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OcobeHHOCTH MHKPOCXEM MPOMBIIIIJICHHOIO Ha3HAYCHUA 3aKITIOYAIOTCA MPEXKAEC BCEIro B YCJIOBUAX UX SKCILTyaTalluu, TpCGOBaHI/ISIX

MO HAJIEXKHOCTU U HEOOXOIUMOCTH TIOAICPXKKHU BBIITYCKA 3TUX MUKPOCXEM Ha NPOTIKEHUU NJIUTEIIBHOTO BPEMEHU (I[O 20 J'[CT) JUTA

TapaHTUPOBAaHHOI'O MMPOMU3BOACTBA LIEJIOIO pAla usnenuii. B cratee paccMaTpuBarOTCAd OCHOBHBIC ITOAXOIbI IMTPU CO3TaHUU U TTPOU3-

BOJICTBE MUKPOCXEM ITPOMBIIIJIIEHHOTO MTPUMEHEHUA HA OCHOBE 6oJiee yeM 20-JIETHETO OTIBITA.

Karouesvie crosa: dogepennvle cucmemyl; cucmema na Kpucmainie; npou3800Ccmeo MUKpocxem, paspadomia MUKpOCxXeMm.

Industry-oriented integrated microcircuits features depend on their actual operating conditions, requirements for reliability and

necessity of supporting these microcircuits issue over a long period of time (up to 20 years) for the guaranteed manufacture of a wide

range of goods. This paper examines the main approaches to designing and manufacturing industry-oriented microcircuits based

on over than 20 years experience.

Keywords: trusted systems; system on chip; chip production; chip development.

dry ®HIL HUMCH PAH B Teuenue 6oiee 20 jieT BeneT pa3paboTKy

U TIPOU3BOICTBO MUKPOCXEM MTPOMBIIIICHHOTO TpUMeHEeHUSsT. B KOH-

LEeNUUU pa3BUTUS UHCTUTYTA ObIJIO 3aJ10XKEHO HECKOJIbKO 3TAIlOB.

Ha nepBoMm sTane B Havasie u cepenrHe 90-X ronoB UHCTUTYTOM CO3-

NMaBaJCh dJIEKTpOHHBIEe u3nenus Ha 6a3e [1JIMC, oTpabaTsiBanuch

aJITOPUTMBI, YTOUHSIJIUCH TPEOOBAHUS K UBNETIUSIM, U B TO Ke BpeMs

9TO OBIJIU CepuitHbIe MOCTaBKU KOMTbIOTepOB «bareT». B kauecTtBe

MUKPOIPOIIECCOPOB UCITOIb30BAIUCH 3aMaTHbIe MUKPOCXEMBI KOM-

nanuii Intel 1 MIPS. B cepennne 90-X ronoB UHCTUTYT NPUCTY U

K cilenymoouieMy aTany — pa3paboTke MUKPOTIpOLIeCCOpOoB Ha 6a3e

cooctBeHHOI RISC-apxurektypst KOMJMB. 1o cucreme KomaH 1

apxuTekTypa 06amu3ka K apxutektype MIPS, onHako Ha Ga3e Hee

MOXHO peaju30BaTh U MPOrPaMMHYIO COBMECTUMOCTb C MUKPO-

npoueccopaMmu ARM. Bbljio TakXe pa3BepHYTO MPOEKTUPOBAHUE

Pa3JIMYHBIX KOHTPOJUJIEPOB C YYETOM CO3JaHHBIX paHee Mojesieit

mukpocxem Ha [TJIMC. M3rotoBiieHe MUKPOCXEM OCYILIECTBIISIIIOCH

Ha 3amaaHbiX ¢padbpukax. M, HAaKOHel, Ha TPEThEM 3Tare ObIJIO CO3-

NlaHO COOCTBEHHOE MPOU3BOJCTBO MUKpOcxeM. Bce TexHomoruue-

CKUe MPOIIECChl 3TOTO MPOU3BOACTBA pa3pabaThIiBaINCh COTPYIHU-

kamu HUMCHU PAH.

OcHOBHBIE TPOOJIEMBI, C KOTOPBIMU CTOJKHYJICS MHCTUTYT B MPO-

Lecce MpoM3BOACTBA MUKPOCXEM U KOMIIBIOTEPOB, CJeNYIOLIHE.

1. 3amanHble KOMIIaHUU NMEPUOANYECKU HECKOJIbKO U3MEHSIIN TeX-
HOJIOTMYECKU i MPOLeCC MPOU3BOICTBA MUKPOCXEM, UTO, KaK Mpa-
BUJIO, TIPUBOJIMIIO K CHUKEHUIO YyacToThl B ipenenax 10 %. To ectb
MOXHO CTOJKHYTbCSI C TEM, YTO MapTUsI MUKPOCXeM, 3aKa3zaHHas
yepes HeCcKouIbKo JieT rociie cnaun OKP, OyneT oTainyarbest OT rep-
BOHAYaJbHOU U HEKOTOPbIE XapaKTEPUCTUKU MOTYT HE COOTBET-

CTBOBATb KOHCprKTOpCKOﬁ JOKYMCHTALIUN.

2. WMHoraa ucnosb3yeMble 3amaaHble TEXHOJIOTUYECKHUE MTPOLECCh
3aKPBIBAIOTCS ¥ BBOISITCSI HOBBIE OJIM3KHUE TIPOIIECCHI, UTO TIPUBO-
IIUT K HEOOXOIMMOCTH MEePENPOEKTUPOBATh MUKPOCXEMBI U ITPOBO-
IIUTH TUTIOBBIE UCTTBITAHUSI.

3. Eule pexe 3aBOIbI, MPOU3BOASIINE IMJIACTUHBI C KPUCTaIJaMu
MUKPOCXEM, MPOAAOTCS UJIU 3aKPbIBAIOTCS, YTO MPUBOAUT K HEOO-
XOAMMOCTHU UCKATh IPYTYI KOMIAHUIO C OJIM3KUMU TEXHOJIOTHYE-
CKMMU MpOIeCcCaMM.

4. JIOBOJIBHO PEeryJIsipHO MCMIOJIb3yeMblie MJIACTUKOBBIE KOpIyca
MUKPOCXEM CHUMAIOTCS C Tpou3BoaCcTBa. [IpuxoauTces co3naBarh
TpebyeMble KopItyca B IPyTMX KOMIaHU X, YTO MPUBOIUT K IOTIOJ-
HUTEJIbHBIM 3aTpaTaM.

5. Kommepueckue CATIP He MO3BOISIIOT MTPOU3BOIUTHL MOACINPOBA-
HUE MTPOEKTOB IMPU HEKOTOPHIX IKCTPEMATBHBIX YCIOBUSIX IKCILITY-
aTaluu.

6. B ciyuae nmpousBoAcTBa Ha 3apy0ekHBIX (habpuKax HEOOXOAUMO
pacKpbIBaTh KOHEUHBIX MMOJIb30BaTeIeit MUKPOCXEM, YTO HE BCEraa
YI0OHO C KOMMEPYECKOM TOUKHU 3pEHUSI.

7. B Poccuum oTCYTCTBYET MPOU3BOACTBO AMHaMu4yeckoir u Flash-
MaMsITH, 3alalHble MUKPOCXEMBI PEryJSIPHO CHUMAIOTCS C TTPOU3-
BOJICTBA, YTO MPUBOIUT K HEOOXOAUMOCTU MOACPHU3ALIUY MOIY-
seit. [lenath 3amacbl MUKPOCXEM Ha MHOTO JIET BIlepe] 5KOHOM U Ye -
CKM HelleaecooopasHo.

8. OTCyTCTBME MacCOBOTO CIIpOca Ha MUKPOCXEMbI HA POCCUIICKOM
PbIHKE NMPUBOAUT K BBICOKO CTOMMOCTH MUKPOCXEM U HE MO3BO-
JISIET B JIOJIKHOM Mepe pa3BUBAThCSI KOMITaHUSIM. BBIXon co CBOMMM
MHUKpOCXeMaMU 3a PyOe CONPSI)KEH ¢ OTPOMHBIMHU MPOoOIeMaMu,
HUKTO He XOUeT OTIAaBaTh CBOM PBIHKM. Pa3BUTHE OTpacin HEBO3-
MOXKHO 0€3 TOCy1apCTBEHHOM MOIIEPKKHU.




9. B Poccum oTCYyTCTBYET JOCTATOYHOE YUCJIO PA3pabOTUYNKOB: ISt

Pa3BUTHS MHCTUTYTA MPUXOAUIOCH BECTH COOCTBEHHYIO MOATO-

TOBKY CIEIMATNCTOB.

YKa3zaHHbIe TPOOJIEMbl HEBO3MOXHO pelliaTh 0€3 MOJHOro Bia-
NeHUs co3laBaeMbIMU NpoeKTaMu. Mcnonb30BaHUe 3amagHbIX
IP-6JI0KOB IPUBOAUT K TOMY, YTO MEPEHECTU MPOEKT HA IPYTYIO TEX-
HOJIOTUIO 03 U3MEHEHM sl XapaKTepUCTUK MUKPOCXEMbl OUEHb MPO-
GnematnaHo. Ecnu ke MOgepHU3MPOBaHHAS MUKPOCXEMa C yU4EeTOM
mapaMeTpOB HOBOI TEXHOJOTHH Hake HEe3HAYUTEIbHO U3MEHSIETCSI,
9TO MOXET CKa3aTbcsl Ha GYHKIIMOHUPOBAHUYM KOHEYHOTO MPOAYKTA
C 9TOIf MUKPOCXEMOM, CTOUMOCTh KOTOPOTO BMECTE C TIPOTPAMMHBIM
obecrieyeHeM MOKXET MHOTOKPATHO MPEBHIIIATH 3aTPAThl HAa CO3MaHUe
MHUKpOocxeMbl. TaKuM 00pa3oMm, TIpu MPOEKTUPOBAHUU MUKPOCXEMbI
clenyeT TOHUMATh BpeMsl ee XU3HM U OCO3HABaTh HEOOXOAMMOCTh
MOAJEePKKY ee BbIycKa. UMEHHO MO3TOMY MOJUTHKA UHCTUTYTA
3aKJI0YAeTCs B UCMOJIb30BAHUM TOJIBKO CBOMX | P-010K0B 1151 MUKpPO-
CXeM MPOMBILITIEHHOTO MPUMEHEHUSI. DTO MO3BOJIKIIO MOAICPXKMBAThH
BBIMYCK psila MUKPOCXEM Ha MPOTSIKEHU U ykKe Moyt 20 JIeT HeCMOTpst
Ha TO, YTO OBIJIO HECKOJIBKO MOJIEPHU3ALIM I 3aMalHbIX TEXHOJIOTn4e-
CKUX MPOLIECCOB U psifl (habpUK ObLJIN 3aKPHITHI.

Crenytouieit mpo0JeMoii IBAsIETCS co3laHue MUKPOCXeM, (hyHK-
HUOHUPYIONINX B 3aIaHHBIX YCIOBUSIX IKCILTyaTalluu. 3anaaHble
KOMITAaHUW Pa3nesiioT MUKPOCXEMbI Ha KaTerOpUU KOMMEpPUYECKUX,
WHIYCTPUABHBIX, aBUAIIMOHHBIX, BOCHHBIX U KOCMUYECKHX. B cooT-
BETCTBHMU ¢ 3TUMU KaTeropusimu 3anagHbie CAITP nmpoekTupoBaHust
MHUKPOCXEM MO3BOJISIIOT [ejIaTh TpebyeMble TTPOBEPKU, CO3MAIOTCS
COOTBETCTBYOIIIKME OMOIMOTEKH 31eMeHTOB. CTaHIapTHBIE GUOIHO-
Teku KMOII-nipouieccoB, Kak MpaBuio, 0TXapaKTepU30BaHbl B TEM-
nepatypHoM auanaszoHe oT —40°C no +125°C, u a5 GOJbIIMHCTBA
MPUMEHEHU I 3TOro [ocTatouHo. OMHAKO 151 CO3JaHUsI MUKPOCXEM
KOCMMYECKOTO MPUMEHEH U Sl TAKMX TEXHOJIOTMUECK X MPOLIECCOB, KaK
yIpaBJIeHUE XKeIC3HOTOPOXKHBIMU CTPEIKaMU, KOHTPOJJIEPOB IS
HedTerazoBoil MPOMBIIIJIEHHOCTH U TIP., TPEOYIOTCS TeMIIEpaTypbl
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dyakunonuposanus 10 —60 °C. HanbGoJsee mpaBUIbLHBIM B 9TOM CIIy-

yae ObIJ10 OBl TIPOBECTU XapaKTepu3aluio OMOINOTEKHU AJIsI TpeOyeMbIX

TeMIlepaTyp, OMHAKO ITO COMPSIKEHO CO 3HAYUTEIbHBIMU BPEeMEH-

HBIMU U MaTepUaJbHBIMU 3aTpaTaMu. ONBIT paOOTHI TOKA3aJ, YTO AJI5

MOCTUXEHMUSI 1IeJIU TOCTaTOYHO MCMOIb30BaTh BO3MOXHOCTHU COBpe-

MeHHbIX CATIP no HacTpoiike Ko3¢hhUIIMEHTOB NPU MPOBEICHUU

TOIOJIOTMYECKOro MpoeKTUpoBaHus. Hanpumep, npu npoeKTuposa-

Hun MukpocxeMm B CATTP Innovus ajist nocTuXeHusi paboToCrocooHO-

CTH MUKPOCXEMBI B IIUPOKOM TeMITepaTypHOM THaIna30He BO3ZMOXHO

ucrojib3oBaHue cienytomunx komang CAITP:

1. Komanpa update rc_corner mo3BoJisieT yMEHbBIIATb U YBEIUY M-
BaTh 3HAUYCHUSI COMPOTUBICHUS 1 eMKOCTU MEXKCOCIMHEHU I TSI
OTpeNeIECHHOTO COUeTaHU Sl YCJIOBUIA TEXTIpoliecca, MTUTAHUS U TeM-
repaTyphbl.

2. KomaHja set_timing_derate yctaHaBiauBaeT KO3(hGUIITMEHTH Mac-
TaOMPOBaHUSI BpEMEHHBIX 3aJIepKeK B MyTax setup u hold.

3. Komanpna set_clock uncertainty yctaHaBiMBaeT 3Ha4YeHHUE pa3-
0EeX KU CUHXPOCUTHAJIA Ha KpUCTaJlje.

KoadduuneHTsl npuxoauTcs noadupaTb 3KCIEepUMEHTATbHBIM
MyTeM, OIHAKO YeM OOJIbIIe MBI «3aXXKMMaeM» MPOEKT 9TUMU KO-
dbuumreHTamMu, TeM 00JIbllIe 3aMac MPOeKTa Mo BpeMeHHOU Auarpamme.
YuuteiBasi, YTO 3aMmaaHble KOMIIAHUU 3a49aCTyI0 6€3 Mpeaynpexie-
HUSI UBMEHSTIOT TEXHOJOTUUYECK U MPOIIECC U IapaMeTPbl MUKPOCXeM
MOTYT HECKOJIBKO U3MEHSIThCSI, TAKOU 3aTac MO3BOJISIET CHU3UTD BO3-
MOXHBIE PUCKH.

[pu mepexome Ha TEXHOJOTMYECKUE HOPMBI 65 HM U HUXKE BO3-
HUKaeT LEeJbli psil MPOoOJieM MPU MPOEKTUPOBAHUY CIIOXKHBIX BBICO-
KOTIPOM3BOAUTEIbHBIX MUKpPOCXeM. [Ipexie Bcero n3-3a CHUXEHUS
TOIMOJIOTMYECKUX HOPM BO3pacTaeT pa3dpoc napamMeTpoB TPAH3UCTO-
pOB, BO3pACTalOT TOKM YTEUKH, MOSIBISIETCS 3HAUUTEbHasl 3aBUCU-
MOCTb [TapaMeTpPOB OT pa30pPOCOB HANPSIKEHUsI MUTAHUS U TeMIlepa-
TYpbl Ha KpucTasie. st TaKMX MUKPOCXEM, KaK COBPEMEHHbIe BBICO-
KOITPOM3BOAUTEIbHBIE MUKPOTIPOIIECCOPHI, pa3dpoc TeMIepaTyphbl

Over 20 years SRISA has been developing and
manufacturing industry-oriented microcir-
cuits. The concept of the Institute development
includes a number of stages. At the first stage,
at the beginning and in the middle of 1990s,
the Institute produced electronic components
based on FPGA, worked out algorithms, spec-
ified requirements for electronic components,
and, at the same time, performed serial delivery
of “Baget” computers. Foreign microcircuits
manufactured by Intel and MIPS were used
as microprocessors. In mid 1990s the Insti-
tute started the next stage of its development —
designing microprocessors based on KOMDIV,
its own RISC architecture. In respect of com-
mand system, this architecture is close to MIPS
architecture, and its base allows implement-
ing and providing software compatibility with
ARM microprocessors. The Institute started
developing various controllers considering ear-
lier designed microcircuits based on FPGA,
but microcircuits were manufactured at foreign
factories. Finally, at the third stage, the domes-

tic production of microcircuits was started. All

technological processes of this production were

developed by SRISA staff members.

The main problems the Institute faced with
in the course of microcircuits and computers
production were as follows:

1. Foreign companies periodically slightly
changed the technological process
of microcircuits production, which, usu-
ally, resulted in frequency reduction within
10 %. That leads to a possibility of facing
a situation, when a microcircuits batch
ordered some years after ending the design
and development works will differ from the
original, and some characteristics may not
comply with the design documentation.

2. Sometimes the applied foreign techno-
logical processes are closed and new simi-
lar processes are introduced, leading to the
necessity of redesigning microcircuits and
performing routine tests.

3. In rare cases, when factories producing
wafers with microcircuits chips are closed
or sold, there is a necessity of finding another
company with close technological processes.

There are cases of phasing out plastic pack-
ages of microcircuits that are regularly
used. Then it becomes necessary to create
packages at other companies, which results
in additional costs.

Commercial CADs do not make it pos-
sible to perform design modelling in case
of some extreme operating conditions.

In case of production at foreign facto-
ries it is necessary to declare end users
of microcircuits, which is not always con-
venient in terms of commerce.

There is no production of dynamical and
Flash memory in Russia; foreign microcir-
cuits are regularly taken out of production,
which leads to the necessity of modules mod-
ernization. Stocking microcircuits for many
years ahead is not economically expedient.
The absence of mass demand for microcir-
cuits on Russia’s market results in microcir-
cuits high cost and does not allow the com-
panies proper development. Putting domes-
tic microcircuits on the world market is prob-
lematic, as no one wants to give up their own




AOKAAABI KOH®EPEHIIUU

7000
Ha KpUCTaJjie MOXeT nmpeBbiath 5°C, a mpo- 6000
caIKM IO HAMpsKeHUIo nmutanus — 10 %. iggg
JI1st MOCTUXKEHU S TIPEeIeIbHBIX TapaMeTPOB 3000
2

10 YaCTOTE CO3AaBaeMbIX MUKPOCXEM HEOD- 1238
XOIMMO YYUTBIBATH BCE TU Pa30opPOCHI pU 0
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MonaenvpoBaHuu. CTaHIapTHBIE KOMMeEpYE-
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ckue CATIP no3BosisiloT NPpOBECTU MOJEIM- oo, oo, oo, oo, oo, oo, pe. ‘;JCT oo, oo, ne. oo, ne.

poOBaHUe IS HAMXYAIIUX CIydaeB IO TeM-
mepatype, TeXHOJOTUYECKOMY pa3bpocy
M HaNpSIKEHUIO MUTAHUS C YUEeTOM BCEX
BBILIETIEPEYNCIEHHBIX SIBJIEHUIA, UTO IMO3BO-
JIIET NOOUTHCS paOOTOCTIOCOOHOCTU MUKPO-

——— 1 Mukponpoueccop | Microprocessor ——— 2 KonTposnnep | Controller

Puc. 1. Pocm o6sema npouzgoocmea 32-paspsaonoeo muxponpoyeccopa OI'Y OHI[ HUHHCH PAH
U e20 CUCMeMHO20 KOHmMpoaepa
Fig. 1. Increase in production volume of SRISA 32-bit microprocessor and its system controller

cxeM. OHAaKO 3TO He MO3BOJSIET MOJYIUTh
peneabHbIX TapaMeTpoB. OToeNbHON 3a1aueil CTAHOBUTCS MTOCTPO-
eHUe fepeBa CHHXPOHM3ALUH IJIsI BBICOKOYACTOTHBIX MUKPOCXEM.
Heobxonuma cxemoTexHUYeCKass KOMIEHCAL WS TEXHOJIOTUUYECKHUX
Bapualuii, pazdpoca 1o HafmpsiXKeHU o MUTaHus U TeMnepatype. Kom-
Mepueckue CATTP B 1oyxkHOI cTeneH! He TTO3BOJISIIOT PEIUTh BO3HU-
Kaouie npobjaeMbl, OHM OPUEHTUPOBAHbBI HAa JOCTUXEHUE paboTo-
CITIOCOOHOCTH MUKPOCXEM, a HE Ha TOCTUKEHME PEeNeIbHBIX YaCTOT.
Pa6otsl, npoBeneHHble koMaHaoi Ilerpocsanua K. O. [1], nmoka-
3aJI1, YTO 3aJlepXKKa paclpoOCTPaHEHU s CUTHAJIA 11O JIUHUU MEXCO-
enuHeHus st 4-paspsiaHoro cymmaropa BMK cepuun 6501XM1 6e3
y4yeTa HeOIHOPOIHOTO TeMIIepaTypHOTO MPOMUIIS, TOCTUTAIONIETO
B mipenesie pazopoca 4°C, cocraBuia 22,9 ric, a ¢ yuetom — 31,9 ric, T.e.

npeHeOpexkeHne TerJaIoBbMU 3(dekTaMu BbI3bIBACT MOrPEITHOCTD
28 %. Yto 370 03HavaeT B mpakTuueckoMm riaHe? CoBpeMEeHHbIE KOM-
Mepueckue CATTP nmo3BosisitoT NpoBOAUTH MOAEIUPOBAHUE IJISI HAW-
XYILIEro ciydasi, ¥ BOSHUKAOLIAsl MOTPELIHOCTb B 28 % yuUThIBACTCS
MMEHHO KaK TpeOyeMblii 3arac B co3aBacMoii cxeme, a He KaK BO3MOX-
HOCTb €€ yueTa C TOUKHU 3PEHUSI TIOBBIILEHUsI 4aCTOThI (DyHKIIMOHUPO-
BaHMSI MUKPOCXEMBI 32 CYET TOMOJOTMYECKON 1 CXeMOTEXHUYECKOM
KOPPEKINU. AHAJIOTUIHBIE TaHHBIC MOXHO MOJTYUYUTh U TSI TPOCATKU
HaIpsikeHUsI TuTaHus. KpymnHeiinie MUpoBble KOMITAHUY B CBOEM
MapuipyTe MPOeKTUPOBAHUS TaKXke MCIOJb3YIOT KOMMEPUYECKUE
CAITIP, omHaKo I TOCTUKEHUST TTPEACTbHBIX TADAMETPOB UMU CO3-
NAI0TCSI TOTIOMTHUTEIbHBIE TTPOTPAMMBI, YUUTHIBAIOIINE 3TU 9D MEKTHI.

markets. The further branch development

is impossible without government’s support.
9. Russia does not have a sufficient number

of developers; for the Institute’s further
development it was necessary to carry out
its own training of specialists.

The indicated problems cannot be solved
without the entire possession of projects being
created. The utilization of foreign IP-mod-
ules makes it impossible to transfer the proj-
ect to another technology without modifying
microcircuit characteristics. If your modern-
ized microcircuit with respect to new technol-
ogy parameters changes even insignificantly,
it may affect the operation of the end product
using this microcircuit, and the end product
cost together with software will be greater than
costs on developing the microcircuit by sev-
eral fold. Thus, while designing the micro-
circuit it is necessary to understand its service
life and the necessity of supporting its issuing.
That is why the policy of the Institute consists
in using only its own IP-modules for indus-
try-oriented microcircuits. This made it pos-
sible to support issuing a number of microcir-
cuits over a period of about two decades despite
modernization of several foreign technological
processes and the closure of a number of fac-
tories.

Another problem is creating microcircuits
that can operate in specified operating condi-

tions. Western companies divide microcircuits

into such categories as commercial, indus-
trial, aviation, military and space-oriented.
In accordance with these categories, foreign
CADs used for microcircuits design allow
all the necessary inspections; respective ele-
ments libraries are created. Standard librar-
ies of CMOS-processes are typically speci-
fied within the temperature range from —40°C
to +125°C, which is quite sufficient for most
applications. However, to create microcir-
cuits to be used in space, for such technologi-
cal processes as rail road switches control, con-
trollers for oil and gas industry etc., one needs
lower operating temperatures, down to —60°C.
In this case it would be appropriate to specify
library for required temperatures, but it would
result in significant time and material costs.
Experience has shown that to this end it is suffi-
cient to utilize the advantages of modern CADs
for tuning coefficients in the course of topology
design. For example, while designing microcir-
cuits using Innovus CAD, to provide microcir-
cuits operability in wide temperature range it is
possible to use the following CAD instructions:
1. Instruction update_rc_corner permits one
to reduce or increase resistance and capac-
ity values of interconnections for specified
combinations of technical process condi-
tions, voltage supply and temperature.
2. Instruction set_timing_derate sets scaling
coefficients of time delays in setup and hold
routes.

3. Instruction set_clock uncertainty sets
the value of misalignment for clock signal
on a chip.

Coefficients have to be chosen experimen-
tally, but the more we “restrict” the design
by these coefficients, the greater is timing dia-
gram margin. Taking into consideration that
foreign companies often change technological
process without notification and microcircuits
parameters may be slightly changed, this mar-
gin makes it possible to reduce possible risks.

While transferring to the technology with
65nm element size and lower, there arises quite
a number of problems of designing complex
high-performance microcircuits. First of all,
geometry size reduction results in an increase
of transistor parameters scatter, as well as leakage
current, and leads to a significant dependence
of parameters on supply voltage scatter and chip
temperature. For such microcircuits as modern
high-performance microprocessors, the spread
of chip temperature may exceed 5°C, and supply
voltage slumps may exceed 10 %. To achieve lim-
iting parameters for the frequency of developed
microcircuits, it is necessary to consider all these
scatters while modelling. Standard commercial
CADs allow one to perform modelling for worst
cases in terms of temperature, process tolerance
and supply voltage with respect to all the above
mentioned phenomena, which permits obtaining
microcircuits operability. Nevertheless, it does
not allow one to obtain limiting parameters.




He MeHee cioXHOI siBAsgeTCS 3amaya yueTta pagMallMOHHBIX

s dexToB. s 1oCTUXEHUS TPeOyeMbIX MapaMeTPOB 1O PaaCTOM-
KOCTHU TpebyeTcss y4eT BO3HUKAIIIUX 3(PHEKTOB B CXeMOTEXHUKE
¥ TOIMOJIOTUM KPUCTAJIa, TO €CTh HEOOXOAMMa KOPPEKTUPOBKA MTPO-
ekTa. [Ipryem KOppeKTHUPOBKA MPOEKTa HOJKHA ObITh pasHast IJIst
pPa3IUYHBIX Y3JI0B MUKPOCXEMbI, UCXOsI U3 Te€X UJIU MHBIX 3(P(HEKTOB.
DTO HEBO3MOXHO C/eJIaTh CTaHAapTHBIMU KoMMepueckumu CATIP.

TToBBIIIEHUST TTPOU3BOAUTEIBHOCTH MUKPOCXEM MOXKHO TaKXkKe
JOCTUTHYTD 3a CUET ONTUMU3AL MU TEXHOJOTUUYECKOro mpolecca st
KOHKPETHOW MHKPOCXeMBI. J{JIsi COBpEMEHHBIX BBICOKOMPOU3BOIU-
TEJbHBIX MUKPOCXEM 3TO MOTYT [IeJIaTh TOJIBKO KPYITHEHIITe KOMTTAaHU T
C MacCOBBIM ITPOU3BOIICTBOM B BEIYIIIMX KOMITAHUSIX — ITPOU3BOIUTEIISIX
racTuH. Ha oTeuecTBEHHBIX MPEATPUSTUSIX TAKNE BOZMOXHOCTH IS
MpeeabHBIX TEXHOJIOTMIECKMX HOPM ITOKA OTCYTCTBYIOT U3-3a OTCYT-
CTBMSI TOTIOJHUTEIBHBIX PECYPCOB U TOTO, YTO TEXHOJIOTMYECKHUE TIPO-
LIECCBI, KAK MPaBKJIO, IOKYIAIOTCS, & HE CO3IAI0TCS CAMOCTOSITELHO, TO
€CTb OTCYTCTBYET IIyOOKOE MOHMMaHKe (PU3NIECKUX TIPOLIECCOB.

He MeHee CIOXHBIMHY SIBSIIOTCS 3aa4M MOAAEPXKKN COOCTBEH-
HOTO MPOM3BOACTBAa MUKpocxeM. HeboJibline cepun MUKPOCXEM MpU-
BOISIT K UX 3HAYMTEJIbHONH CTOMMOCTH, YTO AeJaeT UX KOHKYPEHT-
HBIMM TOJIBKO IJI51 OTBETCTBEHHBIX MPUMEHEHU I B IPOMBILLIJIEHHO-
ctu. [Ipu opraHu3aI vy MPOU3BOACTBA ITUX MUKPOCXEM HEOOXOIMMO
TaKke TOHUMAaTh, YTO UX PHIHOK CYIIECTBEHHO OTINYAETCS OT KOM-
MEPUECKOTO U BBIITYCK MTPONYKIIMY YBEIUUNBACTCSI OUCHb IIOCTETIEHHO.
Ha puc. 1 mokaszaHO IpoOU3BOACTBO 32-pa3psIIHOTO0 MUKPOITPOLECCOpa

ITAEHAPHBIE AOKAAABI

U €ro CUCTEMHOTO KOHTpOJIIepa. MeHbIINi1 BBITTYCK CUCTEMHOTO KOH-
TpoJLJIepa TOBOPUT O TOM, UTO PsII KOMITAHUM MPEATIOYUTAIOT CO3/1a~
HUE COOCTBEHHBIX CUCTEMHBIX KOHTpoJIepoB Ha [TJIMC. U3 rpaduka
TakKXe BUJAHO, YTO 00bEM MPOU3BOACTBA MUKpoOTIpoLieccopa 3a 10 net
YBEJIMYMIICS Ha MOpsiaoK. TakuM 0Opa3oM, co3aaHUe MEJIKOCEepHii-
HOTO MPOU3BOACTBA 63 BO3MOXHOCTHU €r0 Pa3BUTHUSI MOXET MpPHUBE-
CTH K BOSHUKHOBEHU IO OOJBLINX MPOGJIEM JIJIsi 00eCieueH s BbIITY-
cka MUKpocxeM. [IpeanpusiTusiM Helb3sl CKa3aTh, YTO MOLIHOCTH
Ha TpeJiesie U YBEeIUYeHUE MTPOU3BOACTBA HEBO3MOXHO: B TAKOM CITY-
yae ¢ BAMU HUKTO B JaJibHeliieM padoTaThb He OyIeT.

TakuMm o6pa3om, MpoBOAMMBIC pabOTHI TTOKa3aau, YTO 6e3 co3ma-
HUSI COOCTBEHHBIX CPEICTB TPOCKTUPOBAHUS U ITPOU3BOJICTBA MUKPO-
CXeM HEBO3MOXHO CO3/IaHMe MUKPOCXEM C MpeaebHBIMU MapaMe-
tpamu GyHKIMOHUpOBaHUs. Heobxonmmo mosiHOe BiIageHUe Mpo-
eKTaMU, MCIOJIb30BaHue 3amaaHbiX [P-0J0KOB MOXeT mpuBecTu
K HEBO3MOXHOCTH MOJAEPKKHU BBITYCKAa MUKPOCXEM Ha MPOTSIXKEHUU
IJTUTENBHOTO BpeMeHu. [{ist obGecriedyeHust pa3BUTHSI KOMITAHU Y HEOO-
XOJMMa opraHu3alus noarotTosku cneuuanuctos. B HUMCHU PAH
3Ta MoJAroToBKa Beaercsi coeMecTHo ¢ HUAY MUDU.
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To build a clock tree for high frequency microcir-
cuits is another challenge. It is necessary to resort
to circuit level compensation for the process vari-
ations, scatter in supply voltage and tempera-
ture. Commercial CADs do not make it possible
to solve arising problems in full measure; they are
oriented at achieving microcircuits operability,
rather than limiting frequencies.

The research made by Petrosiants K. O.
group [1] has demonstrated 22.9ps delay in sig-
nal propagation in interconnection line for 4-bit
adder of FPGA series 6501XMI (not considering
non-uniformity of temperature profile achiev-
ing limiting scatter of 4°C) and 31.9ps delay
(with proper non-uniformity consideration) i.e.
the neglect of thermal effects results in error
equal to 28 %. What does it mean in practice?
Modern commercial CADs enable one to con-
duct modelling for worst case, and the error
of 28 % is considered exactly as a required mar-
gin in the circuit being created, rather than
as a possibility to consider it in respect of abil-
ity to increase the microcircuit operating fre-
quency by topological and circuit level correc-
tions. Similar data may be obtained for supply-
ing voltage slump. Largest world companies also
use commercial CADs in their design flow, but
for achieving limiting parameters they develop
additional programs that consider these effects.

No less complicated is the task of consid-
ering radiation effects. For obtaining required
parameters of radiation hardness it is necessary

to consider the effects arising at circuit level
chip topology, i.e. it is necessary to per-
form the design correction. What is more, the
design correction should be different for vari-
ous microcircuit nodes, depending on specific
effects, which is impossible to be done using
standard commercial CADs.

Increases in microcircuit performance can
also be provided by optimizing the techno-
logical process for a certain microcircuit. For
modern high-performance microcircuits it can
be done only by largest companies with mass
production in leading wafer manufacturing
companies. Regretfully, domestic enterprises
are incapable of applying limiting design stan-
dards, due to lack of additional resources and
because of foreign technological processes that
are not developed on their own, but are pur-
chased, and there is no deep understanding
of the underlying physical processes.

Supporting domestic microcircuits pro-
duction also poses problems. Small microcir-
cuits batches result in considerable costs which
makes them competitive only for critical indus-
trial applications. While organizing the pro-
duction of these microcircuits it is necessary
to bear in mind that their market considerably
differs from the commercial one, and the pro-
duction output increases gradually. Fig. 1 shows
the process of manufacturing a 32-bit micropro-
cessor and its system controller. The lower sys-

tem controller output indicates that a number

of companies prefer to create their own con-
trollers based on FPGA. The graph shows that
over a decade the volume of the microprocessor
production increased by an order of magnitude.
Thus, the creation of small-batch manufacture
with no prospect of development may cause sig-
nificant problems while providing the microcir-
cuits output. The enterprises should not be told
that their production capacities are limited and
an increase in the output is impossible, because
in this case nobody will ever cooperate with you
in the future.

Therefore, the research has shown that
without developing design tools and producing
microcircuits of our own it is impossible to cre-
ate microcircuits with limiting parameters
of operation. Full possession of designs is oblig-
atory, because the use of foreign IP-modules
may hinder the support of microcircuits issu-
ing over a long time. To provide the compa-
ny’s development it is necessary to organize the
training of its specialists. As for the Institute,
we have been training specialists jointly with
MEPhHI National Nuclear Research University.
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