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Mo mepe pa3BUTUS TEXHONOTUU NPOU3BOACTBA MUK-

pOCXeM yBeJIMYMBAETCS YacToTa AMCKPETM3aLUM 1
paspsgHocTb ALM. Mpoussoautenu AU, ncnonb-
3ys COBPEMEHHbIe TeXHONOrMU, NOCTOSHHO paboTaioT
Haj ynyyYlleHneMm CTaTU4eCcKMX N MHaMNUYECKMX Xa-
paKkTepucTuK cBoux usgennii. COOTBETCTBEHHO No-
BbILLAIOTCS TpeGoBaHMs U K pa3paboTkam BbICOKO-
4aCTOTHbIX YCTPOWCTB. KakuM xapakTepucTukam He-
o6xoauMo yaensaTb ocoboe BHUMaHUe Ang nonyye-
Hua Hanbonee npuemneMbix NnapameTpoB paspaba-
ThiBaemoro Ha ocHose ALIM yctpoiicTtea? K coxane-
HUIO, B paMKaX OAHOW CTaTbW HEBO3MOXHO OCBETUTb
Bce (akTopbl, BAMSIOWME HA pe3ynbTaT npeobpaso-
BaHUs, NO3TOMY noapobGHee pacCMOTPUM BiUSIHNE

MCTOYHMKA TAaKTOBOM YaCTOThI.

B nocnegHee Bpems MHorue mpowussogutenn AL npep-
CTaBU/IN HOBbIE CEMECTBA MUKPOCXEM C 04E€Hb BbICOKU-
MM xapakTepucTukamm (tabn.1). Ocobo xo4erca OTMETUTb TOT
$aKT, YT0 C POCTOM HaCTOTbl AUCKPETU3ALMM IUHAMUYECKME
xapakTepucTukm MmHorux ALIM octaioTcs BbICOKMMM HA 4ac-
TOTaXx BXOAHOTO CUrHana, GnM3KMXx K MakCUManbHOW 4acTo-
T€ AUCKPEeTU3auuu. PaHblue MpOM3BOAUTENN HE MPUBOAWIM
xapakTepuctuky ALM Ha yacToTax Bblll€ MONOBUHBI YACTOTHI
JVMCKPETM3aLMmu, MOCKOJIbKY YMCN0 3PPEKTUBHBIX Pa3psAoB
(43P) 40BOMLHO OBLICTPO CHMXANOCH C POCTOM BXOAHOM Yac-
ToTbl. Ceityac cutyaums mensietcs. Kak nokasbiBaeT CpaBHe-
HWe TUMOBbIX xapakTtepuctuk 8- u 10-6ut ALIM dupm Maxim
Integrated Products n e2v, COOTBETCTBEHHO, Pa3HuLIa MEXAy
HAMW Ha BLICOKOI YacTOTe BXOAHOrO CUrHana He mnpesbilla-
eT NonoBuHLI paspsaa (tabn.2). Moatomy npu Buibope ALY
HEOOXOAMM TLLATESbHbIA aHANN3 XapaKTEPUCTUK B 3a[aHHOM
4acTOTHOW 06nacTy.

B TexHuyeckmx onucaHuax mukpocxem AL npousBoau-
TE/N YKa3blBAIOT XapakTepUCTUKK, MOJYYEHHbIE C MOMOLLbIO

C.lLunses, O.DomuH
adc@rudshel.ru

TectoBoi mnatbl (Evolution board, Evolution kit), Ha koto-
pOii YCTAHOBJEHbI TOMLKO T€ 3NEMEHTHI, KOTOPblE HEOoOX0au-
Mbl A1 TecTupoBaHug ALLTM. B kayectBe UCTOYHUKOB BXO[HO-
O W TAaKTOBOrO CUrHana B 3TUX nnatax 06bYHO UCMONL3YIOT-
CS CTaLMOHAPHBIE reHepaTopbl TakMx KOMMaHui, kak Hewlett-
Packard, Rohde & Schwarz u Agilent Technologies. 13 mMHoro-
YMCNEHHOI HOMEHKNATypbl NPMOOPOB BLIOUPAIOTCH Te, KOTO-
pble 3aBeJOMO Bbille KnaccoM, yem Tectupyembie ALLM. Mpu
pelleHnn peanbHbIX 3aaay cuTyauus apyras. Paspabotyuky,
KaK npasusio, CaMOMy MPUXOAMTCS NPOEKTMPOBATH TaKTOBbIlA
reHeparop. 3auactyto Ha Bxoae AL He o6oiTuch Oe3 ycunm-
Teneil, aTTeHi0aTopoB, MyNbTUNNEKCOPOB M GuLTPOB. Kpome
TOr0, B HEMOCPEeACTBEHHOM 6nm3ocTn ¢ AL MoryT okasarh-
cs1 MHorouucnenHble MJIUC, npolueccopsl, NaMaTb U T.M., YTO
MPUBOAMT K YXYALWEHMIO pe3ynbtata uamepeHuin. [loatomy
LIS [OCTUXeHWs B paspabaTbiBaeMon CUCTEME XapakTepuc-
TUK, 3asBneHHbx npoussoautenem AL, Heobxoauma posnras
W KporoTineas pabota no BLIGOPY 3nemMeHTHO 6asbl 1 npo-
eKTMPOBaHMIO NeyaTHON nnatbl. KOHEYHbI pesynbTar 3aBUCUT
He TOJbKO OT BbIOPAHHON CXEMOTEXHWKM, HO W OT pasMellie-
HWS ANEMEHTOB Ha MeyaTHoW nnate, U BO MHOrOM OT Camoi
meyaTtHon mnatbl. Martepuan meyaTHOM nnarbl, YUCIO CIIOEB,
PaccTOsiHME MexXJy HUMW — BCE 3TO HemnocpeCcTBEHHO BM-
€T Ha KOHEYHble XapaKTepUCTUKM pa3pabatbiBaemoro ycr-
poiicTBa. OrpOMHOE 3HAYeHWe MUMEIOT KaYecTBO MCTOYHMKOB

Ta6nuua 1. Xapakrepucruku HoBbix cemeiicrs AL

Tun AL TMpoussoauTens H::::ﬂg;T q::;::;‘::‘:"‘l?: 2
ADC08D1000 National Semiconductor 8 1000
ADC08D1500 National Semiconductor 8 1500
AT84AD001 e’ 8 1000
AT84AS004 ev* 10 2000
AD6645 Analog Devices 14 105
ADS5500 Texas Instruments 14 125
LTC2255 Linear Technology 14 125
LTC2207 Linear Technology 16 105

*Komnanus e2v npuobpena y dupmsi Atmel 8-, 10- u 12-6ut ALLM
c yacrtoToit auckpetusauun ot 500 Ml go 5 IMu.
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Ta6nuua 2. Tunoesie xapakrepucruku AUM Gupm Maxim u Atmel

Xapakre- MAX108CHC (dpupma

PHCTHRN Maxim) . AT84AS004 (pupma Atmel)
Foyo MILL 20 750 1500 100 750 1000 | 2000
Focps MILL 1500 1500 1500 1000 1500 2000 | 2000
43P 7N 7,51 707 8 8 78 75
OtHolue-
HWe curHan/ 474 46,8 448 52 52 51 50
wym, ob
Koadduum-
€HT rapMoHu-
B 60,2 52,1 445 52 52 49 49
XeHuit, b
[uHamuyec-
Kuil imana- 61,6 54,0 446 58 58 55 54
30H, 0B

Puc.1. Bnugnue Hecra6MAbHOCTH YACTOTHI TAKTOBOFO CHIHANA HA TOYHOCTH
H3MEpPEeHHS AMNIHTY bl

NUTaHUS U cnocod NOACOEANHEHUS! 3EMASHBIX U MUTAIOLMX
LWKH. YT0ObI MUHUMU3NPOBATL BUSIHWE LIMDPOBOI CXEMbI Ha
aHasoroBbl kaHan, BO MHOMUX CAy4Yasix NPUXOAUTCS 3KpaHu-
POBATb BbICOKOYACTOTHBIE U BbICOKOUMMNEAAHCHBIE Y3TIbl.
PaccmMoTpum HeKOTOpbIE KIOYEBbLIE MOMEHTbI, MO KOTO-
PbIM MOXHO OLEHUTb TPebOBaHUS, NPeabsSBASEMbIE K TaKTO-
BOMY reHepartopy. OfuH 13 0CHOBHbIX (AKTOPOB, BAMSIOLLYX
Ha TOYHOCTb M3MEPEHNS aMMIUTYAbl, — HECTAOMUNILHOCTb Yac-
TOTbl TakTOBOro curHana (puc.1). O4eBMOHO, YTO C POCTOM
CKOPOCTM HApacTaHus BXOAHOrO CurHasa ata 3aBUCUMOCTb
Oymer 3ameTHeit. HectabunbHOCTL MOMEHTOB HOPMUPOBAHMUS
ungposbix otcyetoB AL — axutTep (jitter — Apoxatme)
BHOCUT OO0MbLUIOK BKNIa[ B YXYALIEHWE OTHOLUEHUS| CurHan/
wym (C/LL) n Tem cambiM YMeHbLLIAET 3DDEKTUBHYIO pa3psj-
HocTb camoro ALLM. Kak u3BectHo, pna mpeansHoro ALM ¢
Y4ETOM TOJbKO Lyma kBaHToBaHusa C/LL = (6,02-N+1,76), roe
N — yucno paspsgos AL, B cnyyae naeansHoro 16-paspsia-
Horo npeobpa3sosatens C/LU = 6,02x16+1,76 = 98 nb. OTHO-

C/LL-1,76 16
Yap- L= 2
6,02 nb
1000
3001 4 ,/
100 + 6
30 | 8
10 1 10
Q 3 12
= ok 14
L 16
03 18
0,1
0,03 : - : + -
1 8 10 30 100 300 1000

BxoaHas yacrora, My

Puc.2. Baugnue JDKHTTEPA HA YHCNO 3Q¢ennnuux paspsajoe B 3GBHCHMOCTH
OT YaCTOThl BXORHOIO CHrHANA

wenune C/LU peanbHoro AL, HEMMHYEMO BHOCSILLLEr0 JOMOJI-
HUTENbHLIE MOrPELIHOCTH B MPOLECC U3MEPEHUs], YXyALIaeT-
cs. Ha npaktuke C/LLI MOXET y4uTbiBaTb rapMOHUKM OCHOB-
HOI 4acTOTkl, €C/IM 3TO YKasaHO CneuuanbHo. Takoi napa-
METP Ha3blBaIOT OTHOLIEHWE CUrHasia K LUyMy MIC Mckaxe-
Husi (C/[LLI+WM]). SkcnepumenTanbHo C/[LL+WA] moxHo n3me-
pUTb, UCNOJb3YS BbICOKOKAYECTBEHHBI M3MEPSIEMbI CUrHa
u Bbluncnsis BIN@. Mpu 3TOM B NOHATME LyMa BK/OYAKOTCS
1 TapMOHMKM curHana (uckaxenus). oacraBnss nonyyeHHoe
OTHOLIEHnEe B npuBefeHHylo dopmyny pacyeta C/LU, mox-
HO HalTn yncno addekTuBHbIX pas3psaos (H39P) ALIM. Ytobbl
bonee HarngaHO 0TOOPA3UTL BAUSHUE HECTAbMIbHOCTM yac-
TOTbl TAKTOBOr0 curHana, mpumem C/[LLI+W] = C/LU, Torpa
C/W = 20Ig(1/2nF,,t), rne Fy, — yactora BXOAHOMO curHana.
Ha puc.2 npuBeneHbl rpaduku, COOTBETCTBYIOLIME OMNpeae-
JIEHHOMY Yucny 3PPEKTUBHbIX Pa3psA0B, MO KOTOPbIM MOXHO
OLEHUTb AOMYCTUMBII JXUTTED t; TAKTOBOrO CUrHana.

Bknag BO BpEMEHHYI0 HECTAOUNBHOCTb TAKTOBOrO CUTHA-
112 BHOCUT He TONbKO BHYTPeHHuiA oxuttep ALI, HO u Muk-
POCXEMbI, N 3NIEMEHTbI BHELIHUX LIeneil, pacnosioXeHHbIX Ha
nnare. PacCMOTPUM JaHHbIe, MOYYEHHbIE C MOMOLUbIO MJia-
ol 3A0 "Pynnes-LUunses” JIA-H1PCl. Ha nnate ucnonb3yetcs
BocbmupaspsaHbin ALIN — MAX104CHC ¢upmbl Maxim. lna-
Ta UMEET OOMH KaHal C MakCUManbHO 4acTOTON AUCKpe-

JAQ "Pymmes-Ilunses"

PaapaboTka 1 Npou3BOACTBO:

- Nnatbl cbopa AaHHbIX

- U3MepuTesibHbIe NPUbopb!

- BUOPOAKYCTUHECKUE CUCTEMbI (e
- UHCTPYMEHTaNbHbIe pelleHus 3aday 3akasquka

-

MockBa (495) 787-63-67
CankT-letepbypr (812) 567-72-02

e S e

www.rudshel.ru
adc@rudshel.ru
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Puc.3. Pesynsrarsi BIIP npu ncnonb3oBaHUM B KaYECTBE HCTOYHMKA
TaKToBOi# Yacrorbi nnarbi JIA-1 1PCl crabunbhoro keapuesoro reneparopa (a)

M reHeparop ¢ BbiCOKHM $a30BbiM LWYMOM (6

tm3aumm 1 ITy; npu R,=1 MOM ananasoHsl HanpsxeHus —
+5 B, £2,5 B, =1 B, =0,5 B, nonoca — 100 Mru(-3 ab); npu
R,x = 50 Om guanasonsl — 2 B, +1 B, +0,5 B, £0,25 B,
nonoca — 300 MIu(-3ab). Kpome Toro, Ha mnate umeroTcs
8-Mb6aiit 03Y n untepoeiic PCl. Ha Bxos nopgaetcs Tecto-
Bblii CUHYCOMAANbHbLIA curHan ¢ Yactotoit 90 MIL,. UcTouHuk
TaKTOBOW YaCTOTbl — BHYTPEHHUI CTAOUNbHbIV KBAPLIEBbINA re-
Hepatop Ha 1 [Tu.

Ananu3 npoBoausics ¢ nomoLbto bId pasmepom 64 Kbaiir.
lpu aToM Mcnonb30Banoch OkHO brnakmaHa-Xappuca cefb-
MOro nopsiaka. Ha puc.3 npuBeaeHbl CpaBHUTENbHbIE PE3Yiib-
Tathl BI1® npu “cnonb3oBaHUM B KAYECTBE UCTOMHUKOB Tak-
TOBOrO CMrHasia ctabuibHOr0 KBapLIEBOr0 reHepaTopa U BHe-
LLUHero reseparopa ¢ BbICOKUM $a30BbiM LyMOM. Kak BUAHO,
BO BTOPOM CJlyyae OOLIMIA YPOBEHb LyMa 3aMETHO BbIPOC.
Kpome TOro, y 0CHOBaHMsi OCHOBHOI FapMOHUKW BUMHbI Ma-
pasuTHbIE CeKTpasbHble cocTaBnsiowme. K takum pesynbra-
TaMm MOXET NPUBECTU HEe TOJIbKO COOCTBEHHbIN (pa30Bblii LYM
TaKTOBOr0 reHepaTopa, HO U HEBEPHOE Pa3MeLLeHNe reHepa-
TOpa Ha MeyaTHOW mnare, HeAOCTaTOYHas aMnIuTyaa CUrHa-
N1a W HempaBwIIbHOE COrNacoBaHWe BOJIHOBOTO COMPOTMBE-
Hus. OueBMAHO, B 3TOM ciydae npumeHenue ALIT 6onblueii
pa3psaaHOCTU pesynbrata 3aMETHO He YNYYLUWT.

CTpemsCcb MOBLICUTb YacTOTY AMCKPETU3auuu Haubonee
[OCTYMHbIM W [AELEeBbIM Cnecob0M, MHOTVE NpOU3BOAMTE-
m undpoBLIX 3anoMuUHaLWMX ocuunnorpadoB 1 nnat cbo-
pa AaHHbIX YABAWUBAIOT YacTOTY AMCKPETU3aLmK, 3allenkuBas

IANEKTPOHUKA: Hayka, TexHonorus, bussec 1/2008

Puc.4. Cnexrpbi curHanos, ouudpoeanHbix nnaroi JIA-w4USB & pexumax

6e3 ynsoeus (a) u yasoexus yacrorbi guckperusauuu (6). Kpackoii oru6aio-
el oTMeYeHa CneKTpanbHas COCTaBANIOLIAN, NOSBASIOWANCT

M3-30 pasnuyusg kananos AL
BXOJHO/ CUrHan nonepemeHHo ApymMs pasnuyHbiMu AL, Op-
HaKO B 3TOM CJly4yae CNejyeT yYuTbiBaTb HEKOTOPbIE 0COOEH-
HOCTU ouudpOBKK curHana. lpexnae Bcero, ctatuyeckue xa-
paktepucTuku AL gomxHbl ObiTb MAEHTUYHbIMK. 1S 0bec-
MeYeHns LONrOBPEMEHHOI CTabUILHOCTY CnefyeT npeayc-
MOTPETb PEXWUM KanubpoBKM CTATUYECKUX XapaKTEPUCTUK
KaXxAoro kaHana. TOYHOCTb YCTaHOBKM ¢a3bl TAKTOBOrO CUT-
Hana mexay KaHanamu A0fXHa pacCYUTHIBATLCA MO METOAM-
ke, OnMUCaHHON Bbilwe. Ho maxe npu cobniofeHun BCex aTux
TpeboBaHuit JOOUTLCS TAKOro Xe pesynbrarta, Kak B CNyyae ¢
ogHumM ALLM, Ha BbICOKOI YacTOTE BXOJHOIO CMrHana KpawHe
CJIOXHO M3-32 HEWIEHTUYHOCTU AMMINUTYAHO-YaCTOTHBIX Xa-
PaKTEPUCTUK PasHbIX KaHamOB.

PaccMoTpum BnvsiHWE YABOEHUSI YaCTOThl AUCKPETU3ALIMM
Ha NpuMMepe BbiCOKOYACTOTHOrO YCTPOICTBA cOOpa AaHHbIX
3A0 "PynHeB-LLUnnsies" JIA-H4USB ¢ aByMSi CUHXPOHHBIMM Ka-
Hanamu, BLINOJHEHHOTO HA OCHOBE BOCbMuMpaspsaHoro ALLIM.
YctpoinctBo Takxe copepxut 2-M6aiit O3Y u uHTepdeiic
USB 2.0. MakcumanbHas yacTtoTa AMCKPeTM3auun Ha KaHan
coctasnser 250 MIu, B ogHokaHanbHoM pexume — 500 ML
(pexum ynBoeHus yactoThl). 3awmrta no Bxomy — *150 B,
ananasolbl — £25 B, 12,5, £5, £2,5, 1,25, 0,625, £0,25
n +£0,125 B; R,, = 1 MOwm; nonoca — 100 Mfu(-3 ab). Ha Bxog
MoLaBascs TECTOBbIA CUMHYCOMAANbHbIA CUTHAN C YacTOTOM
90 MIiy. CnekTpbl TECTOBbIX CUTHANOB, OLMPPOBAHHBIX 3TOM
nnaroii B pexume 6e3 yIBOEHUS U B PEXUME YIBOEHUS Yac-
TOTbl AUCKpeTU3auum, npuseaeHsl Ha puc.4. C poctom yac-
TOTbl BXOAHOrO CUrHana amnautyaa nomexu, 06ycnoBieHHOM
pasnunynem kaHanos ALIM, Oymet yBennymBathCs.
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Puc.5. Cnexrpanshbie xapakrepucruku nnarsi JIA-n1USB B pexume Ge3

BOGHHMS 4ACTOTHI (0) M PEXHME YABOEHHS YOACTOTbI AUCKpeTH3aLmuK (6

OnHako HekoTOpble COBPEMEHHbIE ByXKaHasbHble AL, Takve
kak ADC08D1000, ADC08D1500 komnanmu National Semiconductor,
AT84AD001 dupmbl €2v 1 fpyrvie, nNpedycmarpusaior paboty B
0JHOKaHa/IbHOM PEXVME C YABOEHHOMN YacTOTON AVCKPETU3ALIMN.
OHM UMEIOT BCTPOEHHBIA MYNTUMNIEKCOP BXOAHOMO CUrHana, no3-
BOJISIOT MPOrpamMMHO NOACTPanBaTh (asy TaKTOBOroO CUrHaa, Ko-
3D UUMEHT YCUNEHNS U CMELLIEHWE KaXOoro kaHana. Y Takux
AL perpapaums xapakTepucTk B pPEXMME YIBOEHWUS YacTOThI
JVCKPETM3aLMM HACTynaeT npy Gonee BbICOKMX 4acTOTax, Yem B
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C/yyae npuUMeHeHns 1Byx ofiHoKaHanbHbIX AL, B kayecTse npu-
mepa npuseaem xapaktepuctuku nnatel 3A0 "PynHes-LLnnsges”
JIA-H1USB, BbinonHeHHoM Ha ocHose 8-6ut AL ADCO08D1000.
lnara MMeeT [Ba CUHXPOHHbIX KaHana, 8-Mbait O3Y u uHTep-
deic USB 2.0. MakcumarnbHas YacToTa AMCKpeTM3aumMm cocTas-
naer 1 IMiy Ha kaHan; B OIHOKaHANILHOM pexiumMe — 2 [T (pexum
ynBoeHus yactothl), npu R, = 1 MOm nonoca cocrasnger 100
MIi(-3 ab); npu Ry, = 50 Om — 300 MIiy-3 ab). Ha Bxoa nopa-
€TCH TECTOBbIV CUHYCOMAANbHBIA curHan ¢ yactoron 90 MIi. Ot
n4ve CrekTpasibHbIX Xapaktepuctuk niatbl JIA-HIUSB B pexu-
Me 0e3 YBOEH!S 1 B PEXMME YIBOEHUS YaCTOThl MCKPETM3ALMM
BECbMa HE3HaYUTESBHO (PHC.5).

Takum 06pasom, npu Boibope BbicokoyacTotHoro ALIM onu-
CaHHOTO BbiLUE TUMA, HEOOXOAMMO 3HaTh, B KaKOiA MOJIOCE YACTOT
BXOJHOTO curHana Oyaer pabotatb KOHEuHbli npubop, co3paH-
Hblil HA 6a3e 3TOW MUKPOCXeMbl. HyXHO Onpefenvrs MUHUMAb-
Hblil IMHAMWYECKUA AManas3oH, KOTOpbIA Oyaer [ocTatoyeH ans
peLleHus NOCTaBNEHHOM 3afja4n, Nopobpath anemMeHTHylo Gasy
C y4eToM Tpebyemoro dyHKLMOHaNA, rabapuTos, SHEPronoTped-
JIEHUS! 1 BO3MOXHOCTEN MPOEKTUPOBAHMS U U3TOTOBJIEHUS Meyar-
HOM nnarbl. MHOroneTHuiA onbiT, HakonnenHbin 3A0 "PyaHes-LLn-
nse” B 06n1acT NPUMEHEHUs BbICOKOYACTOTHbIX AL, no3gons-
€T C/ieNatb BbiBOA, YTO /1S MOAYYEHWUS] NPUEMIIEMbIX XapaKTepuc-
TUK pa3pabaTbiBaeMoro YCTPOWHCTBA MHOTA TPEDYETCH HECKONb-
KO MTEpaLWiA, B XOA€ BbIMOHEHUS KOTOPbIX €ro KOHCTPYKLMS MO-
XET 3HAYUTENbHO U3MEHUTLCS. HameemMes, YTo aaHHas crarbst no-
MOXeT Bam npu Bbibope WM NpoeKTUPOBaHUM CUCTEM C BbICO-
ko4acToTHbIMK ALITT.
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