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Pa3paboTaH U 060CHOBAH O6LWMIA METOAUYECKUI NOAXOA K OLeHKe paAuauMOHHOM cTomkocT BMK
M nonysakasHbix BUC Ha ux ocHoBe. lNpoaHanuM3MpoBaHbl OCHOBHble 0co6eHHOCTM BUC Ha BMK
B 4acTu 3aga4y obecrneyeHMs U OLEHKU UX pajMaLUOHHOM CTOMKOCTU, 0606LieHbl JOMUHMpYlOLWMe
paaunauunoHHblie 3p¢ekTbl B BUC Ha BMK. MpeacTaBneHbl OCHOBHbIE 3/1IeMeHTbl 06LL,e MeTOAUKU OL,e@HKU
papuaumnoHHOM cTtonkocT BMK 1 nonysakasHbix BUC Ha X 0CHOBe, oNMcaH NopsAoK Bbi6opa 06beKToB
MCNbITaHUIA, PAaCCMOTPEHO UCMbITaTe/IbHOe 060pya0BaHMe, OTMeYeHbl 0CO6eHHOCTU J03UMETPUYECKOro
conpoBoxaeHus. OTMeuyeHbl COAEPXaHMEe WU OCHOBHble 3Tamnbl paboT MO OLeHKe paAMaLMOHHOM
cTokoctn BUC Ha BMK Ha aTanax NpoeKTUpOBaHUS U U3rOTOBJIEHUS.

The common methodological approach to the evaluation of radiation resistance of gate
arrays and semicustom very large scale ICs based on them is developed and substantiated.
The main features of very large scale ICs based on the gate arrays in relation to the objectives
of ensuring and evaluation of their radiation resistance are analyzed, the dominant radiation
effects in very large scale ICs are summarized. The main elements of a common methodology
for the evaluation of radiation resistance of gate arrays and semicustom very large scale
ICs based on them are presented, the order of the choice of test items, the test equipment
and the peculiarities of dosimetric support are described. The contents and milestones for
the evaluation of radiation resistance of very large scale ICs based on the gate arrays at the
stages of design and manufacture are considered.

a3oBble MaTpUYHBble KpucTaaasl (BMK) nmpeacras-
JISIFOT 060k YHHBEpCaIbHble KPUCTA/IBI-3aTOTOBKH,
PpacrosiokeHHBIE Ha [I0JTyITPOBOAHUKOBOM IJIACTHHE.
Ba3zoBble 3meMeHTs (KMOII) pacmonaraioTcs Ha KpH-
CTaJljie B y3/7ax MNPSIMOYIOJbHOM MaTpHULbL. IIpy H3ro-
TOBJIEHUU PabOuMX MUKPOCXeM HCIIONB3YIOT e HBIN
Ha60p GoTONTIab/I0HOB /I/IsI BCEX CTPYKTYPHBIX 37IeMEHTOB,
3a MCK/IIOYEeHHEM CJI0eB KOMMYyTaluu,. M3rorosneHue
KoHKpeTHol BHMC Ha BMK ocymlecTBasieTca MyTeM

KoMMyTaluu KMOII-TpaH3KUCTOPOB C IIOMOIIBIO OJHO-
C/IOMHOM MJIM MHOTOCTIOMHOM Pa3BOIKH.

OCHOBHBIM IIPEMMYILIECTBOM II0Jy3aKa3HbIX BHC
Ha BMK 110 cpaBHEHHIO C 3KBUBAaIeHTHBIMH 3aKa3HBIMU
MHKpOCXeMaMH SBJISIeTCS 3HAaUMTe/IbHOe COKpallleHHe
CPOKOB ITPOeKTUPOBAHUS U HU3TOTOBIEHUS HU3[eIHH,
IIpe>Ke BCero 3a CUeT HCIIO0NIb30BaHU A CIIeLIMaTu3UPO-
BaHHBIX CATIP ¥ OTHOCHUTE/IBHO MAJIOTO YHCJIA JOIIOITHU-
TEeJIbHBIX TEXHOIOTUYeCKUX OIlepalii, obecreunBaro-
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MHUX peaTnu3aliuio KOHKPQTHOﬂ MHUKPOCXeMBI Ha TOTOBOM

II0JTyITPOBOLHUKOBOH "6a3e’.

0COBeHHOCTIMU:

* QUKCUPOBAHHOM reoMeTPUYECKOH CTPYKTYpPOH
MOJIYIIPOBOJAHUKOBEIX 06s1acTel, CyLleCTBEHHO
yIopollaomer aBToOMaTH4YecKoe pa3MelleHHe

H TPACCUPOBKY 3/IEMEHTOB;

* MaJIBIM YHCJIOM IOOIIOJTHUHUTEJIBbHBIX (l)OTOH.Ia6JIOHOB,
3HAYUTE/IPHO COKPALIAIOIKUM 3aTPAThI ITPH ITPOKM3BOA-

cTBe BUC;

* pasBUTOM 6UOIHOTEKOM JIOTHYECKUX 3JeMEeHTOB
Y TUIIOBBIX CXeMOTeXHHYeCKUX peIleHHM, UTo
3aMeTHO YIIpoIaeT IIPoLiecc pa3paboTKH JIOrUUeCKOro

ate arrays (GA) are a work-
pieces of chips located on a
semiconductor wafer. The

basic elements (CMOS) are arranged
on the chip at the nodes of a rectan-
gular matrix. In the production of
ICs the single set of photomasks for
all structural elements, except for
switching layers, is used. The man-
ufacturing of a specific IC on CA is
carried out by switching of CMOS
transistors using the single layer or
multi-layer wiring.

The main advantage of semicus-
tom ICs on GA compared to equiv-
alent custom-made circuits is the
significant reduction of time of
designing and manufacture, pri-
marily through the use of special-
ized CAD and the relatively small
number of additional operations
that ensure the implementation of
the specific chips on the prepared
semiconductor base.

IC on GA have the following
features:

+ fixed geometric structure of
semiconductor areas, which sig-
nificantly simplifies the auto-
matic placement and routing of
elements;

« small number of additional
masks, significantly reducing
costs in the production of ICs;

« large library of logic elements
and typical circuit designs,

IIPpOE€KTa, YMeHbIIA€T BpeMs H IIOBbIIIAET Ka4eCTBO

[IPOeKTHPOBAHUS;
BMC Ha BMK XapaKTepH3YyIOTCS CIeAYIOIHUMU * HajluM4YHWeM B COCTaBe HeKOTOprIX BMK Kak
LK QPOBLIX, TAK ¥ IHMPPO-aHAIOTOBBIX M aHAJIOTOBBIX

3JIEMEHTOB.

I[IpuMmeHeHHe mosy3akasHbex BHMC ma BMK
B ammapaTrype KOCMUYECKHX U SIePHBIX KOMIIJIEKCOB

TpebyeT obecmeyeHUs U OLeHKHU PagHallMOHHOMU

CTOMKOCTH H3JIeIMN B XOIe HUX IIPOeKTHPOBAHUS
Y U3roToBiaeHUs. OLleHKa PafHalMOHHOM CTOMKOCTH

BUC ocHOBaHa Ha pallMOHANIBHOM (Heob6X0mZUMOM

which significantly simplifies

the process of the development of

logical project, reduces time and
improves design quality;
 presence in the design of some

GA of digital, digital-to-analog

and analog elements.

The use of IC on CA in equip-
ment for space and nuclear facili-
ties requires the provision and eval-
uation of radiation resistance of
products during their design and
manufacture. Evaluation of radia-
tion resistance of ICs is based on a
rational (necessary and sufficient)
amount of tests with obtaining of a
needed information by taking into
account the dominant radiation
effects, and parameters-criteria of
validity, modes and conditions of
operation of ICs.

DOMINANT RADIATION EFFECTS

IN GA AND SEMICUSTOM IC

ON THEIR BASIS

In GA and semicustom ICs on their

basis the following types of radia-

tion effects are dominated:

« dose ionization effects at influ-
ences of gamma particles, elec-
trons and protons;

» jonization effects of dose rate at
influence of gamma-ray pulse;

« effects of structural damages
at influence of neutrons and
protons;

U LOCTATOYHOM) 06beMe UCIIBITAHUH C obecrieyeHHeM
HeoOXoqUMON HHPOPMATUBHOCTHU INyTeM yueTa
OJOMUHUPYIOIIUX pPafHaLHUOHHBX 3P PeKkTOB, a

« local ionization effects at influ-
ence of individual nuclear
particles.

In ICs implemented using
nanoscale CMOS processes, in case
of dose ionizing radiation [1-4] the
appearance of radiation-induced
current leakages in the power sup-
ply circuit due to the accumula-
tion of charges in thick insulat-
ing oxide, the shifts of thresh-
old voltages of the MOSFETs (this
effect is less significant for mod-
ern chips), the degradation of slope
(mobility) and subthreshold swing
of the transfer characteristic are
observed. Thus, with the decreas-
ing design rule a dominant mech-
anism of degradation of the CMOS
elements are radiation-induced
leakage currents.

The characteristic feature of bulk
CMOS technologies is the presence
of two components of radiation-
induced leakage current - inter-
transistor and inside-transistor due
to thick dielectric layers (usually,
Shalow-Tranch-Isolation). Under
impulse influences, the ionization
effects of dose rate occur including
latch-up, catastrophic failure, the
voltage drop in the power supply
circuit due to leakage of high-power
pulsed radiation-induced currents.

CMOS structures have low sen-
sitivity to the effects of structural
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TaKk>Ke IIapaMeTPOB-KPUTEPHUeB OJHOCTH, PeXKHUMOB
1 ycoBHI paboTsl BUC.

AOMUHUPYIOWUE PARUALIUOHHDIE 3ODEKTbI B BMK

N NONY3AKA3HbIX BUC HA UX OCHOBE

B BMK u mony3akasHbix BHC Ha HX OCHOBE JOMHUHU-~
PYIOT ceayromiye BUABL PaJHALIMOHHBIX ) PEKTOB:

* [1030Bble HOHHM3aIlMOHHBIe 3QdeKTHl IPHU BO3LeH-

CTBUSAX TAMMa-YaCTHII, 3JIeKTPOHOB U IIPOTOHOB;

* HMOHH3AUMOHHBEIE 3)PEeKTH MOIIHOCTH JO3bI IIPU

BO3eMCTBUU FaMMa-HMIIY/IbCa;

* 30 deKThl CTPYKTYPHBIX OBPeXJeHUU IIPU BO3-

IeCTBUH HEMTPOHOB U IIPOTOHOB;

* JIOKaJIbHbIe MOHHU3ALMOHHBIE 3P PeKTHl IIPHU BO3-

IeHCTBUHU OTAeAbHBIX AepHBIX YacTul (O1Y).

B BUIC, peasn30BaHHBIX B paMKaX HaHOPa3MepHBIX
KMOII-nipo1ieccoB, IpU J030BOM BO3[EHCTBUU HOHHU-
3UpYIOLero u3nydeHus Habniogaercs [1-4] BOSHUK-
HOBEHHE PaJHalHOHHO-UHIYLIMPOBAHHBIX TOKOBBIX
yTeuek IO LielH NUTAHHUS BCIeNCTBHUE HAKOIJIeHU S
3aps0B B "TOJICTOM" H30JHPYIOIIeM OKHCIe, CABUTH
IIOPOTOBBIX HaNpsixkeHUH MOII-TpaH3UCTOPOB (3TOT
3¢ PexT MeHee 3HAUUM [JI1 COBPeMEeHHBIX MUKPO-
cxeM), Jerpajalus KPYTH3HBI (IOABHUKHOCTH)
U II0AIIOPOrOBOro pasMaxa IepefaTouHOM XxapaKTe-
pucTuKHU. [IpH 3TOM C yMeHbIIeHHUEM IIPOEKTHHBIX
HOPM JOMHHHPYIOUUM MeXaHH3MOM Jerpapga-
uuu KMOII-3/1eMeHTOB CTAHOBATCS PagHallMOHHO-
MHAYLHUPOBAHHbIE TOKH YTeUKH.

XapakTepHOH 0cobeHHOCThIO 06BeMHBIX KMOII-
TeXHOJIOTUH SBJgeTCd HalHu4yHe ABYyX COCTaB-
AAOMKAX pPaJHALUMOHHO UHAYUHPOBAHHOTO

TOKa yTe4YKH - MeXTPaH3UCTOPHOH U BHYTpPHU-
TPaH3UCTOPHOI, KOTOPble 00yC/I0OBIeHbl HAaTHUYHEM
"TONCTHIX" AU3TEeKTPUYECKHUX C10eB (KaK MIPaBHIIO,
Shalow-Tranch-Isolation). IIpu UMIyIBCHBIX BO3-
IeNCTBUSIX BOSHUKAIOT 3QpeKThl MOIIHOCTU J03BIL;
TUPUCTOPHHIN 3$deKT, KaTacTpodUUecKUH 0TKa3,
"mpocanka”’ - mageHHe HANPSISKeHUS B LeIH IIUTA-
HU S BC/IeICTBHe IPOTeKAHU S MOIHBIX KMMITYIbCHBIX
pafHalMOHHO-UH/YIIMPOBAHHBIX TOKOB.

KMOII-CTpyKTypbl UMEIOT HU3KYI0 YYBCTBUTE/Ib"
HOCTb K 3@ PeKTaM CTPYKTYPHBIX IOBPEeXJAEHHU
BCJIeICTBHE TOTO, YTO aKTHUBHBIE 3/IeMeHTBI UCII0/Ib-
3yI0T OCHOBHBIE HOCHTeIH 3apsija [5].

BospericTBue OSY MoskeT NPUBOLUTH K 3ddeKkTam
KaTacTpoprUyeCKUX 0TKA30B U TUPUCTOPHLIM 3ddex-
TaM, a TaKke K OGUHOYHBIM c60siM [6, 7], BO3HUKAO-
IIMM B PeTUCTPax g4YeeK NaMATH U APYrUX Iocaen0-
BaTeJbHOCTHBIX YCTPOHCTBaX. CnenuPUIHBIM KJIac-
COM paJHalMOHHBIX 30 PeKTOB, UMEIIUHUM BaKHOe
3HaueHue A1 BYC Ha BMK ¢ yMeHbIIeHHEM ITPOeKT-
HBIX HOPM H, KaK CJIefICTBHe, POCTOM IIpeJe/IbHBIX
YacTOT GYHKLIMOHUPOBAHHUS, ABIAIOTCI LIUPPOBLIE
"uronku" (Digital SET) - KpaTKoBpeMeHHBIe IIOMeXH
Ha JIMHUAX, KOTOPble IPUBOJSAT K JIOKHBIM IIe€PeK/II0-
YeHHSM TPUITepPa UM IPOMNYCKAM TaKTOBOLO CHUT-
Hasa [8-10]. Takue "UTOAKK" MOI'YT 6BITh BHEIIHUMU
U BHYTPeHHUMHU. BHeIIHMe "UTONKHU" IIPeJCTaBISIOT
OIACHOCTh 11 MUKPOCXeM, MOJAK/IIOYeHHEIX HeIlo-
CpencTBeHHO K BhIBoJam BMK, ¥ MOTyT HapyIIHTh
paboTy ycTpoMCcTBa B IjelloM. BHyTpeHHHe "UronKH"
B ACMHXPOHHBIX CXeMaX MOTLYT M3MEeHHTD JIOTHUKY
paboTel ycTporicTBa B BMK u 1oBiusTh Ha paboTocrio-

COMMON METHODOLOGY

damages due to the fact that the
active elements use main charge
carriers [5].

The impact of individual nuclear
particles can lead to catastrophic
failures, latch-up, and also to sin-
gle failures [6, 7] arising in reg-
isters of memory cells and other
serial devices. A specific class of
radiation effects, which is impor-
tant for IC on GA with decreasing
design rules and, consequently,
increasing limit frequencies of
operation, are digital "needles”
(Digital SET) - short-term interfer-
ences that lead to false switching
of the trigger or omissions of the
clock signal [8-10]. These "needles"
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can be external and internal.
External "needles" are dangerous
for circuits connected directly to
the contacts of CA, and may inter-
fere the operation of the device
as a whole. Internal "needles" in
asynchronous circuits can change
logic of operation of the device
in the CA and to affect the oper-
ability. If the combinational cir-
cuit, in which there was "needle",
ends with the storage element, it
is possible false switching of the
trigger. "Needles" are character-
ized by the amplitude and pulse
duration. The standard durations
for the 90-130 nm CMOS process
are from 100 to 2000 ps.

FOR EVALUATION OF RADIATION
RESISTANCE OF GAANDIC

BASED ON THEM

The purposes of assessing the radia-
tion resistance may be certification
of designing and technological plat-
form of GA (the process and means
of IC design based on it) for forecast-
ing (guaranteeing) of the typical
(expected) and maximum levels of
resistance of finished products and
for the qualification of IC on CA (lin-
ing) to ensure the specified levels of
radiation resistance or the assess-
ment of their stability. The main
objective in organizing of the eval-
uation of radiation resistance for IC
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cobHOCTh. ECTM KOMOMHALIMOHHAS CXeMa, B KOTOPOH
BO3HHMKJ/IA "UT0/KA", OKAHYMBALTCS 3alIOMHUHAOIUM
37IeMeHTOM, TO BO3MOKHO "TIOKHOe" IepeKIodYeHHe
TpuUrrepa. "Hroaku" xapaKTepU3yITCS aMIIUTYL0M
U JUIUTENBHOCTBIO HUMITY/IbCa. THUIIOBbIE AITUTENIBHO-
ctu g KMOII-mpoueccoB 90-130 HM COCTaBISIOT
oT 100 10 2000 11c.

OBbLLAA METOAUKA OLLEHKK PAAI/IAI.I,I/IOHHOVI
CTOWKOCTU BMK M BUC HA UX OCHOBE
ensaMH OLleHKH PaJHALMOHHON CTOMKOCTH MOTYT
SBJISITBCS KaK aTTeCTAallUsl KOHCTPYKTHUBHO-TEXHO-
JIOTUYEeCKOH nnatdopMmsl MK (TeXHOJIOTHUUYeCKOT O
mpoliecca U cpeAcTB npoekTupoBaHusa BHC Ha ero
OCHOBe) [/Isl IPOTHO3UPOBAHHUS (TapaHTHUPOBAHUS)
THUIOBBIX (0OKMJaeMBbIX) U Ipele/bHBX ypPOBHeH
CTOMKOCTH FOTOBBIX U3AEMHUM, TaK U KBATHPUKAIIHS
rotoBelx BUC Ha BMK (3amIMBOK) B 4acTH obecredye-
HUS 3aaHHBIX YPOBHEH PafiHallMOHHON CTOMKOCTH
HMJIH OLIEHKH MX CTaOUIBHOCTH U 3amaca. OCHOBHOMI
3afladel NPHU OpraHH3allUU OLeHKHU pagHalluoH-
HO¥l cTouKocTH BUC Ha BMK saBasiercsa obecmeue-
HHe PalJMOHA/JbHOIO COUeTaHUSI UHYOPMATUBHOCTH
U TeXHHKO-3KOHOMHYECKOH 30 PeKTUBHOCTU HCIIBI-
TaHHUH C LeJIbI0 TapaHTHUPOBAHUA KCIIJyaTal[HOH-
HBIX XapaKTepPUCTUK IIPU IPHeMJIeMbIX BpeMeHHBIX
U M HAHCOBBIX 3aTpaTax.

O6BpeKTaMU UCIIBITAHUI U OLeHKU PaJUaI[HOHHON
CTOMKOCTH MOTYT IBJAThCA C/IeyIOIILe 3JIeMeHThL:
* COBOKYIIHOCTb 6230BOk KOHCTPYKLIMH U 6ub1M0-

TeKH 371eMeHToB EMK B dpopMe creLiMalbHOU

TeCTOBOM 3aIIMBKH, Hanboree HHPOPMATHUBHO-

XapaKTepHU3YOLlel CBOMCTBA U XapaKTepPUCTUKU

BMK (mo cytu, umutatop BMK A/ HCIIBITAHUN)

Y Ha3bIBaeMOHM TUIIOBOM OLleHOYHOH cxemoi (TOC)

(’kaproHHOe Ha3BaHHe - "HyleBas 3allMBKa").

TpeboBaHHS K COCTABY U NIPUHIIUIIE GOPMHUPOBA-

Husa TOC onucauH B [11, 12];
¢ KOHKpeTHas rony3akasHas BUC Ha BMK (ckapros-

HOe Ha3BaHUe - "paboyas 3amKBKa"), BEIIOTHSIO-

as IMIIb 33aJaHHYI0 QYHKIIMIO M MCIIONb3YIOmasil,

KaK IIPaBHUJIO, TONBKO YacTh 6UOIHOTEUHEIX 3J1e-

meHTOB BMK.

CrnenyeT OTMeTHUTb, UTO B COBPeMEHHOMN HHXXe-
HepHOH NpaKTHKe, KaK IPaBHU/O0, IIPOBOAST KBa-
nuouKkanuoHHbe UcnbTanusa TOC mpu 3aBep-
meHHH OKP Ha co3maHue BMK, mocme 4yero
BBIIOJHSOT KOHTPO/Ib Ka’K/JA0HU MapTHH MJIACTUH
c "6asoi” B o6beme TpeboBaHUI moArpymme "E"
OCT B 110998 (OCT B 111010) 1o pe3yibTaTaM MCIIBITA-
HUU Tou Xe TOC. Pe3ybTaThl KOHTPOJISL PacIpocTpa-
HAIOT Ha BCe 3alIMBKK BMK, H3roTOB/JIeHHEIE B PaM-
KaX KOHTPOJIHMPYeMOU I POM3BOLCTBEHHON MapTHH
"6asbI".

PagyaliMOHHYI0 CTOMKOCTb HHUPPoBbIX BMK ompe-
IensIoT caelyIollKe OCHOBHBIE KPUTepHUAJIbHbIE
rapaMeTphl:

* QYHKIMOHHPOBaHUE,;

* CTaTHYeCKHe 3JIeKTPHUYeCKHe ITapaMeTPhl, BKIIIO-
4yas BEIXOAHbIe HANPSKeHUS (IPU COOTBETCTBYIO-
I[e¥ Harpy3ke), TOKH YTeYKHU U TOKHU IIOTpebIeHuUs
(cTaTuuecKkue U JUHAMUUECKUE);

* JUHaMHYeCKHe ITapaMeTPhl, BKIK4Yas 3aJepP>KKU
pacmnpocTpaHeHHUs, BpeMeHa BBOOpPKH,

on GA is providing a rational com-
bination of informational content
and technical-economic efficiency
of tests to guarantee the operational
performance at an acceptable time
and costs.

The following elements can be
subjects to tests and evaluation of
radiation resistance:

« The set of a basic design and
library of elements of CA in the
form of a special test lining,
which is the most informative for
characterizing the properties and
characteristics of GA (in fact, the
simulator of GA for testing) and
is called the "standard evaluation
circuit” (SEC) (slang name - "zero

lining"). Requirements to struc-

ture and principles of formation

of SEC are described in [11, 12].

« Specific semicustom IC on CA
(slang name - "working lining"),
performing a predetermined
function with use, as a rule, of
only a part of the elements library
of GA.

It should be noted that in the
engineering practice the qualifica-
tion tests of SEC are conducted as a
rule at the conclusion of the devel-
opment of the GA, and then the con-
trol of each batch of wafers is carried
out with the "base" in the volume of
requirements of the sub-group "E"
of OCT B 11 0998 (OCT B 11 1010) and

using the results of tests of the same

SEC. The results of control spread

on all linings of GA manufactured

under a controlled production batch
of the "base".

The following basic criteria
parameters define the radiation
resistance of digital GA:

« functioning;

« static electrical parameters,
including output voltage (with
appropriate load), leakage cur-
rents and current consumption
(static and dynamic);

 dynamic parameters, including
propagation delays, access times,
maximum operating frequen-
cies, dependencies of type of
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OcHo8Hble N00X00bl K PYHKUUOHAAbHOMY KoHmMponto BUC Ha BMK & npouecce paduauuoHHbIX UCNbIManul

Moaxopn

Approach

KOHTPO/1b MOIHOTO MW PALMOHANbHO-
COKpaLLeHHOro Habopa TeCTOBbIX BEKTO-
poB (KapTbl 3aKka3a) paboyei 3alUNBKN
Control of full or rationally-reduced set of
test vectors (order card) of working lining

Main approaches to functional control of very large scale IC based on gate array in process of radiation tests

JocToMHCTBA
Advantages

OnpegeneHne GakTU4eCcKoro ypoBHS
CTOMKOCTM paboyen 3aLnBKM B LLeSIOM,
KOTOPbIA MOXET HbITb paBEH UM BbILLE
HOPMaTWBHOTO A1 AaHHOro bMK
Determining the actual level of resistance
of the working lining in general, which
can be equal to or above the standard for
this gate array

Hepoctatku
Disadvantages

OTCyTCTBME KOPpENSLLMN TECTOBOrO BEeKTOpa
C paboTOCNOCOBHOCTLIO OTAE/bHbIX 6/10K0B
ny3nos bBNCHa bBMK

The lack of correlation of test vector with the
functions of the individual units of very large
scale ICs based on the gate arrays

KOHTpO/Ib GYHKLMOHNPOBAHMS BCEX
OCHOBHbIX U1 HanboJsiee paanaLMoH-
HO-KPUTUYHbIX 6/10K0B 1 y310B BNC

C MCNOJIb30BaHMEM CMeLnanbHO CO34aH-
HOW TEeCTOBOW NpOrpamMMbl

Monitoring of all the main or most
radiation-critical units of very large scale
IC using a specially created test program

BO3MOXHOCTb BbiSiBNIeHNS HAanbonee
paAvaLMOHHO-KPUTUYHBIX 6/10KOB

1 y310B B COCTaBe paboyen 3anNBKM
bWC, onpeaeneHve o4HOPOAHOCTH
N34enns no ypoBHAM pagnaLMoHHON
CTOWKOCTU 3/IEMEHTOB

The possibility of identifying the most
radiation-critical units in the working
lining of very large scale IC, the definition
of homogeneity of the product accord-

3aTpaTbl 3HAYMTENbHbIX PECYPCOB Ha CO3-
JaHve 1 0TpaboTKy cneunann3MpoBaHHON
TeCToBOMW NPOrpaMmbl 415 GyHKUMOHAb-
HOrO KOHTPO/1S1 OCHOBHbIX Y3/10B 1 6/10K0B

B COCTaBe paboyen 3aNBKM

The high cost of creating and testing special-
ized test program for functional control of
main units in the working lining

ing to the levels of radiation resistance of
elements

IpenejibHBbIE paﬁotme YaCTOThI, 3aBHCHUMOCTH
THIIa MHUHHMAJIPHOI'O HAIIPASKEHHS ITHUTAHHUA

OT YaCTOTBI U IIP.;

e HaJIM4YHe U IOPOrd TUPHUCTOPHBEIX 3ddexToB (T3)
U KaTacTpodurdeckux oTKasos (KO).
B xone pa3paboTku MeTOAMKHU paJHALlMOHHBIX
HCIIBITAHUI IIPOBOAST BbI6OP Harboee paiialiIOHHO-
YyBCTBUTETbHBIX KPUTEPHUATBHBIX [TAPAMETPOB C LeJIBIO

minimum supply voltage on fre-

quency, etc.;

« availability and thresholds of
the latch-ups (LU) and cata-
strophic failures (CF).

During the development of
methods of radiation tests the
selection of the most radiation-
sensitive criteria parameters is per-
formed with the aim of reducing
the volume of measurements and
monitoring of performance with-
out information loss.

The most demanding procedures
of design, production and certifi-
cation are performed on the stage
of development of the CA and are
applied to semicustom ICs based
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YMeHbIIEHH ] 06BeMoB I/I3MEPEHI/II;I H KOHTPOJIA pa60To-
criocobHoCTH 6e3 I10TepH I/IH(I)OpMaTI/IBHOCTI/I.

Haubonee pecypcoeMKHe MpOLeLyphl IPOeK-

THPOBaHHSA, IIPOHU3BOACTBA U aTTECTALlHK BBIIIOJI-

HAIOTCS Ha 3Tame ocBoeHUs BMK u pacmpocTpa-

on them. Performance parameters
of IC are determined by the param-
eters of GA and are confirmed by
the qualification tests. In order to
confirm the parameters specified
in technical documentation an
inspection of experimental batch
of certificated IC is carried out and
group specifications are issued [13].

If the specified (desired) level of
radiation resistance of the IC on
GA corresponds with no reserve to
the normative level of resistance,
then, generally, to ensure the nec-
essary level of assurance it is neces-
sary to carry out the radiation tests
of each working lining of GA. Main
approaches to functional control

HAIOTCA Ha ITojay3akasHble BMC Ha MX OCHOBe.
JKCIUIyaTallOHHBIe ITapaMeTpsl BHC ommpenensorcs
napamerpamMu MK U HOATBepKAAIOTCA KBaIHUPHU-

of very large scale IC based on gate
array in process of radiation tests
are given in table.

Both of the presented approaches
to the functional control IC on GA
are quite resource-consuming, as
for each working lining is required
to perform a complete cycle of radi-
ation tests.

However, if during the radia-
tion tests of the SEC made within
the framework of a general pro-
duction batch of GA at the control
of batches of wafers (subgroup E
according to OTY) or, in the future,
during periodic testing (radiation
testing as a part of periodic that
are not provided in the current
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KAIlMOHHBIMHY HCIIBITAHUSAMH. B 1e19X IIOATBEPK-
NeHUs yKa3aHHBIX B TeXHHUYECKOH AOKyMeHTallUuHU
MapaMeTpoOB IIPOBOAMTCS IIPOBEPKa OIBITHOM aPpTHH
aTTecTaliMoHHOM BHIC M BRINIYCKAIOTCS [PYIIIOBbIE
TeXHHYeCcKHe yciaoBus [13].

Ecnu 3amaHHBIH (TpebyeMblil) ypOBeHb pafHUallHOH-
HoM cTorKocTH BHC Ha BMK cooTBeTcTBYyeT be3 3amaca
HOPMAaTHBHOMY yPOBHIO CTOMKOCTH, yKa3aHHOMY B TY, TO
B obmIeM cydae 1151 obecriedeHHst HeOOXOIMMOTO YPOBHS
TapaHTHU CIefyeT IPOBOJUTH KOHTPOJIBHEIE pafalli-
OHHBIE UCIIBITAHUS KakAou paboueit 3amuBku BMK.
OCHOBHBIE [TOAXO/bI K PYHKITHOHATIEHOMY KOHTpPO/I0 BHC
Ha BMK B mipoliecce pafuaLlIOHHBIX UCIIBITAHUL IIPHBe-
IIeHbl B TabnuIie.

O6a mpesiCTaBIeHHBIX II0X0/a K PYHKIIUOHAIBHOMY
koHTponio BHC Ha BMK 4BIAKOTCAI OOBOJBHO
PecypcoeMKHMH, TaK KaK JJ1s KaskJ0H1 pabouel 3aIIHBKU
BHC TpebyeTcs BBIIIOMHUTD IIOTHBIM LIUK/I IO TOTOBKU
U [IPOBeleHH sl paAHallMOHHBIX UCIIBITAHUH.

BMecTe ¢ TeM, eCIH B XOJe paJHMallMOHHBIX
ucnbeTaHui TOC, M3roTOBJIEHHBIX B PaMKax obIer
IIPOM3BOACTBEHHOM MapTUH BMK, IIpy KOHTpoIe MapTHH
IIJIACTHUH (no,arpynna E mo OTY) unu, B 6YJIYIJ.I€M,
NepUOAUYECKUX HCIOBITAHUAX (pagHalUOHHBIE
WCIOBITAHHWSA B COCTaBe MEepPHUOJHMYECKUX He
IpefyCMOTPeHbl AeUCTBY UMY OTY Ha MUKPOCXeMBI
HMHTerpaJibHble, HO IIPEAIONAraloTCs K BBeJEHHIO B UX
HOBBIX PeJJAKI[HsIX) 06eCIIeuBaeTCsl JOCTATOYHBIM 3a11ac
baKTH4YeCKH OIlpefie/IeHHOIO YPOBHS PaAHAaLlMOHHON
cTorikocTh TOC OTHOCHTEIbPHO HOPMAaTHBHOIO yPOBHS
BMK, u npu 3ToMm TOC 3a/ieficTByeT Bce 6HbIHOTeYHBIe
37IeMeHTBI, UCII0/Ib3yeMble B COCTaBe pabouel 3aIlUBKH,

IIpY HeoOXOAMMBIX IIOMTHOTe X HUHOOPMATUBHOCTH HX
KOHTPOJI4, TO JOIYCTUMO PACIIPOCTPAHUTE Pe3yIbTaThl
PaAuaLIMOHHBIX UCTIBITaHUE TOC Ha COOTBETCTBYIOIIYIO
pabouyio 3amuBKy BUC. DTO MO3BOJIUT CyIeCTBEHHO
COKPATUTh PACXOABI HA MPOU3BOACTBO U 06€CIIeUUTH
IIOBHIIIEeHHE TeXHHKO-3KOHOMHYECKUX II0Ka3aTejiemn
npoaykuuu. CiaefyeT OTMeTUTh, YTO TaKOM IIOJXO[
OpUMEHHUM [/ BCeX THUIIOB IIojJy3aKasHbX BHC,
H3rOTOBJIEHHBIX B paMKax JaHHOM IIPOH3BOACTBEHHON
[IapTHH IIJIACTHH, a I10C/Ie BBeNeHUs paJHuallHOHHBIX
HCIBITAHUH B COCTaB IePUOAHUYECKHX ~ IJIS1 BCeX MapTUH
IUIACTUH, U3TOTOBJIEHHBIX B [IOAKOHTPOIBHBIN IIEPHUOL,
Ha KOTOPbIe JOIYCTHMO PaCIIPOCTPAHUTh I10/1yYeHHEbIe
pe3yibTaThl ucnibITaHKM TOC.

PaguanumoHHble HcnbiTaHusga BHC Ha BMK
IIPpOBOLATCS MeTOLaMH, YCTAaHOBJIEHHBIMHU
I'OCT PB 5962-004.10-2012, B pafiHallMOHHO-HUCIIBITATE b
HBIX IIeHTPaxX Ha aTTeCTOBAHHBIX YCTAHOBKAX II0 IIPO-
rpaMMe-MeToAKKe, 0OPMIEHHON B YCTaHOBJIEHHOM
nopsifke. Llemecoobpa3sHo obecrieunTh palOHAIBHOE
CoueTaHHMe UCII0/Ib30BaHUSI UMUTHUPYIOIIHX U MOLETIUPY-
IOIIMX YCTAHOBOK, ITPX KOTOPOM OCHOBHOM 06beM pajiu-
AIIMOHHBIX MCIBITAHUI MIPOBOAUTCS HAa UMHUTATOPaX
(PEeHTI€HOBCKUX, JIA3ePHBIX), a J03UMeTPHYecKoe obecrie-
YeHHe OCYIIECTBISIOT Ha OCHOBe KaJUOPOBKY Ha Mofie-
JTUPYOIHUX YCTAaHOBKAX (M30TOMHBIX FaMMa-HCTOYHU-
KaX, yCTaHOBKaX TOPMO3HOI'0 FraMMa-H3/1y4eHHU s, YCKO-
PpUTeNIX 3apsDKeHHBIX YacTHL). [Ipy 3TOM perysipHbIH
XapakTep IOTyIIPOBOSHUKOBBIX 067IaCTEH B COCTaBe KPH-
cta/iyia BMK, eguvHbIe HOPMBI IJIOTHOCTH MeTa/I/IM3aL 1
U, TJIaBHOe, e TMHCTBO UCIIBIThIBaeMoi TOC 3HAaUKUTe/IbHO
YIPOINAIOT KaAHuOPOBKY M JOIIYCKAIOT PaclIpocTpa-

OTYVY, but are assumed to introduc-
tion in their new editions) a suffi-
cient reserve of a level of radiation
resistance of SEC relative to the
standard level of GA is provided,
and the SEC involves all library
elements used in the working lin-
ing, with the necessary complete-
ness and informativeness of their
control, then it is permissible to
extend the results of radiation tests
of SEC for the corresponding work-
ing lining of IC. This will allow to
significantly reduce production
costs and to improve technical and
economic indicators of produc-
tion. It should be noted that this
approach is applicable for all types

of semicustom ICs, manufactured
within a given production batch of
wafers, and after the introduction
of radiation tests in the structure
of the periodic - for all batches of
wafers produced in the controlled
period, to which it is admissible to
extend the test results of SEC.
Radiation tests of IC on GA are
conducted according to methods of
GOST PB 5962-004.10-2012 in radi-
ation testing centers using certi-
fied systems and methods that are
issued in the prescribed manner.
It is advisable to provide a ratio-
nal combination of simulating and
modeling facilities, at which the
main volume of the radiation tests

is performed on simulators (x-ray,
laser), and radiation support is car-
ried out on the basis of the calibra-
tion on the modeling devices (isoto-
pic gamma sources, brake gamma
radiation systems, charged particle
accelerators). At the same time the
regular character of semiconductor
regions in the structure of GA chip,
uniform density of metallization
and, most importantly, the unity
of tested SEC, greatly simplify the
calibration and allow the dissemi-
nation of its results on a wider set
of test products [14, 15].

The most promising methods for
rapid assessment and forecasting
of radiation resistance of IC on GA
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Cmpykmypa asmomamu3uposaHH020 KOMNAeKca 0As KOHMpo-
AS1 padUAUUOHHOU cmolikocmu mecmosblX CMpyKmyp Hd nAa-
CmMuHe no 00308biM 3ppekmam: 1 — peHMzeHo8CKUU UCMOoY-
HUK; 2 = ycmpolicmao nepemMeuieHuss; 3 — nyAbm ynpasaeHus
PEeHMzeH08CK020 UCMOYHUKA; 4 — KOHMPOAbHO-U3Mepumenb-
Hoe obopydosaHue; 5 - 3auyumHsili 60KC; 6 — KOOpOUHAMHAS
cucmema 30H0a € KOHMAKMHbIM QUKCUPOBAHHBIM YCmpoU-
CMeOM U CMOAUKOM 0ASl YCMAHOB8KU NAGCMUHBI, 7 — KAHAA
ces3u mexay 6/0KoM ynpasaeHusl 30HO08bIM Yycmpolicmaom
u 30H0amu; 8 - 6A0K ynpasAeHust 30HO08bIM YCMpPOLCMeom;
9 - 30H008bIU agmomam 6e3 KOOPOUHAMHOU cucmembl;
10 - KaHan ces3u mexKdy KOHMpPOAbHO-U3MepUMeAbHbIM 060~
pydosaHuem u Komnotomepom; 11 — komnsromep; 12 - on-
muyeckul MUKpockon, CMOHMUPOBAHHbIL 8 3aWUMHOM 60K-
ce; 13 - cucmema nepemeleHUs ONMUYECKO20 MUKpOCKONd;
14 - kaHana cea3u mexady 6aokamu 3, 4 u 30HO08bIM (KOHMAK-
mupytowum) ycmpoticmeom; 15 - KaHan css3u mexdy 6A0Ka-
Mu 8 u9; 16 - KOHmakmupyruwue ycmpolcmaad 045 N0OKAK-
YeHus 86180008 MUKPOCXEM

Structure of automated complex for control of radiation resistance
of test structures on wafer according to dose effects: 1 - x-ray
source; 2 - displacement device; 3 - remote control for x-ray source;
4 - measuring equipment; 5 - protective box; 6 - coordinate sys-
tem of probe with contact fixed device and table for mounting
of wafer; 7 - communication link between control unit of probe
device and probes; 8 - control unit of probe device; 9 - probe
machine without coordinate system; 10 - communication link
between measuring equipment and computer; 11 - computer;
12 - optical microscope, mounted in protective box; 13 - dis-
placement system of optical microscope; 14 - communication link
between units 3 and 4 and probe (contact) device; 15 - commu-
nication link between units 8 and 9; 16 - contact devices for con-
necting of chips
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HeHUe ee Pe3y/J1bTaTOB Ha Oojlee MUPOKUK Habop
HCIOBITBIBAa@MBIX H3OenuH (14, 15].

Haubosiee mepCcreKTUBHBIM [JI51 OIePaTHUBHBIX
OLIeHKH U IIPOTHO3HUPOBAHUS PaJHALlMOHHOM CTOM-
koctu BMK u BHC Ha X OCHOBe B YCJIOBHSX pas-
paboTKU U IPOU3BOACTBA IIPeCTABISEeTCS IIPOBe-
JeHHUe pafHallMOHHBIX UCIBITAHUH U HUCCIe0Ba-
HUU KpucTannoB TOC, a B He06XOAUMBIX CIydasix
M paboymx 3amIMBOK, 6€3 MX KOPIYCHPOBAHUS
C MCIIOJb30BAHHEM aBTOMAaTH3UPOBAHHBEIX pabo-
YHX MECT Ha OCHOBE JIa3ePHBIX U PeHTIreHOBCKHUX
HMUTATOPOB, 30HJOBbIX CTAHLIUH U KOMIIJIEKTOB
YHUBEPCaJIbHOI0 aBTOMATHU3UPOBAHHOTO U3MepH-
TeJlbHOTO obopymoBaHus [16]. CTPyKTypa aBTOMa-
TU3HPOBAHHOIO 30HA0BOr0 KOMIIJIEKCA, IIHPOKO
HCIIO/Ib3yeMOT0 aBTOPOM B IIPaKTHUKe UCIBITAHUH,
IIpeAcTaBjeHa Ha PUCYHKe.

Ha stame paspaboTrku BMK oCyIecTBISIIOTCS
paspaboTka UK afalTallks TeXHOJIOTUU H3TOTOB-
neHusd, obecreunBawmen TpeboBanus T3, B TOM
YHCJIe 10 PAAHAllMOHHON CTOMKOCTH, pa3paboTka
GYHKIIMOHATBHBIX siYeeK, pa3paboTka (B KauecTBe
TUIIOBOTO MpeACTaBUTeNs1) aTTecTalluoHHON HC,
BKJIIOYAIOIIEeH Bce 6a30BbIe SUYEHKU U II03BOJISAIONeH
IIOATBEPAHUTH B pe3yjabTaTe KBAJTUPUKALIUMOHHBIX
HUCIIBITAHUM 3aaHHBIe B T3 mapameTpsl [17].

ObecmeueHure U OLleHKA pPaJHallMOHHOM CTOM-
KOCTH B XOfle IPOeKTHPoBaHUsI BMK TpebyioT mpo-
BeleHUSI MOJETUPOBAHMUS, IKCIePUMEHTA/IbHbIX
HCCIeL0BAHUM U, IPU HEOOXOLUMOCTH, BOPabOTKHU
6H6/IHMOTeK CTAHAAPTHBIX 3JIeMEHTOB C Y4eTOM JaH-
HBIX O pafIMALIMOHHOMN CTOMKOCTH. B KauecTBe 3Jle-
MEHTOB, [JOMIOJHAIOMMX CTAHAAPTHbIE KOMIIOHEHTHI
Habopa cpeACTB MPOeKTUPOBAHUS, HEOOXOLU MBI
SPICE-Mopenu ¢ pafHallMOHHBIMHU IIapaMeTpaMH,
IIpaBHJ/IA IIPOEKTUPOBAHUS 151 obecIiedeHU I COXpa-
HeHHU$ [0Ka3aTejer CTOMKOCTH U JOCTOBEPHOCTH
HCIIONb3yeMBbIX /ISl IPOTHO3UPOBAHMS MoJeleH,
6Ub6IHOTeKH paJHaLlHOHHO-CTOMKHX 37TeMeHTOB,
a Tak>Ke paJHalluOHHO-CTOMKMe [TapaMeTpPH3HUPO-
BaHHBIe SYerKH [18, 19].

Takum obpaszom, coszmanue TOC [yist OLleHKU
Y IPOTHO3HUPOBAHHUS pafUallUOHHON CTOMKOCTH
BCex y3/10B U 6;10K0B BMK, a TaksKke ee pafHaIHOH-
Hble UCIIBITAHUS U UCCIe0BaHUS C obecrieueHHeM
Heo6X0AMMBIX HHPOPMATHUBHOCTH U JOCTOBEPHO-
CTH SIBISIOTCS 00513aTeIBHBIMHU 37IeMeHTaMHu 6a30-
BOr0 MapIlIpyTa nmpoekTupoBaHus BMK u BHC Ha ux
OCHOBe.

B mpomnecce usrorosnieHus BMK u BHUC Ha ux
OCHOBe Heob6X04 MO IOJJep>KHUBATh yPOBEeHb Kade-
CTBa, YCTAHOBJIEHHBIH IPU KBAJUQUKAIUH H3Je-
NS C cobMI0ieHHeM MOPSIAKA MePOIIPUSITHH I10 KOH-
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TPOJIIO CTaOMIPHOCTH TeXHOJIOTHYECKHUX IIPOLIeCcCOB

B 4aCTH obecIieueHUs pafUallMOHHON CTOMKOCTH [11].

INocneqHUM BKJIOYaeT caefyIolllie OCHOBHble Mepo-

IIPUATUS:

» KOHTponb PC U3Ae/T1i Ha HelIpepbIBHOK H/IH IIePHO-
JHYeCcKOL OCHOBE I10 pe3y/IbTaTaM UCIbITaHuU TOC;

* CTaTHUCTUYECKHU KOHTPOJIb TEXHOIOTMYeCKOro IIpo-
Liecca M BCTPOEHHBIH B IIPoLiecc KOHTPOIS IToKka3aTe-
7ell paJHuallMOHHOM CTOMKOCTH C UCII0/Ib30BAaHUEM
TOC 1 mapaMeTpUYecKHUX MOHHUTOPOB.

KoHTpo/Ib KauecTBa U pafHallMOHHON CTOHMKOCTH
H3JeJ1UN MOXeT MPOBOAUTHCS Ha IepPHOLHUYEeCKOU
OCHOBe IIPH CJIeAYIOIIHX YCIOBU AX:

* peanr30BaH HellpephIBHBIN BCTPOEHHBIH B IIPOLlece
KOHTPOJIb 0becriedeHH s paJHallHOHHOM CTOMKOCTH
Ha OCHOBE HCIIBITAHUH MTapaMeTPUYeCKUX MOHHUTO-
POB Ha IUIaCTHHe C MCII0/Ib30BAaHHEeM 30H/I0BbIX yCTa-
HOBOK U/ HCIIBITAHUK KOPIYCHPOBAHHBIX TECTO-
BBIX CTPYKTYP;

* YCTAHOBJIEHBI KOPPeJISILIMOHHEIE [10Ka3aTelH IJIs
TEeCTOBBIX 371eMeHTOB, TOC K TOTOBBIX U3e/IHH;

* HMMeeTcsl JOCTATOYHBIM 3amac o GakTHUUYeCKOMY
YPOBHIO CTOMKOCTH HU3JOeNHH, ONpeleleHHBIHN
10 pe3yabTaTaM paJHALMOHHBIX HUCIBITAHHUH
U uccnefoBaHUuM TOC, OTHOCUTEIBHO HOPMATHBHOIO
YPOBHS CTOMKOCTH BMK;

* peanu3yeTCsl pPUTMHUYHBIK IPadUK BIITYCKA IAPTHH
H3menui, 1 06beM MapTUH JOCTATOYeH /IJISl CTaTH-
CTHYeCKHU TOYHOM OLIeHKH Pe3y/IbTaTOB UCIIBITAHUH.
B ciy4yae HeBBIIIOJIHEHU S IIePeYHC/IeHHBIX BhIIle

YCJIOBHH CJIe[lyeT OCYIeCTB/IATh HeIlpepbIBHBIN KOH-

TPOJIb IIPOM3BOACTBEHHBIX IAPTHH, TO €CTh KOHTPO-

JIUPOBATh Ka’KAYIO0 MIAPTUIO IJIACTHH II0 MOATLPYII-
nam El, E2, E3 B coorBeTcTBUU ¢ OCT B 11.0998-99 unu
OCT B111010-2001.

BbIBOAbI

Pa3paboraH 1 060CHOBAH OOIIHUI MeTOOUYECKUH IT0[-
XO[I K OLleHKe paJHalloOHHOM cTorKocTH BMK u nony-
3aKka3Heix BMC Ha UX OCHOBe, KOTOPBIM 3aK/II0YaeTCst
B obecriedeHU M HeO0H6XOJMMOTr0 COCTABa KOHTPOIBHO-
HCIBITaTeIbHBIX MEPOIPHUSTHH, BKIKOYAL CO34a-
HUe U paJHallFOHHble UCIIBITAHUS TUIIOBOU OLIeHOY-
HOM CXeMBl, IIPOBOJMMBIX Ha 3Talax MPOeKTHUPO-
BaHHSA U u3rortosjeHus BMK u BHC Ha UX oCHOBe.
Bnaromaps 3ToMy obeclieurBaeTcsl paljHOHAIbHOE
coyeTaHHe JOCTOBEPHOCTH U HMHPOPMATHBHOCTH
OLIeHKH (TapaHTHI) paJiHAlIMOHHOMN CTOMKOCTH C TeX-
HHKO-3KOHOMHUYeCKOH 30 eKTUBHOCTBIO IIPOU3BOAICTBA
H3JIeIUH.

[IpoaHaIHM3UPOBAHKI OCHOBHEIE ocobeHHOCTH BUC
Ha BMK B yacTu obecrieyeHUs U OLIHKH UX pamuanu-
OHHOM CTOMKOCTH, KPaTKo 060061I1eHBI JOMUHUPYIOIIHe
panuanronHseie 3¢pdexTrl B BHIC Ha BMK.

[IpencTaBieHBl OCHOBHBIE 3IEeMEHTHI 06IIel MeTo-
JHUKH OLIeHKH PaAHallMOHHOM CTOMKOCTH BMK H mony-
3aKa3HbIX BYC Ha KX OCHOBe, OIIMCaH IIOPSIAOK BhIbopa
06pexToB HcrbiTaHuM (TOC unu paboune 3aIIUBKH),
KPaTKO PacCMOTPeHO UCIIBITaTelbHOe 060pyIoBaHHe
C aKIIeHTOM Ha BO3MOXXHOCTH PaJHUallMOHHBIX HCIIbI-
TaHUM KpHUCTaaaoB BHC 6e3 UX KOPIYCHUPOBAHUS,
OTMe4YeHBI 0CO6eHHOCTH O3 MeTPHUIeCKOr0 COITPOBO-
SKAeHM S, B YaCTHOCTH, OTHOCHTe/IbHAS [IPOCTOTA KaJIH-
6poBku a1 BUC Ha BMK.

in conditions of development and
production are the radiation tests
and studies of the SEC chips, and
in necessary cases of the working
linings, without their packaging
with the use of workstations based
on laser and x-ray simulators, probe
stations and kits of universal auto-
mated measuring equipment [16].
The structure of the automated
probe, widely used by the author in
the practice, is shown in Fig.

At a stage of development of CA
the development or adaptation of
manufacturing techniques pro-
viding the requirements of speci-
fication, including radiation resis-
tance, development of functional

cells, the development of (as a typ-
ical representative) IC for certifi-
cation with all the basic cells that
allow to confirm as a result of
qualification tests, the specified
parameters, are carried out [17].
Provision and evaluation of radi-
ation resistance in the design of CA
require modeling, experimental
studies and, if necessary, revision
of the libraries of standard cells
based on the data about radiation
resistance. As complementary ele-
ments to the standard components
of a set of design tools, the SPICE
models with radiation parameters,
design rules to ensure the conserva-
tion of indicators of durability and

reliability that are used for predic-
tion of models, libraries of radia-
tion-resistant elements, and also
radiation-resistant parameterized
cells are required [18, 19].

Thus, the creation of SEC for the
assessment and forecasting of radi-
ation resistance of all components
and blocks of the GA and its radia-
tion tests and studies with the pro-
vision of needed accuracy are man-
datory elements of the base design
route of GA and IC based on them.

In the process of manufactur-
ing GA and IC based on them it
is necessary to support the level
of quality established during
the qualification of products in

#1/71/2017 NANO INDUSTRY
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OTMeueHBI Coflep>KaHMe U OCHOBHBIE 3TAIlbl paboT
o OLleHKe pafHalMoHHON cTolKocTh BHC Ha BMK
Ha 3Tamnax IPOeKTHPOBAHUS U H3TOTOBJIEHH .

Peanu3anus mpeajaraeMelx obmemMeToqHYeCKUX
IIO/IXOJ0B 1 KOMILIEKCA MEPOIIPUSTHUH I103BOJIseT 0be-
CIIEYUTH BOCTPeOOBAHHOCTb K KOHKYPEHTOCIIOCOOHOCTh
BHC Ha BMK a/1s IprMeHeHHS B allapaType C IIOBbI-
IIeHHBIMHU TPe6OBaHUSMU K PafiUallMOHHOM CTOHMKO-
CTH.

Asmop svipaskaem ceoto npusHamenbrocmy A.J0.Hukugoposy,
A.H.Jlenucosy, A.B.Yaanosoli, B.B.KOHAXUHY 34 UueHHble
KOHCYAbMAUUL U OMOLb 8 100201M08Ke CMAMbUL.

Cmamoba nodeomosaena npu ¢uHancosoll noddepske
Munobprayku Poccuu. YrukanbHblii udenmuguramop ITHAIP
REMEFI58015X0005.

JIUTEPATYPA

1. Huxudopos A.I0., Teneu B.A., YymakoB A.H.
PanuanuonHble 3¢dexTel B KMOII MC. - M.: Paguo
U CBsI3b, 1994, 164 c.

2. Tamnepo K.H., Yiumos B.H., Yi1eHoB A.M. Panua-
LIMOHHBIe 3QPeKTh B KpeMHUHEeBbIX MHTerpaabHbIX
cxeMax KOCMHYeCKoro mpumMmeHeHus. - M., 2009.
246 c.

3. KamamnukoB O.A., YiaHoBa A.B. PagualioHHbIe
3¢dexT B UMPPOBBHIX MHKpocxemax. [JOMHUHH-
pyoliHe pafgHalyoHHble 3QPeKTHl B 3/IeMeHTax
HC. PamualMoHHAas CTOHMKOCTh u3menuui KB
Hayusn. usn. / Ilop pen. mpod. A.M. Yymaxosa. -
M.: HUSY "MUOH", 2015. C. 315-360.

Nikiforov A.Y., Skorobogatov P.K., Egorov A.N.,
Gromov D.V. Selection of optimal parameters of
laser radiation for simulating ionization effects in
silicon bulk-technology microcircuits // Russian
Microelectronics. 2014. Vol. 43. Ne2. P. 133-138.
Kalashnikov 0.A. Statistical variations of
integrated circuits radiation hardness // 12th
European Conf. on Radiation and its Effects on
Components and Systems, RADECS-2011, Sevilla,
Spain, Sept. 19-23. 2011. P. 661-664.

Yymakos A.H., Ileuenkun A.A., Eropos A.H.,
Maspuukui O.b, bapanos C.B., BacuibeB A.JL.,
SlHeHKO A.B. MeTofMKa OLIEHKH I1apaMeTpoB
YyBCTBUTENBHOCTH HMC K THPUCTOPHOMY 3deKTy
IIPY BO3/IEMICTBUU OT/EIBHBIX SIIEPHBIX YaCTHL] //
MukposnekTpoHuka. 2008. T. 37. C. 45-51.
Yymaxkos A.H., Bacunbes A.JL., Ko3nos A.A., Koib-
uoB [.0., Kpunuukuii A.B., IledyeHKHH A.A.,
Tapapakcul A.C., SIHeHKo A.B. [IporHosupoBaHue
JIOKaJIBHBIX PaHaLIMOHHBIX 3¢ deKToB B UIC IIpH BO3-
JencTBUU GaKTOPOB KOCMHYECKOTO ITPOCTPaHCTBA //
MuKposiekTpoHrKa, 2010. T. 39. Ne 2. C. 85-90.
Chumakov A.lL., Pechenkin A.A., Egorov A.N.,
Mavritsky O.B., Baranov S.V., Vasil'ev A.L.,
Yanenko A.V. Estimating IC susceptibility to
single-event latchup // Russian Microelectronics.
2008. Vol. 37, Ne1. P. 41-46.

Chumakov A.A., Pechenkin D.V., Savchenkov A.G.,
Yanenko A.V., Kessarinskiy L.N., Nekrasov P.V.,
Sogoyan A.V., Tararaksin A.L, Vasilev A.L.,
Anashin V.S., Chubunov P.A. Compendium
of SEE comparative results under ion and laser

compliance with the order of mea-
sures for the control of stability of
technological processes in terms
of radiation resistance [11]. The
latter includes the following main
measures:

« control the radiation resistance
of products on a continuous or
periodic basis using the results
of tests of SEC;

- statistical process control and a
built-in monitoring of indicators
of radiation resistance, using
SEC and parametric monitors.
Quality control and radiation

resistance control of products can

be conducted on a periodic basis
under the following conditions:
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¢ continuous built-in control of
the radiation resistance on the
basis of tests of parametric mon-
itors on wafer using the probe
systems or testing of packaged
test structures are implemented;

« correlation parameters for the
test items, SEC and finished
products are defined;

« there is a sufficient margin at
the actual level of resistance
of products, determined using
results of the radiation tests and
studies of SEC, relative to a nor-
mative level of resistance of CA;

« rhythmic release of batches of
products is implemented and the
batches volume is sufficient for a

statistically accurate evaluation

of test results.

In case of nonfulfilment of the
above conditions it is necessary
to carry out continuous monitor-
ing of production batches, that
is, to control every batch of wafers
by subgroups E1, E2, E3 in accor-
dance with OCT B 11.0998-99 or
OCT B 111010-2001.

INSIGHTS

The common methodological
approach to the evaluation of radi-
ation resistance of gate arrays and
semicustom very large scale ICs
based on them, which ensures
the necessary list of the control
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and test activities, including cre-
ation and radiation tests of generic
evaluation circuit at the stages of
design and manufacture of CA and
IC based on them, is developed and
substantiated. This ensures the
rational combination of reliability
and informational content of the
assessment (guarantees) of radia-
tion resistance with a techno-eco-
nomic efficiency of production.

The main features of very large
scale ICs based on the gate arrays in
relation to the objectives of ensur-
ing and evaluation of their radiation
resistance are analyzed, the domi-
nant radiation effects in very large
scale ICs are summarized.

The main elements of a common
methodology for the evaluation of
radiation resistance of gate arrays
and semicustom very large scale
ICs based on them are presented,
the order of the choice of test items,
the test equipment with empha-
sis on radiation tests of ICs without
their packaging are described, the
peculiarities of dosimetric support,
in particular, relative simplicity of
calibration for IC on GA are noted.

The contents and milestones for
the evaluation of radiation resis-
tance of very large scale ICs based
on the gate arrays at the stages
of design and manufacture are
considered.

Implementation of the proposed
methodological approaches and of
set of measures helps to ensure the
relevance and competitiveness of
ICs on CA for application in equip-
ment with increased requirements
for radiation resistance.

The author expresses his gratitude
to A.Nikiforov, A.Denisov, A.Ulanova,
V.Koniakhin for the valuable advices
and assistance in the preparation of this

paper.

This paper was created with the finan-
cial support of the Ministry of Education
and Science of the Russian Federation.
Unique identifier REMEFIS8015X0005. W

#1/71/2017 NANO INDUSTRY



