHEHMS
nutaHns u curdanoB. OHM Takke MOryT copepXatb
OOMONHUTENbHbIE BCMOMOraTeribHble CXeMbl, Takue Kak
BXOOHOW OydepHbIN ycunuTenb WM BHELWHUA WUCTOYHUK
OMOPHOrO HamnpsXXeHUs.

KomnoHoBKka OUEHOYHOW nnaTtbl ONTUMU3MPYETCS MO
YCIOBUSIM 3a3eMIEHUS, Pa3BA3KU U pa3BOAKU CUrHarosB, U
MOXET CIyXMTb 06pasuom npu KoMmnoHoBke nnatel AL B
yctponcTtee. OBbIYHO NOMy4YMTb Pa3BOAKY TAKOW OLEHOYHOM
nnatbl MOXHO y npoussogutena ALMN B dpopmate CATIP.
Bo MHoOrmx cnyyasx passofka pasnuyHbIX CriOoeB NokasaHa
B TEXHWYECKOW AOKYMEHTALMM Ha YCTPONCTBO.
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