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MpoaHannsMpoBaHbl OCHOBHblE OCO6@HHOCTU U HEAOCTATKU CYLLEeCTBYIOLEn cMcTeMbl obecneyeHus
Tpe6oBaHUI pagnaLMOHHON CTOMKOCTU AJS noJly3akasHbix BUC Ha ocHoBe BMK nyTtem pa3pa6oTku
M UCNbITAaHMA TUNOBOWM oOuUEHo4YHOM cxembl (TOC). MpegnoxeHo BkAoYaTb B coctae TOC Bce
6asoBble 6M6MOTEYHbIe 3neMeHTbl. lMpegnaraetcs MakcMMmanbHO yHuébuuuposatb TOC pans
3aga4y xapakrtepusauum BMK n KOHTpons napTuii naacTUH, aHaamMsa oCO6eHHOCTer KOHTpons
CTabUIbHOCTM TeXNpoLecca U OLEeHKN PaAUALUOHHON CTOMKOCTM pabo4ynx 3alLMBOK NO pe3ybTaTam
mcnbiTaHmm TOC.

The paper analyzes the main features and shortcomings of the existing system for ensuring
radiation resistance of very large scale ICs based on gate arrays through the development
and testing of the standard evaluation circuit (SEC). It is proposed to include all of the basic
library elements into the structure of SEC. It is also proposed to maximally unify the SEC
for characterization of gate arrays and control of batches of wafers, analysis of features of
control of technology stability and estimation of radiation resistance of the working firmware
based on test results of SEC.

a30Bble MaTpUUHble KpUcTaabl (BMK) mpencTas-
NS0T c060¥ MaTpHIly 6a30BBIX 37IeMEHTOB (KaK I1pa-

BUC mo3BonseT CyIIeCTBEHHO COKPATUTb CPOKH U CTOH-
MOCTb ITPOEKTHPOBAHM S U U3rOTOBJIEHH I I/I3ILEJII/II;I, TaK

BUJIO - KMOII-BeHTHJIEH) CO CTaHAAPTHOU 6ubnuo-
TeKO¥ 6a30BBIX GYHKIIMOHATBHBIX 3/IeMEHTOB, PeaIn30-
BaHHBIX ITyTeM KOMMYTAIIUH BeHTU/IEH CJIOSMH MeTall-
NHU3aLMH U KOHTAKTOB. [lony3aKka3Hele 60JIbIILe HHTE-
rpajbHbIe CXeMBI (BUC) Ha ocHoBe BMK peanr3oBaHbI
B BHJIe TaK Ha3bIBaeMBIX '3aIIMBOK' IIyTeM BHYTpEeH-
Hell KOMMYTaIluu 6a30BbIX 6MOMIHOTEUHBIX 37IeMeH-
TOB C HCIIOJIb30BaHHMEM CIlenHanu3rupoBanHoro CAIIP.
JIaHHBI IOAXO, [10 CPABHEHHUIO C CO3/JTaHHEM 3aKa3HbIX

KaK 3HaYMTeJIbHAs YaCTh paboT IIepeHOCUTCS C 3Tala
MPOEKTUPOBAHUS KOHKpeTHOoU BUC Ha bonee paHHUE
3Tall IPOeKTHUPOBAHMA U aTTecTauuu bBMK, a ocHOB-
Hble IIapaMeTphl IpHUeMKHU-TI0CTaBKU BHC oTpaskeHBbl
B TY Ha BMK U anpuopu A0/KHBL 06ecrieunBaThCs ee
TeXHOJIOTHeH, KOHCTPYKIIHMeH U MPaBHJIAMH IIPOeK-
tupoBaHus [1]. Takoe penieHue 0cob6eHHO 3¢PeRTUBHO
[IPU MIKMPOKOM HOMEHKJ/AType M MaJiod THPa’KHO-
CTH KOMIDIEKTYIOIMX H3Je/HH, YTO XapaKTepHO A
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OOpTOBO almapaTypbl KOCMUUECKUX U SIAEPHBIX KOM- * YPOBHHU

IIJIEKCOB, KOTOpAasd 3KCIIYyaTHPYETCS B JKECTKHUX YCJI0-
BHAX U JO/I’)KHA OTBeYaTh Tpe60BaHI/IHM pa,[[I/IaI.II/IOHHOI;I

CTOMKOCTH.

O6mul MeTOLMUYECKHM IOLXO0L K OLeHKe
padHallMOHHON CTOMKOCTH BMK U ronysakasHsix BUC

Ha MX OCHOBe IIpeJiCTaBjIeH B [2].

ObecrmeueHne TpebOBAaHUN PajHALHOHHOMN
CTOMKOCTH A/ Mony3aka3Hblx BUC Ha ocHoBe BMK
B CJIOKMBIIEKCS MH>KeHEPHOM MPAaKTHUKe HMeeT psf,

0COBeHHOCTeN:

ate arrays (GA) are a matrix

of basic elements (typically

of CMOS gates) with a stan-
dard library of basic functional ele-
ments that are implemented by
switching of gates by metalliza-
tion layers and contacts. The semi-
custom very large-scale integrated
circuits (IC) based on CA are imple-
mented by internally switching
the underlying of library elements
using specialized CAD software.
This approach in comparison with
creation of a custom IC allows to
significantly reduce the time and
cost of designing and manufactur-
ing as a considerable part of works
is transferred from a design stage
of specific IC to an earlier stage of
design and certifications of CA, and
the key parameters of acceptance
are specified in requirements to GA
and shall be provided with its tech-
nology, design and design rules [1].
This solution is particularly effec-
tive in case of wide product range
and small batches, which is typi-
cal for on-board equipment of space
and nuclear complexes, which oper-
ated in harsh conditions and must
meet the requirements of radiation
resistance.

A common methodological
approach to the evaluation of radia-
tion resistance of GA and semi-cus-
tom IC based on them is presented
in [2].

Ensuring the requirements
of radiation resistance for

PaAHMalLlHOHHOM
BUC omnpenensoTcss HpPeHMYIIeCTBEHHO
KOHCTPYKTHUBHO-TeEXHOJOTHYECKUMHU

CTOHUKOCTHU

napaMerpamMu BMK, IIpu 3TOM CUHTAETCsA, UYTO

OHHM "3aKJIaAbIBAIOTCS" B Ipoliecce pa3paboTku
EMK, moATBepsKAal0TCS KBaTUGUKALMOHHBIMU

HCIOBITAHUAMU B Xo4e OKP M rapaHTHPYIOTCSI

KOHTpPOJleM IapTHUH MIacTUH
B COOTBETCTBUU C TpeboBaHUSIMHU moArpymnmnsl "E
"O6Im KX TeXHUYEeCKUX YCIOBUH Ha MUKPOCXeMBI

"6a3bp"

uHTerpanpHsle” (OCT B 11 0998, OCT B 111010);

semi-custom IC on the basis of GA

in the current engineering practice

has a number of features:

« levels of radiation resistance of
IC are determined primarily by
design and technological param-
eters of GA, it is assumed that
they are "laid" during developing
of GA, confirmed by the quali-
fication tests during R&D and
guaranteed by the controlling of
"base" wafers batch in accordance
with the requirements of the sub-
group "E" of OCT B 11 0998 and
OCT B 111010;

« for confirmation of radiation
resistance of GA the special test
"lining" (so-called "zero") is devel-
oped, which compiles and simu-
lates standard lining of GA for her
certification and qualification,
and in most cases - for control of
wafers batch [3, 4]. Such test lin-
ing is a standard evaluation cir-
cuit (SEC) for GA;

« the SEC includes some simple (to
facilitate monitoring of perfor-
mance in tests) functional blocks
on the basis of a standard library
elements, while it is considered
that all library elements of GA
have the same or at least similar
levels of radiation resistance;

+ within the same batch (group of
batches) of a "base" various work-
ing linings for semicustom ICs
on GA can be produced, and it is
assumed that the control of resis-
tance of "base" according to "E"

subgroup (OCT B 11 0998) guaran-
tees a given level of resistance for
all working linings realized on
it, regardless of their functional
complexity and fabrication time,
therefore, there is no need to
carry out radiation tests of work-

ing linings [3, 5].

The above approach to ensur-
ing radiation resistance for ICs on
GA has a number of disadvantages,
which limit the accuracy and infor-
mativeness of test results of SEC and
possibility of their unconditional
use for the working linings:

+ during the R&D of CA, as a rule,
there are no data of comparative
studies of radiation resistance of
all the basic library elements of
GA taking into account their pos-
sible mutual influence in a joint
application;

 there is no clear separation
according to the levels of radia-
tion resistance of the digital, ana-
log-to-digital (digital-to-analog)
and analog basic library elements
of GA, which even at proximity of
design and technological imple-
mentation have a completely dif-
ferent systems of parameters-
criteria of validity, and, there-
fore, different levels of radiation
resistance;

« the structure of the test "zero"
SEC lining, as a rule, does not
contain all of the basic library ele-
ments and is formed using only
a few types, which are selected
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* N7 IOATBEPXKAEHUS pafualluOHHOM CTOMKOCTH BMK
pa3pabaThIBAIOT CIIELIMABHYIO TECTOBYIO "3alIUBKY"
(Tak Ha3bIBaeMyIo "HyJIeByI0'), KoTopas obobmaeT
1 UMHTHPYeT TUIIOBYIO 3alIKMBKY BMK /14 ee aTTe-
CTallUU U KBAJUQUKAIIUH, a B GONBIIHHCTBE CI1y-
YaeB - U [JI KOHTPOJIS IAPTUH IVIACTHH (3, 4]. Takast
TeCTOBasl 3aLIMBKA SIBJISIETCSI TUIIOBOM OLIeHOYHOM CXe-
Mot (TOC) gt EBMK;

B cocTaB TOC BXOAHT HECKOIBKO HECJIOKHBIX (C LIeJIBIO
YIpOIleHUs KOHTPOJIS PaboToCOCOOHOCTH MpH
HCIIBITAHUAX) QYHKLIHOHATBHBIX OI0KOB Ha OCHOBE
CTAHJAPTHBIX 6H6THOTEUHBIX 3/IeMEHTOB, IIPU TOM
IIPUHSTO CUUTATh, YTO BCe GUOTHOTEUHbIE 3/IeMeHThI
BMK uMeIoT ofMHaKOBble HUIH, [10 KPalHeH Mepe,
61M3KKe yPOBHU PaHaIlHOHHOM CTOMKOCTH;

B paMKaX OJHOM IPOHU3BOJCTBEHHOH MapTHU
(rpynmsl maptui) "6a3el” MOryT OBITH H3rOTOB-
JeHBl pa3jHUuHble pabouHe 3aIIMBKU I10Jy3aKa3-
HeIX BMC Ha BMK, IIp¥ 3TOM CUHUTAeTCS, YTO IIPOBE-
IeHHBIA KOHTPOJIb CTOMKOCTH "6a3bl" 10 OATPYyIIIIe
"E" (OCT B 11 0998) rapaHTHUPYeT 3alaHHBIN Ypo-
BeHb CTOMKOCTH BCeX peaJU30BaHHBIX Ha Hel pabo-
YHX 3AMHMBOK, HE3aBUCHMO OT UX QYHKLIHOHAJIBHON
CIOKHOCTH U CPOKOB M3TOTOBJIEHMU S, [I09TOMY IIPOBO-
AUTb PaSHUAL[HOHHBIE UCIIBITAHUS PAbOUHX 3aIIHBOK
HeT HeobXO0OMMOCTH [3, 5].

[IpecTaBIeHHBIN BhHIIIE IIOAXOA K obecIedyeHHIO

* B xome OKP 1o cosmanuio MK, Kak IIpaBHJIO, OTCYT-

CTBYIOT JaHHBle CPaBHHUTe/IbHBIX HCC/IeJOBAaHUU
PagHaI[MOHHOM CTOMKOCTH BCex 6a30BBIX 61bnHoTed-
HBIX 371eMeHTOB BMK ¢ y4eToM KX BO3MOKHOI'0 B3aM-~
HOTO BJIMSIHUS IIPU COBMECTHOM IIPUMeHeHHUH;
OTCYTCTBYeT YeTKoe pasjejieHHe II0 YPOBHAM
paZualMOHHON CTOMKOCTH LUGQPOBBIX, aHANIOIO-
uudpoBbX (IUPPO-aHATOTOBEIX) H aHAJOTOBHIX
0a30BBIX OUOJIMOTEUYHBIX 3IeMeHTOB BMK,
KOTOpBIe [la’ke NPH 6IHM30CTH KOHCTPYKTHBHO-
TeXHOJIOTHYeCKOH pea/Jn3allii KMEIOT COBePIIeHHO
pa3Hble CUCTeMBI [IapaMeTPOB-KpUTePHUeB [OSHOCTH,
U, C/lefloBaTe/IbHO, pa3Hble YPOBHU paJHalliOHHON
CTOMKOCTH;

COCTaB TeCTOBOM "HyneBon" 3amuBKU TOC, Kak
IIPaBHIIO, He COIEPXKUT Bce 6a3oBble 6UOTHOTeUHEIE
3JIeMEHThl U COOPMUPOBAH JUIIb U3 HECKOIBKHUX
UX THUIIOB, OTOOPaHHBIX, B OCHOBHOM, I10 KPUTEPUIO
IIPOCTOTHI U OIlepaTUBHOCTH U3MepeHHUH [4];

B pesy/ibTaTe PaJUallMOHHBIX UCIIBITAHUU BBISIBIEHO
pa3inYMe YPOBHEH paJHallMOHHOM CTOMKOCTH KaK
MesKZy PasHbIMHU pabouyuMu 3amuBKkaMu BMK, Tak
U MeX[y pabourMu 3amuBkaMu ¥ TOC, XOTS IIOTHO-
LIeHHBIM CTAaTUCTHYECKHUH aHA/TN3 3HAYMMOCTH 3THUX
Pas3IHMYKH 10 HACTOSIEr0 BpeMeHH He BbIIIONTHEH;
IIPUHSTHIM IIOAXO, K OLleHKe CTabH/IBHOCTH I10Ka3aTe-
7IeH CTOMKOCTH Ha OCHOBE KOHTPOJISl IAaPTHUH IUIACTUH

pamuanuoHHOM cToMKocTH BHIC Ha BMK umeert pan
CYLIeCTBEHHBIX HeJIOCTATKOB, KOTOPhIe OTPAHUYHUBAIOT
ZIOCTOBEPHOCTbh U HHGOPMATHUBHOCTD Pe3y/IbTaTOB HCIIBI-
taHuM TOC 1 BO3MOXKHOCTb UX 6€3yC/IOBHOIO pacIIpo-
CTpaHeHUs Ha pabouue 3alTUBKHU:

HeJI0CTaTOYHO 3QPeKTHUBEH IPU 3MU30JUIeCKOM
W3rOTOBJIEHUH OO/IBIINX ITIAPTHUH (TPYIIIT IApPTHH) TIA-
CTHH C IIoC/IelyIoIelt J/INTeNbHO (He OrpaHUYeHHOM
10 BpeMeHHU) peasn3aliyiell Ha UX OCHOBe IIHPOKOM
HOMEHKJIAaTyPbl pabourX 3aIUBOK — 3aKa3HbIX BHC.

generally by the criterion of sim-
plicity and efficiency of measure-
ments [4];

« as a result of radiation test, the
differences of the levels of radia-
tion resistance both between dif-
ferent working linings of GA, and
between working linings and SEC
are revealed, although a full sta-
tistical analysis of the signifi-
cance of these differences isn't
made so far;

« the accepted approach to assess-
ing the stability of parameters of
resistance on the basis of the con-
trol of the batches of the wafers
is not effective enough for occa-
sional production of large batches

HAHO MHOVCTPHA #1/71/2017

of the wafers with subsequent

long-term (not time-limited) real-

ization on their basis of a wide
range of working linings, a cus-
tom ICs.

In view of the foregoing, at the
request of customers, in the most
critical cases the qualification radi-
ation testing of each working lining
of GA is carried out with the control
of all important for the functioning
of the product parameters-criteria
of validity, in all informative modes
and conditions of operation, which
ensures unconditional compliance
of its radiation resistance level with
the specified requirements. This
radical approach definitely reduces

the risks of the consumer, but sig-
nificantly increases the cost of small
batches of products, which reduces
technical and economic perfor-
mance and overall competitiveness.

The objectives of the present
work are the study of the criteria
for the choice of a method of assess-
ment of radiation resistance of
semicustom circuits on GA (accord-
ing to test results of SEC or working
linings), as well as development of
requirements for structure, princi-
ple of formation and testing proce-
dure of SEC to ensure rational com-
bination of the reliability and infor-
mativeness of the obtained forecast
of the level of resistance of working
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C yd4eTOM H3JIOKEeHHOro, Io TpeboBaHUIO
notpebuTeneil B Haubonee 0OTBETCTBEHHBIX CJy4YasiX
NPOBOAST KBAaJUQUKALMOHHEIE PaJHallHOHHBIe
HUCIBITAHUS Kaxpaou pabodeiln 3amuBKU BMK
C KOHTPOJIEM BCeX 3HAaYUMBIX [151 QYHKLIMOHHUPOBAHHUS
H3Je/lus [IapaMeTPOB-KPHUTepHeB FOJHOCTH BO BCeX
MHQOPMATHUBHBIX PeKMMaX U YCI0BUSX PaboThl, UTO
rapaHTHpYyeT b6e3yc/l0BHOe COOTBETCTBHE ee YPOBHS
PaJHaIMOHHOM CTOMKOCTH 33aJJaHHBIM Tpe60oBaHHUSIM.
9TOT paJUKaTbHBIH OAXOf, 6e3yC/I0BHO, yMeHbIIaeT
PHUCKHU IIOTpPebUTess, HO CyLl[eCTBEHHO yBeTHYHUBAET
CTOMMOCTb MaJjIblX MapTHUH HU3[e/IUH, UTO CHHUXKAeT
TeXHHKO-9KOHOMHUYECKHe II0Ka3aTeIH U B LeloM
KOHKYPeHTOCIIOCOOHOCTb TPOAYKIIHH.

Hensmu HacTosimelN paboTe SABIseTCH
0b0CHOBaHMe KPUTepHeB AJIs BEIOOpa criocoba olleHKHU
PaAHMAaLMOHHON CTOMKOCTH IIOAY3aKa3HBIX CXeM
Ha BMK (m1o pe3ynsratam ucnsitaHui TOC U pabounx
3aIIMBOK), a TaKKe pa3paboTka TpeboBaHHUIM K COCTABY,
OpUHLUNY GOPMUPOBAHUSA U IOPSAKY UCIBITAaHUH
TOC c menbto obecriedyeHHUs Pal[HOHATBHOIO COYTAHUS
JNOCTOBEPHOCTH U HHPOPMATHBHOCTH IIOJIY4eHHOTO
IIPOTHO3a YPOBHS CTOMKOCTH Paboumx 3alIMBOK IIPHU
CHIDKEHUH 3aTpaT Ha UCIIBITAHH .

PanuoHa/IBHBIM COCTAaB M XapaKTepUCTUKU
TOC omnpenensgioTCcs MCIONb3YeMBIM 3JIeMEHTHO-
TeXHOJOTHYeCKUM 06a3ucoM U YpPOBHEM
OYHKIMOHAIBHOU CJIOKHOCTH CO3/laBaeMBIX Ha ero
OCHOBe H3/e/INH.

TunoBas oLleHOYHAd CXeMa [JO0/I’KHA YI0BIeTBOPATh
clenylomuM TpeboBaHUSIM (C y4eTOM II0TOXKeHHH
OCT 11 0999-99):

¢ KOJIMYeCTBO BeHTHJeN Ha KpucTaniae TOC ZOIXKHO
OBITH He MeHee [T0JIOBUHBI MaKCHMaJIBHOIO YHC/IA
BEeHTHUJIeN Ha KPHUCTalnax Mmonays3akasHbx BHUC
Ha ocHoBe BMK;

e B cocTaB TOC HO/KHBI BXOOUTH BCe CTAHOAPTHEBIE
6ubnroTeYHEble 37IeMeHThl, HCII0NIb30BAHHbIE TPU
IIPOEKTHPOBAHHH I10/7y3aKa3HbIX BHC Ha ocHOBe
BMK. Bo3MOKHO 00begHeHHe OHOIHOTeUHbIX J/1e-
MeHTOB 6JIM3K0ro HasHaueHHUs (QYHKIIMOHATBHBIX
K/IacCoB) B QYHKIIMOHAIbHEIE 6II0KH;

 apxutektypa TOC momkHa obecreunBaTh BO3MOXK-
HOCTb JMAaTHOCTUPOBAHUS O0TKA30B BCeX QYHKIIHUO-
HaJIBHBIX KJIacCOB OMOIHMOTEUHBIX 371eMeHTOB,
a B MfeaJjie - KasKI0Io UX TUIIA;

* KOHCTPYKTHBHO-TexHHYecKHe pemeHus TOC moIKHbI
COOTBETCTBOBATH OA30BBIM 3HAUEHHUSIM ITPOEKTHBIX
HOPM 1114 11os1y3aKkasHbix BUC Ha ocHoBe BMK;

« cocTaB U CTpyKTypa TOC AOJKHBI OBITh MaKCH-
MaJIbHO YHUGUIIMPOBAHEL /15 PelleHM s BCex 3aJa4
OLlIeHKU PafiMallMOHHON CTOMKOCTH B XOZe KBaJIH-
OUKALIMOHHBIX UCOBITAHUHM BMK, a Tak>ke [IJIsI KOH-
TPOJISl MapTHUU IJIACTUH U MOHUTOPHUHTIA TeXIIpPO-
11eCCa UX U3TOTOBJICHHUS,

* 3JIEKTPHUUYECKHE PeKMMBI IIPU HUCHBITAaHUAX TOC
IOJXKHBI OBITh YCTAHOBJIEHBI, HCXOMASl U3 coobpa-
SKEHUU HaUXYAIIUX COYeTaHUM IPOeKTHBIX HOPM
M Harpy30K Ha IIpUMeHsieMble 3JIeMeHTHI;

» 1ug usrorosneHus TOC cyefyeT UCII0/Ib30BATh CTAH-
IApTHbIe (QTTeCTOBAaHHbIE) MaTEPHUAJIbI, TeXHOIOTHYe-
CKHe CHCTeMBI 1 KOpITyca (IIp1 He06XOAUMOCTH).

TOC pn1s OLleHKH PafiMaliMOHHON CTOMKOCTH BMK

IO/KHA 06eCIiedrBaTh BO3MOXKHOCTD OIIpefieieH U s (KOH-

linings while reducing the cost of

testing.

Rational structure and features
of SEC are defined by used element-
technological basis and the level of
functional complexity of created on
its basis products.

The standard evaluation circuit
must meet the following require-
ments (according to OCT 11 0999-99):
« the number of gates on a SEC chip

must be at least half the maxi-

mum number of gates on a chips
semicustom IC based on GA;

« structure of SEC should include
all the standard library ele-
ments used in the design of
semicustom IC based on GA. The

association of library elements of
similar assignment (functional
classes) in the functional blocks
is possible;

architecture of SEC should pro-
vide the possibility of diagnosing
failures in all functional classes
of library elements (ideally, each
type);

design and technical solutions of
SEC must comply with the basic
values of design rules for semic-
ustom IC based on GA;

the structure of the SEC must be
uniform for all tasks of evalua-
tion of radiation resistance dur-
ing qualification tests of GA, and
also for control of wafers batches

and monitor the process of their
manufacture;

electric modes at the testing of
SEC shall be established based
on considerations of the worst
combinations of design stan-
dards and loads of construction
elements;

for manufacturing of the SEC it
is necessary to use the standard
(certified) materials, technology
systems, and cases (if necessary).
SEC for the evaluation of radia-

tion resistance of GA should provide
the possibility to determine (control)
the following parameters [6-10]:

« the degree of degradation of char-

acteristics under the impact of

#1/71/2017 NANO INDUSTRY
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TPOJIsI) I10 Pe3y/IbTaTaM MCIBITAHUHN CJlefyIOMUX Iapa-

MeTpoB [6-10]:

* CTeleHb Jerpajaliy XapaKTePUCTHK B YCIOBUSIX BO3-
IelCTBUS HaKOIJIeHHOM /I03bl HOHU3UPYIOIIEro U3/y-
yeHUs (MH) c 0co6BIM BHUMaHHEM PaAHALIMOHHO-
MHJYLMPOBAHHBIM yTeYKaM I10 IUTAHHUIO;

* IIOPOTY BO3HUKHOBEHUS KaTaCTPoPUUeCKHUX OTKA30B
(KO) u TupucTopHoro spdexTa (T3) MpU BO3AEHCTBUSIX
MMIyJIbCHOTO MU U OTHeNbHBIX SIAEePHBIX YaCTHUI]
(OsIw);

accumulated dose of ionizing
radiation with special attention

power supply;

« «thresholds of occurrence of cat-
astrophic failures and latch-up
under the influence of pulse ion-
izing radiation and individual
nuclear particles;

« the nature of the response of
parameters, malfunction-free
operation level and time of loss
of operability in the conditions of
pulse ionizing radiation;

 sensitivity to single effects
(including crashes) under the
influence of individual nuclear
particles - heavy charged

ments of CA).

HAHO MHOVCTPHA #1/71/2017

particles, high energy protons
and single neutrons;

to radiation-induced leakage in ¢ the degree of degradation of
parameters in conditions of radi-
ation-induced structural dam-
ages from the influence of neu-
trons and protons (for bipolar ele-

The main problem in the devel-
opment of the SEC is to provide
depth diagnostics of the types and
mechanisms of failure of differ-
ent library elements at the limited
number of outputs in the pack-
age of SEC. To construct rational
SEC it is recommended to combine
library elements with close func-
tional purposes into the functional

* XapaKTep OTK/JIHMKOB IapaMeTpoOB, 3HaYeHH
ypoBHSA beccboriHOM paboTsl U BpeMeHU IIOTepH
paboToCIOCO6HOCTH B YCIOBHUSIX HMIIYJIbCHOTO
BO37eMCcTBUSA MU;

* UYyBCTBUTEJBHOCTb K ONMHOYHHIM 3ddeKTaM (B TOM
yucne cbosim) npu Bo3geucTBUU OSIY - TSKeNBIX
3apsiskeHHBIX YacTuL (T34), BBICOKOIHEPreTHYeCKHUX
IIPOTOHOB (B3II), a TaKKe OMMHOYHBIX HeHNTPOHOB;

* CTeleHb Jerpajaluy IMapaMeTpPoOB B YCIOBHUAX
PamHMalMOHHO-UHAYLUPOBAHHBIX CTPYKTYPHBIX
NOBPEeX/JAeHHUIM OT BO3[EHCTBUS HEHUTPOHOB
Y IIPOTOHOB (1151 OUIIONSPHBIX 31leMeHTOB BMK).
OcHoBHOM mnpobaemor nmpu paspaborke TOC

saBiasieTcs obecrieunBaemas rinybuHa JUATHOCTUKU

BU/JOB M MEXaHHU3MOB OTKa30B OHOIMOTEeUHBIX

3IeMeHTOB B YCJIOBHSAX Ppa3Hoobpa3us ux

HOMEHKJIATYpPhl U OTPAaHUYEHHOCTH YK CJla BHIBOJOB

kopryca TOC. IIpy MOCTpPOEHHH PaLlMOHAIbHOU

TOC pexkomeHAyeTcsi 06beUHSATh 6HU6IHOTeUHBIE

37eMeHThl 671M3K0ro QYHKIIMOHATBHOIO Ha3HAUYEeHU

B QYHKIIMOHAIbHBIE OJIOKY C memrdpaliuen JOCTyIIA

u 6ybepupoBaHHeM BBIXOLHON HHPOPMAIUU

(cM. PHUCYHOK).

TpyAHOCTH ycyrybiusiloTCst HATHUYHEM B COCTaBe
6ubnuorex coBpeMeHHBX BMK aHa/IOro-UGPOBBIX
(urGpo-aHATOTOBEX) K AHAJTOTOBBIX 3J€MeHTOB,
K KOTOPBIM 3KeJIaTebHO I10 BO3MOKHOCTH 06eCIIeuuTh
OOCTYII, MUHYS LIUGPOBbIe OypepHble 37IeMeHThl HIIH
MHUHUMMU3IUPYS BIUSHHUE [IOCTIeTHUX.

B mensx mony4eHUs LOCTOBEPHOU OLleHKH, COCTaB
TOC fyist xapaKkTepU3alluy paJHalliOHHOMN CTOMKOCTH
MUKpocxeM Ha ocHoBe BMK (Ilo JOMHUHUPYIOIUM

blocks with the decoding of access
and buffering of output informa-
tion (Fig.).

Difficulties are compounded by
the presence in the libraries of mod-
ern GA of analog-to-digital (digital-
to-analog) and analog elements,
to which it is desirable to provide
access, bypassing the digital buffer
elements or minimizing the impact
of the latter.

In order to obtain reliable esti-
mates, the structure of the SEC
for the characterization of radia-
tion resistance of microchips based
on GA (at the dominant radiation
effects) should contain the follow-
ing functional units:
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VIHpopmamugHbIli HA6op napamempos-Kpumepues 200HOCMU LUGPOBbIX U AHAN0208bIX Y3108 TOC 0As oueHKU paduayuoHHoL cmotiko-
cmu GMK HITK "TexHonozuveckul ueHmp"

Informative set of parameters of validity of digital and analog components of SEC for evaluation of radiation resistance of gate arrays
developed by SMC "Technological Centre"

AHanorosble QYHKLMOHA/IbHbIE Y3/1bl
Analog functional units

népposbie
MapameTr L o o
par‘;meté’r GYHKUMOHaNbHbIE Y3/1bl OnepayuoHHbIN UHTerpanbHbIv
Digital functional units ycunutenb KomnapaTtop
Operational Integral
amplifier comparator
Tok noTpebneHus + + .
Current consumption
Mopor cpabaTbiBaHWUS _ _ +
Operating threshold
BXoHOM TOK + + .
Input current
BXOAHOM TOK CMeLLeHNs _ + +
Input offset current
Pa3HOCTb BXOAHbIX TOKOB _ + +
Difference of input currents
MakcrManbHbI BbIXOAHOW TOK _ " "
Maximum output current
BbIxoAHas MOLHOCTb _ + _
Output power
HanpseHue cmeLLeHms Hyns _ + .
Bias voltage of zero
BbiIxoAHOE Hanps>keHue + _ +
Output voltage
Paszmax BbIXOAHOMO HANPsIXXeHNs _ N .
Output voltage swing
HecTabnnbHOCTb NO HANPSXKEHWUIO _ _ +
Instability of voltage
HecTtabunbHOCTL MO TOKY _ _ .
Instability of current
KoaddunumeHT ycnneHms _ " "
Gain
[AnHaMmyecknm AmanasoH _ + +
Dynamic range
LLlymoBble NapaMeTpbl _ o _
Noise parameters
Bpems pacnpocTpaHeHus curHana _ _ +
Propagation time of signal
Bpewmsi cpabaTbiBaHus
(nepexntoyeHns) - - +
Response time (switching time)
BepxHsg rpaHMyHas YactoTa + + _
Upper frequency limit
Bpems HapacTaHus BbIXOAHOMO
curHana = + -
Rise time of output signal

#1/71/2017 NANO INDUSTRY
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pamHalMOHHBIM 3ddeKTaM) AOJIKeH CoLepKaTh Cile-

Aymoiye QyHKIHOHAIbHbIe Y3JIbL:

+ 6a3oBble LHUPPOBBIe 3MeMeHTH (KOMOHMHAI[MOHHBIE
U TI0C/Ie[J0BaTe/IbHOCTHBIE) IOTUKHU, AelIHPPaTOPOB,
MYJIBTUIIJIEKCOPOB, AJIY, TPUITEPOB, PErUCTPOB,
CYeTYHKOB;

* S49elKU BBOAA BBIBOAA;

* MaTpHIBI IAMSATH,

* aHAJIOTOBEIE, aHAJOrO-LHUQPOBEIE (umbpo-
aHaJIOrOBBIE) 3JIeMEHTHI;

+ 6ubNIHOTeYHble MAaKPO3IeMEHTHI U IP-610KH.

B xome paspaborku TOC HeobxomuMo ybemUThCS
B OYHKIMOHAJbHOM 3HAaUHMMOCTH KaXIOTO
6Ku6/1HMOTEeYHOr0 3/1eMeHTa U y3/7a, TO eCTh B TOM,
YTO paJHaLlHOHHBIN 0TKa3 nN106oro 6ubIHOTEYHOTO
3JleMeHTa IPHU MCHOBITAaHUAX NposBUTCca (bymer
BBISIB/IEH) BCJIeACTBHE OTKa3a COOTBETCTBYIOIIErO
GYHKIIMOHAIBHOIO 6110ka uiau TOC B 1ie/I0M.

CunTaeM IenecoobpasHbIM, KpoMe Habopa THUIIO-
BbIX QYHKIIMOHAJIBHBEIX 6710KOB Ha OCHOBe Oubnuorey-
HBIX 3JIeMeHTOB 0/JIM3KOro Ha3HaueHMs, BKAOYUTH
B cocTtaB TOC ogMH MIX HECKOIBKO QYHKIITMOHATBHBIX
y3710B C MaKCMMaJIbHO-BO3MOKHBIMH YPOBHSIMH QyHK-
L[OHA/IBHOM CJIOKHOCTH U OBICTPOEHCTBH S, KOTOPBIE
obecreunBaroTcs JaHHBIM BMK U1 XxapaKTepH3yIOT ero
Ipefie/ibHble BO3MOKHOCTH.

C 11e/IbI0 KOPPeKTHOM OLIeHKH YPOBHS PafuallHOHHON
CTOMKOCTH U3JeNHI He0OX0oHUMO BEIOHPaTh HHPOPMA-
THBHBIe IIapaMeTpbl-KpuTepuu roguoctu (IIKT), koTto-
pble OTpaskaloT OCHOBHbIe GYHKILIMOHAIbHBIE 0COOEHHO-
CTH U3Je/IHS U U3MeHSIOTCS BC/Ie[CTBHe paJHallhOH-
HOI'O BO3/IeHCTBUS. IIpH 3TOM C/lefiyeT YUUTHIBATh, UTO

ecnu cocTas IIKI 1udpoBsIxX Y3108 BMK 10BO/IBHO Orpa-
HuveH (QyHKIIMOHAJIBHBIM KOHTPOIb, YPOBHH JIOTH-
YeCKHUX HYJIS U eJUHHULBI, TOK II0TpebleHU s, BXOLHOH
TOK), TO [IJISI aHAJIOTOBBIX y310B BMK coctaB IIKI BecbMa
pasHoobpaseH (cM. Tabnumy) [11-14].

B xome nmpousBonctsa bHMC Ha BMK HopMaTHUBHEBIE
nokyMmeHTsI (OCT 11 0998) TpebyIoT IPOBOAUTH KOHTPONIb
IIPOM3BOACTBEHHBIX [TAPTHH IIACTUH-TIONybabpruKaToB
"faspl". PaguallMoHHBIe UCIBTaHUg TOC Ha 3Tame
KOHTPO/S MPOU3BOACTBEHHBIX MapTHUH IMJIaCTUH
JOJI>KHBL PeIIaTh CJIeAyIOLIKe 3a5auK:
 obecrieueHue U KOHTPOIb COXPAHHOCTHU [TOKA3aTeen

cTorKocTH BMK Npy BHeCeHUM KOHTPOTHPYeMBIX

H3MeHeHHUH B [IPOM3BOJCTBEHHBIN IIpoliecc, B TOM

YHCJie IOATBepKAeHHe OTCYTCTBUS BIMSAHUS pas-

6poca 3/1eKTpoPU3NUECKUX U TTeKTPUUECKUX [1apa-

MeTPOB KPHUCTAJIJIOB II0 [IJIaCTUHE B IIpeJeax mnap-

THUH, & TAKKE — OT apTHUH K IAPTHHU — Ha CTabUJIb-

HOCTb [T0Ka3aTeslel palallHOHHON CTOMKOCTH;
 obecrieueHue OIIEPATHUBHOM U OCTOBEPHOM OLIEHKHU

PaAMALMOHHOM CTOMKOCTH FOTOBBIX U3Je/HH (pabo-

YHX 3aIIMBOK) B IIPOLIeCCe U3TOTOBIEHHSI MHKPOCXeM

Ha OCHOBE HeIIPePBIBHOI0 M IePHOJHUYLCKOr0 KOH-

TpoJIs II0Ka3ateser ctoukocTy TOC [4].

TOC, npenmHasHadYeHHBle OIS KOHTPOIL
TeXHOJIOTMYeCKOr0 Ipollecca HM3TOTOBJIeHUS
IJacTUH B 4YaCTU paJHalMOHHOHW CTOMKOCTH,
IO KHE 06ecrmeyMBaTh BO3MOXHOCTB OI[eHKHU
YCTOMYHMBOCTH BCEX HCIIONb30BAHHBIX BapUaHTOB
KOHCTPYKTHUBHO-TeXHOJOTHYeCKHX pelleHUU
K 33/JaHHOMY MHHKMMAa/IbHOMY YPOBHIO PaJHallHOHHBIX
BO3MEeMCTBUM, NpHU 3ToM Tomonorus TOC moaKHa

¢ Dbasic digital elements (combina-
tional and serial) of logic, decod-
ers, multiplexers, ALU, triggers,
registers, counters;

« input/output cells;

* memory matrix;

« analog, analog-to-digital (digital-
to-analog) elements;

« library macroelements and IP
blocks.

During the development of SEC it
is necessary to verify the functional
significance of each of the library
elements and node, thatis, that the
radiation failure of any library ele-
ment during the test leads to the
failure of a functional unit or SEC in
general.
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We consider it appropriate, in
addition to a set of standard func-
tional blocks on the basis of library
elements of similar functional-
ity, to include in the structure of
SEC one or more functional units
with the highest possible levels of
functional complexity and perfor-
mance, which are provided by this
GA and characterize its limiting
capabilities.

With the aim of correctly assess-
ing the level of radiation resistance
of products it is necessary to choose
informative parameters of valid-
ity, which reflect the main func-
tional features of the product and
changes due to radiation exposure.

At the same time it is necessary to
consider that if the range of param-
eters of digital components of CA is
rather limited (functional control,
the levels of logic zero and one, cur-
rent consumption, input current),
then for analog components it is
very wide (table). [11-14].

During the production of IC
on GA the regulatory documents
(OCT 11 0998) require to control pro-
duction batches of wafers for "base".
Radiation testing of the SEC at the
stage of control of a production
batches of wafers should meet the
following objectives:

« Ensuring and monitoring the
safety of resistance factors of GA
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BK/IIOYaTh B cebs Bce CTaHZApTHble 6UbIHOTEUHbIE
3JIeMeHTBI, MCII0/Ib30BaHHbIE IIPU IIPOEKTUPOBAHUU
MHKPOCXeM, BBIITYCKaeMBIX B JaHHOM TeXHOJIOTHYECKOM
nmpouecce. B mesomM, Ha Hall B3raAfn, Claenyer
obecrmedyuTh MaKCHUMalbHYI0 yHHOUKanui TOC
A7 XapakTepusanuu BMK U 151 KOHTPoJIsSl MapTUH
[JIACTHH.

CnepyeT OTMETHTh, 4YTO 3ajadya OLEHKH
(rapaHTUpPOBaHUS) PafUALMOHHOM CTOMKOCTHU
nonysaxkasHeix bBMIC Ha BMK 1o cyIecTBy JOIycKaeT
KOHTPOJIb B X0Ofle paflUaLlMOHHBIX UCIIBITAHUH JIUIIb TOU
4acTH OU6IHMOTeUHBIX 371eMeHTOB U 6/10KOB B COCTaBe
TOC, KoTopble UCIIOAB3YIOTCS B pabouell 3allMBKe,
no3ToMy GaKTHYeCKH ONpeZle/leHHBIH ypPOBeHb
CTOMKOCTH MOYKeT OBITh CyIIleCTBEHHO BhIIIIe YKA3aHHOTO
B TY Ha BMK, Hampumep, ecnu pabodas 3allMBKa He
BKJ/IIOYaeT aHa/IOrOBbIE 371eMeHThI. OJHAKO Ha ITPaKTHKe
TaKoe COKpalleHHe COCTaBa KOHTPOJHUPYeMBIX
GyHKILIMOHANIBbHBIX 6710KOB KpaliHe HeskelaTebHO, TaK
KaK OTPAaHHUYEeHHOCTH 'ype3aHHOro" Habopa HaHHBIX
0 pe3y/bTaTaM paJHallMOHHBIX UCOBITaHUM TOC He
03BONUT obecreunTs HHPOPMATHUBHBIN KOHTPONIb
TeXHOJIOTHYeCKOTO Ipollecca U CTabUIBHOCTH
YPOBHA PafHallMOHHOM CTOMKOCTH IIO pe3ylbTaTaM
CTaTHUCTHUYECKOIo aHa/IKM3a U peryaupoBaHus. [lostomy
cleyeT IMPOBOAUTD IIOJIHOLIEHHBIE paguallHOHHEBIe
ucneiTaHus TOC B xofle KOHTPOJ/IS AapTHUH IJIACTHH,
a Aas OLeHKH GaKTHYeCKOTO YPOBHS CTOMKOCTH
pabodmux 3aIMIMBOK HCIIONB30BATH JIHIIb Te JaHHBIE
HCIBITAHUM, KOTOPBle OTHOCSTCS K OU6IHOTeYHBIM
37leMeHTaM, 3a/lelICTBOBAHHBIM B pabouell 3aIlIHBKe.
Ecnu ucneiTanusg TOC mokasasy OTCYTCTBHE 3al1aca

I10 yPOBHIO CTOMKOCTH KOHKPETHOM pabouel 3aIlIMBKU
OTHOCUTE/bHO THIIOBOIO YPOBHS CTOMKOCTH BMK,
ykasaHHoro B TV, To gas obecredeHus rapaHTHH
IOTPebUTeISIM CUHTaeM IienecoobpasHbIM IIPOBOAUTH
KOHTPOJIBHBIE PaJHALIMOHHBIE HCIIBITAHUS Pabounx
3aIUBOK.

B 3aBepmeHHe OTMETHM, 4YTO C ILeJbI0
rapaHTHPOBAHUS YPOBHS paJHalLlMOHHOH CTOMKOCTH
pa6oq1/1x 3amuBOK BMK, M3roTaB/iIKMBaeMbIX Ha obmien
"6a3e” B TeueHHe ITTUTEIBHOIO BpeMeHH, Liesiecoobpa3Ho
BKJIIOYATh paJualiHoHHbIe HCcObTaHUSI TOC B cocTas
MepUOAHYeCKHUX HUCIOBITAHUUI, UTO IIpefyCMOTPeHO
[IPeZIIOIOKEeHUAMHU 110 pa3sBUTHIO OTY Ha MUKPOCXeMBI
HMHTEerpajibHbIe,

BbIBO/Lbl
B pesynbTaTe aHaaM3a CIOKHBIIEHCS HH>KeHepP-
HOM NMPaKTUKHK YCTAaHOBJIEHBI OCHOBHBIE 0CObeH-
HOCTU obecrieueHU s TpebOBaHUI paJUaLIMOHHOM
CTOMKOCTH [J151 mosy3aka3Hbelx BUC Ha ocHoBe BMK
IyTeM pa3paboTKU M UCIIBITAHUI THUIIOBOM OL[€HOY-
HOI cxeMBbl - UMHUTaTopa BHUC. TIpoaHa/IM3UPOBAHEI
CBs3aHHBbIE C IPUHATHM II0JXOJ0M HeJOCTAaTKH,
OTpaHMYMBaIOLIHe JOCTOBEPHOCTh U HHGOPMATHUB-
HOCTb pe3yJIbTaToB UCIBITAaHUHN TOC K BO3MOXKHOCTb
ux 6e3yCcIOBHOI0 pacIpocTpaHeHUs Ha pabouue
3aIIHBKH:
* orcyTcTBHe B cocTaBe TOC Bcex 6a30BbIX 6ubIHOTEY-
HBIX 3J1IeMeHTOB BMK;
* OTCYTCTBHe B cocTaBe TOC BO3MOKHOCTEH pa3fe/bHO
OIlpefie/IMTh yPOBHU PafiHaLlHOHHOM CTOMKOCTH LU G-
POBBIX, aHaNoro-UUPPoBbIX (I1HPO-aHATIOTOBHIX)

It should be noted that the

during controlled changes in
the production process, includ-
ing confirmation of the absence
of the influence of the variation
of electro-physical and electri-
cal parameters of a chips on a
wafer within a batch, and also
from batch to batch, on the sta-
bility of parameters of radiation
resistance;

« Ensuring prompt and accu-
rate evaluation of radiation
resistance of finished products
(working linings) in the pro-
cess of manufacturing of chips
on the basis of continuous and
periodical monitoring of resis-
tance factors of SEC [4].

SEC, intended for control of pro-
cess of manufacturing of wafers
in the part of radiation resistance,
should provide the possibility of
assessing the sustainability of
all used variants of constructive-
technological solutions to a given
minimum level of radiation expo-
sure, at the same time the topol-
ogy of the SEC should include all
the standard library elements
used in the design of the chips,
which are produced in this pro-
cess. In general, in our opinion, it
is necessary to provide the maxi-
mum unification of SEC for char-
acterization of GA and for control
of batches of wafers.

objective of the evaluation (assur-
ance) of radiation resistance of IC
on GA basically allows the moni-
toring during a radiation test of
only that part of the library ele-
ments and blocks in the SEC,
which are used in the working
lining, so a level of resistance
can be significantly higher than
specified, for example, if the lin-
ing does not include analog ele-
ments. In practice, however, such
a reduction of the range of con-
trolled functional units is highly
undesirable, as the limitations of
the "cut-down" set of data will not
allow to provide reliable control

#1/71/2017 NANO INDUSTRY
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Y aHAJIOTOBBIX 6a30BbIX OMOIMOTEUHBIX 37IeMeHTOB

BMK c yyeTom ux cucrem IIKT;

* OTCYTCTBHEe [JOCTOBEPHOM CTAaTHUCTHYECKOH
UHGOPMALMKU O COOTHOIIEHHHU YyDPOBHeH
paLHALMOHHON CTOMKOCTH Pa3lUYHBIX pabouux
3amuBoK BMK, a TaksKke pabouunx 3amuBok U TOC;

* Hed3pPeKTHUBHOCTL KOHTPO/IS IIPH IIH30JHYeCKOM
K3rOTOBJIEHUH DONBIIUX MAPTUH (IPyIII MapTUH)
IJIaCTHH C MOC/eAyIOMmeH AIUTeNbHOM (He OTpaHU-
YeHHOH I10 BpeMeHH) peanH3alkel Ha UX OCHOBe
I POKOM HOMEHKIIATypPhl pabourX 3aIHBOK — 3aKa3-
HbIX BHC.

[IpenioskeHEl IPUHLIUIT GOPMUPOBAHMS U COCTAB
TOC p1s1 OLleHKH KOHTPOJIS pafHUaliMOHHOM CTOMKOCTH
BEMK u monysakasHbXx BHC Ha UX OCHOBe, II03BOJISIO-
Iiye peofoeTh OTMeYeHHbIe HeJOCTaTKU. B cocTaB
TOC mpepnaraetcs BKIOYATh Bce 6a30Bble bubnuorey-
Hble 371eMeHTHI. C Ienbio obecriedeHUs HE06X0JMMOK
I71yOHMHBI AUATHOCTUKY BUJIOB U MeXaHU3MOB OTKa30B
I POKOM HOMEHK/IATyPhl OU6IHOTeUHBIX 3/IeMEHTOB
B YC/IOBHUSIX OTPaHHYeHHOCTH YKC/Ia BBIBOLOB KOpIlyca
IIpY IIOCTPOEHUH panuoHanbHou TOC pekoMeHAyeTCs
00BbeAUHSATH OUOINOTeUHBIe 3/IeMeHTHI 67TH3KOro GyHK-
L[MOHAJIBHOTO Ha3HaueHHUs B PYHKIILOHAIbHEIE 67I0KU
c femudparuen JocTyna u 6ydeprupoBaHUeM BBIXOA-
HOM UHQOPMAILIUH.

[IpegnmaraeTcss MakKCHUMaJIbHO YHUOULIMPoBaTh TOC
O714 3afa4 XapaKkTepu3anuu BMK U KOHTpons MapTUH
MJIACTHUH, aHAKM3a 0COOeHHOCTEeH KOHTPOJIS CTabUIb-
HOCTH TexIIpoliecca U OLleHKHU paJuallMOHHOM CTOM-
KOCTH PabovuX 3alIMBOK I10 pe3yJbTaTaM UCIBITAHUI
TOC.

Ecnu ucnipiTanms TOC mmokasasy OTCYTCTBHeE 3al1aca
I10 YPOBHIO CTOMKOCTH KOHKPETHOH pabodell 3alIUBKHU
OTHOCHUTE/IBHO TUIIOBOI'O YPOBHS CTOMKOCTH BMK, yKka-
3aHHOTO B TY, To A5 obeclieueHUs TapaHTUH IIOTpe-
6UTensIM peKOMeH0BAHO MPOBOJUTH KOHTPOJIBHBIE
paIUallMOHHBIe UCITBITAHUS PAabOUMX 3aIIHBOK.

Cmamya nodzomosnena npu GuHancosoii noddepskke MurobpHayku
Poccuu. YHukanbHblil udeHmugukamop ITHHSP REMEFIS8015X0005.
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of technological process and sta-
bility of radiation resistance
level according to the results of
the statistical analysis and reg-
ulation. Therefore it is neces-
sary to carry out a comprehen-
sive radiation testing of SEC in
the process of control of batches
of wafers, and to use for assess-
ment of the actual level of resis-
tance of worked lining only those
test data that are related to library
elements involved in the work-
ing lining. If the testing of SEC
showed no reserve by the level of
resistance of the particular work-
ing lining regarding the speci-
fied level of resistance of GA, then
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for providing guarantees to con-
sumers it is expedient to carry out
radiation tests of working linings.

In conclusion, we will note that
to guarantee the level of radia-
tion resistance of working linings
of CA that are manufactured on a
common "base" for a long time, it
is advisable to include the radia-
tion tests of SEC in periodic testing
that is provided by assumptions on
development of OTV.

INSIGHTS

As a result of the analysis of
the current engineering prac-
tice the basic features of provid-
ing the requirements of radiation

resistance for IC on GA by develop-
ing and testing of standard evalu-
ation circuit that simulates IC are
defined. The shortcomings that
limit the accuracy and informa-
tiveness of test results of SEC and

a possibility of their unconditional

use for the working linings are

analysed:

« absence in structure of SEC of all
basic library elements of CA;

« absence in structure of SEC of pos-
sibilities to separately determine
the levels of radiation resistance of
the digital, analog-to-digital (dig-
ital-to-analog) and analog basic
library elements of CA with regard
to their controlled parameters;
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KOHTPOJISL PaAHAIIMOHHON CTOMKOCTH IIapTUH
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o lack of reliable statistical infor-
mation about the ratio of the
levels of radiation resistance of
various working linings of CA
and also of working linings and
SEC;

» ineffective control at occasional
production of large batches
(groups of batches) of the wafers
with subsequent long-term (not
time-limited) realization on
their basis of a wide range of
working linings (custom ICs).
The principle of formation and

structure of SEC to assess the

control of radiation resistance
of GA and semicustom ICs based
on them allowing to overcome

the above mentioned disadvan-
tages are proposed. It is proposed
to include in structure of SEC
of all basic library elements. To
ensure the required depth of diag-
nostics of the types and mecha-
nisms of failures of a wide range
of library elements in terms of a
limited number of outputs in the
package, it is recommended to
combine library elements with
similar functionality into func-
tional blocks with the decoding
of access and buffering of output
information.

It is offered to unify the SEC as
much as possible for characteriza-
tion of GA, control of batches of

wafers, analysis of features of con-
trol of stability of technology and
estimation of radiation resistance
of working linings using results of
tests of SEC.

If the testing of SEC showed no
reserve by the level of resistance
of the particular working lining
regarding the specified level of
resistance of GA, then for provid-
ing guarantees to consumers it is
expedient to carry out radiation
tests of working linings. [ |
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