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Pedepar. lMpegnoxeH ObicTpogencTByoWwmMin aHanoro-undpoBor npeobpasoatens (ALM),
nucnonb3ylLmnin - 3@EKT  oCUMNNAUMM  KPUTUYECKOrOo TOKa CBEPXMNPOBOASLLEro  KBaHTOBOIo
nHtepdpepomeTpa (KN) kak dyHKUMM YPOBHA npunoxeHHoro curHana. AL npegHasHayeH ans
BblCOKOMNpou3BoanTenbHblix ycTponcts LIOC, peanusylolmx anroputMbl  TEOPETUKO-UMCIOBLIX
npeobpasoBaHWin, B TOM YNCIIE, OCHOBaHHbIX Ha Kutalickon Teopeme 06 ocTaTkax.

CeepxnpoBogHukoBbii - ALIIMT  npegHasHadeH [nsi UCNONb30BaHWs B YCTPOMCTBaX LMGPOBOMN
06paboTKM LUMPOKOMOMOCHBLIX CUTHAaNoB WM W3MEPEHWs CUrHanoB ObiCTponpoTekawwmx npoueccoB. B
HacTosiee BpeMs HEM3BECTHbl MNPUHLMMbI MNOCTPOEHUS CBepxnpoBoAHMKOBbLIX AL, uudpoBon BbIXoa

. . + . .
KOTOPbIX ABNANCA Obl uncnoeon (*)yHKLl,I/IeI/I X; = |X|p (X,' - HaMMeHbLUNN HeoTpuuaTeribHbl Bbl4ET OT
1

LuMcpoBoro akeuasneHTa X no 3agaHHomy mod p)).

B AL ncnonb3yetcsa yHUKanbHOe CBOMCTBO KOMMapaTopa Toka, obpasosaHHoro KU: ero uudgposoim
BbIXO4 SIBiSieTcs nepuoguyeckon dyHkumen lgy [1]. 310 0bycrnoBneHo achdeKkTom ocumnsaumm KpUTUYECKoro
Toka K/ B 3aBMCMMOCTW OT YPOBHSI HaMPsSXKEHHOCTW BHELUHEro MarHUTHOro MOns C Nepuogom no noToky @
(puc. 1).
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Puc. 1. MpuHuun paboTbl 6510Ka KBaHTOBLIX MHTEPEepOMETPOB

CookynHocTb KU-(k-1), ..., KN-0 (puc. 2) obpasyet AL B k-paspsigHbin kog pes. MNpu aTom gns
cooTBeTCTBYOWNX KN MarHUTHbIM NOTOK @, UHOYLUMPOBAHHLIN aHANoroBbiM CUrHanoM WM MPOHM3bIBAOLLNIA
konbuo KW onpepensietca kak ®=2@.,. Tok cmeweHus I, BbiOMpaeTcsa Takum obpasom, 4TOObl Ha
XapaKTepucTMkax yrnpaBreHust CBepxnpoBogsime obnactu Obiv  paBHbl  PE3UCTUBHBIM  OBnacTsM.
XapaktepucTtuka ynpasneHuss KM cmelleHa Tak, 4tobbl 04MH M3 ee NenecTkoB pacnonarancs CUMMETPUYHO
OTHOCUTENbLHO HYNs BXOAHOro aHanoroBoro curHana. Ha Beixoge KWU-i dopmupyetca nornyeckui

. At .
noteHuman U, COOTBETCTBYIOLUMIA ABONYHOMY CUMBOIY a[:‘[X/Zl] , rie X — umdpoBoit 3KBMUBANEHT
2

curHana gy ([A] - uenas yactb A).
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Takum 06pa3oM, BbIXOAHOW ABOUYHLIN koA Takoro AL onpepensietca kak (ag.ay,..., a5 )zxz‘X‘+k .
2

U, BKU-n ) X,
—

+—f BKU-(n-1) |O3Y-(n-1) ),
Na—

—{  BKU-1 M3V-1 = x,

Puc. 2. MNMpumep peanusaumm 6noka KBaHTOBbIX NHTEpPEpPOMETPOB

+
ANropuMtM  aHanoro-uMgpoBoro npeodpasoBaHUs B KOO X, Xp.1, -+ X1, TOE€ xi=|X|p ,
l

NCNoNb3yLWNA YHKLMIO BCMOMOraTesibHOro aHanoro-uudpoBoro npeobpasoBaHus B Ko4 MO MOOYIHO 2"

CTPOUTCS Ha CreayoLEM NMOSOXEHWUN.
Teopema.
: (1)

X;=

Xn _|pili|
rae 7, [X/pl'”;k’ i=1,2,..,n-1 Y p, =2k,
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Puc. 3. CtpykTypHas cxema cBepxnpoBogHukoBoro AL B kog COK

AUM, peanusytowmn (1), npeactaBneH Ha puc. 3 U BkIYaeT B ceba n 6Gnokos KU
BCrioMoraTenbHoOro adanoro-uudgposoro npeobpasosaHus — BKW-1, ..., BKW-(n-1), BKW-n, ¢ warom

KBaHTOBaHUA piA, pHA,..., p, 1A, A, cooTBEeTCTBEHHO, rae A — MUHMManbHbIA Wwar keaHToBaHua ALIM.
Ha Bbixogax BKW-1, ..., BKW-(n-1), dopmupytoTca OBOMYHbIE KOObl BbIYETOB COOTBETCTBEHHO
I,ly,...,0,1, a Ha Bbixope BKW-n — ABOWMYHBIN KOO BblueTa x|t - n3y-1, ..., N3Y-(n-1) copepxat
n k
2

pesynbTaTbl BbIMMCNEHUS BbIYETOB  Xi,..., X B COOTBETCTBUM C BblpaxeHuem (1) v MoryT 6biTb

BbINOMHEHbI NO Nt06OM TEXHOMNOrK.

Tak kak kaxabin u3 bKW-1, ..., BKU-(n-1), BKWU-n BkntouwaeT no k KA (puc. 2), To Ans nocTpoenusi
nonHomacwrtabHoro AL notpebyetca nk KN n n-1 M3Y. OnntenbHOCTb OOHOrO Lukna npeobpasoBaHus
onpegenseTca ANUTENbHOCTbIO yHKUMOHUpoBaHMsa KW (gonn HaHOCeKyHO) W BpeMeHeM 3afepiKKu

n—1

—2_
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anektpudeckoro curHana B [13Y, koTopoe MOXeT ObITb BbIMNOMHEHO Ha JOOON 3nemMeHTHon 0ase, B TOM
yucre 1 CBEPXNPOBOAHUKOBOWA.

Takum 06pasom, CTpyKTypa YCTpoWcTBa uUndpoBon o6paboTkm curHanoB (puc. 4), peanusyroLlero,
Hanpumep, anropuTM BbIYMCIIEHUSI YMCIIOBOW CBEPTKWU, OyAEeT MMETb MeHbLUe CTyneHew npeobpasoBaHus,

YTO MO3BOMUT YBENUYUTL MPOU3BOAUTENBHOCTb YCTPOWCTBA U OCBOGOAWUTL OOMOSHUTENbHYK Mrowaib Ha
kpuctanne MC.
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Puc. 4. lNMpumep yctpoinctea LLOC, ucnonsaytowero ALIMN B kog COK

Pa3paboTaHHbIi cBepxnpoBogHukoBbii AL B kog COK gononHsaeT apyrne TEXHUYECKNE peLLeHus,
OCHOBaHHbIE, HaNpPUMep, Ha 3NEKTPOONTUYECKON 3NeMeHTHO Base [2].

INutepartypa

1. Hamilton C.A., Lloyd F.L. 8-bit Superconducting A/D Converter. — IEEE Trans., 1983, v. MAG-19, Ne 3, p.
1259-1261.

2. ®uHbko O.A. CuHTe3 napannerbHbIX 3MeKTPOONTUYECKUX aHanoro-umdpoBbix npeobpasosaTtenen ans
CrneLmanm3npoBaHHbIX BblUMCnUTENen, OYHKUMOHMPYIOWMX B MoAaynsipHon apudmetuke // V3B. By30B.
MpnbopocTtpoerne. — 1999. — T. 42, Ne 3-4. C. 30-32.

<




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

SUPERCONDUCTING AN ANALOG-TO-DIGITAL CONVERTER FOR DEVICES OF A DIGITAL SIGNAL
PROCESSING OPERATING IN RESIDUAL CLASSES

Finko O.
Krasnodar military institute
Russia, 350035, Krasnodar, Krasina street, 4,E-mail; ofinko@yandex.ru

Abstract. The high-speed analog-to-digital converter (ADC) using effect of oscillation of a
critical current of a superconducting quantum interferometer (Ql) as functions of a level of the affixed
signal is offered. The ADC is intended for high-performance DSP devices, number-theoretic
conversions, realizing algorithms, including, grounded on the Chinese theorem of residuals.

In the ADC will be used unique property of a comparator of a current derivated QI: his digital output
is the periodic function [, [1]. It is stipulated by effect of periodic repetition of a critical current QI depending
on a level of strength of an external magnetic field with period on stream @ (fig. 1).

The collection QI- (k-1), ..., QI-0 will be derivated by an ADC in the k-bit Gray code. Thus for
appropriate Ql the magnetic flux @, induced by an analog signal and piercing a ring Ql is defined as ®=20-
1. The displacement current lysp, is selected so that on the characteristics of handle the superconducting
areas were equal to areas of resistances. The characteristic of handle Ql is displaced so that one of its
petals allocated symmetric concerning zero of an entry analog signal. On an output QI -i the logical potential
U, appropriate to the binary character aiz‘[X/Zi] * is shaped, where X - digital equivalent of a signal /;, ([A] -
2
whole part A). Thus, the output binary code such an ADC is defined as (ao,a1,~--,ak—1)=x=\X\;k .

The algorithm of analog-digital conversion in the code X, X1, ***, X1, where _ = |x[* using the
! Di

function of auxiliary analog-digital conversion in the code modulo 2k is created on a position:

x;=

+ )
xn_‘pili ‘Zk ‘Zk

where ; [X/Pi]\;k’ i=1,2,...,n=1 and p =2k.

For construction of the ADC is required nk Ql and n-1 ROM. The duration of one cycle of conversion
is defined by duration of operation QI (long of millimicroseconds) and hold time of an electrical signal in
ROM, which can be fulfilled on any element base, including superconducting element base. Designed
superconducting an ADC in the code of residue number system supplements other technical solutions
grounded, for example, on electrooptic element base [2].
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