OBOPYAOBAHME A1 HAHOUHAYCTPUM

MPOEKTUPOBAHUE BbICOKOBOJIbTHOIO
TPEXKAHAJIbBHOIO PEFYIATOPA HANPSHKEHUS
A9 NPUMEHEHWUIA B ABTOMOBWJIbHOW
MPOMbILIEHHOCTU

A.C.Cunaes*, k.m.H., (ORCID: 0000-0002-0048-7731), B.B.IToaesukos™, k.m.H., (ORCID: 0000-0002-3508-7906),
J.I1.I0omaxmados”, mazucmp, (ORCID: 0000-0002-2665-0875), C.A.Cmenatos™, mazucmp, (ORCID: 0000-0002-1653-6403),
B.C.Mapunetro*, cneyuaaucm, (ORCID: 0000-0001-6214-8535), C.B.Copoka*, mazucmp, (ORCID: 0000-0001-7858-6484),
3.0.Jlumsutenko”, bakaaasp, (ORCID: 0000-0001-5313-6348), A.C.FOpos”, k.m.H., (ORCID: 0000-0002-1053-3287),
J1.H.Kaaba3zos®, maeucmp, (ORCID: 0000-0002-0307-0069), C.A.Hukugoposa®, maeucmp, (ORCID: 0000-0003-0178-9640),
E.H.AHdpuerko™, (ORCID: 0000-0003-2683-9093), A.P.T'yasesa”, bakaaasp, (ORCID: 0000-0002-8758-0946),
10.A.Meweparos™, cneyuaaucm, (ORCID: 0000-0002-0307-0069) / shomahmadov@zntc.ru

ASSilaev*, Cand. of Sci. (Technical), V.V.Polevikov*, Cand. of Sci. (Technical), D.P.Shomahmadov*, Master, S.A.Stepanov™,
Master, V.S.Marinenko®, Specialist, S.V.Soroka™, Master, E.O.Litvinenko®, Bachelor, A.S.Yurov*, Cand. of Sci. (Technical),
D.N .Kalbazov*, Master, S.A.Nikiforova®, Master, E.N.Andrienko™, A.R.Gulyaeva™, Bachelor, Y.A. Mescheryakov™, Specialist

DOI: 10.22184/1993-8578.2021.14.7-8.412.423
[Mony4yeHo: 9.11.2021T.

B ctatbe npeacTtaBsieHbl NPUHLMIMbI NPOEKTUPOBAHUSA TPEXKaHa/IbHOro CTabunusaTopa HanpsKeHUs.
CoBpeMeHHble TeXHOJIOrUM WHTeN/IeKTya/IbHOro ynpas/eHUs NUTaHMeM MOo3BOJISAIOT peanm3oBaTb
C/IOXHYI0 (PYHKLMOHA/IBHOCTb B paMKax OfHOM cxeMbl. OAHUM M3 BO3MOXHbIX NMPUMEHEHUA cUCTeM
ynpas/ieHUs MTUTaHUEM SIBNISIETCS UX UCMOJIb30BaHMe B KayecTBe CTabuimM3aTopoB HanpskeHus. BaxxkHyro
POJib UrpatoT Takme napamMmeTpbl CUCTEMbI, KaK FreHepupyeMble YPOBHU HAMPSKEHUS U/WIN TOKA, KOHTPOJIb
Temnepatypbl B peasbHOM BPeMEHU U pas/inyHble BUAbl OLIMG0K, O KOTOPbIX TakoW KoY coobuiaer
LleHTpa/IbHOMY KOHTPOJI/Iepy B peXXumMe peasibHoro speMeHu. MmHMManbHoe BpemMs rnepeksito4eHus Takoro
perynsTopa CHUXaeT BepOSTHOCTb BOSHUKHOBEHMS OLUIMOGKM, CBSI3aHHOWM C LUyMaMu OT uenen nNuTaHus
MUKpocxembl. WHTennektyanbHble TEXHOMOrMW yrnpaB/ieHUs MUTaHMEM MO3BOASIOT paspabaTbiBaTb
pas/nyHble CreuvannsmMpoBaHHble CUCTEeMbl, TakuMe Kak aHTU6/I0KMpoBOYHas cucTeMa TOPMO3OB,
ynpas/iieHMe nogylwKkaMmm 6e30nacHOCTU WM yrpas/ieHne aBuratesieM B aBTOMOGU/IbHOM 3/71eKTPOHUKE.
MoxoXu no CTPYKType U CUCTEMbl B 06/1aCTU MPOMbILWIEHHOW 3/IEKTPOHUKMW, Te/IeKOMMYHUKaLUn
M 06paboTKN AaHHbIX. MMerowmecs B HacTosilee BpemMsi CUCTEMbl MO3BOASIOT YNpaBaAsATb NUTAHUEM
M BHEWHUMU CUCTEMaMU, a TaKXKe UCCIefoBaTb CUCTEMbI HA HalM4YMe OWMG0K WU ONaCHbIX YC/0BUMA.
Mpepnaraemoe pelleHne no3BosisieT obecneynTb CTabusibHOe BbIXOAHOE HanpsbkeHwe 5B B LWMPOKOM
AuanasoHe BXOAHbIX Hanpsi>keHun ot 5,5 00 45 B, C BbIXOAHbIM TOKOM A0 450 MA N0 OCHOBHOMY KaHay
1 po 150 n 50 MA — no BCcromorartesibHbIM. B cTaTbe onucaHbl OCHOBHbIe GYHKLMU YCTPOMCTBA, Takne Kak
PYHKUMSA OrpaHMYeHUs BbIXOAHOIO TOKA, 3almMTa OT 06paTHOM NONSIPHOCTU, TeMnepaTypHas 3aluTa,
PYHKLUSA OrpaHNYeHuns NpeBbILLIEeHWS BbIXOAHOMO HANpshXeHus, a Takxke uudposas GyHKLUS BCTPOEHHOI O
Tanmepa watch dog, npegHa3Ha4YeHHOr o0 A1 NOAK/HOYEHUS] KOHCTPYKLMUM K 6/10Ky MUKPOKOHTpoJIiepa.

AQO "3eneHorpajckunii HaHOTEXHONOrMYeCknIn LeHTp” Mocksa, 3eneHorpag, Poccus / JSC “Zelenograd Nanotechnology Center” Moscow, Zelenograd,
Russia.

HAHO MHAYCTPUA Tom 14 Ne7-8 2021



EQUIPMENT FOR NANOINDUSTRY

The paper presents the principles of designing a three-channel voltage regulator. Modern
technologies for intelligent power management allow of implementing complex functionality within
a single circuit. One of the possible applications of power management systems is their use as
voltage regulators. Here, an important role is played by such system parameters as the generated
voltage levels and / or currents, real-time temperature monitoring and various types of errors that
such a key reports to the central controller in real time. The minimum switching time of such a
regulator reduces likelihood of an error associated with noise from the power supply circuits of the
microcircuit. Intelligent power management technologies allow the development of a variety of
specialized systems such as anti-lock brakes, airbag control or engine management in car electronics.
As well as the systems similar in structure in the fields of industrial electronics, telecommunications
and data processing. Currently available systems allow to manage power and external systems and
analyze systems for errors or hazardous conditions. The proposed solution allows to provide a stable
output voltage of 5 V in a wide range of input voltages from 5.5 to 45 V, with an output current of up
to 450 mA in the main channel and up to 150 and 50 mA in the auxiliary ones. The paper describes the
main functions of the design, such as the function of limiting the output current, protection against
reverse polarity, temperature protection, the function of limiting the excess of the output voltage,
as well as the digital function of the built-in "watch dog" timer intended for connecting the design to
a microcontroller unit.

BBEJAEHUE cxeMbl, 0becriedrBasi OBBIIIEHHYIO HAZIeKHOCTb ITPH

OCHOBOM CHCTeM HHTEJJIeKTYyaJlIbHOTO yIIpaBie-
HUS IIUTAaHUEM ABJISAIOTCA HHTEIPAJIbHbIE CX€MBbL
HCTOYHUKOB BTOPUYHOTO ITUTAHUS [1, 2], 2 UMeHHO,
JTUHeHNHble PerynsiTOPbl HAIPSIKeHUsI, GOPMHUPYIO-
I Me Ha BbIXOJe CTabM/IbHOe HAIIPSIKeHHe C PACIIu-
PeHHBIM QYHKIIMOHAJIOM M UHTepderCcoM C OCHOB-
HBIMHU THIIAMHU COBPEMEHHBIX MUKPOKOHTPOJIJIEPOB
(MHKPOIIPOIIeCCOPOB).

HHTe/IeKTyalbHble HHTeTpajIbHble CXeMBI YIIPaB-
JIeHUs IUTaHueM IpHobpeTaloT 60/bIIoe pacmpo-
CTpaHeHHe B Pa3IHUYHBIX chepaXx MUKPOIIEKTPO-
HHUKH, 0COOeHHO B Tex, KOTOpble TPebyI0T CUCTeMHOM
HHTerpanuy. CoBpeMeHHble TeXHOJIOTUU UHTeJ/IeK-
TyaJIPHOTO YIIPaBIeHUS IUTAaHHEM II03BOJISIIOT pea-
JTM30BBIBATh CJIOKHBIM GYHKIIMOHAJ B PAMKAX OLHOM

3KOHOMHH MecTa U Beca. O61acTSIMU IpUMeHeHHUS

TaKUX CUCTEM SBJISIIOTCS:

¢ aBTOMOOHI/IBHAS 3TeKTPOHHUKA, TaK KaK ee pacTy-
mue TpeboBaHUS K 6€30IaCHOCTH U KOMPOPTY
BEeIYT K YBEJIMUEHHIO UHC/IA JIeKTPOHHBIX KOMIIO-
HEHTOB, HUCIIONb3yeMbIX B COBPEMEHHBIX AaBTOMO-
OUIAX;

e IPOMBILIJIEHHAS 3IEKTPOHUKA, A UMEHHO HHTE-
JIeKTyasIbHble CUCTeMBI YIIPABIeHH S MAIIHHAMHU
Y MeXaHH3MaMH, B TOM YHCJIe YIIpaBaeHHUe dJIeK-
TPOABUTATENSIMHU Pa3TUYHON MOIIHOCTH;

* CHCTeMBbI TeIEKOMMYHHUKAIUI, B KOTOPBIX HE0b-
XOZHUMO Peaar30BbIBaTh CUCTEMBI, COBMeEIAI0IIHE
mepesfiadyy CUIHAJIOB BHICOKOM MOIIHOCTH C IIpHe-
MOM CUT'HAJIOB Ha YPOBHE MUJITUBATT.

INTRODUCTION
The integrated circuits for sec-
ondary power supplies [1, 2],
namely linear voltage regula-
tors that form a stable voltage at
the output with extended func-
tionality and interface with the
main types of modern microcon-
trollers (microprocessors) make
the basis of the intelligent power
management systems.
Intelligent integrated cir-
cuits for power management are

becoming more common in vari-
ous branches of microelectronics,
especially in those that require
system integration. Today’s intel-
ligent power management tech-
nologies make it possible to imple-
ment complex functionality
within a single circuit, providing
increased reliability while saving
space and weight. Applications for
such systems include:
e automotive electronics, as its
increasing demands for safety

and comfort are leading to an
increase in the number of elec-
tronic components used in
modern vehicles;

industrial electronics, namely,
intelligent control systems for
machines and mechanisms;
this includes the control of
electric motors of various
capacities;
telecommunication systems,
where it is necessary to imple-
ment systems that combine

VoL.14 No. 7-8 2021  NANO INDUSTRY
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PaspabareiBaemas MC mpenHa3HavueHa gsi Gop-
MHPOBAaHHS NUTAMOMNUX HANPSI>KeHUH MOAYIS
NUTaHUA U OyAeT UCIIoNb30BaHA B CUCTEeMax yIIpaB-
JeHUS NPHUBOAAMH U JBUTATeNIMHU Pa3sIH4YIHOU
MOILIHOCTY M Pa3JIMYHOIO THIIA, TAKMMH KaK JIBU-
raTeju IOCTOSIHHOIO TOKA KOJIJIEKTOPHBIe, 6eCKol-
JIeKTOPHBbIe, BeHTHUJ/IbHbIE, NBUTATENH IIepeMeH-
HOI'0O TOKAa CMHXPOHHBIE U ACMHXPOHHBIE, IIaro-
Bble JIBUTATeNH. [[BUraTeaH MOTYT OBITH OJHO-,
ABYX- U TpeX$a3sHEIMHU. 3a CUeT CBOeH YHHBePCasb-
HOCTHU YKa3aHHBIe BhIIIe CUCTEeMBl MOTYT IPUMe-
HATHCSA HNPAKTHUYECKHU Bes3le, IJe MCIO0Ab3yITCI
3JIeKTPOJBUTATEIH.

APXUTEKTYPA TPEXKAHAJIbHOI'O PETY/ISTOPA

HANPAXEHUA

TpexKaHaAbHBIK perynsitTop (puc.l) HanpsKeHUS

COCTOHUT U3 CJIeAyIOUUX 6710KOB:

e mpencTabuyIM3aTop OTBeYaeT 3a CO3LAHUe yCJI0-
BU S 17151 CTapTa OCHOBHBIX DJIOKOB CHCTEMBI;

°* HUCTOYHHK OMNOPHOTO HaNpPIKeHHUSI GOpPMHU-
pPyeT TepMoOCTabHUIbHOE OIIOPHOE HANIPSIKeHUe
CHCTEeMBI;

* MCTOYHHK OIIOPHBIX TOKOB GOpMHUPYeET CTab1IIb-
Hble pe>KMMHBIe TOKHU;

e b6ydepHBIe YCHINTENH, KOTOPbIe BXOAST B COCTAB
JIOKAJIbHBIX PETyIsITOPOB HANIPSAKeHUH;

e TeMIlepaTypHBIH CceHCOp GOPMHUPYeT CHUT-
HaJjl IpeBbIIIeHU S IIpee/IbHON TeMIIepaTyphl
KpUCTa/Ia;

e TeHepaToOp OIIOPHOIO HaNpsI>KeHUsI GOpMHUPYeT
cTtabunpHylo yacToTy 10 KI'11;

transmission of high-power
signals with reception of sig-
nals at milli-watt level.

+ 1-IireHepaTop curHazna 'cbpoc” popMmupyer cur-
HaJ c6poc MUKPOKOHTPOJLIIEPa;

e 2-HreHepatTop curHasa "cbpoc” popmupyer cur-
HaJl cOpoc BHYTPeHHUX 6I0KOB CHCTEMBI;

e 610K OTpaHHYEHHUS] BBIXOLHON MOIIHOCTH
BBIIIOJIHSIeT GYHKILIMIO 3aIIUTEL OT IIPeBBIIIe-
HUS IUTAONIEr0 HAMIPSIKeHUSI U OTPAaHUYeHHU s
BBIZIe/IsIeMOK B KOPIIyCce MOIHOCTH;

e JOKaJIbHBIE PETryJIsiTOPBl U PeryasiTop TOoKa
KOPOTKOTO 3aMbIKaHHSI.

NMPEACTABU/IN3ATOP
Brnok nmpencTtabunnsaropa npeaHa3HaueH IS CO3-
JaHHS YCIOBUU AJIS1 CTapTa OCHOBHBIX QYHKIJHO-
HaTbHBIX 670KOB, ob6ecmeYHMBAIONIUX TOYHBIE
XapaKTePUCTHUKHU CUCTEMBI B L1€JIOM [JISI IIKUPOKOTO
NHAIa30Ha 3HAUYEHHUH MMUTAIONero HalpsasKeHH s
(oT 510 40 B). K TakuUM 6710KaM OTHOCSTCS: UCTOY-
HHUK OIIOPHOTO HAIIPSI>KeHHU I U UCTOUHHUK OIIOPHBIX
ToKoB. Hanuuue npexacrabunusatopa obecmeun-
BaeT BHICOKOE 3HaUeHHe Ko3pPUILIMeHTa IIofaBie-
HH S IIOMEeXH I10 IMTAIeMy HAIPSIsKeHHUIO0 U, KaK
CefCTBHE, BBICOKYIO TOUHOCTh 3HAaUeHH K OIIOPHOI0
HaIps>KeHUs U OIIOPHBIX TOKOB. Takasg apXUTeK-
Typa II03BOJIsIeT UCII0Nb30BaTh B COCTaBe OCHOBHBIX
cxeM MOII-TPaH3HUCTOPHI C MaabM U pabouumMu
HAIPSKeHUSIMHU "CTOK-HMCTOK', YTO rapaHTHUPYeT
BBICOKYIO TOUHOCTDb 3HAaUYEHHU M BBIXOJHBIX IlapaMe-
TPOB MCTOYHMKA OMOPHBIX HanpsikeHui (MOH)
M UCTOYHMKA OIIOPHBIX TOKOB (M OT).
[IpUHIMIIKANbHAS TeKTpUYecKas cxema 61oka
npencrabunnsaropa npeacTaBaeHa Ha puc.2.

THREE-CHANNEL VOLTAGE  temperature sensor forms the
REGULATOR ARCHITECTURE

signal when the crystal temper-
ature limit is exceeded;

The developed IC is designed
to generate power mod-
ule supply voltages and will
be used in control systems of
drives and engines of different
power and different types, such
as DC commutator,brushless
and inverter-fed motors, syn-
chronous and asynchronous AC
motors, stepper motors; motors
can be one, two and three-phase.
Due to their versatility, the
above mentioned systems can be
used almost anywhere where elec-
tric motors are used.

The three-channel voltage regula-
tor (Fig.1) consists of the follow-
ing units:

« the pre-stabiliser is responsible
for creating the start-up condi-
tion for the main units of the
system;

« the reference voltage source
forms the thermostable system
reference voltage;

« the source of reference cur-
rents forms stable operating
currents;

« buffer amplifiers that form
part of the local voltage
regulators;

HAHO MHOVCTPHA Tom 14 Ne7-8 2021

reference voltage generator
generates stable frequency of
10 kHz;

1st "reset” signal generator gen-
erates microcontroller reset
signal;

the 2nd "reset” signal generator
generates the reset signal of the
internal units of the system;
the output power limitation
unit performs the function
of protection against exces-
sive supply voltage and limita-
tion of power allocated in the
enclosure;
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Puc.1. CmpykmypHas cxema mpexkaHaAbH020 pe2yAsmopa HanpskeHus
Fig.1. Schematic diagram of a three-channel voltage regulator
BJIOK OrPAHUYEHUS BbIXOAHOW MOLLHOCTH KoHe4HoO, 11e71ec006pa3Ho II0CIeL0BATENBHO C HUM
HPI/IHLII/IHI/IEU'[LHBIE 3JIeKTpHUYeCKHe CXeMBI ITPOXOL- BKJIIOYHUTH TAKOH >Ke TPaH3HCTOP B IIPAMOM BKIJIIO-

HOTO K/IIo4a U 0/70Ka OTpaHUYeHUS pacceMBaeMorl  4YeHHH. OZHAKO, B 3TOM C/iydyae Ha KJiode OyneT
MOIIHOCTHU (OTpaHUYHUTES 110 TOKY) IIPeICTaBlIeHbl  Y4BOeHHOe MaJileHHe HaIPSKeHUs IpU CyMMap-
Ha PHUC.3, 4 COOTBETCTBEHHO. [IPOXOHOM K/II0Y BKJIIO-  HOM TOKe Harpysku 0,6 A U BBIIIOTHUTh TpeboBaHUe
YeH B MHBEPCHOM pesKHMe C I1e/Ibl0 MCK/IIOUeHMSI TOKa 10 HOMHHAJIy BEIXOJHOTO HaIIPSKeHU S OyIeT 3aTpy-
B PeKHMe [1eperoIIOCOBKH [TUTAIOLIero HalpPSoKeHKWsl.  HUTe/NbHO. B aKTHBHOM peXMMe MHUHHMaJjbHOe
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Puc.2. MpuHuunuaneHas anekmpu4eckas cxema npedcmabuauzamopa
Fig.2. Pre-stabiliser circuit diagram
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Puc.3. MpuHuUnNuanbHas anekmpu4yeckas cxema npoxooH020 KAKH4d
Fig.3. Circuit diagram for the linear actuator

COIIPOTHBJIEHUE KJIOYa obecrednBaeTcsi TOKOM
6/I0Ka-OTpaHUYHUTENSI, CO3JAIIIMM Ha yIpaB-
NSIOIeM BXOfle KJII0Ya OTPUIIATE/IBHOE HALIPSDKEHHe  ©
(okoJ10 5 B) OTHOCHTENBHO CTOKA. B cIisimem peskume,

KOTZ]a 3TOT TOK OTCYTCTBYeT, MUHHUMaJIbHOE IIOTpe-  *
6neHue 6ymeT LOCTUTAThCS CHATHEM HAarpy3kH co  *

CTa6I/IJ'[I/13aTOp0B.

 local regulators and short-cir-
cuit current regulator.

PRE-STABILISER

The pre-stabiliser unit is
designed to create the condi-
tions for starting the main func-
tional blocks to ensure accu-
rate performance of the overall
system for a wide range of sup-
ply voltages (5 to 40 V). These
blocks include a reference volt-
age source and a reference cur-
rent source. Presence of a pre-
stabiliser provides a high supply
voltage suppression coefficient and,
consequently, a high accuracy of
the reference voltage and current

byHKUMN:

OHUTAHUS,

Bnok OIr'paHHYEHMS I10 TOKY BBITIO/IHSET HECKOJIBKO
3alIUTa Ae/JIUTes OT [IePEIIOIIOCOBKY HAlIPASKeHU S

CO30dHHE TOKA YIIPpaBJI€HU S K/II0YO0M;]
3alllMTa OT IIPEeBhINIEHM A [TUTAIOIIETO HAIIPSA>KEHH 51

H OrpaHHYeHHEe paCCEI/IBaEMOI:I MOIITHOCTH.

values. This architecture enables to
use MOS-transistors with small and
low operating drain-source voltages
in the main circuitry, which guar-
antees a high accuracy of the output
parameters of the reference voltage
source (RVS) and the source of refer-
ence currents.

The basic circuit diagram of the
pre-stabiliser unit is shown in Fig.2.

OUTPUT POWER LIMITER

schematic diagrams of the in-
line switch and the power dis-
sipation limiter (current lim-
iter) are shown in fig.3, 4, respec-
tively. A transmission gate is
switched in the inverse mode in

HAHO MHOVCTPHA Tom 14 Ne7-8 2021

order to eliminate current in the
reverse polarity mode of the sup-
ply voltage.

Of course, it is practical to
connect the same transistor in
direct connection. However, in
this case there would be double
voltage drop across the key with
a total load current of 0.6 A and
it would be difficult to meet the
output voltage rating require-
ment. In active mode the mini-
mum switch resistance is pro-
vided by the current limiting
unit generating a negative volt-
age (approx. 5 V) relative to the
drain at the control input of the
switch. In sleep mode, when this
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Puc.4. MpuHuUNUanbHas 3nekmpuyeckas cxema 6A0Ka 02paHu4erust 8bIXo0HOU MOuHOCMU
Fig.4. Circuit diagram of the output power limiter

OT cxeMBI CTapTa IIOCTYIIAeT HeCKOJIBKO PEXKUMHBIX
TOKOB, B YaCTHOCTH, TOK CTOKa, IIOCTyIIasi Ha 3aTBOPbI
ITPOXOZIHBIX K/II0Uel, obecrieurBaeT yIpaBaeHHe KIH0-

MOIIIHOCTH.

YOM H 34aIIHUTY OTTUTES OT IIE€PEIIO/IIOCOBKH.

JBe npyrrie GyHKIIUU BBIIIOTHSIOTCS:
¢ KOMIIApPaTOpoM, 06ecIieYHBAONIUM 3aLIUTY OT IIpe-
BBIILEHUS [IMTAIOLIET0 HAIIPSOKeHU

current is not present, minimum

consumption will be achieved

by removing the load from the
stabilisers.

The current-limiting unit has
several functions:

« protection of the divider against
polarity reversal of the supply
voltage;

« creation of the key control
current;

« over-voltage protection and
power dissipation limitation.
Several mode currents are

drawn from the start circuit,

in particular the drain current
flowing to the gate of the pass-
through keys provides key control

¢ OBYMsA HP806p330BATEHHMI/I HaIlpsI>keHHe B TOK,
BBIIIOJIHAIOIIMMHU OT'PaHHYEHHUE paCCEI/IBaeMOI;I

TEMMEPATYPHbI CEHCOP
[IpUHIUIIHAIbHAS JJeKTpUUYecKas cxeMa 61oka

TeIIJIOBOM 3aIIMTEHL IIPe/ICTaBIeHa Ha PHUC.5. 371ecCh,

and protection of the divider

against polarity reversal.
The other two functions are

performed by:

e a comparator that provides
over-voltage protection;

« two voltage-to-current con-
verters that perform power
dissipation limitation).

TEMPERATURE SENSOR

A schematic diagram of the
thermal protection unit is
shown in Fig.5. Here, the volt-
age-to-current converter gen-
erates an output current, the
nature of which is determined
by R1 resistor. The circuit has

two operating modes: working
and test.

Under typical operating condi-
tions, a high level at the "work"
node in the amplifier feed-
back, we set the block trip at 160
degrees and the value of the hys-
teresis. The temperature of 160
degrees is outside the temper-
ature range of the chip, which
makes thermal protection con-
trol undesirable.

In test mode, the unit is actu-
ated at 100 degrees Celsius, which
is within the temperature range
of the chip and reduces the cost
of monitoring the performance
of the unit. Trim the unit in test

VoL. 14 No.7-8 2021 NANO INDUSTRY
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Puc.5. MpuHUUNUAAbHas 3Aekmpuyeckas cxema memnepamypHo20 ceHcopa

Fig.5. Temperature sensor wiring diagram

npeobpasoBaTenb HaNPsSKeHHUS B TOK GOpMHUPYeT
BBIXOJHOU TOK, IIPUPOJa KOTOPOTO OIpeensdeTcs
pesucTtopom R1. CxemMa MMeeT Ba pe>KHUMa paboThl:
pabodum U TeCTOBBIH.

B paboueMm peskHMMe B THUIIOBBIX YCIOBHUSIX BBICO-
KHH YPOBEHb Ha y371e work B 06paTHOM CBSI3U yCH-
nuTens cpabaTeiBaHUS 6710Ka HACTpauBaeTCs IpHU
TeMIlepatype 160 rpagycoB U BeJIMYKMHA rUcTepe-
3uca. Temmeparypa 160 rpafycoB JTeKUT BHe TeM-
IepaTypHOro AHana3oHa paboThl MUKPOCXeMHI,

4TO JejaeT KOHTPOJb TeIlJIOBOM 3aIHTE
He>XKeJIaTe/IbHbIM.

B TectoBOM pexxuMme cpabaTsiBaHHe O0Ka
IIPOUCXOOHUT HpHU TeMIepatype 100 rpapgy-
COB, YTO HAaXOAHUTCS B Hpelejax TeMIlepaTyp-
HOTO JHala3oHa paboThl MUKPOCXeMBl U YMEHb-
maeT 3aTpaThl Ha KOHTPOJb paboTocmocobHo-
cTu 610Ka. TPUMMUHT 6710Ka OCyLIeCTBJISETCS
B TECTOBOM peXHMe YCTaHOBKOM cpabaThiBa-
Hus npu 100 rpaaycax. B aTom cinydae, B pabouem

mode by setting triggering at 100
degrees. In this case, in the work-
ing mode, it is necessary to set the
block actuation at 160 degrees.

LOCAL AND SHORT-CIRCUIT
CURRENT REGULATORS

Figure 6 shows a short-circuit
current regulator.

To adjust the short-circuit cur-
rent and output voltage rating,
a sensitive single transistor M29
is included in parallel with the
output transistor M28.

In short-circuit mode, when
the regulator output voltage is
near zero, the current-limit-
ing amplifier is enabled. This

activates the internal feedback of
the amplifier, with a 1.25 V ref-
erence voltage applied to the non-
inverting input of the amplifier.
Feedback balances the volt-
ages at the amplifier inputs. By
changing the rating of the resis-
tors R32 and R24, we control the
short-circuit current. So, by
decreasing the resistor rating,
more current is required from
the sensitive transistor, and,
hence, from the output transis-
tor, to balance the voltages at the
amplifier inputs. Thus, by pump-
ing current through the "ireg"
pin into the resistors R32 and
R24, we reduce the short-circuit

HAHO MHOVCTPHA Tom 14 Ne7-8 2021

current. The regulators "Q2" and
"Q3" are made according to a sim-
ilar circuit and differ only in the
output transistors.

If there is no short circuit, the
"amp_ilim_p" is de-energised and
external feedback is activated, free-
ing up internal resources to achieve
high accuracy.

The circuit for linear short-circuit
current reduction above 22 V supply
voltage operates as follows: the out-
put current of the upper voltage-
current converter is monitored by a
divider and varies linearly with the
change in supply voltage. The out-
put current of the lower voltage-
current converter is constant.
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Fig.6. Short-circuit current requlator circuit diagram

pekhMe yCcTaHaBIMBaeTcs cpabaTeiBaHMe 610Ka
opu TeMmeparype 160 rpamycos.

JNNOKAJIbHDBIE PETYNATOPDI U PEFYIATOP TOKA
KOPOTKOIo 3AMbIKAHUA
Ha puc.6 mpencTaBiieH peryasiTop ToKa KOPOTKOTO
3aMBIKAHUS,

[1s peryIupoBKH TOKA KOPOTKOrO 3aMBbIKa-
HHS U HOMHHAJjIa BBHIXOJHOIO HaNpsI>)KeHUH,
ImapaJ/ijie/ibHO BBIXOLHOMY TpaH3HCTOpy M28

BKJIIOUEeH CeHCOPHBIN eJUHUYHBIN TPAH3UCTOP
M29.

B pexxumMe KOPOTKOIO 3aMBIKaHHS, KOILIa
Ha BBIXOJIe PeryasiTopa HalpsikeHHe 6/1M3K0 K HYJIIO,
BK/IIOYEH YCH/IMTE/b OTPAHHUYHNTE 110 TOKY. IIpu
5TOM BKJ/IIOYaeTCs BHYTPeHHsIs 06paTHas CBS3b yCH-
JIUTeNd, a Ha HeHHBePTUPYIOIIHU K BXOJ YCHIUTE/S
[I0JlaHO OIIOPHOE HallpsiKeHMe 1,25 B.

ObpaTHas cBs3b 6amaHCHPyeT HAINPSIKeHUS
Ha BXOJaX yCHJIMTeNs. M3MeHdIs HOMUHAJ pe3u-

The output current of the upper
inverter continues to increase, while
that of the lower inverter remains
the same, allowing the difference
in these currents to be transferred to
the output.

The output current in this case
increases linearly with increasing
supply voltage.

This current is then fed to the
regulator block via the "ireg" pin,
increasing the voltage at the invert-
ing input of the "amp_ilim_p" ampli-
fier, which results in a reduction of
the short-circuit current. This cur-
rent can be controlled by trimming,
which is carried out by the short-cir-
cuit current regulator block.

REFERENCE VOLTAGE SOURCE UNIT
The schematic diagram of the ref-
erence voltage source unit, which
no automatic control system can
do without, is shown in Fig.7 (3,
4] (RVS). It acts as a unit of mea-
surement in the system, the use
of which ensures static accuracy
of the product and determines
the accuracy of output voltages of
local regulators, acting as a ref-
erence element in local feedback
circuits.

The "core" of the circuit is repre-
sented by the substrate PNP tran-
sistors (Q1, Q2), resistor R1 and
transistors M1, M2. Moreover,
transistor Q2 represents N

transistors of Q1. At the same time
avoltage is allocated to resistor R1:

V = (kT/q)-In(N)/R1 D,

where k is Boltzmann constant, q
is the electron charge.

The circuit includes a trimmer
which receives the drain current of
the M5 transistor, which is a part
of the core transistor current.

REFERENCE CURRENT SOURCE UNIT
As in the previous unit, the
transistors M15 and M18 repre-
sent the start circuit. The "core"
of the circuit is represented by
transistors: M46, M47, M33, Q2,

VoL. 14 No.7-8 2021 NANO INDUSTRY
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Fig.7. Circuit diagram of a reference voltage source

cTopoB R32 1 R24, IpoHCXOOUT yIIpaB/ieHHE TOKOM
KOPOTKOI0 3aMbIKaHUSA. TaKk, NpU YMeHbIIeHHU
HOMMHAa/a pe3ucTopoB A1 6anaHca HampsKe-
HHUI Ha BXoJaX YyCHUIHTens TpebyeTcs 60abpmum
TOK C CEHCOPHOI'0 TPaH3MUCTOpa, a, CJIeJl0BATeJILHO,
U C BBIXOLHOIO TpaH3UcTopa. Takum obpasom,
3aKauyMBas TOK Uepe3 IIHUH ireg B pe3UCTOPHl R32
1 R24, yMeHbBIIAeTCS TOK KOPOTKOrO 3aMbIKaHHA.
Perynsgatopsl Q2 u Q3 BBIIIOJIHEHBI 10 aHAJIOTUYHOU

cXeMe U OT/JIMYAIOTCS JIUIIb BEIXOAHBIMU TPAaH3U-
CTOpPaMH.

[Ip1 OTCYTCTBUU KOPOTKOTO 3aMBIKAHUS yCH-
nuTens amp_ilim_p obecToueH U IPHU 3TOM BKJIIO-
yaeTCs BHeIIHssI obpaTHas CBsI3b, oCBoOOXKIas
BHYTPEHHHUE PeCypChl AJIs1 JOCTHUXKeHHU I BBICOKOM
TOYHOCTH.

CxeMa JTHHEHNHOTO YMeHBbIIEHHUS TOKa KOPOT-
KOTO 3aMBIKAHHUS BBIIIe HANPSIKEeHUS MHUTAHUS

The numbers indicate the fol-

Q3 and resistors: R3, R2, R14,
R15. The emitter current density
of transistor Q2, in this circuit,
is eight times less than the emit-
ter current density of transistor
Q3 (Fig.8).

The collector current of tran-
sistor Q2 will have a positive
temperature coefficient, and a
corresponding voltage will be
formed in resistor R3 according
to expression (1). With the rat-
ing of resistor R3 we control the
amount of current with a posi-
tive temperature coefficient.
The sum of the resistors R2, R14
and R15, which are connected
in parallel to the emitter base

junction of the bipolar tran-
sistors, we control the current
with a negative temperature
coefficient. By adding these cur-
rents on the M46 transistor and
adjusting one of the currents,
we achieve a temperature inde-
pendent current at the output.
The circuit generates seven
currents of 10 pA and one cur-
rent for the oscillator (about 1.2
HA). The currents are trimmed
in the same way as the RVS unit.

CIRCUIT TOPOLOGY

The topology [5] of the three-
channel voltage regulator is
shown in Fig.9.
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lowing blocks:

1.

pre-stabiliser;

2. abuffer amplifier;

3. source of reference
voltage;

4. source of reference
currents;

5. reference voltage
generator;

6. 2nd "reset” signal
generator;

7. 1st"reset” signal
generator;

8. current limiter;

9. short-circuit current
regulator;

10. regulator;
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Fig.8. Circuit diagram of a reference current source

bornee 22 B paboTaeT creyromum 06pa3oM: BEIXOTHOL TOK
BepXHero Ipeobpa3oBaresis "HaIIpsisKeHHeE ~ TOK' 0TCIIe-
SKUBAETCs Ie/IUTe/IeM M U3MeHSIeTCS IMHEHHO C U3Me-
HeHMeM ITHTAIOIIer0 HallPsDKeHH ST, BBIXOTHOM TOK HHK-
Hero Ipeobpa3oBaTesisi "HaIlpssKeHHe — TOK ' IIOCTOSTHEH.
Jlaynee BBIXOJHOM TOK BepXHero mnmpeobpasoBa-
TeJIsl IIPOOJI’KaeT YBeTUUHUBATHCS, & HUKHETO —
O0CTaeTCs IPeXHHM, YTO I03BOJISET Pa3sHHULY

BBIXOOHOM TOK B 3TOM Cjlydae JTHHENHO BO3-
pacTaeT C yBelHMYeHHEeM HaIpsI>KeHHUS MHUTa-
HHUs.[lanee, 3TOT TOK IIOCTyIaeT B 6/I0K perynsitopa
yepes [IMH ireg, IOBBIIIAS HaNIPsiKeHHe Ha HHBePTH-
pyIomeMm Bxone yCHIUTens amp_ilim_p, 4To Biever
3a cob0r1 yMeHbIlIeHHe TOKa KOPOTKOI0 3aMbIKaHHS.
9TOT TOK MOXKeT YIIPaB/SIThCSI TPUMMHUHIOM, KOTO-
PBII OCyIIecTBseT 610K peryasaTopa ToKa KOPOTKOIo

3THX TOKOB IlepeJaThb Ha BbIXO/,.

11.
12.
13.
14.
15.

regulator 1;
regulator 2;
temperature sensor;
12C;

"pass-through key".

SIMULATION RESULTS FOR

A THREE-CHANNEL VOLTAGE
REGULATOR

Plots of the output voltage of the
reference voltage source and of
each regulator are shown in Fig.11
and Fig.12, respectively.

The output results are shown
in Fig.11. Based on these results,
it can be said that the scatter of
the output voltage by tempera-
ture at each output is 0.09 mV/°C.

3daMbIKAHHSA.

PACKAGING

This chip is intended to be used
in two case styles: PSOP and
SOIC, which are shown in Fig.12.

CONCLUSIONS

As a result of designing a three-
channel voltage regulator the fol-
lowing results have been obtained:
a schematic circuit diagram of the
microcircuit has been developed,
circuit modeling with the use of
technological libraries and spe-
cialized CAD tools has been per-
formed, the topology of the inte-
grated circuit has been developed
and verified. Main electrical char-
acteristics are determined: output

voltage, maximum output cur-
rent, and open state key resis-
tance. The measuring equipment
was developed and laboratory mea-
surements of key parameters were
carried out. In future, additional
laboratory measurements and
testing of the chip are planned to
determine additional parameters
of the IC and enter the data into
the specification. [ |
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L)

Puc.9. Tononozust mpexKaHanbHo20 pe2yasimopa HanpskeHus
Fig.9. Three-channel voltage regulator topology

B/IOK UCTOYHUKA OMOPHOI O HANMPSDKEHUA

[IpUHIIUIINA/IBHAS 3/IeKTPHYeckasi cxeMa 6710Ka MCTOU-
HHKa OIIOPHOTO HaIlpsikeHUsI, 6e3 KOTOporo He 06X0-
OUTCS HU O HA CHCTeMa aBTOMATUeCKOro peryInpoBa-
HHS, ITpeJicTaB/leHa Ha puc.7 (3, 4] (MOH). OH BbICTyIIaeT
B CHCTeMe KaK eJUHHUIIA U3MepeHUsl, UCII0/Ib30BaHHe

KOTOpo¥ obecrieurBaeT CTATU4YeCKyI0 TOUHOCTD H3/le-
JIHS U OIIpeJie/isieT TOYHOCTb BBIXOJHBIX HAIIPSIKeHHU I
JIOKAJIBHBIX Pery/IsiTOPOB, BEICTYIIasi KaK OTIOPHBIH 3J1e-
MEHT B JIOKQJIPHBIX LITISIX 0OPaTHOM CBSI3H.

"SIppo" cxeMBl IpenCTaBJIeHO IOAJIOXKeU-
HeIMU PNP-TpaH3uctopamu (Ql, Q2), pesucrtopom
Rl u TpaH3ucTtopamu M1, M2, [IpuyeM, TPaH3UCTOP
Q2 npeacTasiset coboit N TpaH3ucTtopos Ql. Ilpu
3TOM Ha pe3ucTope RI BrIfe/IsIeTCA HAIIPSSKEHHe:

V = (kT/q)- In(N)/R1 (1),

roe k - mocTtosiHHas BonbIiMaHa; q - 3apin
3JeKTPOHA.

B cxeMme mpeaycMOTpPeH TPUMMHMUHT, Ha CXeMY
KOTOPOTO IOCTYIIaeT TOK CTOKA TpaH3UcTopa M5,
COCTABJISIOIINI YaCcTh TOKA TPAH3UCTOPOB "Sapa”.

B/IOK NICTOYHUKA OMOPHbIX TOKOB
Kak u B npensiaymem 610Ke, TPAaH3UCTOPH M15
1 M18 mpencTaBiasilOT cob60M CTApTOBYIO CXeMYy.
"Snpo" cxeMBI IpeACTABIEHO TPAH3UCTOPaAaMHU: M46,
M47, M33, Q2, Q3 u pesuctopaMmu: R3, R2, R14, R15.
I[ITOTHOCTE SMUTTEPHOIO TOKA TpaH3UCcTOpa Q2,
B JAHHOU CxeMe, B BOCEMb pa3 MeHblIle IIJIOTHOCTH
3MUTTEPHOTO0 TOKa TpaH3KucTopa Q3 (puc.8).
Ko//IeKTOpHBIM TOK TPaH3UCTOpa Q2 6ymeT UMeTh
MIOJIO>KMTe/TBHBIN TeMIIePaTy PHBIN KO3QPHUIIHEHT, a Ha
pe3uctope R3, B COOTBETCTBUU C BeIpaskeHHeM (1), obpa-
3yeTCs COOTBETCTBYIOIIee HallpskeHHe, HoMuHaIoM
pesucTopa R3 MBI yIIpaBiisieM BeJTHUHHOH TOKA C I10JI0-
SKUTEJIbHBIM TeMIIepPaTypPHBIM KO3QPUIIUEHTOM.

HanpsixeHue, B | Voltage, V

-50 0 50 100 150

Temnepatypa, °C | Temperature, °C

Puc.10. BbixoOHble XapakmepucmuKku mpexKaHanbHo20 pezy-
ASIMopa HanpsKeHus

Fig.10. Output characteristics of a three-channel voltage
requlator
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Puc.11. Tpaguk 8bixo0H020 HanpsikeHus 6aoka MOH
Fig.11. Output voltage curve of the RVS unit
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CyMMOL HOMHHAJIOB pe3ucTopoB: R2, R14 u R15, BK/It0O-
YeHHBIX [IapajIIesibHO IIepexojaM '6aza - aMHUTTep"
OHIIONSPHBIX TPAH3UCTOPOB, OCYINECTB/SETCS YIIPaB-
JIeHHe TOKOM C OTpULIATe/IbHBIM TeMIIePaTyPHBIM K03¢-
¢unrenToM. CYMMHPYS 3TH TOKH Ha TPaH3HUCTOpe M46
U Peryiupys O4UH U3 TOKOB, Ha BbIXOJEe LOCTUIALTCS
He3aBHCHMBIH OT TeMIIePaTyPhl TOK.

Cxema popmupyeT ceMb TOKOB HOMHHaIOM 10 MKA
Y OIUH TOK JI/15 TeHepaTopa (0K0s10 1,2 MKA). TPUMMUHT
TOKOB OCYIIIECTBJISIETCS aHAJIOTHYHO 6n01<y HOH.

TOMoJorns CXembl
Tomosorust (5] TpeXKaHAJIBHOI'O peryasTopa Halpsike-
HUS IIPe/ICTaBJIeHa Ha pUC.9.
udpamu 0603HaUEHBI CIeyONTHe O/I0KH:
1. mpexmcTtabunusaTop;
OydepHBII yCHUTHUTEb;
HCTOYHUK OIIOPHOI0 HAIIPSIKEHHU S,
HCTOYHUK OIIOPHBIX TOKOB;
reHepaTop OIIOPHOTr0 HAIIPSIKEHU S,
2-11 reHepaTop curHana "cobpoc”;
1-i1 reHepaTop curHana "cobpoc’;
OIPaHUYHUTEb 10 TOKY;
PeryyisiTop TOKa KOPOTKOTO 3aMbIKAHUS;
10. perynsarop;
11. perynsaropl;
12. perynarop 2;
13. TemmepaTypHBIM CEHCOP;
14. 12C;
15. "IpoXomHOM KII0Y".

©LEOND U R W

PE3Y/IbTATbI MOAE/INPOBAHUA TPEXKAHAJIDHOIO
PErYIATOPA HANPSXKEHUA

I'paduKH BHIXOLHOIO HAIIPSKEHU S HUCTOYHHKA OIIOP-
HOr'0 HAMPSKeHUS U KasKI0r0 peryasaropa mpeacTas-
JIeHBI Ha prC.11 1 12 COOTBETCTBEHHO.

BrixomHbIe pe3yyNbTaThl IIPeACTaB/IeHbl Ha puc.ll.
ITo pe3ynbTaTaM MOXKHO CKa3aThb, YTO Pa3bpoc BBIXOM-
HOT'O HaIIPSKEHM S 10 TeMIIePaType Ha KaskA0M BbIXOe
coctasiser 0,09 mB/°C.

KOPMYCUPOBAHUE

ITpenrionaraeTcst UCIIONb30BAHKE JAHHOK MUKPOCXEMBI
B IBYX THIIaX KopiycoB: PSOP u SOIC, KOoTOpkIe ITOKa-
3aHbI Ha puc.12.

BbiBOAbI

B pe3yiibTaTe IIPOEKTHPOBAHK S TPEXKAHAIPHOTO PEry-
JISATOPa HAIIPSI>)KeHH A TI0/IyYeHbI CZIeJYIOIIe pe3yJib-
TaTBhI: pa3pa60TaHa IIpUHIOHIIHMAJIPHAS 3JIEKTpUYe-
CKas cxeMa MHKPOCXeMBl, IIPOBEJEHO CXeMOTeXHKYe-
CKOe MOoJe/INPpOBaHHUE C UCIIO/Ib30BAHHEM T€XHOJIOTH~
yeckux 6UbIHOTeK U CIIeIUATU3UPOBAHHBIX CPEACTB

i. IMH“““I“ i
Puc.12. ®omozpaduu kopnycos
Fig.12. Photos of the packages

CAIIP, pa3spaboTaHa ¥ BepUOHULIMPOBAHA TOIIOTOTHS
MHTEeIrPaIbBHOM MUKPOCXeMbl, OTipe/ie/ieHbl OCHOBHEIE
3JIeKTPHUUYeCKHe XapaKTePUCTHUKH: BHIXOJLHOE HAIIPS-
>KeHHe, MaKCUMaJIbHbIH BBIXOJHOMN TOK, COIIPOTHB-
JleHHe KJII04Ya B OTKPBITOM COCTOSIHMHU. Pa3paboTaHa
HM3MepHUTelbHasi OCHACTKA U ITPoBeJeHEHl naboparop-
HBble H3MePeHU K/II04YeBbIX IapaMeTpoB. B manpHen-
IIeM IJIAHUPYeTCs IIPOBeCTH JOIONHHUTeIbHBIe 1a60-
paTopHble U3MepeHHUs U TeCTUPOBAHHE MHUKPOCXEMBbI
JU1s oIlpeie/ieH U s JOIOJIHUTe/IbHBIX IapamMeTpos MMC
Y BHeCeHHe JaHHBIX B ClleLUHUKALHIO.
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Jekaapauus o KoHpAuKMe uHMmepecos. Asmopsl 3a384atom 06
0mcymcmauL KOHPAUKITIO8 UHMEPecos UAU AUMHBLX OMHOWeHU,
Komopble MozAu bbl no8AUAMb HA pabomy, npedcmasAeHHyto 8 0aH-
HOLI crmamoe.
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