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HpOBeﬂeHa SKCNIEpUMEHTAJIbHAsA OLICHKA BIUAHHA PEXKUMOB d)OpMI/IDOBaHI/IH IIOA3aTBOPHOIO0 OKMCJIa Ha DO30BYIO CTOMKOCTh

KMOIT MuKpocXeM, U3rOTOBJIEHHBIX MO TUIIOBOMY MapuUIpyTy ¢ MPOEKTHBIMM HOpMaMu 1,5 MKM. DKCIEpUMEHTaJIbHO YCTAHOB-

JIEHO, YTO JUTs TOJIIMH MOA3aTBOPHOTO AU3MeKTprKa ropsiaka 300 A nozoast croitkocts KMOTT MC obecrednBaeTcst mpu Temiie-

paType BbIpallMBaHus okucaa B quanasone 850—900°C.

Karouesvie cnosa: KMOIT UC; npoyecc npouzsoocmea; memnepamypa; 00308as CMOUKOCMb; NPOUecc opmMuposanus noo3ameopHozo

oKucaa.

The paper highlights the influence of variations of 1.5um CMOS process parameters (mainly gate oxide growth temperature) on the

total ionizing dose effect, basing on comparative analysis of test structures. It has been experimentally shown that for CMOS processes

with gate oxide thickness about 300A the TID hardness is obtained in 850—900°C gate oxide growth temperature range.

Keywords: CMOS integrated circuits; manufacturing process; TID hardness; gate oxide growing process temperature.

BBEAEHUE

KMOIT UC mupoko npuMeHsItoTcs B 00pTOBOIi anmapartype, npe-
Ha3HAUYEHHOM 1151 pabOTHI B YCJIOBUSIX palMallMOHHbBIX BO3ICHCTBUIA,
MO3TOMY OOecreyeHue CTOMKOCTH MUKPOCXEeM K HaKOMJIEHHOM 103¢e
B Ipoliecce pa3paboTKM U MTPOM3BOACTBA SIBJISIETCS] aKTyaJbHOI 3a/1a-
yeil. XOTs MOUTH BCE COBPEMEHHBbIE MyOIMKallMK 10 1030BbIM 3 dhek-
TaM OTHOCSITCS K ITy6oko cyoMukpoHHbIM CBUC, Ha mpakTUKe 60J1b-
IMWHCTBO PeaJbHbIX MUKPOCXEM JIIST paIuallMOHHBIX TPUMEHEH M i
B HACTOsIIIIee BPEMsI MI3TOTABINBAIOT 10 TEXHOJIOTUSIM C TPOEKTHBIMU
Hopmamu 0,8—1,5 MmkM. Boripochl BIUSTHUS TTapaMeTpOB TexITpolecca
Ha 1030ByIo cToiikocTh KMOIT MC mupoko oTpax keHbl B IUTEPAType

[1-10]. BMecTe ¢ Tem, paHee OonmyOJIMKOBaAaHHBIE PAOOTHI OTHOCSATCS
K TexHosorusim 20—30-1eTHeil 1TaBHOCTU, SKBUBAJEHTHOCTh KOTO-
PBIX C COBPEMEHHBIMM MUKPOHHBIMH TEXMPOLIECCAMU 1aJIeKO He oue-
BunHa. [loaToMy mpakTUuecKkoe UccleoOBaHUe BIAUSHUS Mapame-
TPOB TUITMYHOTO MUKpoHHOTO KMOII Texnpoiiecca, OpueHTUPOBaH-
HOTO Ha M3/eJIMsI KOCMUYECKOTO MPUMEHEeH s, Ha YPOBEHb UX 1030-
BOI CTOMKOCTH MO3BOJUT: BO-NIEPBbIX, OLEHUTH HACKOJIBKO COBpe-
MEHHBIC MUKPOHHBIE TEXITPOIIECCHI IO MEXaHU3MaM paalrallMOHHBIX
OTKa30B COOTBETCTBYIOT paHEe UCCIEJOBAHHBIM; BO BTOPBIX, OTpa-
6oTtaTh MeToauKHU xapaktepuzauuu KMOIT Texnpouecca no 1030B0it
CTOWKOCTY U3ENINit, 1 HAKOHEII, MTOJTYUYUTh KOJTUUECTBEHHBIE OTICHKH



rmapamMeTpoB oTepanuii IJisi BBIoopa KOMIIpoMucca Mexay obecreyu-

BaeMbIM YPOBHEM 030BOM CTONKOCTU M (DyHKIIMOHAJIBHOCTH U3[IE-
JInit.

[IpuHATO cYUTATH, YTO HAMOOJbIIIEE BAMSHUE Ha 00ecTieYnBaeMblit
YPOBEHbD J030BOI CTOMKOCTH OKa3bIBAIOT OorNepauu GopMuUpoBaHUS
MOA3aTBOPHOTO IUIJIEKTPUKA, B YACTHOCTH, TEeMIIepaTypa U XUMHUIe-
ckas cpena okuciaeHus [1-5]. Cuuraercs, 4To 1UIs1 o0ecrneyeHus 1030-
BOIi CTOMKOCTH TeMIepaTypa BblpallliBaHU sl MOA3aTBOPHOTO OKKCIA
NOJIKHA ObITh B 1namnaszoHe 850—925°C. OTxuru, npoBeJeHHbIE TPU
TeMriepaTypax Bbiiie 950 °C, 3HaYMTEJIbHO YXYIIIAIOT J030BYI0 CTOM-
KocTh [, 2].

MaxkcuManbHas TeMmIlepaTypa MOCHeNyIImuXx o6paboTok
He OJIXKHA MPEeBBIIIATh TeMIIepaTypy BBIPANIUBAHUS 3aTBOPHOTO
okucia [6—7].

Cpena BeIpallluBaHUSI OKMCTIA B MEHBIIEH CTETIEHU BIUSIET Ha 1030~
BYIO CTOMKOCTD [9]. OnHaKo aKCIepuMeHTaIbHO YCTAHOBJIEHO, UTO,
HampuMep, OKUCAeHUE B Tapax BOJAbl TPUBOAUT K CHUKEHUIO CyMMap-
HOro 3¢ @eKTUBHOrO 3apsiaa, YTO MOXET CBUIETEIbCTBOBATH O CHUXE-
HUM KOJINYECTBA JIOBYILIEK 1, COOTBETCTBEHHO, YBEJIMUYEHUU J030BOI1
croiikoctu [10].

B pabGore npeacraBiieHO HEMOCPEACTBEHHOE CPaBHEHUE 1030~
BOI CTOMKOCTU TECTOBBIX 00Pa3110B MUKPOCXEM CITeI[MaJIM3UPOBAH-
HbeIX BMK, mpenHa3HaueHHBIX JJ1sI KOCMUYECKOTO IPUMEHEHU S,
M3TOTOBJIEHHBIX B cTaHnapTHOM KMOII Texmpoiecce u TexXmpo-
1ecce ¢ BapualusIMu TeMIIepaTypbl BBIPAIIUBAHU S MTOA3aTBOPHOTO
OKMCIIA.

OIIMCAHUE PAAMAIIMOHHOTIO SKCITEPUMEHTA

B kayecTBe 00beKTa UCCIeI0BaHMI Oblyla BbIOpaHa TeCTOBast MUKPO-
cxema Ha BMK cepuu 5503B10 npoussonctBa HITK «TexHonoruue-
CKMii HEeHTP» (MPOEKTHBbIE HOPMbI 1,5 MKM, TOJILIMHA 3aTBOPHOTO
okwucia 325 A). TecToBass MUKpOCXeMa BKJIlo4ajia B cebst Habop 1erno-
YeK MHBEPTOPOB U MPOCTEHIITMX JIOTUUECKUX CXeM. B mpou3BoacTBe
ObLIV U3TOTOBJICHBI MJIACTUHBI C TPEMsI BApUaHTaMU MOIUMUKAIIUYT
PEXMMOB TEXHOJOTMUYECKOT0 MapuipyTa (cM. TadJr. 1).

INTRODUCTION

TEXHOAOIrMM ¥ KOMIIOHEHTBI MUKPO- 1 HAHOSAEKTPOHUKHU

HccnenoBaHust GBI BBHITOJHEHBI C TOMOIIbIO PEHTTEHOBCKOTO
HUCIBITATEILHOTO KOMILJIeKca (cpenHsst sHeprus kBaHToB 10 kaB) [11].
Kanu6poBka 06pa3iioB MpoBOAMIACH C UCTIONb30BAHUEM YCKOPU-
TeJsis, paboTarIIero B peXXnMe TOpMO3HOTro u3aydeHus. Mccienosa-
Hus poBoauiauck Ha 6aze HUSY MU®DU u ucnbiTaTeIbHOTO LIEHTPA
«DHIIO CIIDJIC» (MockBa, Poccus) [12, 13]. MOLIHOCTD 103bI COCTa-
BuJja 10—100 pan/c [14].

HccrnenoBaHus MpOBOAUJIUCH C MCIONb30BaHUEM PEHTIE-
HoBcKoro ucrounuka PUK 0401 ¢ KaiuOpoBKO 1O03UMETPUN
Ha JUHEWHOM yCKOpUTEeJe 3JIeKTpoHOB Y-31/33 B pexxuMe reHe-
paly TOPMO3HOTO U3JIyUeHU . 3aJaHue dJEKTPUIESCKUX PEXU-
MOB pabOTHI M U3MEPECHUS TTapaMeTPOB MUKPOCXEM B IpoIecce
pPaJMallMOHHOTO dKCIEPUMEHTa MPOBOAUIUCH C UCTIOTb30BAHUEM
aBTOMAaTU3UPOBAHHOTO KoMIyieKca Ha 6a3e monyiaeit PXI NI moxg
yrnpaBJeHUEeM IMporpaMMHoOro komrmijekca LabView. OcyiiecTBie-
HUue GYHKIIMOHUPOBAHUS U TECTUPOBAHUE BO BpeMsl OOJIyUeHU S
BBIMOJHSIJIUCH C UCTIOJb30BaHUEM MPOrPaMMHOr0 00eCreuyeHus
National Instruments PXI u rpapuyeckoro nporpaMmMHoOro obecre-
yeHust LabVIEW [15].

AHanu3 pe3yjabTaToB UCNbITaHU# GoJsiee 10 mapTuit MUKpOCXEM,
M3TOTOBJICHHBIX IO CTAHAAPTHOMY MapIIpyTy, IToKa3al, YTo Haubo-
Jiee paauallMOHHO-YyBCTBUTEIbHBIM ITAPaMETPOM IJIsl ITUX MUKPO-
CXEM SIBJISIETCST CTATUIECKU A TOK MTOTPEOICHMSI.

[TapaMeTpbl, KOHTPOJMPYEMBbIE B TIPOIIECCE UCTIBITAHUN, U KPUTE-
puu paboTOCTIOCOOHOCTH BBIOMPATTUCH B COOTBETCTBUU C HOPMaMU,
ykazaHHbIMU B TV.

Takum 06pa3om, KOHTPOJIUPOBAIUCE:

* CTaTUYECKUI1 TOK MOTPEeOJEeHNU S B COCTOSIHMU, KOTJIa BCE BBIXOIbI
MUKPOCXEMBbl MEPEXOASIT B BHICOKOMMIIELAHCHOE COCTOSIHUE
«BBIKITIOUEHOY;

*  BBIXOJHOE HampsixkeHue Hu3Koro ypoBHs npu Ucc =4,5u 5,5 B;

*  BBIXOJHOE HampsixkeHue Bbicokoro ypoBHsi ipu Ucc =4,5u 5,5 B;

* OTCYTCTBHE cOOEB M OTKAa30B MpH HYHKIITMOHUPOBAHUH.

CpenHee 3HaYSHUE YPOBHSI CTOMKOCTH MO KPUTEPUIO CTATUYECK Ui
TOK rotpe6aeHus cocrasui 1,3-10° paz.

CMOS ICs are widely used in on-board sys-
tems with radiation hardness requirements,
that’s why the total ionizing dose (TID) pro-
vision within IC design and manufacturing
process is a relevant task. Although almost
all contemporary publications on TID effects
correspond to deep submicron VLSI circuits,
according to the authors’ practical experi-
ence the majority of ICs used for space appli-
cations are manufactured nowadays in the
basis of 0.8—5um design rules and processes.
The issues of the impact of the process param-
eters on CMOS IC TID hardness thresh-
old are widely discussed in literature [1—10].
However, the previously published papers deal
with the 20—30-year old processes, and their
equivalence with up-to-date processes is not
obvious. Therefore the research of the typi-
cal space application oriented micron CMOS
process parameters influence on their TID
threshold seems to be useful. First of all, the

obtained results will make it possible to eval-
uate the equivalence of dominant TID effects
and fault mechanisms of up-to-date process
to previously investigated processes. Sec-
ondly, it gives us useful experience of refining
the methodology for CMOS process charac-
terization based on TID hardness levels. And
lastly, it will help us to choose parameters
rational values for obtaining a compromise
between IC (product) functionality and radia-
tion hardness level.

It is well known that TID hardness
threshold depends heavily on gate insulator
thickness and growth process parameters,
in particular on temperature and chemical
oxidization environment [1-5]. It is assumed
that the oxide growing temperature for TID
hardness provision should be within the
range of 850—925°C. Annealing processes

conducted under temperatures higher than
950 °C significantly degrade CMOS IC TID
hardness [1, 2].

The maximum temperature of the further
operations should not exceed the gate oxide
growing process temperature [6, 7].

To a lesser extent, TID hardness level
is dependent on the atmosphere of oxide grow-
ing process [9]. However, it has been exper-
imentally established that wet oxidization
in water vapors results in a decrease in total
TID-induced charge, which may indicate
a decreased number of traps, and thus indicate
an increase in TID hardness [10].

So we decided to compare TID hard-
ness of several standard process route versions
of micron CMOS IC using test chip samples
meant for space systems applications and pro-
vided by a typical ASIC designer and manufac-
turer company.

RADIATIONAL EXPERIMENT
DESCRIPTION

A specialized test 5503 series IC gate array
manufactured by SMC “Technological Centre”




AOKAAABI KOH®EPEHIIUU

Tabauya 1. Bapuanmol modugpukayuu mexnonroeuveckoeo mapuipyma
Table 1. Technological process flow modifications

Onepanus
Operation

Homep miacTunbl

Die number

MoauhuuupoBaHHbIH peKUM

CraHaapTHbIi pexXuM 4151 00pa3noB
156, 158—160
Standard mode
(for samples from lots: 156,158-160

Modified mode

1—6 Bribopka 1
1—-6 Sample 1

850°C, 0,, (325+25) A

7—12 Bri6opka 2 OKuCIeHUe TI0JT 3aTBOP

900°C, 0,, (325£25) A

1000°C, HCI, (32525) A

700°C, H,0, RASIRC*, (325+25) A

7—12 Sample 2 Under gate oxidization
13—18 Bribopka 3
13—18 Sample 3
HNuddysus P
Diffusion P

850°C, Rs = <30 Om/o

950°C, Rs = <30 Om/o

OkucneHue Si*

1-18 Bribopka 1, 2, 3 Oxidization Si*

850°C, 15 muH, O,
850°C, 15 min, O,

950°C, 10 muH, O,
950°C, 10 min, O,

1-18 Sample 1,2,3
OTrxur
CTOK-MCTOK
Annealing
Drain-Source

850°C, 30 muH, N,
850°C, 30 min, N,

900°C, 30 muH, N,
900°C, 30 min, N,

* IPUMEHEH MPOLECC BJAXXHOTO OKUCJIEHMS B ITapax BOAbI MIPU TEMIIEpaType ¢ ucnoyib3oBaHueM naporeHepatopa RASIRC Steamer
* the process of wet oxidization in the water vapors atmosphere using RASIRC Steamer 225 steam generator is applied

CpenHee 3HaYeHUE YPOBHSI CTOMKOCTH MO KPUTEepUIO PYyHKIIU-
oHupoBaHue cocTasser 2,6-10° pax npu Ucc = 4,5 u 3,1-10° pax npu
5,5 Bu onpenensieTcss HapyleHueM paboThl KOMOMHAIIMOHHOM CXEMBbI.

VYpoBeHb CTONKOCTH MO KPUTEPUIO BBIXOIHOE HAMPSIKEHUE BBICO-
KOTO U HU3KOTO YpoBHs cocTasui 3,9-10° panx npu Ucc = 4,51 5,5 B.

PE3YABTATBI DKCITEPUMEHTA

CpaBHUTEJIbHBIE 3HAYEHUS TOKA MOTPEOJEHUS MUKPOCXEM JJIs
CTAHIAPTHOrO U MOAU(UIIMPOBAHHOTO MapLIPYTOB MPEACTaBIEHO
Ha puc. lu 2.

VCTaHOBJIEHO, YTO MPU BCEX BapHaHTaX MOAUGMUKALIMY TEXHOTOT U~
YeCKOT0 MapllpyTa TOK MOTPe6ICHMSI MUKPOCXEM HE BBIXOIVII 3a TIpe-
nesbl HopM TY (400 MKA) 10 MaKCMMaJbHO TOCTUTHYTOTO YPOBH S
obayueHus 3 Mpaj, B TO BpeMsl KakK JIJIsi MUKPOCXEM, U3TOTOBJIEHHBIX
M0 CTaHAapPTHOMY MapIlpyTy, O30BbIil OTKa3 MO TOKY MOTPEOICHU s
HacTynas npu nose ot 1,3-10° 1o 1,7-10° pan.

B mpoiiecce aKceprMMEHTaIbHBIX UCCICIOBAHUIA TSI KaXI0TO
o06pasia onpenessIich 1030BbIe 3aBUCUMOCTH Hanbosiee pajananm-
OHHO-YyBCTBUTEJILHOTO MTapaMeTpa — CTAaTM4YeCKOro TOKa MmoTpe-
GyieHus1. B KauecTBe OMOPHBIX 3aBUCUMOCTEH JIJIsSI CPAaBHEHU ST OB

(1.5um design rules, gate oxide thickness
of 325A) was chosen as the “device under test”
(DUT). The test microcircuit included the set
of inverter chains and simple logic circuits. IC
dies were manufactured utilizing three techno-
logical process flow modifications (see Table 1).

The research was performed using 10keV
X-ray tester [11] as a radiation source. TID
value measurement was performed using
BKRI dosimeter with an additional calibra-
tion by TID effect equivalence criteria using
the linear electron accelerator in brems-
strahlung generation mode (NRNU MEPHI
and SPELS Radiation Test Center, Moscow,
Russia) [12,13]. The test dose rate was about
10—100rad/s and it has been established that
there were no essential dose-rate effects in the
used dose rate range [14].

The scheduling of ICs operation modes
as well as electrical parameter measurements
and functional control and testing during the

irradiation were performed with the National

Instruments PXI-based hardware and Lab-
VIEW graphical programming environment
[15].

TID hardness dependencies of all radi-
ation-sensitive parameters according to the
specification such as — static power supply
current, low and high output voltages, propa-
gation delay and functional operability — have
been measured in every TID point for every IC
sample in the experiment.

The previously obtained TID test results
of DUT samples from 10 previously manu-
factured standard process flow lots have been
analyzed. It appeared that the static power
supply current was the most radiation sensitive
parameter.

The typical (average) TID threshold
value based on the criteria of power sup-
ply current degradation was about 150krad.
The TID degradation threshold determined
with the functional operability criteria was
found to be about 260krad at Ucc = 4.5V and

310krad at Ucc = 5.5V. And the TID threshold
of low and high output voltages was 390 krad
at Ucc =4.5Vand 5.5V.

Therefore current vs. TID dependencies
in standard process route were used as the gold-
device reference base for further comparison.

EXPERIMENTAL RESULTS
Figures 1 and 2 present the comparative power
supply current vs. dose dependencies for ICs
manufactured in standard and modified pro-
cess routes. It has been established that the
power supply current value does not go beyond
the values mentioned in technical specifica-
tions (400uA) for all process flow modifica-
tions up to maximum obtained TID of 3Mrad,
whereas for ICs based on the standard pro-
cess route the TID failure threshold in terms
of power supply current was visible at 130
to 170krad.

The results of comparative research into
dose sensitivity of different process flow
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Puc. 1. Cpagnumensrsie 00308ble 3a8UCUMOCMU CMAMUYECKO20 MOKA HO-
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Fig. 1. Comparative average values of static power supply current vs. TID
dependencies for ICs samples manufactured basing on standard process route
(for several lots)

MPUHSTHI 1030Bble 3aBUCMMOCTU TOKa MOTPEOIEHNU ST MUKPOCXEM,
M3TOTOBJICHHBIX IO CTAHIAPTHOMY MapIIpyTYy.

[Mocyie mpoBeneHUST KOPPEKIIMU TEXHOJIOTUIECKOTO MapIipyTa
0TKa3 Mo GyHKIMOHUPOBAHUIO U Jerpadalins BEIXOIHBIX YPOBHEH
He (UKCHpoBaIach BILIOTH 10 ypoBHeii 1,5-10° pas.

Pe3ynbraThl cpaBHUTEIbHBIX UCCIECIOBAHUI 1030BON YyBCTBU-
TEJTbHOCTU PAa3IMYHbBIX BADMAHTOB MOAUDUKAIIMY TeXTTPOLIecca MoKa-
3aJ11, YTO HAUJyYlIMe XapaKTePUCTUKU 0becreunBaoTCst KOMOMHA-
uueii remrepatypsl 700 °C u BoIpallliBaHU I OKKMCJIA BO BJIaXKHOM cpele
C UCIOJIb30BaHUEM MaporeHepaTopa (Bbioopka 3).

HawubGonbiee 3HaueHME TOKA OTPEOICHUSI COOTBETCTBYET TEMIIC-
parype okuciaeHus 900°C B cyxom okucJe (Bbibopka 2), a oopasiibl,
MoJiyueHHble Npu Temneparype okuciaeHus 850°C B cyxoM okucie,
3aHSJIU MPOMEXYTOUHOE TosiokeHue. ClneayeT OTMETUTD, UTO JUJIS
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Fig. 2. Comparative average value of power supply static current vs. TID
dependencies for samples manufactured in modified process routes

BceX MOIMGUIIMPOBAHHBIX TEXTTPOIECCOB MAaKCUMaJIbHOE 3HAUCHHE
TOKa MOTPeOJeHMST OTINYAIOCH OT MUHUMAJILHOTO JIUIIb B TPY pasa.

Takum 06pa3om, CHUXKEHUE TEeMTIePaTyphl BRIpAIIUBAHUS 3aTBOP-
Horo okwucia ¢ 1000 mo 900 °C mpuBeso K yMEHBIIEHUIO T030BOM Uy B-
CTBUTEIBbHOCTU TOKA TTOTPEOICHUSI C COTEH MKA 10 €IUHUIL MKA TP
BeJIMYMHE HAKOIUJIEHHOU 1036l 130 Kpal, YTO MPUBOAUT K yBeaAUYe-
HUIO CTOMKOCTH MUKPOCXeMBbI O0Jiee yeM Ha nopsiaok. [Tociaenyoiiee
cHMKeHue TeMnepaTypbl 10 850 °C He MPUBOAUT K 3HAYMMOMY YMEHb-
LIEHUIO 1030BOM UYBCTBUTEIBHOCTU TOKa MOTpedaeHus: ¢ 3,33 MKA
(900°C) 1o 2,63 MxA (850°C) npu no3ze 1 Mpan. INepexon Ha BiaxHoe
OKMCJIEHHE MPU AajbHEHIIEM CHUXEHUU TeMIepaTypbl BblpaliBa-
Hus okucia 1o 700 °C mpuBOAMT K CHUXEHUIO I030BOit YyBCTBUTEIb-
HOCTU MPUMEPHO BIBOE: TOK MOTpebaeHus cocTaBui 1,43 MKA mipu
nose 1 Mpan.

modifications have demonstrated that the best
radhard characteristics can be achieved com-
bining 700 °C temperature and oxide grow-
ing process in wet atmosphere based on steam
generator (Sample 3). The maximum value
of power supply current corresponds to oxidi-

down to 2.63uA (850°C) at TID level 1Mrad.
The change to the wet oxidization while fur-
ther oxide growing temperature cool-down
up to 700 °C results in TID sensitivity decrease
approximately by half, the current being equal
to 1.43pA at corresponding dose of 1Mrad.

REFERENCES

L.

Dawes W.R., Jr., Dervenwick G.F., and
Gregory B.L. “Process Technology for
Radiation-hardened CMOS  Integrated
Circuits” // 1EEE J Solid-State Circuits.
1976. SC-11, 4.

zation temperature 900 °C and dry oxide (Sam- 2. Dressendorfer P.V. “Radiation-Hardening
ple 2). Samples manufactured with oxidiza- CONCLUSIONS Technology”, in Radiation Effects in MOS
tion temperature 850 °C and dry oxide, take It has been experimentally established that for Devices and Circuits, Edited by T-P.
an intermediate position. It should be noted CMOS processes with the gate oxide thick- Ma and Dressendorfer P. V. (Wiley, New
that the maximum power supply current values ness equal to 325A the TID hardness is ensured York, 1989), pp. 333—400.
were only thrice as large as maximum allowed by the gate oxide growth temperature of 850— 3. Shaneyfelt M.R., SchwankJ.R., Fleet-
value for all modified processes. 900°C, provided that the maximum tempera- wood D. M., Winokur P.S., Hughes K. L.,
Thus, decreasing the gate oxide grow- ture of the further operations does not exceed Hash G.L. and Connors M. P. “Interface-
ing temperature from 1000 °C to 900 °C leads the gate oxide growing process tempera- trap Buildup Rates in Wet and Dry Oxides”,
to power supply current decrease from hun- ture. The oxidization in wet environment can IEEE Trans. Nucl. Sci., Vol. 39, Ne6,
dreds of wA up to units of uA for the TID reduce the gate oxide growing process tem- pp. 22442251, 1992.
level of 130krad, leading to CMOS IC hard- perature up to 700 °C, leading to a decrease 4. daSilva E.F., NishiokaY., and MaT.-P.

ness threshold increase by an order of magni-
tude. The further temperature cool-down up to
850 °C leads to negligible reduction in cur-
rent vs. TID sensitivity: from 3.33uA (900°C)

in power supply current vs. TID sensitivity, but
in this case the reliability of ICs and stability
of their electrophysical properties have to be
confirmed.

“Effects of Trichloroethane During Oxide
Growth on Radiation-Induced Interface
Traps in Metal/SiO /Si Capacitors”, Appl.
Phys. Lett., Vol. 51, p. 1262, 1987.




AOKAAABI KOH®EPEHIIUU

3AKAIOYEHME

DKCMmepuMeHTaNIbHO ycTaHoBIeHo 4To miiss KMOII texmpouieccos

¢ TOJIINHOI oa3aTBOpHOro okucia 300 A 1030Bast cTOKOCTB 06e-

crieynBaeTcsl mpu TeMmeparype BeipainBanus 850—900°C, mpu ycio-

BUM, YTO MaKCMMajbHas TeMIepaTypa Mociaeayomux oo6paboToxk

HE IPEBBIIIAET TEMIIEPATy Py BbIPAaIlMBaH U IIOA3aTBOPHOTO OKMUCIIA.

OKMCIIeHMEeM BO BJIaXKHOI cpejie MO3BOJISIET CHU3UTb TeMIIEpaTypy

BhIpalMBaHus 3aTBOpHOTO oKucia 10 700 °C, 4To IpUBOIUT K CHUXKE-

HUIO JI030BOi YyBCTBUTEIILHOCTH TOKA IMTOTPEOJIEHNS, HO TpeOyeT MojI-

TBECPXACHW A HANCXKHOCTHU U3CTTNA U CTabUJIIBHOCTU SHCKTDO(I)I/IISH‘{C-

CKHMX XapaKTCpUCTUK.
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