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MpoaHannsnposaHbl BapuaHThbl peasn3auum cneynanmsmpoBaHHbIX MUKpocxeM. PacCMOTpeHbl
0CO6eHHOCTU 6a30BbiX MAaTPU4YHbIX U 6a30BbIX KPUCTA/ZIOB KakK OCHOBbI ANs peanmnsauuu
cneuunanmnsnpoBaHHbIX MUKpocxem. MNMpepcrtaBsieHbl COBpeMeHHble cepun 6a30BbIX KPUCTAN/IOB
5521 n 5529, un3rotoBsieHHble MO TexHonAornyeckum Hopmam 180 HM M 250 HM, a Takxe
BMK manon crteneHuM UHTerpaumum cepum 5503 m 5507. YkasaHHble BK u BMK cocrtaBasior
CeMencTBO cepui, UMEKLLUX eanHYI0 6nbnnoTeky pyHKLMOHANbHbIX A4YeeK, obwue cpeacTBa
NpoeKTUPOBAHUSA U aHAJIOrTMYHbIe KOPTYCHbIe UCNOJIHEHUS. OTINYNTE/IbHOW YepTOo ceMencTBa
ABNSETCA NOBbIWEHHAs CTOMKOCTb K BHELWHWM BO34eNCTBYOWUM (aKTopaM KOCMMUYECKOro

NpocTpaHCTBa.

Possibilities of implementation

of application-specific

integrated circuit (ASIC) are

analysed. The features of uncommitted logic array (ULA) and gate array (GA) as basis for the
implementation of ASIC are considered. The up-to-date 180 nm and 250 nm 5521 and 5529 GA
families and 5503 and 5507 small scale integration ULA families are presented. These GA and
ULA form a group of families with a common library of functional cells, similar design tools and
types of packages. Their distinctive feature is high resistance to space conditions.

HMKPO3JIEKTPOHHUKA SIB/ISETCS OLHOM M3 OTpac-
el MPOMBILIJIEHHOCTH, ONpefesouuXx
HAay4YHO-TeXHHUYeCKHH IIporpecc obmecTsa.
BOJNIBIIMHCTBO IIPOLIECCOB, CBSI3aHHEBIX C pAa3BUTHEM
MHUKPO3TEeKTPOHUKH, HOCUT BBIPasKeHHBIN 3KCIIO-
HeHIIMAJIbHBIH XapaKTep. B oTIn4YHe 0T 06BIYHBIX
oTpacieyl IPOMBIIIJIEHHOCTH, Ie co3naHue bonee
OBICTPOrO M JIy4IIero YyCTPOMCTBA C YABOEHHBIMU
GYHKIIMOHATBHBIMU BO3MOKHOCTSIMH OOBIUHO
yABaUBaeT CTOUMOCTb Pa3paboTKU U MPOU3BOJ-
CTBa U3JeHsl, B MUKPO3JEeKTPOHUKeE CIIpaBen-
nK1BO 06paTHoOe: ITepexos Ha HOBBle (MeHBINHe) TeX-
HOJIOTHUYeCKHe HOPMBI IIPUBOJUT K yelleBIeHHUI0
C OMHOBPEMEHHBIM yBelHYeHHeM QYHKIIMOHAb-
HBIX BO3MOXXHOCTEHN UHTEIPATIbHBIX MUKPOCXEM.
B 3THUX yCc/lI0BHAX aKTya/lbHa 3ajada yCKope-
HUSI TEeMIIOB pa3paboTKU 3IeKTPOHHOM KOMIIO-

HeHTHOM 6a3bl (3KB) a1 COBpeMeHHOM paauo-
371eKTPOHHOM annapartypsl (PDA), B ocobeHHO-
cTHu - 60/IBIINX HHTErpaabHBIX cXxeM (BHC), KoTO-
pble MO>KHO pa3e/IuTh HA JBA OCHOBHBIX KJIACCA:
YHHUBEpCaJbHble U CIeHAaJHU3HUPOBAHHBLIE.
K mepBOMY KJIacCy OTHOCSTCSI MHKPOIIpOIec-
COpPbl, MUKPOKOHTPOJIJIePHsl, IepudepunHbe
YCTPOMCTBA, ycTpoucTBa nmamsatu (II3Y, O3V
U T.[.), CEPUH CTAHAAPTHBIX MUKPOCXEM H IP.,
TO eCTh MHUKPOCXeMbI, YHKILIMOHAJIbHBEIE BO3-
MOXHOCTH KOTOPBIX HOCST YHHBepPCAJIbHBIHA
XapaKTep U MOTYT OBITH HMCIIONB30BAHEL B pas-
JHUYHBIX YCTPOMCTBAX U CUcTeMax. ObbveM mpo-
HM3BOACTBA MUKPOCXeM JaHHOIO KJjlacca COCTaB-
JsieT COTHH THICSIY M MHJUIMOHBI LITYK B FOM, YTO
MHUHHMH3HUPYeT 3aTPaThl Ha UX [IPOEKTHPOBAHUeE
U OCBOEHUE B IIPOK3BOJCTBE.

1 HMK"TexHonoruyeckui ueHTp" / SMC "Technological Centre".
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Crnenyanu3vupoBaHHbIe MUKPOCXeMBI BBIIIOJI-
HSIOT B allllapaType KOHKPeTHEIe ClieluuIecKHe
GYHKLMH, IPUCYIIHe TOIbKO e, U B 6OTBIIMHCTBE
clly4aeB He MOTYT OBITh MCIIOB30BAHBI I'e-1H60
eme. C 3aBeplIleHHeM IIPOM3BOACTBA allllapaTyphl
Hc4ye3aeT IOTPe6HOCTD U B BBIITYCKE ITpelHA3HAUYeH-
HBIX [/151 Hee CIlelMaJIM3MPOBAHHBIX MUKPOCXEM.
Kak npaBuUJIO, CEpUHMHOCTD CIIeIMaJIM3UPOBAHHBIX
MHKPOCXeM HaIpsIMYIO CBS3aHa C 06’5eMOM BBIITY-
CKa anmapaTyphl, B KOTOPOM OHM IPUMEHSIOTCS.
CymecTByeT 6o/bIIast HOMeHK/IATYpa CIelHaau-
3UPOBAHHBIX MUKPOCXEM C OTPOMHBIMU 06beMaMU
BBIIIYCKa, HanrpruMep BUC, mpruMeHseMbie B aBTOMO-
OUIBHOM 371eKTPOHMKe, OBITOBOM U KOMIIBIOTEPHOM
TexHHKe U Ap. [IpU IPOU3BOACTBE TAKUX MHUKPO-
CXeM 3aTpaThl Ha UX IPOEKTHPOBAHUE U OpPTaHU-
3aI]MI0 MAaCCOBOIO BBIIIYCKA JIEIKO OKYHAKTCH. TO
Hauboyiee peHTabe/bHBIN CEKTOP PBIHKAa MUKPO-
3JIeKTPOHUKH.

OnmHaKo B COBpeMeHHOM 06IlecTBe CyIecTByeT
noTpebHOCTh B THICSYaX THUIIOB CIEIHATH3HUPO-
BaHHBIX MUKPOCXeM, KOTOPBIe BBIIYCKAOTCH A5
yIOBJIETBOPEeHHU S HYXX][, OTHAe/JbHBIX OTpac/el IIpo-
MBIIIJIEHHOCTH U KOHKPeTHBIX TUIIOB POA. O6BeM
IIPOU3BOACTBA TAKUX MHUKPOCXeM MOXeT COCTaB-
JISTh OT HeCKOJIBKHUX [IeCATKOB [0 HECKOIBKHX ThICAY
IITYK B rof. Crloco6HOCTh pa3pabaThBAaTh U MIPOM3-
BOOUTh MX BO MHOIOM OIpeJenseT Hay4YHO-Tex-
HUYeCKUN U 06OPOHHBIN MOTEHIIMAN CTPaHbl. He

CIy4YanHO B CAHKLHOHHBIN cnucoK CIIA mpoTuB
Poccuu momanu KpylnHeHIIHe IPeANpUsITUS OTe-
YeCTBEHHON MUKPO3JeKTPpoHUKHU AO "AHrcTpem"
u ITIAO "MukpoH", aBnsomuecs ¢paarMmaHaMu
B [IPOM3BOJCTBE ClIelHaJIu3upoBaHHbBIX BHC.

Ocobyto, Haubosee CJIOKHYIO IPYIIy CpeH CIle-
HAU3UPOBAHHBIX MHUKPOCXeM COCTaBJIAIOT BUC,
IIpHUMeHsieMble B allllapaType KOCMHYeCKOro Ha3Ha-
YeHH S U 3KCILJIyaTUPyeMBble B YCIOBU X JeHCTBUS
SKeCTKHUX BHEINIHHUX BO3JeHCTBYIOMUX GaKTOPOB
(BB®). Kak npaBuio, HOM@HK/JIaTypa TaKKMX MHUKPO-
CXeM BeJHKa, CPOKHU pa3paboTKu ammapaTypsl
OTpPaHHYeHBl, a CEpUHHOCTD, B CUJY CIeHUPUKU
amnmapaTypsl, 4acTO He MpeBhIIIaeT HeCKOIbKUX
COTeH U3[leNHH B rof. [Ipou3BoACcTBO, Kak IIPaBUJIO,
M MeeT IIPePBIBUCTBIN XapaKTep, a OCHOBHOM BKJIa[,
B CTOUMOCTbh MHKPOCXeM BHOCSAT 3aTPaThl Ha 0CBOe-
HMe IIPOM3BOJCTBA U [IPOBeleHHe KBATUPUKALMOH-
HBIX U IePUOJUYeCKUX UCIIBITAHUU A5 IO TBEPXK-
IeHHs ypOBHA KadyecTBa.

CoBpeMeHHEBIe CIIellMaJIN3HPOBaHHBIe MUKPO-
CXeMBl MOKHO Pa3e/JIMTh Ha TPU IPYIIIBL: 3aKa3-
Hble MUKPOCXEeMBI, IIPOrpaMMHUPpyeMBbIe JOTUYeCKHe
HHTerpaabHele cxeMsl (IIJIMC) u monysakasHble BHC
Ha ocHOBe 6a30BbIX (BK) MK 6230BBIX MATPHUYHBIX
KPHUCTAJIJIOB (BMK). IIpUHSATO CYUTATD, YTO IIOTHO-
CTHIO 3aKa3Hble MUKPOCXeMBbl 06eCIIeynBaoT MaKk-
CUMajbHYIO QYHKIIMOHAJIBHOCTH, HANEXKHOCTH
U CTOMKOCTb K BB®, MUHHMaNIbHYIO CTOUMOCTD IIPA

icroelectronics is one of

the industries that deter-

mine scientific and tech-
nical progress of society. Most
of the processes associated with
the development of microelec-
tronics have pronounced expo-
nential character. Unlike con-
ventional industries, where
the creation of faster and better
devices with enhanced function-
ality usually doubles the cost of
development and production, in
microelectronics the opposite
is true: the transition to a new
(smaller) technological stan-
dards leads to reduction in price
with simultaneous increas-
ing functionality of integrated
circuits.

In these circumstances, it is
urgent to accelerate the devel-
opment of electronic compo-
nent base (ECB) for modern elec-
tronic equipment (EE), espe-
cially of very large scale inte-
grated circuits (VLSIC), which
can be divided into two basic
classes: generic and application-
specific. The first class includes
microprocessors, microcon-
trollers, peripheral devices, stor-
age devices (ROM, RAM, etc.),
a series of standard chips, etc.,
that is, versatile chips, which
can be used in various devices
and systems. The production
volume of chips of this class
reaches hundreds of thousands
and millions of pieces per year

that minimizes the contribu-
tion to their cost of design and
development.
Application-specific inte-
grated circuit (ASIC) performs
specific functions inherent only
to a certain type of equipment,
and in most cases can’t be used
anywhere else. After the end of
production of such equipment,
there is no need in ASIC intended
for it. As a rule, the volume of
production of ASICs is directly
tied to volume of production of
equipment in which they are
applied. There is a large range of
ASICs with huge production vol-
umes, for example, VLSICs for
automotive electronics, house-
hold and computer equipment
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MaCCOBOM IIPOU3BOACTBE, HO 3KOHOMHUYECKHU He
3 deKTUBHBI IPU Ma/lblX 06beMax BBIIIYCKA, TaK
Kak TpebyOT MaKCHMAaJbHBIX 3aTpaT IIpH pa3pa-
60TKe U OCBOEHUHU npoussoacTsa. ITJIMC obnamarnoT
IIperMyIleCTBaMH IIPU pa3paboTKe U oTIaAKe
IpoeKTa MHUKPOCXeMBl B COCTaBe amIapaTyphl.
B To ke BpeMs Hajlu4yMe OOIIOJHHTEIbHBIX 3JIe-
MEHTOB [JISI IPOrpaMMHUPOBAaHUS CHUKAET UX
HaIe>XXHOCTh U YBeJIHUYHBaeT 3Heprornorpebie-
Hue. Ilo cpaBHeHHIO ¢ 3aKa3HbBIMU BHC cTOMMOCTH
IIJIMC cymecTtBeHHO Bbime. IlonysakasHsie BHC
3aHHUMAIOT IIPOMESKYTOUYHOE II0JIOKEeHHEe MeXKIY
IIOJIHOCTBIO 3aKa3HBIMU MUKpocxemMaMHu U ITJIMC.
ITo moka3aTessiM HaJle>XXHOCTH, SHepromnoTpebie-
HUS U CTOMKOCTU K BB® OHU CpaBHUMEI C 3aKas-
HeIMH BUC, a o JJIMTeNbHOCTH LIMKJIA "pa3pa-
60TKa - U3rOTOBJIEHHE ~ IOCTABKA" COMIOCTABU MBI
¢ IVIMC. ITpoussoacTtso MK u BK, Kak mmpasuio,
mogoep>KUBaeTCs B TeYeHHe OJIMTEeJIbHOIO Bpe-
MmeHHU (bosee 15 y1eT). JOMOJIHUTEIBHO HEOOXOL MO
Y4YHTBIBATH, 4TO ITJIMC BOEHHOr0 B KOCMHYeCKOI 0o
HasHayeHH s (ypoBHeH KadecTBa Military u Space)
M3-32 BBeZleHHOro 3M6apro B PocCHIO He IIOCTaB-
JISIFOTCA.

Bri6op criocoba peanm3alnuy CIeLHATHU3UPO-
BaHHBIX BHC ompenenseTcss MHOXeCTBOM paKToO-
PoB, HO, KaK NpPaBH/I0, UMEHHO IOJy3aKa3HEIe
BUC obecrie4yrBalOT HaKUJIy4Illee COOTHOLIEHHE IKC-
I1yaTallHUOHHBIX U dKOHOMHYeCKHX II0Ka3aTesleHu.
PaccmoTpum ocobeHnHOoCcTH BMK 1 BK, KaK OCHOBHI
715 peaJlr3alluU CIIelHaJIHN3UPOBAHHBIX MHKPO-
CXeM.

KOHCTPYKLINA BMK
Ba30BbIM MaTpUUYHBIEN KpucTtaan (BMK) (aurno-
s3pluHble TepMuH ULA, Uncommited Logic
Array) - 3To yHHBepCajJbHasl 3arOTOBKA B BH/e
KpeMHHEeBOW IJIACTUHBI, HAa KOTOPOX copMHUPO-
BaHBl KPHUCTA/JIbl C MAaTPULIeH TPaH3UCTOPHBIX
CTPYKTYP. TaKKe KPHUCTA//IBI Ha3bIBaIOT 6A30BBIMHU,
IIOCKOJIbKY BCe GOoTOmabIOHE A5 UX H3LOTOB-
JeHHs, 33 UCKIYEeHHUEM CJI0€B MeTa/lIIM3alHH,
SIBJISIOTCS IIOCTOSHHBIMU U HE 3aBHUCAT OT peaju-
3yeMoOH cxeMBbl. [IpocTermue 31eMeHTh (KMOII-
TPaH3UCTOPHI) PACIOIaraloTCs B BUJe peryaspHoOM
MaTPHUIbl, II03TOMY KPHUCTAJI/I Ha3bIBAIOT MaTPUY-
HBIM. B oTnnuune ot IIJIMC, noruka paboTel KoTo-
PBIX 3a71aeTCs IOCPEACTBOM IIPOrpaMMHO-yIIpaB-
JsIeMBbIX 3JIEMEeHTOB, clienuanusanusa bMK ¢op-
MUPYETCS TeXHOJOTHYECKH B IIpollecce MHUKPOI-
JIEKTPOHHOTIO IIPOM3BOACTBA. M3roToB/IeHHE KOH-
KpeTHOI BUC 3aK/I04aeTcsl B BHIIIOJIHEHUH 3aBep-
MIAIOMIUX TeXHOJOTUYeCKHUX Olepaliuy Hal KpeM-
HHEBBIMU IJIACTHHAMHU C KPUCTATIAMU-3ar0TOB-
kKamu BMK. IIpx 3TOM B OJHOM HJIM HECKOJIbKHX
C/I0SIX MEeTAJ/IM3alMU OCYLIeCTBISIETCI KOMMY-
Tauusg KMOII-TpaH3UCTOPOB Ha I10JIe MAaTPUIIBI
01 GopMHUpOBaHUS Llellel CXeMbl. B CpaBHeHHUH
c IINIUC B cTpyKType BMK OTCYyTCTBYIOT U36bITOU-
HBle 3JIeMEeHTHhI, UYTO B HECKOJbKO pa3 CHHKaeT
06IIyI0 CIOKHOCTh MHKPOCXeMBI U IIOBHIIIAET ee
HaJe>XHOCTb.

B KOHCTpYyKIIMH BMK MOKHO BBIJI€IUTh PEryasap-
Hoe I10JIe, OKPY’>KeHHOoe 006/1acThi0 IIepUPpepPUITHBIX
KOHTaKTOB. [l/is onipefeneHus pasmepa moast BMK

etc. The costs of design and orga-
nization of mass production of
such chips are easy to pay off. It
is the most profitable sector of
the market of microelectronics.
However, in modern soci-
ety there is a need for thou-
sands of types of ASICs, which
are produced to meet the needs
of specific industries and spe-
cific types of electronics. The
production volume of such cir-
cuits can range from a few dozen
to several thousand pieces per
year. Ability to develop and
produce them largely deter-
mines the scientific, techni-
cal and defence potential of the
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country. It is not coincidentally
that the sanctions list of the
USA against Russia includes the
largest enterprises of the domes-
tic microelectronics - Angstrem
and Mikron, which are the flag-
ships in the production of spe-
cialized VLSICs.

VLSICs, which are used in
space equipment and operated
under the influence of hard
external factors, constitute a
special, most complex group
among ASICs. Usually, the range
of such chips is large, the devel-
opment time of equipment is
limited, and seriality, due to the
nature of the equipment, often

does not exceed several hun-
dred units per year. Production,
as a rule, is intermittent, and
the main parts of the cost of
the chips are costs of the devel-
opment of production and
expenses of certification and
periodic tests for confirmation
of the quality level.

Modern ASICs can be divided
into three groups: custom IC,
field-programmable gate array
(FPGA) (FPGA) and semicustom
IC based on gate array (GA) or
uncommitted logic array (ULA).
It is considered that the fully
custom chips provide maximum
functionality, reliability and
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KCIIO/NIb3yeTCs MOHSTHE "3KBUBAJeHTHBIHN BeH-
TUAB'. OGUH 5KBUBAJIEeHTHBIN BeHTHU/Ib COOTBET-
cTByeT yeThipeM KMOII-TpaH3MCTOpaM, Ha KOTO-
PBIX MOXKHO peaan30BaTh JIOTHYECKYIO QYHKIIHIO
"2U-HE" unu "2UJIA-HE". IIpu 3ToM Heob6X0qHUMO
pasnuvaTh GakKTHYeCKUM pa3sMep MO/ U Koaude-
CTBO 3KBHUBAJeHTHBIX BeHTH/Iel, KOTOpble MOTYT
OBITH UCIIONB30BAHBI IPH pealru3aliu KOHKPeTHOMN
MHKpOCcXeMbl. OTHOIIEHHE UCII0/Ib30BAHHBIX SKBU-
BaJIeHTHBIX BeHTHJIeH K pa3Mepy nongd BMK Ha3bI-
BaeTCs KO3QPULIMEeHTOM 3aIO0JTHEHHU .

CIOXHOCTh peanusyeMblx Ha BMK MuHKpo-
CXeM oIpefensieTcss MHOTUMHU GpaKTOpaMHU: pas-
mepoM 1moass BMK, KoJIH4eCTBOM AOCTYIIHBIX /15
KMCIIO/NIb30BAHU S BHEUIHHUX KOHTAaKTOB, 3pdex-
TUBHOCTBIO CPeACTB IIPOEKTUPOBAHMS, PA3BUTO-
CThIO 6M6IHOTeKH QYHKIMOHATBHBIX SUeekK, UX
OBICTPOIENCTBHEM, BO3MOKHOCTSIMH OXJIaKAEeHHUS
MHKPOCXeM B allaparype U MHOTUMU APYTHUMH.
Ha mpaKTHKe He ygaeTcs MCIIOJb30BaTh Bce 100%
nosss BMK. IIpH 3amo/HeHHHU MO KpPHCTaldaa
MeHee yeM Ha 70%, KaK IIpaBUJIO, YAAeTCs CIIPOeK-
THUPOBATH TOIIOJIOTHIO aBTOMAaTHYeCKHU CPeCTBAMU
CAIIP 6e3 BMemaTenbcTBa pa3paborumka. IIpu
bonpmem KodpdUIMeHTe 3aI0THEHUS TOIOJO-
rus pa3pabaTeiBaeTcsi B MHTePAaKTUBHOM PeXXHMe
c yuacTueM pas3paboTrdyuka. ITO yCIOKHSET IPO-
I1eCC MPOeKTHPOBAHM S, HO II03BOJIIET MCIIOIb30-
BaTh KPUCTAJIJI MEHBIIIETO Pa3Mepa, IPOU3BOLCTBO
KoToporo 6yget gemesse. [IosTomy 06p1duHO BMK
paspabarsiBatoTcs cepusiMU. CepHIO COCTABISIOT
HeCKOJIbKO KOHCTPYKTHUBHO Nofo6HbIX BMK, nmero-
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Puc.1. BapuaHmbl KoHCcmpyKkuul BMK: a - kaHanbHas;
b - "mope eeHmunei"
Fig.1. Variants of ULA design: a - row structure; b - sea of gates

mux obmyro 616n11MoTeKy GYHKIIMOHATBHBIX sSiUeeK
M Pa3sIHYaAKMKMXCS pa3sMepoM II0JsS KPHUCTajala
M KOJTHYeCTBOM BHEIIHMX BBRIBOJAOB. /I Ka>XXKI0TO
bonpmiero mo pa3mepy Tuna EMK B cepuu pasmep
mosst 06BIYHO YBEeJIMYUBAETCS IPUMEPHO BAIBOE.
Cepru BMK TaksKe MOTYT COCTOSITh M3 OHOTO THUIIO-
pasmepa KpucTasjia, U3rOTaB/JIMBaEMOTO B Pa3/Iny-
HBIX THIIAX KOPIIYCOB.

Konctpykuusa BMK, Kak HpaBHJIO, CTPOUTCSA
Ha 4-TpPaH3UCTOPHBIX 6a30BbIX sTueliKax. [lomo6HEIe
SIYeNKHU IMO3BONSAIOT 3pPeKTHUBHO HUCIIONH30BATH
pecypcsl BMK 1 peann30BbIBaTh T06bIe CXeMOTEX~
HUYeCKHe pemeHHsa. OmHAKO BCTpevyaTcss BMK

The choice of the method of

resistance to external factors,
the minimum cost for mass pro-
duction, but are not cost effec-
tive at low production volumes,
as they require the maximum
cost in the design and devel-
opment of production. FPGAs
have advantages in the develop-
ment and debugging of the cir-
cuits project in the equipment.
At the same time, the addi-
tional elements for program-
ming reduce their reliability
and increase power consump-
tion. Compared to the custom
VLSICs, the cost of FPGAs is sig-
nificantly higher. Semicustom
VLSICs occupy an intermediate

position between a fully cus-
tom chips and FPCAs. In terms
of reliability, power consump-
tion, and resistance to exter-
nal factors, they are compa-
rable to custom VLSICs, and in
terms of the duration of "devel-
opment - production - supply”
cycle they are comparable to
FPGA. The production of GA and
ULA, as a rule, is maintained
for a long time (over 15 years).
Additionally, it is necessary
to consider that the FPGAs for
military and space purposes (of
Military and Space quality lev-
els) are not supplied to Russia
due to an embargo.

implementation of specialized
VLSICs depends on many factors,
but, as a rule, the semicustom
chips provide the best balance of
operational and economic per-
formance. Let’s consider the fea-
tures of GA and ULA as the basis
for the implementation of ASICs.

DESIGN OF ULA

Uncommited logic array (ULA)
is a versatile workpiece in the
form of a silicon wafer with the
chips with a matrix of transistor
structures. All photomasks for
the manufacture of such chips,
except for metallization layers,
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C pa3HOrabapUTHBIMHU STUeHKAMH HIIH C PeTYISIPHO
MOBTOPSIIOMIMMHUCS TPAH3UCTOPHBIMHU CTPYKTY-
paMHu.

ITo KOHCTPYKIIMH II0Js1 HauboJbllee pacmpo-
CTpaHeHHe nonyuunu BMK, uMeromue "KaHalb-
HyI0" opraHusanuio u BMK Tuma "Mope BeHTHU-
nern". IIpu KaHaAJIbHOM OpPraHU3aL U none BMK
IpeACTaBIseT coboi IoCIe[0BaTeIbHOCTD CTO/6-
LIOB MJIH CTPOK si9eeK M KaHaJIOB /IS TPACCHPOBKH
(puc.la). IIpu UCIIONMB30BAHU M OPraHU3AILMH "MOpe
BeHTUJ el mosnie BMK mpezcTaBiisieT co60¥ CILIONI-
HYIO PeryJasipHYIO CTPYKTYPy OJHOTHUIIHBIX SueeK
(puc.1b).

KOHCTPYKLIUA BK

BMK CBOMCTBEHHEBI CyIleCTBeHHBIE OTpaHHYe-
HUSI, KOTOpble 06yC/IOBIeHBl IPUMEHeHHEeM O/HO-
TUIIHBIX TPAH3HCTOPOB, MpeJHA3HAYEHHBIX /I
nocTpoeHus cxeM udpoBor ob6paboTKku, HO He
II03BOAIOIINX pPeajrM30BbIBATh CJIOKHBIE aHAJIO~
roBBle M JpyrHe CXeMBl, HMeIoIlHe KaKue-TH60
0CO6eHHOCTH.

YKa3aHHBIM HeJOCTATOK YCTPaHAETCS IIPU IIPHU-
MeHeHUH 6a30BbIX KpUCTann1oB. CoBpeMeHHBIN BK
rMeeT UKCHPOBAHHYIO TeprudepUIHYI0 06/1aCcTh,
KaK IIpaBH/IO, COBNAaJaK0Iylo C Nepudepuu-
HoM obnacteio BMK, Ho B none BK ¢ukrcupyrorcs
TOJBKO LIEIIH OPTaHM3aL MK CHCTEeMBl IMTAHHUSA
MHKPOCXeMBI. ITO II03BOJISET CO3TaBaTh HA II0JIe
BK KaKk MaTpHUIIbl pa3/IMYHBIX UPPOBEIX TPAH3H-
CTOpPOB, aHaJloTH4YHbIe BMK, TaK ¥ Jpyrue cxeMbl
(puc.2). CnenyeT oTMeTUTh, uTo BMK sBasieTcs

bakTHYeCKHM YaCTHBIM ciydyaeM BK, xorga Bce
IoJie MOC/JIeJHEero 3aHATO T4eMKaMH HHUPPOBBIX
TPaH3UCTOPOB.

B03MOXHOCTE peajin3alliy Ha Itoje bK MaTpuiy
TPaH3UCTOPOB Pa3/IMYHON MOLIHOCTH I103BOJISIET
MOBBICUTH YACTOTY cpabaTslBAaHUS TPUITEepOB
bonee yeM B ABa pa3a, 4To obecredyrBaeT IIOBbI-
IIeHHe CHCTeMHOM 4YacTOThl 06paboTku HHPOpMa-
LIMH, a TaKKe MUHHUMH3UPYET IIJIOIAAb CXeMBI.

OO6BIYHO C MPUBSA3KOM K KOHCTPYKIHUKU BMK
U BK co31aioTcs ClI0KHO-QyHKIMOHATbHEIE 6JI0KH
(CP-6/10KH), KOTOpble pealu3yoT pa3IHYHbIe
GYHKIIMH, TaKKMe KaK MUKPOIPOLleCCOPHEIe gapa,
MHUKPOKOHTPOJLJIepPhl, 67I0KM aMsTH, HHTepderic-
Hble 6710KM, 6710KH aHanoro-uudpoBor 06paboTKkuU
M MHOrHe gpyrue. O4eHb BasKHO, 4To 6ubnuo-
TeKa CP-6JI0KOB MOKET CO3[aBAaThCS ITOCTEIIeHHO
B IIpoLecce 3KCIIyaTanuu cepuu BMK u BK, kak
NOIOTHUTENbHE N Pe3yabTaT NPOeKTHPOBAHMUS
KOHKpeTHBIX BUC, a mpruMeHeHHe 0TpaboTaHHBIX,
IpolleIIHX 3KCIIepUMeHTalbHOe allpobrpoBaHHUe
C®-6710KO0B ITO3BO/SIET IIOBBICUTDH KaueCcTBO pa3pa-
OOTKH M COKPATHUTh 3aTPAThl HA CTAJHUHU IPOEKTH-
POBaHHS MUKPOCXEMBI.

CieqyeT OTMETHUTD, YTO COBPeMeHHbIe KOHCTPYK-
THBHO-TeXHOJIOTHYeCcKHe 6a3uChl KaK Ha 06beM-
HOM KPeMHHH, TaK U Ha CTPYKTypax 'KpeMHHH
Ha I/I3OJ'IHTOpe" I103BOJISSIOT co3amaBaTh BK ¢ MMoBEBI-
IIeHHOMN YCTOMYHBOCTBIO K BB®, B ToM 4UHMCe 015
amnmapaTypbl KOCMHYECKOTrO Ha3HAUYeHHU .,

TakuM obpasom, BK u BMK Haubosee nepcrek-
TUBHBL JJIs CO3LaHUS CIelHaTIM3UPOBAHHBIX

are constant and do not depend
on the implemented scheme.
The simplest elements (CMOS
transistors) are arranged in a
regular array. Unlike FPCAs,
the logic of which is set by soft-
ware-controlled items, the spe-
cialization of ULA is techno-
logically formed in the process
of microelectronic production.
Production of specific VLSIC con-
sists in accomplishment of the
final manufacturing operations
on silicon wafers with ULAs. The
CMOS transistors on the array
are switched in one or more lay-
ers of metallization for the for-
mation of the circuit. Compared
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to FPGAs, the structure of ULA
does not contain redundant ele-
ments, which greatly reduces
the overall complexity of the cir-
cuit and increases its reliability.

ULA includes floor surrounded
by the region of the peripheral
contacts. To define the size of
the ULA the concept of "equiva-
lent gate" is used. One equiva-
lent gate corresponds to the four
CMOS transistors which can
realize 2AND-NOT or 20R-NOT
logical functions. It is neces-
sary to distinguish between the
actual ULA size and the num-
ber of equivalent gates that can
be used to implement ASIC. The

ratio of used equivalent gates to
the size of ULA is the fill factor.
The complexity of chips that
are implemented on the ULA is
determined by many factors:
the size of ULA, the amount of
external contacts, efficiency of
design tools, level of the library
of functional cells and their per-
formance, cooling capabilities
in hardware, and many others.
In practice we cannot use 100%
of the ULA area. When fill fac-
tor is less than 70%, as a rule, it
is possible to design the topol-
ogy automatically by CAD tools
without the participation of the
developer. In case of a larger fill
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MHKpOCXeM, 0CObeHHO C ITOBBIIIeHHBIMHU Tpebo-
BaHHUAMHU K HaIeKHOCTH B KeCTKHX YC/IOBUSAX 3KC-
IJIyaTalHKU. PacCCMOTpHM COBpeMeHHBIe cepuH BK
5521 1 5529 [1-4], U3roToBJIeHHBIE 10 TeXHOJIOTU-
4yeCKHUM HopMmaM 180 HM u 250 HM, a Takke BMK
MaJjioH CTelleHH MHTerpalllu cepui 5503 u 5507.
Yka3zaHHble BK ¥ BMK cocTaBASIOT CeEMeHCTBO
CepHi, HMeIOMKX eJUHYI0 6UbnroTerRy GyHKIHO-
HaJIPHBIX siYeeK, obmiue cpencTBa IPOeKTHUPOBa-
HHSA U aHAJOTHUYHBbIEe KOPIYCHBIE UCIIOTHEHUS.
OT/INYHUTe/IbHON YepTON CeMeMNCTBa SIBIsIeTCS
[IOBBIIIEHHAs CTOMKOCTb K BBP kocMHUYeCcKoro mmpo-
CTpaHCTBaA.

CEMEWCTBO CEPUI BMK / BK 5521 U 5529
Cepuu BMK u BK 5529 mu3rorasnusaoTcs 1o KMOII-
TeXHOJIOTHH C HOpMaMu 0,25 MKM Ha CTPYKTY-
pax "KpeMHHUI Ha usonsitope” (KHH), a cepust BK
5521 - ¢ TexHONOTUYeCKHUMH HopMaMHu 0,18 MKM
Ha 06beMHOM KpeMHUH. HampsiskeHHe NUTaHUS
coctapusieT 3 B £+10% unu 3,3 B +10%, pacueTHoOe
BpeMsd 3aJepKKH Ha BeHTHIb - 100 11c, TakTOBas
JacToTa D-Tpurrepa B C4eTHOM peskuMe - 500 MII.
BMK cepuu 5529 cooTBeTCTBYIOT TpeboBa-
Huam OCTB110998, ocBoeHBl B IIPOM3BOACTBE
HIIK "TeXHOJOTUYECKHH LIeHTP" C U3TOTOBIeHUEM
KPHUCTAJIJIOB MUKPOCXeM Ha 3aBoze "MUKpPOH", BXO-
ST B IlepedeHb M3JeJIMH, Pa3pelleHHbIX K IpH-
MeHeHHI0 MOII 44 001.02. B 2017 romy 6yayT 3aBep-
meHbl OKP 110 0CBO@HUIO B IIPOM3BOLCTBE OeCATH
TunoB BK cepun 5529 u 5521. IToBBIII@HHAS YCTOM-
YHMBOCTh MHKPOCXeM K BO3[IeHCTBHUIO OLHUHOYHBIX

%7 none 1
ayeek bBMK

Floor 1 for

ULA cells

Co-6n10K

ADC IP-core

Mone 2 ayeexk MK
Floor 2 for ULA cells

Puc.2. KoHcmpykuyus bK
Fig.2. Design of GA

3apsiKeHHBIX YacTUL obecreunBaeTcs AJ1s CEpUU
5529 KOHCTPYKTHBHO-TeXHOJIOTHUYeCKHUM 6a3ucoMm
KHH, a gas cepuu 5521 - mpuMeHeHHEeM TPOUPO-
BaHHBIX TPUITEPOB.

CocTaB ¥ OCHOBHBIe TeXHHYECKUE XapaKTepu-
ctuku BMK u BK cepumn 5529 u 5521 npuBeneHbl
B Tabn.1.

factor the topology is designed
in an interactive mode with the
participation of the developer.
This complicates the design
process, but allows the use of
smaller chip size, the produc-
tion of which will be cheaper.
So typically the families of
ULAs are developed. The fam-
ily includes several structurally
similar ULAs with a common
library of functional cells and
different size of the floor and
number of external contacts. For
each larger type of ULA in family
the floor size usually increases
approximately twice. The ULA
family can also consist of one

size of the chip manufactured in
different types of packages.

The ULA design is usually
based on a 4-transistor cells.
These cells allow to efficient
use the resources of ULA and
to implement any circuit solu-
tion. However, the ULA may
include cells of different sizes
or regularly repeated transistor
structures.

The most widely used ULAs
have row or sea-of-gates struc-
ture. ULA with row structure
consists of a sequence of col-
umns or rows of cells and chan-
nels for the wiring (Fig.1a). ULA
of sea-of-gates type has a regular

structure of identical cells
(Fig.1b).

DESIGN OF GA
ULAs are characterized by sig-
nificant limitations, which are
caused by the use of similar
transistors that are intended to
build circuits of digital process-
ing, but does not allow to imple-
ment complex analog and other
circuits with special features.
This drawback is eliminated
by the use of the CA. Modern CA
has a fixed peripheral area, usu-
ally coinciding with the periph-
eral area of ULA, but in GA only
chains of power supply of the

#8/70/2016 NANO INDUSTRY
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Tabauuya 1. Cocmas u ocHogHble xapakmepucmuku bK cepuli 5529 u 5521
Table1. Specifications of 5529 and 5521 GA families

YcnoBHoe o603Ha4eHne BK

Abbreviation of GA Konugecmo BHeLHUX / Pasmep nons, Thbic.
MHPOPMALUMOHHbBIX 3KBUBAJIEHTHbIX
T T"é"o';opa'l‘{(c: e KOHTaKTOB BeHTUen
Cepwsi 5521 Cepus 5529 YpP P 9 .Number gf external/ Floor si;e, thousands
5521 family 5529 family information contacts of equivalent gates
5521TPO1 5529TPO1 MK 5123.28-1.01 28/26 39
5521TP02 5529TP02 MK 4217.44-1 44.[40 73
MK 4217.44-1 44./40
5521TP0O3 5529TP03 200
MK 4239.68-2 68/64
MK 4239.68-2 68/64
5521TP04 5529TP04 400
MK 4247.100-2 100/88
MK 4247.100-2 100/88
5521TPO5 5529TPO5 800
MK 4248.144-3 144 /120
MK 4248.144-3 144./120
5521TP0OG 5529TP06 985
MK 4249.176-1 176 /152
MK 4249.176-1 176 /152
5521TPO7 5529TP0O7 1315
MK 4250.208-1 208/184
MK 4250.208-1 208/184
5521TP08 5529TP08 1810
MK 4245 .240-7 240/208
MK 4245.240-7 240/208
5521TPO9 5529TP09 MK 4244 .256-4 256/224 2765
MK 4251.304-1 304/272
MK 4251.304-1 304/272
5521TP10 5529TP10 4240
MK 4254.352-1 352/288

chip are fixed. This allows to
create on the base of GA not only
arrays of different digital tran-
sistors similar to ULA, but also
other circuits (Fig.2).

It should be noted that ULA
is actually a special kind of GA,
when all the area is occupied by
cells of the digital transistors.

The possibility of implementa-
tion in GA of the arrays of tran-
sistors of different power allows
to increase the frequency of the
triggers more than twice, which
enhances the system frequency
of information processing, and
also minimizes the area of the
circuit.

HAHO MHOVCTPHA #s8/70/ 2016

Usually ULA and GA create
a basis for IP cores that imple-
ment various functions, such
as microprocessor cores, micro-
controllers, memory blocks,
interface blocks, analog-to-dig-
ital processing and many oth-
ers. Itis very important that the
library of IP Cores may be cre-
ated gradually in the process
of operation of the ULA and CA
families, as an additional result
of the designing of specific
VLSICs, and the use of proven
IP Cores allows to improve the
quality of development and to
reduce the costs of design of the
chip.

It should be noted that the up-
to-date technological basis both
on bulk silicon and silicon on
insulator structures allow to cre-
ate the GA with increased resis-
tance to external factors, includ-
ing for equipment for space
applications.

Thus, ULA and GA are the
most promising solutions for
the creation of ASICs, espe-
cially with high requirements
for reliability in harsh environ-
ments. Let’s consider the mod-
ern 180 nm and 250 nm 5521 and
5529 GA families [1-4], and small
scale integration 5503 and 5507
ULA families. These GA and ULA
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Tabauua 2. Cocmas u 0cHo8Hble xapakmepucmuku BMK ceputi 5503 u 5507

Table 2. Specifications of 5503 and 5507 ULA families

YcnoBHoe o603HaveHue BMK
Abbreviation of ULA

Twun Kopnyca

KonunyecTBo BHelU-
HUX/UHPOPMaLMOHHbIX
KOHTAKTOB

Pasmep nons, aKkemBa-
JIEHTHbIX BeHTU/1en

Type of package . _ Floor size, equivalent
Cepus 5503 Cepws 5507 plimber ol ot eynal (infox gates
5503 family 5507 family
H5503XM1 5507bLI1Y H09.28-1B
28/26 576
5503XM1Y 55076L1Y1 MK 5123.28-1.01
H5503XM2 5507bL12Y H14.42-1B 42/40 1296
H5503XM5 5507bL5Y H18.64-1B
64/62 3072
5503XM5T 55076LI5T MK 4239.68-2
5503bL7Y 55076L7Y H18.64-1B 64/60 =
5503bL7T 55076L7T MK 4239.68-2 68/64
CEPUU BMK 5503 U 5507 Jasi, BBIIIyCKaeMBIX B Pa3/IMYHBIX THIIaX KOPIIYCOB.

BMK 5503 u 5507 SIBIISIIOTCSI CEPUSIMI MaJIOH CTelleHH!
MHTerpalnuu u yxe 6osee 15 1eT MUPOKO IpUMe-
HSIIOTCS B allllapaType KOCMHUYeCKOro Ha3HayeHH .
Ha ocHoBe BMK naHHBIX cepui pa3paboraHo 6oree
500 tunmoB BHIC, B TOM 4mHcJ/ie A5 TAKUX KOCMHYe-
CKHUX aIllllapaToB U Kopabneil kak "IIporpecc-M",
"Co103-TMA", "Mepupguan", "lTabupunt”, "[IuoH",
"Apkon-2", "dmextpa’, "Jlyu", "TIOHACC-M",
"TJIOHACC-K", "Konpmop", "IKcmpecc”, A1 CUCTeMBI
yIIpaBjaeHHUs PasrOHHBIM 610koM "Bpus-M" u fp.
Cepumu 5503 u 5507 ABAAOTCS IIOTHBIMU KOH-
CTPYKTUBHBIMH aHaJOraMHM, U3TOTABIHUBAIOTCSA
nmo KMOII-TeXHO/JIOTMH C HOpMaMH 1,6 MKM
M COCTOAT M3 YeThIpex THIIoOpa3MepoB BMK Kax-

HanpsikeHHe NUTaHUS cepuHr 5503 u 5507 cocTas-

nsieT 5B £10% 1 3 B £10%, cpenHee BpeMs 3aepP>KKHU

Ha BEHTHUJIb - He 6oslee 2 HC U He 6osee 3 HC COOTBeT-

CTBEHHO.

CocTaB U OCHOBHBlEe TeXHHUYECKHe XapaKTepu-

CTUKHU BMK 3THX cepUll IpUBeeHBI B Tab.2.
Cepuu BMK 5503 u 5507 uMeloT efuHYI0 616110-

TeKy sideek [5] c yHHUBepCcaJIbHOM CUCTeMOH 0603Ha-

YeHHH, KOTOPas COCTOUT U3 TPeX YacTeH:

e 6ubnuoreka 6as3oBrIXx s4yeek (5503), KoTo-
pas BKJIIOUaeT BCe OCHOBHBIE IPYIIIHl JIOTHYe-
CKHX 37IeMeHTOB, a TakKe NlepUdepUHHBIe dJle-
MeHTHI, obecrneunBammue GyHKI UK BXOAA,
BBIXOJ]a U BXOZa-BEIXOZ,a IMPPOBBIX U AaHAJIOTOBBIX

form a group of families with a
common library of functional
cells, similar design tools and
types of packages. Their distinc-
tive feature is high resistance to
space conditions.

5521 AND 5529 ULA/GA FAMILIES
ULA and GA of 5529 family are
manufactured using 0.25 pm
CMOS technology on the silicon
on insulator (SOI) structures,
and 5521 GA family - using
0.18 pm technology on bulk sil-
icon. The supply voltage is 3 V
+10% or 3.3 V +10%, the esti-
mated delay time per gate is
100 ps, clock frequency of the
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D-type flip-flop in the counting
mode is 500 MHz.

5529 ULA family meet
the requirements of the
OCTB110998, are produced by
SMC "Technological Centre" with
the manufacture of chips at
Mikron plant, and are included
in the list of products permitted
for use by MOII 44 001.02. In 2017,
the production of ten types of
GA of 5529 and 5521 families will
be launched. Increased resis-
tance to the single charged par-
ticles is provided for 5529 fam-
ily by the use of SOI technology,
and for 5521 family - by the use
of triplicated triggers.

Specifications of 5529 and 5521
ULA/CA families are shown in
table.1.

5503 AND 5507 ULA FAMILIES
Small scale integration 5503
and 5507 ULA families are more
than 15 years widely used in
equipment for space applica-
tions. ULAs of this families are
a base for more than 500 types of
VLSICs including such spacecraft
and ships as Progress-M, Soyuz-
TMA, Meridian, Labyrinth, etc.
5503 and 5507 families have
the same design and are manu-
factured by 1.6 pm CMOS tech-
nology. Each family consist
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CHUT'HAJIOB, IIACCUBHOE MJIM aKTHBHOE [00IIpeesie-

HUe BHeIIHero KOHTaKTa;

« 6ubnnoTexa HUPpPO-aHATOTOBEIX sueek (5503+),
MO3BOJIAIIIHX PeaJrn30BaTh aHAIOr0-IUPPOBYIO
06paboTKy CUTHAIOB,;

o 6ubIMOTEeKa CIIe[HaJIbHBIX SYeeK (5503++), paspa-
OOTaHHBIX I10 CrleUPUUeCKUM TPebOBaHUSAM pa3-
JTHYHBIX 3aKa34YHUKOB (CTOPOHHUM 3aKa3dHMKaM He
IIpefoCTaBseTCs).

Paspaborka BHC BBIIIONIHSIETCS HA OTe€YeCTBEH-
HOIl CHCTeMe aBTOMAaTH3HMPOBAHHOIO IIPOEKTHU-
poBaHus "Kosuer 3.0" [6]. B coctaB CAIIP BXOAST
BCe OCHOBHBbIE IOJCHUCTeMBbl, HeoOX0qUMBbBIE [
pa3paboTKH U MOATOTOBKHU K IIPOU3BOLACTBY IOy~
3aka3Hou BUC. ITosiHas NPOMBIIIJIEHHAS BepPCHUS
CAIIP "KoBuer 3.0" [6] mocTynHa A/st cBo6ogHOrO
KOIIMpPOBaHUS (Www.asic.ru), 4To IO3BOJISIET CO3-
0aTh Ha 1060M MpefNpUSTUU UIH B By3e I10JTHO-
LieHHBIe paboure MecTa sl IpoeKTUpoBaHU S BUC
Ha BMK ceputt 5503 u 5507. Pa3paboTanHble BUC
MOTYT OBITH M3rOTOBJIEHBl HA MUKPO3IeKTPOHHOM
npou3sBoacTse HIIK "TexHOMOTHYeCKHUM LeHTP"
(Www.tcen.ru).

Cmamosa nodeomosaeHa npu ¢uHancosoil noddepxke
MutobpHayku Poccuu. YHukaAbHblil udenmudukamop
ITHM REMEFI57814X0061.
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of four standard sizes of ULA,
which are manufactured in dif-
ferent types of packages. The
supply voltage is 5V +10% or 3 V
+10%, the average delay time per
gate is no more than 2 ns and no
more than 3 ns, respectively.
Specifications of these ULA
families are shown in table.2.
5503 and 5507 ULA fami-
lies have a common library of
cells [5] with the universal sys-
tem of notation, which consists
of three parts:
 library of core cells (5503),
which includes all major
groups of logic elements and
peripheral elements that

provide the functions of

input, output and input/out-

put of digital and analog sig-
nals, passive or active assign-
ment of external contact;

« library of digital-to-ana-
log cells (5503+) allowing to
implement the analog-to-dig-
ital processing of signals;

o library of special cells (5503++)
developed for the specific
requirements of different cus-
tomers (not available for out-
side customers).

VLSICs are developed using
domestic Covcheg 3.0 CAD [6].
CAD includes all main sub-
systems for development and

pre-production of semicus-
tom VLSIC. Full industrial ver-
sion of CAD is available for
free copying (http://www.asic.
ru) that allows to create in any
enterprise or institution full-
featured workplaces for devel-
opment of VLSIC on 5503 and
5507 ULA families. Developed
VLSICs can be manufactured
by SMC "Technological Centre"
(http://www.tcen.ru). |
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