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PaccmaTpuBaeTca npo6sema  paauvauVoHHOM

CTOMKOCTU

3/1eKTPOHHOMA KOMMOHEHTHOM 6a3sbl,

pa6oTaloLLeit B yC/IOBUSAX BO3AEACTBUS BHELUHUX KOCMUYECKUX paKkTOpoB. ONucaHbl NpUHLUN AencTBUS,
CTPYKTYpa U cxema BIKJIIOYEHUSI MUKPOCXeMbl 3aLUTbl OT TUPUCTOPHOro 3ddekTa, NpeaHasHaYeHHoM
ANS NpMMeHeHUs B annapaType KOCMUYeCKOro HasHa4eHus.

This paper describes the radiation hardness problem of electronic component database
operating under the external space environment exposure. It describes the operation
principles, structure and connection layout of the latch-up protection circuit designed for

space-related equipment.

PH CO3MaHUU 060PyIOBAHHUS KOCMHUYECKOTO

Ha3Ha4yeHHUs OCTPO CTOUT BOIIPOC CHUKEHHU S

PHCKOB OTKa3a alIapaTyphl U3-3a BO3[eHCTBUS
BHEIIHUX KOCMHYECKHUX GaKTOPOB. Bricokas cTou-
MOCTb YCTPOMCTB IIpefbsiBiIsieT 0cobble TpeboBaHUS
K MX HaJIe>XKHOCTH. Ha mepBEIM IIaH BBIIIJIA 3a/Ja4a
I10 YBeJIMYEeHHIO CPOKOB 3KCIUIYaTallMK¥ KOCMUYECKHX
aImnapaToB C HhIHeIHHUX 3-5 10 10-12 jieT mpu pasMme-
IleHUH PafHuo371eKTPOHHOL allllapaTyphl He B TepMO-
KOHTellHepe, a Ha OTKPHITOH I/1atdopMe [1]. B ycito-
BUSAX pPafilallMoOHHOro ob1ydyeHus Haubosee omac-
HOe BO3/IeHCTBHEe Ha MUKPOCXeMBI OKa3bIBaeT 3QPeKT
THPHUCTOPHOM 3alIe/IKH, KOTOPBIHA 00yC/IOB/IeH BO3-
HHUKHOBEHMeM ITapa3UTHBIX OUIIONPHBIX TPAH3HCTO-
poB Ha ocHoBe KMOII-CTPYKTyp, 06pa3yomux mapa-
3UTHBIN TUPUCTOP. ONpefeseHHble BHelIHUe pak-
TOPBI, B YaCTHOCTH BO3[eLCTBHeE TSIKe/IbIX 3apsSsKeH-
HBIX YaCTHL, MOTYT IPUBOAUTE K OTIIMPAHHKIO U QUK-
CallMy 3TOr0 TUPUCTOPA B OTKPBITOM COCTOSIHHH, UTO
BBI3bIBaeT OBICTPOe HapacTaHHe TOKA IOTpebleHUs
C IOC/IeA YOI MM TeIJIOBBIM pa3pylleHHueM MHKPO-
cxeMBbl [2-4].

Ha ocHoBe yHHUOUIIMPOBAHHOMN O6uUOIHMOTEKHU
s4eek 6a30BBIX KPHUCTAIJIOB cepuUr 5521 m 5529
B HIIK "TexHonoru4decKuu LieHTP" pa3paboraHa
MHKPOCXeMa 3aIUThl OT BOSHUKHOBEHHS TUPUCTOP-
Horo 3¢ PpexTa B KMOII-cTpyKTypax. MHUKpocxeMa
BBIIIOJIHEHA B BYX MogupuKanuax: 1469TK025, usro-
ToByieHHas 10 KMOII-TeXHOJIOT MK "KpeMHUH Ha K30~

nsTOpe” C TOIONOTHYeCKUMH HOpMaMu 0,25 MKM,
U 1469TKO035, U3roToBleHHAs 110 PaAgHALMOHHO-
cTorikoyl KMOII-TexHOIOruKu 06beMHOT0 KPeMHHU ST
C TomoJioruyecKUuMHu HopMamu 0,18 Mkm. Tok mmoTpe-
61eHUs cocTaBsieT He 6ojiee 1 MA MpU HaIlpsIKeHUH
nuTaHusg 3,3 B £10%. Kaxkgass MUKpocXeMa COOepsKUT
BHYTPEHHHI CHUJIOBOK KJTI0Y C MAKCHMAaJIBHBIM pabo-
YHUM TOKOM 10 500 MA gng 1469TK025 1 1000 MA gag
1469TK035. TeMIepaTypHBII JHAIa30H PaboTHI: OT
-60 1o +85°C. Obe MHUKPOCXeMBI pa3pelleHbl /15 IIPU-
MeHeHHM B allllapaType CIelMaJbHOro Ha3HayeHU
5, 6].

[IpUHL MO NeMCTBHS OCHOBAH Ha KOHTpoOJe
TOKa IOTpebleHUS 3aIHUIIAeMBbIX 3JIeMeHTOB.
MuKpocxeMa B aBTOMaTHYECKOM PeKHUMe OTCIeKH-
BaeT IIpeBhIIIeHHe 3a[laHHOIO0 II0pora HaIlpsI>KeHU
Ha BHeIIHEM Pe3MCTHBHOM LIYHTE, BCTPOEHHOM
B Ilellb NMUTAaHHUS 3alIUIIaeMbIX MUKpocxeM. ITpu
IpeBBIIIEHUH TOKOM IIOTpebneHHs mopora cpaba-
THIBAHU S BKJIIOYAETCS PeXXKHUM OTPaHHUYEHHUS TOKA
B Harpys3Ky. Eciu mpoM30III0 YMeHbIIEeHMe TOKa
Harpyskyd M BOCCTaHOBJIEHME IITATHOIO peXXHMa,
TO OrpaHMYeHHEe CHUMAeTCsI U BOCCTAHAB/IMBAETCA
NUTaHKE 3alIHIaeMBIX 3JIeMeHTOB. B IPOTHBHOM
cay4vae MHKPOCXeMa IOJHOCThIO OTKJIIOYAeT IIHTa~
HHe 3aIlHIIaeMbIX MUKPOCXeM U 4Yepe3 3aJlaHHBIN
HMHTePBaJl BpeMeHH CHOBA BOCCTaHAB/IIKMBAET €ro.

JIOIIONTHUTENIBHO B MUKPOCXeMe pPeain30BaH 010K
CTOPO’KeBOTO TaliMepa, KOTOPBIH IpeJoTBpaliaeT

HMK"TexHonormnyeckun LeHTp" / SMC “Technological Centre”.
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3aBHCaHUe CUCTeMBl. [Ipu pa3pelneHHON paboTe CTO-
POskeBOro TaliMepa MHKPOCXeMa OTC/IeXXHUBaeT Halu-
4Me UMIIYJIbCOB Ha ero Bxole. B cliydae OTCYTCTBUA
HMIIY/IbCOB B TeUeHHe 3aJaHHOI0 BpeMeHHU MHUKPO-
CxeMa BBIK/II0YaeT IIMTaHHe 3aljHIlaeMbIX MUKPO-
cxeM. BpeMeHHBbIe ITapaMeTpsl PabOTHl CTOPOKEBOTO
TalMepa 33/1al0TCsl BHEIIHUMH 3/leMeHTaMH.

Jisi MHAUKAUUU cpabaThIBaHUS 3aLUTHL OT
THPUCTOPHOIO 3allleJIKUBAHU S U IIepexXoJia CTOPOXKe-
BOTO TalIMepa B PeSXKUM OKHUAAHUS IIPeAyCMOTPEeHBI
JOIIOJIHUTEe/IbHBIEe BRIBOABI. YCTAHOBKA 3aJlepPsKeK Cpa-
baThIBAaHUS 3ALUTHI [10 TOKY K CTOPOSKEBOIO TAKMepa
OCYIIeCTB/ISETCS IIyTeM BbI6Opa 3HAUEHUN eMKOCTek
BHEIIHHUX KOHJEHCAaTOPOB, KOTOphle OIpedesiioT
4aCcTOTy COOTBETCTBYOIIHUX FeHepaTOpPOB, peajk30-
BaHHBIX B MUKpPOCXeMe.

PekoMeHyeMas CxeMa BK/IIOUYeHH S MUKPOCXeMBI
peacTaBleHa Ha puc.l, rae: RU3M - HU3KOOMHBIN
pesucTop, npefHa3sHA4YeHHBIH [IJIS1 OTCAeXKHBAHUS
yPOBHS moTpebisieMoro Harpy3kou Toka; RH, CH -
3KBHBaJIeHTHas Harpyska; Cl - KepaMHU4ecKHUH HUIH
MIOJISIPHBIH 37IeKTPOTUTHYeCKHU I KOHeHCAToP, 3apsif
KoToporo obecre4rBaeT HOpMaJIbHOe QYHKIIMOHHPO-
BaHHEe MHUKPOCXeMBI BO BpeMs HapyIIeHHUs paboThl
OCHOBHOTO MCTOYHMKA INUTaHUusA VDD; C2 - kRepaMu-
YeCKHUH KOH/IeHCATOP, eEMKOCTh KOTOPOTO OIpeiesisieT
YaCTOTY TaKTOBOI'O reHepaTopa, CHHXPOHU3HUPYIO-
mero paboTy cxeMbl YIIPaB/IeHHUS 3aLMIUTON OT TUPH-
CTOPHOTIO 3aIleNKUBaHUS; C3 - KepaMHYeCKUU KOH-
JleHCaTop, eMKOCTb KOTOPOTO OIlpefessieT 4acToTy
TaKTOBOI'O TeHepaTopa CTOPOKeBOro Tarmepa; C4 -
KOH/IEHCATOp eMKOCTbI0 2 HO, TpeiHa3HaUeHHBIN 1151

or creation of equipment for

transistors based on CMOS struc-
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Puc.1. PekomeHdyemas cxema eKAHEHUSI MUKPOCXeMbl
Fig.1. Recommended wiring of the chip

[IOAABAeHU S BBICOKOYACTOTHBIX IIOMeX Ha 3aTBoOpe
BHYTPeHHero CHJIOBOI'O KJIIo4a.

Tok cpabaTsIBAaHUS 3aIMUTH I-pyp OMPeesieTcs
HOMMHAJIOM BHENIHEer0 TOKOChEeMHOTO pe3ucTopa
Ryjspm ¥ PACCUUTBIBAETCS 110 GOpMYIIe:

0,1

Lepas = R .
U3M

[IpefycMOTpeHa BO3MOXKHOCTb BHEIIIHEr0 YIIPaB-
JIEHUSI MUKPOCXEMOM C IIOMOIIBIO BIBOLOB PWoff,
Control u WD_En.

silicon on insulator technology
and 1469TK035 made in radiation-

space applications an impor-

tant issue is the reduction of
risk of hardware failure due to
exposure to external cosmic fac-
tors. The high cost and complexity
of devices caused specific require-
ments to their reliability. The task
of increasing the service life of the
spacecraft from the current 3-5 to
10-12 years when placing electronic
equipment not in a hermetic con-
tainer and on an open platform [1] is
of particular importance. In condi-
tions of radiation, the most adverse
effects on the chip has the thyris-
tor latch-up, which is caused by
the occurrence of parasitic bipolar

tures forming a parasitic thyristor.
Certain external factors, particu-
larly the influence of heavy charged
particles, can lead to the opening
and locking of this thyristor in an
open state, which causes a rapid
increase in current consumption
with subsequent thermal destruc-
tion of the chip [2-4].

SMC "Technological Centre"
have developed a microchip for
thyristor effect protection in CMOS
structures, which is based on the
unified library of gate array cells of
5521 and 5529 families. The micro-
chip is made in two versions:
1469TK025 made in 0.25 pm CMOS

resistant 0.18 pm CMOS bulk sili-
con technology. The current con-
sumption is not more than 1 mA
at a supply voltage of 3.3 V +10%.
Each microchip includes an inter-
nal power switch with maximum
operating current up to 500 mA
for 1469TK025 and 1000 mA for
1469TK035. Operating temperature
range is from -60 to 85°C. Both
microchips are approved for use in
special-purpose hardware [5, 6].
The principle of operation is
based on monitoring the current
consumption of the protected ele-
ments. The microchip automatically
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Puc.2. ®yHKUUOHAABHAS 6A0K-CXeMA MUKPOCXeMbl

Fig.2. Functional block diagram of chip

MuxkpocxemMa uMeeT ABa MHOOPMALIMOHHBIX
BBIXOJId, IT03BO/ISIIOIIMX BHEIIHUM CUCTeMaM yIIpaB-
7MeHUs GUKCHUPOBATh HAMUUMe COOBITUS cpabaTsl-
BaHMS 3AIUTHl OT TUPUCTOPHOIO 3aIe/IKKMBAHUS

monitors the exceeding of specified
threshold of the voltage on external
shunt resistor built into the supply
circuit of the protected chips. If the
current consumption exceeds the
threshold, then the current limiting
to the load activates. If there was a
decrease in the load current and res-
toration of normal operations, then
the constraint is removed and power
is restored to the protected compo-
nents. Otherwise, the microchip
completely turns off the power to the
protected circuits and after a preset
time interval again restores it.
Additionally, the watchdog
timer is implemented in the micro-
chip, which prevents system hang.

HAHO MHOVCTPHA #7/69/ 2016

When watchdog timer is enabled,
the microchip monitors the pulses
at its input. In case of absence of
pulses within a predetermined
time, the chip turns off the power
supply of the protected circuits.
Operating parameters of the
watchdog timer are set by external
components.

For indication of thyristor latch-
up protection and standby mode of
watchdog timer the additional out-
puts are provided. Setting the oper-
ational delay of overcurrent protec-
tion and watchdog timer is accom-
plished by selecting the values of
the capacitances of external capac-
itors that determine the frequency

(BpIxon Compare) M OKOHUYaHHe BpeMeHH OKUIAHU S

CTOPO3KeBOro TakMepa (Brixon WD_St).
dyHKUMOHAIBHAS 6JI0K-CXeMa MUKPOCXeMBI IIPH-

BeJleHa Ha PHUC.2. B cocTaB MHUKPOCXeMBbI BXOIST

of appropriate generators imple-
mented in the chip.
Recommended wiring of the
microchip is shown in Fig.1, where:
Rusm is low ohmic resistor for
monitoring current consumption,;
RH, CH are equivalent load; Cl is
ceramic or polar electrolytic capaci-
tor, a charge of which ensures the
normal functioning of the chip dur-
ing disruption of the main power
supply VDD; C2 is ceramic capaci-
tor, the capacity of which deter-
mines the frequency of the clock
generator that synchronizes the
control circuit of thyristor latch-up
protection; C3 is ceramic capacitor
whose capacitance determines the
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cnenyoinue ocHoBHEIe y3/1bl: COMPI - KomItapaTop
MUTAHMS, OTC/IeKUBAIONI U IIPeBblIlIeHHe HaIlpsiKe-
HUs Ha BeIBoge Vdd_C OTHOCHTe/bHO HallPSIKeHHU ST
Ha BeIBoze Vdd; TH2 - cymepBH30p MUTAHUS HA
BeIBozie Vdd; THI - cynepBH30p NUTAHUS Ha NIKHE
vdd_C; COMP2 - xomnapatop; OUL - yCUIUTeNb;
Gl - reHepaTOp TaKTOBOM YaCTOTHl CXeMBbI yIIpaB-
JIeHH s, 4YaCTOTa KOTOPOTO 3a/aeTCsl BCTPOEHHBIM
B MUKPOCXeMY Pe3UCTOPOM U BHEIIHUM KOHJeH-
caTopom, MOAK/IIOYaeMbIM K BeIBoAy Cap_LP; G2 -
reHepaTop TAKTOBOL YaCTOTHI CXeMbI CTOPOKeBOI0
TaKMepa, 4aCcToTa KOTOPOro 3a/aeTCqd BCTPOeHHBIM
B MHKPOCXeMY Pe3HUCTOPOM U BHEIIHMM KOH/eHCa~
TOpPOM, IMOAK/IIOYaeMbIM K BeiBoAy Cap_WD; CO -
nHdpoBasg YacTh MUKPOCXEMBEI.

[Topor cpabaTbIBaHHS, OTIYCKAHUS U PEeXKUM
OrPaHHUYEHHS IO TOKY CXeMBI 3aL[MTHl MOXHO
IIpOBEePUTHL IPHU OCTAHOBJEHHBIX IFeHepaTo-
pax Gl u G2 nyTeM 3aMbIKaHUA BRIBOLOB Cap_LP
u Cap_WD Ha "O6mum 0 B". PaboTy KoMmIapaTopa
COMP2 nipu 3TOM MOKHO HablogaTh Ha BEIBOJE
Compare, a paboty ycunurens OUl - Ha BbIBOJe
Gate. BpeMmeHHBIe JHarpaMMBbl QYHKIIMOHHPOBa-
Hug Kommapartopa COMP2 u nuddepeHIIHATBHOTO
ycunutensa OUl npu MMHUTALUHU THPUCTOPHOTO
3ppexTa U IIpU OCTAHOBJIEHHBIX reHeparopax Gl
u G2 mokasaHbl Ha puc.3. IIpu paboTaroUUX reHe-
paTopax guarpamma 6ymeT OTIHYaThCs OT U306pa-
JKeHHOHU Ha PUCYHKe. MMHTalus TUPUCTOPHOIO
spdexTa 4/ HATAAOHOCTH IPeACTaB/lIeHa B BU/e
MeIJIeHHO H3MEHAIIerocs CONPOTHUBJIEHUS
HaTpy3KH.
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Puc.3. Paboma komnapamopa COMP2 u dudppepeHyuanbHo-
20 ycunumens OUL npu umumayuu mupucmopHozo 3¢dexkma
U ocmaHosAeHHbIx 2eHepamopax G1 u G2

Fig.3. Operation of comparator COMP2 and differential amplifier
OUL in case of simulation of thyristor effect and stopped genera-
tors G1 and G2

frequency of the clock generator
of watchdog timer; C4 is capacitor
with a capacitance of 2 nF, designed
to suppress high frequency noise on
the gate of the internal power key.

The protection operating current
Icpap depends on the value of the
external collector resistor Ry5y, and
is is calculated by the formula:

0,1
Ry

Lcpas =

The possibility of external control
using the outputs PWoff, Control,
and WD_En is provided.

The microchip has two data out-
puts that allowing external control
systems to register the actuation

of thyristor latch-up protection
(Compare output) and the end of
the timeout of watchdog timer
(WD_St output).

Functional block diagram of
the microchip is shown in Fig.2.
The microchip includes the follow-
ing main components: COMP1 -
the comparator of the power sup-
ply that monitors voltage at Vdd_C
output relative to the voltage at vdd
output; TH2 - the voltage supervi-
sor at Vdd output; THI - the voltage
supervisor at Vdd_C bus; COMP2 -
the comparator; OU1 - the ampli-
fier; C1 - the clock generator of con-
trol circuit, which frequency is set
by built-in resistor and external

capacitor connected to Cap_LP out-
put; G2 - the clock generator of
watchdog timer, the frequency
of which is set by built-in resistor
and external capacitor connected
to Cap_WD output; CO - the digital
part of the chip.

Thresholds for actuation, release
and restriction mode of overcur-
rent protection can be checked
when generators Gl and G2 are
turned off by closing Cap_LP and
Cap_WD outputs to "Total 0". In
this case, the operation of the
COMP2 comparator can be observed
on the Compare output and the
operation of the OU1 amplifier -
on Gate output. Timing diagram

#7 /69 /2016 NANO INDUSTRY
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Fig.4. Example of timing diagram of chip with latch-up protection

I[loporoBoe 3HayeHMe TOKa HATPy3KH, IPHU
KOTOpOM CpabaThlBaeT 3alIMTa OT TUPUCTOPHOIO
3pdpeKkTa, 3amaeTcs CONPOTHUBIEHHMEM LIYHTA
B LlellX IMTAaHMS, BKIOYEHHOI0 MeXXIy BXOJaMH
Vdd u Sense-. IIpy mpeBbIIIeHUH IIOPOTOBOTO 3HA-
yeHU KoMmiiapaTop COMP2 Bri1aeT Ha BXOJ CXeMBI
yIpaBJIeHHUS 3alUTOM I10 TOKY CUTHAJI K Hadamy
OrpaHHMYeHHS TOKa HArpy3KH, a Ha BBIBOJE
Compare NosiBJAsSeTCS HU3KUU JIOTHYeCKHUH Ypo-
BeHb. BriBog Compare MOXKHO MCIIOJNIb30BaTh A1
IIPOBEPKHU IIPABHIBHOCTH BbIOOpa mopora cpabatsl-
BaHM A I10 TOKY.

ITopor Hauajsa OrpaHMYEHMUs TOKA HAaTPy3KH
HeCKOJIBKO BhIIIe Imopora xommapatopa COMP2,
II03TOMY POCT YPOBHS CHTHaua Ha BeXoge Gate

of the operation of the comparator
COMP2 and the differential ampli-
fier OU1 when simulating latch-
up and with turned off generators
Gland G2 is shown in Fig.3. When
generators operate, the chart will
differ from the one pictured. The
simulation of latch-up, for clarity,
is presented in the form of slowly
changing load resistance.

The threshold value of the load
current at which the latch-up pro-
tection is activated, is set by the
shunt resistor in the power sup-
ply circuit connected between the
Vdd and Sense- inputs. When the
threshold value is exceeded, the
comparator COMP2 outputs to the

current.

HAHO MHOVCTPHA #7/69/ 2016

input of the overcurrent protection
control circuit the signal to the
beginning of the current limita-
tion and low logic level appears at
the Compare output. Compare out-
put can be used to check the cor-
rectness of the choice of threshold

The threshold of the beginning
of load current limitation is slightly
above the threshold of the compar-
ator COMP2, so the increase in the
level of the signal at the Gate out-
put begins after the appearance of
an active low logic level on Compare
output. If the duration of the
Compare signal does not exceed the
time tprot (Fig.3: tl < tprot), then

Ha4yKHaeTCd I10CJIe IOSIBJIeHU I aKTUBHOIO0 HU3KOI0
JIOTMYeCKOTOo ypoBHSA Ha BbBoJe Compare. Ecnu
IJIMTeJbHOCTh CUIrHaja Compare He IpeBbIIIaeT
Bpems tprot (Ha puc.3 tl<tprot), To IpU CHUKeHUU
TOKa [0 Iopora oTnyCKaHHsA CHTHaab Compare
1 Gate BO3BPAIAIOTCSI B MCXOLHOE COCTOSIHHE,
U IIMTaHHEe MUKPOCXeMBbl BOCCTAHABIHMBAETCH.

Ha puc.4 nokasaH nNpuMep OJTHOK BpeMeHHOM
AuarpaMMbl paboTel MHKPOCXeMBI IIPHU 3aLUTe
OT TUPUCTOPHOTO 3alleJIKUBaHUA. EC/IH IIUTe/b-
HOCTh curHana COMP2(Q) ot Kommapatopa COMP2
npeBbIIIaeT BpeMsd tprot, (Ha puc.4 t2 > tprot), To
cxeMa yHnpaB/eHMs 3allHTOM II0 TOKY BbIAaeT Ha
nuddepeHIMANBHBIN ycunuTeab OUL curxan 67o-
KHPOBKH, KOTOPBIH [TIepeBOAUT BbIBOA, Gate B BbICO-
KHH JIOTHYeCKUH YPOBeHb, TO eCTh BMeCTO OTPaHHU-
YeHHU s TOKA Harpy3KHU IPOUCXOLHUT IIOTHOE OTKIII0-
YeHHe NMUTAaHUA Harpys3ku. CMIHal Ha BBIBOAE
Compare IpHU 3TOM OCTaeTCAd B COCTOSSHUH HHU3KOI0
JIOTUYeCKOT0 YPOBHS 10 TeX I10P, I10Ka He IIOCTYIIAT
BHeIIHUe curHansl Control, PWoff unu He nmpou-
30H/eT BOCCTAaHOB/IeHHe MUTaHUA. Yepe3 Bpems,
paBHoOe tprot (Ha puc.4 t3 = tprot), cxema ymnpasn-
JeHUS yCTaHaBIHMBaeT HU3KUH JIOTUYECKHUH YPO-
BeHb Ha BHeIllHeM BbIBofie Alarm. Mcmonp3oBaHuUe
BBIBOJA Alarm f1s BKIIOUEeHHUS JOIIOTHUTEIBHOIO
YPOBHS 3alIUTHI 6yleT pacCMOTPEHO HUKe.

[Io ucTedeHUU BpeMeHH trec (Ha puc.4
t4 = 32 tprot = trec) C MOMeHTa OTK/IIOYEeHH s IHUTA-
HHUs HAaTpPy3KH CXeMa yIpaBjeHHs BOCCTaHaB-
JHMBaeT BBICOKHMH JIOTHYeCKHUH ypOBeHb CMTHaJa
Alarm 1 HU3KUM ypoBeHb Gate, U fuddepeHIIHATD-

when the current is reduced to the
threshold of release, the Compare
and Cate signals are returned to its
initial state, and the power supply
of the chip is restored.

Fig.4 shows an example of a com-
plete timing diagram of the micro-
chip with the latch-up protection.
If the duration of the COMP2(Q)
signal of the comparator COMP2
exceeds the time tprot (Fig.4: t2 >
tprot), then the overcurrent protec-
tion control circuit generates block-
ing signal on differential ampli-
fier OU1, which changes the Gate
output to a logic high level, that
is, instead of the current limita-
tion a full power-off of the load is
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HBIH YCHUJIUTeb [IePeX0qUT B HOPMAaJIbHBEIH PeKUM
paboThl ¢ BO3MOXHOCTbIO OTPAaHHUUYEHHUS TOKa
Harpysku. IlosiHOe BOCCTaHOB/IeHHUE HOPMaJIbHOTO
MUTAaHUA HAarPY3KHU IIPOM30MJeT NPHU YCIAOBHH
Cmaja ToKa Harpy3KM HHKe IIOPOTrOBOTO YPOBHA
(Ha puc.4 B TedeHUe BpeMeHH t5). Ha sToM LUK
3aL[MTHl OT TUPHUCTOPHOIO 3alle/IKUBAHUS 3aKaH-
YMBaeTCs.

IIpy BKIIOYEHUU NHTAHUSA HATPY3KH M3-3a
3apAAKY KOHOEHCATOPOB QUIbTPa MHUTAHMUS BO3-
MOsKeH 6POCOK TOKa IIOTpebIeH I, IIpeBhI A0 ME
nopor cpabaTelBaHUS CXeMBI 3aI[UTH OT THUPHU-
ctopHoro 3¢dexrta. Utobsr n36ekaTh OIIKH0YHOTO
OTK/JIIOUeHU S MUTAHUS, C/efyeT BEIOUPATh tprot
OonbIIMM, YeM JJIUTeJbHOCTh IHKA TOKA IOTpe-
6neHus (Ha puc.4 t5<tprot).

Ha puc.5 moka3aH mpuMep BpeMeHHOM JHa-
rpaMMBbl paboTsl CTOPOKEBOTO TakiMepa MHUKPO-
CXeMBI.

I[Ipy HM3KOM JIOTMYECKOM YpPOBHe Ha BHeIl-
HeM Bxojge WD_En paspemaetcs paboTa cTopo-
>KeBOr0 TalMepa. BJIOKHMpOBKa CTOPO’KeBOIO TaM-
Mepa OCYLIeCTBASETCS BBICOKMM JTOTHYECKHM
ypoBHeM WD_En unu cpabaTbiBaHHEeM 3aLIUTEHI
OT THPUCTOPHOIO 3allle/IKMBaHUA. ECiiu mepuon
curHasa WDI He npeBblmaeT twdt, IPOUCXOTUT
cOpoc BHYTpeHHEro cueTYHKa CTOPOXKEBOro Tak-
Mepa U IUTaHHUe OT Harpy3KH He OTKJIIo4aeTcs (Ha
puc.5 t6 <twdt). Ecau 3a Bpems twdt mepuop cur-
Hana WDI He 3aBepmIaeTcsi, TO CTOPOKeBOM Tal-
Mep cpabaTeiBaeT M BBIIIOTHSIET LUK OTKIIOUe-
HUS HAaTPYy3KU (Ha puc.5t7 = twdt). MUHUMaNbHAas

COMP2(Q)
wor T[T
Gate
Alarm I_
T, ‘t7 L tg‘ ‘ts‘
. RGO

Puc.5. Mpumep epemeHHOl duazpammbl GyHKUUOHUPOBAHUS
CMopo>kes0z0 malimepa
Fig.5. Example of timing diagram of operation of watchdog timer

IJIMTEIPHOCTH BBICOKOI'O MJ/IM HM3KOIO YPOBHS CHUTI-
Haa Ha Bxoje WDI 1o/15kHa 6B5ITh He MeHee OlHOT 0
IepHoja 3aJlaHHOM YacTOThl TeHepaTopa CTOPOXKe-
BOT'O TaliMepa.

IIpu cpabaTbIBaHHUU CTOPOKEBOTO TakiMepa yCTa-
HaBJIMBAaeTCI HU3KHU ypoBeHb CMTHana WD_St.
BBICOKHM I ypOoBeHb Ha BeiXoge WD_St MoxkeT 6BITH
BOCCTAaHOBJIEH IIOJa4YeHr BBICOKOTO JTOTHYeCKOTO
YyPOBHS Ha BXO[ Control, unu "Ha Bxox PWoff,
unu cbpocoMm mo MUTaHHUIO. [Io UCTeUeHHUHU Bpe-
MeHHU twdt ¢ MOoMeHTa cpabaThIBAaHHUS CTOPOXKe-
BOTO TaliMepa QOpPMHUPYeTCsI HU3KUH JTOTUYeCKU U
ypoBeHb Ha BhIBoJe Alarm (Ha puc.5 t8 = twdt).
JIUTeNbHOCTh OTK/IIIOYEHUS NHUTAHUSA HATPY3KHU
C MOMeHTa cpabaThIBaHHUS CTOPOKEBOIO TaliMepa

executed. In this case, the signal at
the Compare output remains at the
logic low level prior to the receipt
of external Control, PWoff signals,
or restoration of load power supply.
After a time tprot (Fig.4: t3 = tprot),
the control circuit sets the low logic
level on the Alarm external output.
Using of the Alarm output to acti-
vate additional level of protection
will be discussed below.

After a time trec (Fig.4
t4=32tprot = trec) from the moment
of the power-off, the control
scheme restores the high logic level
of Alarm signal and the low level of
Cate, and the differential amplifier
goes into normal operation mode

with the option of limiting the load
current. Full restoration of normal
power supply to the load will occur
under the condition of the decrease
in load current below a threshold
level (in Fig.4 during the time t5).
At that point, the latch-up protec-
tion cycle comes to an end.

At the time of powering on,
due to charging of capacitors of
the power supply filter, the cur-
rent inrush is possible, which
can exceed the threshold of latch-
up protection. To avoid incor-
rect power-off, it is necessary to
set tprot larger than the duration
of the current consumption peak
(Fig.4: t5<tprot).

Fig.5 illustrates an example of
timing diagram of operation of
watchdog timer.

In case of low logic level on
WD_En external input, the opera-
tion of watchdog timer is permit-
ted. The watchdog timer is locked
when WD_En has a high logic level,
or if latch-up protection is acti-
vated. If the period of WDI signal
does not exceed twdt, the inter-
nal counter of the watchdog timer
resets, and load power supply is
not switched off (Fig.5: t6<twdt).
If during the time twdt the WDI
signal doesn't complete, then
the watchdog timer is activated
and performs a cycle of the load
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paBHa 2twdt (Ha puc.5 t9 = 2twdt). Ilocse 3TOro cUr-
Has Alarm Bo3BpamaeTcss B COCTOSIHHE BBICOKOTO
JIOTUYeCKOT0 YPOBHSI, IUTaHHe Harpy3KH BOCCTa-
HaB/IMBAETCS, M JONOIHUTEIbHAS 3al[HUTa OTKJIIO-
Jaercs.,

IIpu BKJIKYEHUHU HATPY3KHU IIOCJe LIUKIA Cpa-
GaTBIBAaHUS CTOPOKEBOTO TallMepa KM3-3a 3apsiIKHU
KOHJeHCAaTOpPOoB GUJIbTpPA MUTAHUS BO3MOXKEH
6pocok ToKa moTpebneHHUs], NMpeBBIIAIIHUI
mopor cpabaTelBaHHUS 3aI[UTHl. YTOOBI 3TOT Ipo-
LleCC He BBI3BAJI JIOKHOI'O CpabaTblBaHUS 3aIIUTH
OT TUPUCTOPHOTO 3al[eIKUBAHUS, tProt JOIKHO
IpeBBIIIATh AJIUTENIbHOCTh IIUKA TOKA IOTpe-
6nenus (Ha puc.5 t5<tprot). Ecau Ha BXxomy WDI
IO-IIpesKHeMYy He ITOCTyIIaeT IepUOAUYeCKU I CHUT-
Has cbpoca, TO UKJ OTKIIYEHHS M0 cpabaTsl-
BAHUIO CTOPOKEBOIO TaliMepa IIOBTOPUTCS uepes
twdt (Ha puc.5 t10 = twdt). IlosiBJleHHe HHU3KOIO
YyPOBHS Ha BHemHeM Bxoge WD_En mpuBOIMT
K c6poCy U BBIKJIIOYEHHIO CTOPOKEBOTO TalMepa
(TO eCTh IPOU3BOAUT HEMeJJIeHHOe BOCCTaHOBIIe-
HUe IMTAHUS Harpy3KH), HO He BIKseT Ha CUTHAJ
WD_St, BEICOKUH YPOBeHb KOTOPOr0 MOKET 6BITH
BOCCTAHOBJIEH MOJayell BBICOKOIO JIOTHUYECKOro
ypoBHSs Ha Bxox Control, unu Ha Bxom PWoff, nnu
c6pocoMm 1o MUTAHHUIO.

BricOKMU ypoBeHb Ha Bxome PWoff mo3Bo-
NsieT OTKJIIOYHUTh NUTAaHHEe HAarpy3KHU B 060U
MOMEHT U Ha IIPOU3BOJIbHOE BpeMs, BO3BpallaeT
B HCXOJHOE COCTOSIHHE BCe y3/1Bbl MHUKPOCXeMEBI
U yCTaHaB/IIHMBAaeT BCe BBIBOJBI B TPeThbe JIOTHUe-
CKOe COCTOSIHUe "OTKJIIOUeHO". BRICOKUH YpPOBeHb

BhIBoZa Gate IIPHUBOAUT K OTKIIOUYEHHUIO IUTAHUS
Harpysku. HopmanbHoe QPYyHKIMOHHUPOBaHUE
BOCCTaHaB/JIMBAaETCS TONBKO I10 HU3KOMY YPOBHIO
Ha Bxoge PWoff. Cienyer obpaTuTh BHUMaHUe HA
Heob6X0oMMOCTh MOAKJIOUeHU S BEIBOLOB Control,
WD_En u WDI K KOHKPEeTHOMY JIOTHUYECKOMY
YPOBHIO, TaK KaK IIPH aKTHUBHOM BBICOKOM YpOBHE
curHana PWoff nporcxonuT oTKII0YeHHe TOTSIKEK
3THUX BXOZOB K 3eMJIe, CIIOCOOHOe BBI3BaTh IIOBHIIIIE-
HUe IIoTpebsieMoro MUKPOCXeMOH TOKa.

ITpu cpabaTbIBAaHUM CXeMBI 3aIUTHI BO3MOXKHO
COXpaHeHHe OCTATOYHOIO IIHUTAIOIIero HalpssxKe-
HHS Ha HarpysKe, YTO MOXeT IIPUBECTH K cOosiM
3allMINaeMbIX MUKPOCXeM I10CJIe BOCCTAHOBJIEHU S
NUTAaHUS. B MOMeHT cpabaTslBAaHUS [OMIOIHU-
TeJIBHOTO YPOBHSI 3aLIUTHI BEIBOA Alarm oTtmmpaer
BHYTPeHHMH K/II04 Ha OCHOBe N-KaHaJbHOro MOII-
TPaH3UCTOpPa U obecrmevyuBaeT MOJHYIO Pa3psaKy
ey MUTAaHUS 3al[HUITAeMbIX MUKPOCXEM.

Jnd MHOMKALKUU COCTOSSHUSA MHUKPOCXeMEL
MCIIOJNIb3YIOTCA ABa Beixoma: Compare u WD_St.
OHU IO3BOJAIOT OIpeNeNuTh, UMeJ JIU MeCTO
daxT cpabaTeIBaHMS 3aIIMTH 10 TOKY HUJIH IIO
HCTeYeHHU U BPeMeHH OKHUAaHUS CTOPOSKEBOIO Tal-
mepa. BocCTaHOBHUTH [IepBOHAYAJIBHOE COCTOSIHUE
3THX CUTHAJIOB MOXXHO TOJbKO C IIOMOIIbIO BXOda
Control. [lns Bo3BpameHus curuaaos Compare
U WD_St B UCXOOHOe COCTOSHHEe HeobX0gUMO
nonaTths Ha Bxox Control ympaBiasomMUKA CUTHA
BBICOKOTO YPOBHS JJIHUTEIBHOCTHIO He MeHee tprot.
CurHanel cbpoca OJIUTEeNbHOCTHI0O MeHee tprot
UTHOPUPYIOTCS.

shutdown (Fig.5: t7 = twdt). The
minimum duration of a high or low
signal level on the WDI input must
be at least one period of the speci-
fied frequency of the generator of
watchdog timer.

When the watchdog timer is acti-
vated the low level of WD_St signal
is set. High level on WD_St output
can be restored by applying a high
logic level to the Control or PWoff
inputs, or by power reset. After the
time twdt since the watchdog timer
activation a low logic level is formed
on Alarm output (Fig.5: t8 = twdt).
The length of the load power supply
outage after the watchdog timer
activation is equal to 2twdt (Fig.5:
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t9 = 2twdt). After that, the Alarm
signal returns to high logic level,
the load power supply is restored,
and additional protection is dis-
abled. When the load is turned on
after an operation cycle of watch-
dog timer, due to charging of capac-
itors of the power supply filter, the
current inrush is possible, which
can exceed the protection thresh-
old. To avoid incorrect activation
of latch-up protection, tprot must
exceed the duration of the current
consumption peak (Fig.5: t5<tprot).
If there is no periodic reset signal
on WDI input, then the shutdown
cycle will be repeated by watchdog
timer after twdt (Fig.5: t10 = twdt).

The appearance of low level on the
WD_En external input leads to
reset or disable of the watchdog
timer (with immediate restoration
of load power supply), but does not
affect the signal WD_St, high level
of which can be restored by apply-
ing a high logic level to the Control
or PWoff inputs, or by power reset.
High level on PWoff input allows
to power off load at any time,
returns all nodes of a chip to the
initial state and sets all outputs
to the third logic state "disabled".
High level on Gate output shuts off
load power supply. Normal opera-
tion is restored only at a low level at
the PWoff input. It is necessary to
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Puc.6. Mpumep ocuunnozpammpl HanpsKkeHul Ha evbigodax Vdd
u Vdd_C npu HapyweHusx numanus (4epHbili — Vdd, cepbili -
Vdd_C, C1 = 10 mKk®, cmopoxesoli malimep omKAkUeH)

Fig.6. Example of oscillogram of voltages on outputs Vdd and
Vdd_C in case of power disturbances (black - Vdd, gray - Vdd_C,
C1 = 10 pF, watchdog timer disabled)

[10CKOJIBKY CYILIeCTBYeT BEPOSITHOCTb KPaTKOBpe-
MEHHOr0 HapylleHHUs IUTAaHUS [10]] BO3IeHCTBHEM
pagHalMOHHBIX GAaKTOPOB, IMPeLyCMOTPeHa BO3-
MOSKHOCTb Pe3epBHOTO IMUTAHUS MUKPOCXEMBI OT
IOIOHUTEIBHOTO BHEIIHEero KoHJAeHcaTopa, Moj-
KJI04aeMmoro K BeiBozy Vdd_C. OCHOBHOM MCTOUHHUK
MUTAHUS IOCOeAUHSsIeTCs K BeiBoay Vdd. IIpu Hop-
MaabHOM QYHKIIMOHHUPOBAHHU OCHOBHOIO HCTOY-
HUKA IUTAHUS N0TpebasieMbld TOK IIPOTEKaeT

Puc.7. Mpumep ocuyunnozpammsl Hanpsi>keHul Ha epbigodax Vdd
u Vdd_C npu agapuu numanus (4epHoili = Vdd, cepebili - Vdd_C,
C1 =10 mK®, cmopoxkesoli malimep 0mKAkUeH)

Fig.7. Example of oscillogram of voltages on outputs Vdd and
vdd_C in case of power failure (black - Vdd, gray - vdd_C,
C1 = 10 pF, watchdog timer disabled)

Mexay BeiBogaMu Vdd_C u Vdd yepe3 BHyTpeHHUe
KIIOYHM, peajrn3oBaHHBIe Ha p-KaHalbHBIX MOII-
TPaH3UCTOpax. YIpaBaeHHUe STUMHU KIIOUYaMH 0Cy-
mecTBIsieTcst Komrnaparopom COMPL. B ciaydae c6ost
OCHOBHOTO MCTOYHHKA ITUTAHHUS IPOMCXOOUT CHU~
SKeHHe HaIlpsikeHU S Ha BbeiBofe Vdd, u kommapartop
COMPI1 pasMmbIKaeT KJIKOYH, [ITUTaHMe MUKPOCXEMBI
B TaKOM C/ly4ae OyZeT HeKOTOpoe BpeMsl IIOAAe P>KH-
BaThCs 3a CUeT BHeLIHero KoHAeHcaTtopa Cl. Beibop

pay attention to the connection of
Control, WD_En and WDI outputs
to a specific logic level, as in case
of active high level of PWoff signal
these inputs disconnect from the
ground that can cause increased
current consumption of the IC.

When protection circuit is acti-
vated, the residual voltage on the
load can lead to failure of the pro-
tected circuits after power supply
restoration. When additional pro-
tection is activated, the Alarm out-
put unlocks the internal key based
on n-channel MOS transistor and
ensures full discharge of the power
supply circuit of the protected
chips.

For indication of circuits status
the Compare and WD_St outputs
are used. They allow to determine
whether the overcurrent protection
or watchdog timer were activated.
It is possible to restore an initial
state of these signals only by means
of Control input. For the return of
Compare and WD_St signals in its
initial state, it is necessary to apply
to the Control input the control sig-
nal of high level with duration not
less than tprot. The reset signals
with duration less than tprot are
ignored.

Because there is a likelihood
of short-term disturbances of the
power supply under the influence of

radiation factors, it is provided the
possibility of power backup of the IC
using an additional external capac-
itor that is connected to the vdd_C
output. The main power supply is
connected to Vdd output. During
normal operation of primary power
supply the current flows between
Vdd_C and Vdd outputs through the
internal keys that are implemented
on base of p-channel MOS transis-
tors. The comparator COMP1 con-
trols these keys. In the case of a fail-
ure of the primary power source the
voltage on Vdd output decreases,
and a comparator COMPI1 opens the
keys. In this case, the power sup-
ply of the chip will be supported

#7 /69 /2016 NANO INDUSTRY
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Xapakmepucmuku cneyuanbHbix akmopos no 2pynnam UCNOAHEHUs!
Characteristics of special factors for groups of design

3Ha4YeHusl XapaKTepUCTUK crneLuasibHbiX GakTopoB

XapaKkTepuCTUKM cneuuasbHbIX Values of characteristics of special factors

. bakTopoB
Characteristics of special factors

Bupabl crneumanbHbiX paKkTOpoB

Types of special factors

1469TK025 1469TKO035
ag 5V, 4y,
7. W6 6Y¢ 6Y,
7M 7u, 0,5%5Y¢ 5x4Y,
7.1 I\ 0,013x1Y,
7M,=7. My, 2%2P 2P
7.G, 5V, 4y,
7.C
7.C, 5Y. 3x4Y,
7.K, 2K!-2 2K
7K 7.K, 1K12 1K 2
7.5, 80 M3B - cm?/mr? 41 M3B - cm?/mr

Mpun COBMeCTHOM BO3eNCTBUM GaKTOPOB C XxapakTepuctukamm 7.K; n 7.K, / At the combined action of factors with the characteristics of 7.K, and 7.K,.
2 T1pW He3aBMCMMOM BO3AEMCTBIM GaKTOPOB C XapakTepucTukamu 7.K, n 7.K, / At the independent action of factors with the characteristics of 7.KK, and 7.K,.

3 TMokartacTtpopuyeckmnm oTkasam / For catastrophic failures.

HOMMHAJIa 3TOr0 KOH/JeHCATOPa I103B0JIgeT 3a4aTh
BpeMs aBTOHOMHOTO QYHKIIMOHUPOBAHU A MUKPO-
cxeMmbl. IIpuMephl OCIM/I/IOTPAMM HAIPSKeHUM Ha
BeIBoziax Vdd u Vdd_C mpu HapylleHHUH U aBapuUU
IIHUTAaHHUSI MUKPOCXeMBI IPHUBEeeHbl HA PHUC.6 U 7.

M3 3TUX PUCYHKOB BUJHO, YTO aKTHBU3ALIM CyIIep-
BH3opa nuTaHus THI mpousonuia yepes 180 mc rmociie
OTK/IIOUeHH S HAIIPSIKeHU I IIMTaHU S Ha BIBoze Vdd.

[IpH OTK/IIOUeHHON QYHKLHUH CTOPOKEBOrO TaM-
mepa BeiBoasl WDI, Cap_WD u WD_St MOKHO He I10f-
KJII049aTh. MUKpocxeMa HMeeT Ba HHGOPMAILIUOH-
HBIX BBIXOJ]a TUIIA "OTKPBITHII CTOK', TO3BOJISIOIIHX
BHEIIHUM CHCTeMaM YIPaBIeHUS OINpemensiTh
bakThl cpabaTEIBaHUS 3aIIUTH OT TUPUCTOPHOTO
3aIeNKUBAHUS U 3aBePLUIEHU S BpeMeHHU OKUJAHHUS
CTOPOKEBOTO TaliMepa.

some time by external capacitor
Cl. Selection of the value of this
capacitor allows to set the time of
autonomous operation of the chip.
Examples of oscillogram of the volt-
ages on Vdd and vdd_C outputs
in case of power disturbances are
shown in Fig.6 and Fig.7.

Fig.6 and 7 show that the activa-
tion of the voltage supervisor TH1
occurred after 180 ms after discon-
nection of the power supply at Vdd
output.

When the watchdog timer is dis-
abled, the WDI, Cap_WD and WD_
St outputs can be not connected.
The microchip has two data outputs
of "open drain" type, which allows
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external control systems to register
the activation of the latch-up pro-
tection and the time-out of watch-
dog timer.

The microchip performs its
functions and stores the val-
ues of parameters during and
after the impact of special factors
with characteristics given in the
table in accordance with GOST RV
20.39.414.2-98.

For testing of microchips the
SMC "Technological Centre" cre-
ated measuring stand that allows
automated precision analog and
digital measurements of ele-
ments on the wafers and after the
packaging.

Thus, to increase the resistance
of electronic component base,
which operates in conditions of
influence of external cosmic fac-
tors, the specialized microchips
1469TK025 and 1469TK035 with
the function of latch-up protec-
tion are proposed. The microchips
successfully passed tests and are
produced with VP (military accep-
tance) quality. Both microchips
are made in compact package
MK 5123.28-1.01. |

This paper was created with the financial
support of the Ministry of Education and
Science of the Russian Federation. Unique
identifier REMEFIS7814X0061.
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MuxkpocxeMa BBIIIONHSIET CBOU GYHKIIUH U COXpa-
HsleT 3Ha4eHH s IapaMeTpPOB BO BpeMs U IOCJIe BO3-
JeHCTBUS CIIeJHaJIbHBIX PAKTOPOB CO 3HAYCHHUSIMHU
XapaKTepPUCTUK, IIPHUBeIeHHBIX B TaONIHUIle B COOT-
BeTCcTBUHU Cc [OCT PB 20.39.414.2-98.

JI71s1 IpoBepKK MHKPOCXeM I10C/Ie U3TOTOBJIeHH S B
HIIK "TexHOIOrMYeCKUI [eHTP" CO3/IaH KOHTPOIBHO-
HM3MePHUTe/IbHBIN CTeH/[l, KOTOPBIH I103BOJISeT IIPOBO-
JUTh IIPeIU3MOHHbBIe aBTOMAaTH 3K POBAHHBIE aHAJIO-
ropule U UHQPOBEIe H3MePeHH S 3JIeMeHTOB KakK Ha
IUIACTHHAX, TaK U I10C/Ie KOPIYCHPOBAHU .

TakuM ob6pa3om, [Jisl MOBBIIIEHUS CTOMKOCTH
3JIeKTPOHHOM KOMIIOHEHTHOH 6a3bl, paborarmen
B YCIOBHUAX BO3JeHCTBHUS BHEIIHHUX KOCMHUYECKHUX
$aKTOpOB, MpeAsoKeHBl CIelHaJlu3UpOBaHHbIE
MHKpocxeMbl 1469TK025 u 1469TKO035 ¢ dyHKIIHeHn
3aLIKUTE OT TUPUCTOPHOIO 3ppexkTa. MUKpPOCXeMBbl
YCIIeIIHO IPOLIJIM MCIBITAHHUSA U BBIIIYCKAKOTCS
c KaTeropuei KadecTBa BII. O6a BapraHTa MUKPO-
CXeM BBIIIOJTHEHBl B MajaorabapUTHOM KoOpIIyce
MK 5123.28-1.01.

Cmampa nodeomosaena npu ¢uHaxcosol noddepskke
Mutobprayku Poccuu. YHUKaAbHbll udenmuduramop ITHU
RFMEFI57814X0061.
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