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PaccmaTpuBaloTcs 0CO6€HHOCTU MPOEeKTUPOBAHMS MMUKPOCXEM TajibBAHUYECKON PpasBA3KM.
Ha ocHoBe yHuUdULMpPOBaHHON 6GMBINOTEKU siYeek cepun 6a30BbIX KpUCTa/IoB 5521 nokasaHa
paspaboTka MWKpPOCXeMbl [ABYXKaHa/lbHOW TpPaHCHOPMATOPHOM rasibBAHUYECKOW pasBsA3KM,
NPMBOAUTCA ONUCAHUE OCHOBHbIX GPYHKLMOHANbHBIX 6JI0KOB U NPUHLIMIMOB paboTbl.

This paper presents the features of the galvanic isolation circuit design. It shows the development of
a dual-channel transformer galvanic isolation circuit and describes the main functional units and the

principles of their operation on the basis of the unified cell library of 5521 gate array family.

HacTosilllee BpeMs ITPHU pa3paboTke CUCTeM Iepe-
Jady CUTHAJIOB YIIpaBAeHHS, IIpHeMa JaHHBIX
HM3MEePHUTENBHOI0 U MeJUIIMHCKOro 060pymoBa-
HU S UHKeHephl CTAIKUBAIOTCS C He0OXOZUMOCTBIO
HCII07Ib30BaHU I FaJIbBAHUYECKOM Pa3Bs3KH, KOTOpast
[03BOJISIeT OCYLIeCTBUTH IIepeiauy 3HePTUU MeXAY
3JIeKTPUYECKUMHU LeNsIMHU 6e3 3JeKTPHUYeCKOro
KOHTAaKTa.
laspBaHMUYeCKas pa3Bsi3Ka [103BOJIsSeT PeIlrTh clle-
AyIoLIKe 33a1auu:
* 3AIMUTHUTH 060PYIOBAHHUE U JIOLEH OT IIOPaKeHU s
3JIeKTPUYECKHUM TOKOM;

ceetoanon
LED

AvanekTpuk
Dielectric

DoTONpUEMHUK
Photodetector

Puc.1. Mpumep KOHCMpPYKUUU ONMPOHA
Fig.1. Example of design of optocoupler

* IIOBBICHTB IOMEXOYyCTOMUHBOCTb CUCTEM;

* OCYIIeCTBUTb CONPSIKeHHUE 3TeKTPUYeCKUX Lelel
C Pa3HBIMHU [IMTAOMHUMU HAIPSAKEHUSIMH.
Hawnboree mupoxoe pacrpocTpaHeHHe [0y YHIH

TPU OCHOBHBIX METOJa PeaIh3alluU rajJbBaHUYeCKOH

pasBsi3ku [1]:

e ONTHYECKHH;

e @MKOCTHOM;

* TpaHCPOPMATOPHBIM.

B ocHOBe OIITUUYeCKOM raJibBAaHUYeCKOMN Pa3Bsi3KHU
(omTpoHA) NEeKUT NPUHIUII IIepefadyl HHGOpMaA-
LU Yepe3 U30JHUPYIIUK Oapbep CBETOBBIM IIOTO-
KOM C IIOMOILBIO CBETOLHOA0B U POTOIIPHEeMHHUKOB.
ITprMep KOHCTPYKLMH ONITPOHA IIPHUBeleH Ha pPUC.1.

OnrtuyecKkasd rajbBaHHYecKas pa3Bga3Ka MMeeT
6osnploe HATPsRKeHUe U301 U (o 7000 B) u BhICO-
Kyl0 YCTOMYHBOCTb K BO3JeMCTBHUIO CHH(A3HBIX
IoMex MesKZy BXOIOM K BBIX0ZOM (0K0j10 15 KB/MKC).
BepxHsis pabodasi 4acTOTa ONITPOHOB, OIITUMH3UPO-
BaHHBIX I10J], BLICOKOYACTOTHYIO Ilepefady LUPPOBBIX
CUTHAJIOB, JOCTUTAET HEeCKOJIBKUX OeCITKOB MITJ,
Hanpumep 100 M6uT/c B MuKpocxeme HCPL-090]-000E
bupmsl Avago Technologies. OnTpoHB ycTOM-
YUBBl K 3JIeKTPUYECKUM M MAaTrHUTHBIM IIOJISIM.
HepocTaTKaMM ONITPOHOB SIBJISIIOTCS BBICOKAS pac-
cerBaeMas MOIIHOCTH (150-200 MBT Ha KaHaJI), OTHO-
CUTEJIBPHO HHU3Kas CKOPOCTh IlepelavyH, Aerpaja-
LM CTPYKTYPBL CBeTOLUOJ0B C TeUeHHeM BpeMeHH.
I1p¥ HM3roTOBJIEHHWH CBeTOLHOJOB HCIIOJB3yIOTCS
MaTtepuansl (CaAs), KOTOpBle He [103BOJSIOT HAIPS-
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MYI0 UHTEIPUPOBATh UX B PAMKaX OJHOTO TeXHOJIO-
THYeCKOro IIpoliecca ¢ MUKPOKOHTPO/JIEPOM MU
ZpaliBEpOM.

B ocHOBe eMKOCTHOM rajJbBAHHUYECKON Pa3BI3KHU
(puc.2) MeKUT NPUHLUII PabOThl 3TeKTPUIECKOTO
KOHJIeHCaTopa. EMKOCTHBIe H30/ITOPBI OIIOKHUPYIOT
IIOCTOSHHBIM TOK C IIOMOLIBIO JHU3JIeKTPUKA MEXAY
JBYMS IIPOBOAHUKaMHU. [lepeMeHHOe 3/IeKTpHUYecKoe
I1oJie BBICOKOK YaCTOTH II03BOJSIeT IlepefaTh CUT-
HaJIBl yepe3 JU3JIeKTpUdecKui 6aprep. K JocTOMH-
CTBAM €MKOCTHBIX Fa/IbBAHHUYECKHUX Pa3BA30K MOXKHO
OTHeCTH BBICOKYI0 CKOPOCTb Iepefaud (HaIlpH-
Mep, 150 Mbut/c y MUKpocxeMbl SI84xX GUPMEL
Silicon Labs), HM3Kyl0 paccerBaeMyl MOLIHOCTb
(mpuMepHoO 30 MBT/KaHaJ), BBICOKYIO yCTOMYHBOCTb
K BO3JeHCTBUIO CHH)A3HBIX ITIOMEX MeXJy BXOAOM
Y BBIXOZOM (0K0J10 25 KB/MKC) K HEBOCIIPUHUMYHBOCTb
K MarHUTHBIM ITOJIsiM. HampsskeHue M30/ISALUU
Yy eMKOCTHOM T'aJIbBAaHHYeCKOM pa3Bsi3KU He IIPeBbl-
maeT 4000 B. K 0co6eHHOCTSM e MKOCTHOM raJbBaHU-
YeCKOH Pa3BsI3KH MOKHO OTHECTH TeXHOJIOTHYeCcKyIo
CJIO’KHOCTb U3TrOTOBJIEHU ST KOHCTPYKLIMU KOHAEHCATO-
pos.

TpaHCOOPMATOPHBIN MeTo[ obecredrBaeT pas-
BSI3KY C IIOMOIIBIO H30JISLIMH MeXAY ABYMS KaTyII-
KaMH UHAYKTUBHOCTU. TpebyeMBIl CUIHAJ Iepe-
MEeHHOTO0 TOKa IlepefaeTcs yepes B3auMHYI0 HHIYK-
THBHOCTb 0OMOTOK TpaHCchopmaropa. TpaJULIHOHHEIe
TpaHchOopMaTOpsl UMeIOT 6obIIHe pPa3Mepsl, HO
C yBeIHYeHHEeM YacTOThl CUTHAJIA IIOSB/ISIeTCS BO3-
MOXKHOCTb yMeHbBIIeHU s UX rabapuros. Tak mocTy-
nuna ¢upma Analog Devices B CBOMX rajpBaHUYe-

urrently, the developers of

transmission systems for

control signals and data  tion[l]:
acquisition of measuring and < optical;
medical equipment are faced with ¢ capacitive;
the necessity of the use of gal- « transformer.

The most widespread are three
main methods of galvanic isola-

O6knaaka Nel koHaeHcaTopa
Capacitor plate #1
\ AnanekTpunk

\ Dielectric
LU inindy

X

\

Obknagka Ne2 koHaeHcaTopa
Capacitor plate #2

Puc.2. Mpumep KOHCMPYKUUU eMKOCMHOU pa3es3ku
Fig.2. Example of a design of capacitive decoupling

CKMX pa3Bsi3Kax cepur ADuM [2]. Pa3Bsi3Ka COCTOUT U3
IBYX KPUCTAJIJIOB, pa3MeIlleHHbIX B OAHOM KOpITyCe.
KpuCTasIel U3roTaBIMBAIOTCS 110 06b19HON KMOII-
TEeXHOJIOTHH, Ha OJTHOM K3 KPHCTA/IJIOB Pa3MeIlaeTcs
TpaHCHOPMaTOp Ha MOTUUMUHIHBIX C/I0SAX, KaK II0Ka-
3aHO Ha pUC.3.

TpaHcopmaTOopHas pa3BsizKa I03BojseT pabo-
TaTh CO CKOPOCTHIO A0 100 Mbut/c. HampsikeHHUe
usonauuu gocruraer 4000 B. KM3-3a oTCyTCTBUA
MarHMTHOIO CepAeYHHKa Pa3BA3KAa HEBOCIIPUHM-
YyMBa K IIOCTOSSHHBIM MAarHUTHBIM IOJISAM,

output (about 15 kV/ps). The upper
operating frequency of optocou-
plers, which are optimized for
high frequency transmission of
digital signals, reaches several
tens MHz, for example 100 Mbit/s

vanic isolation, which enables
the transfer of energy between
circuits without an electrical
contact.
The galvanic isolation allows to
solve the following tasks:
« protection of equipment and
people from electric shock;
+ increasing the noise immunity
of the system;
« coupling of electrical circuits
with different supply voltages.

The basis of optical galvanic
isolation is the principle of infor-
mation transfer across an isola-
tion barrier by means of light flux
using LEDs and photodetectors.
Example of optocoupler design is
shown in Fig.1.

Optical galvanic isolation
(optocoupler) has a high isola-
tion voltage (up to 7000 V) and a
high resistance to common-mode
interference between input and

in the chip HCPL-090J-000E of
Avago Technologies. Optocouplers
are resistant to electrical and
magnetic fields. The disadvan-
tages of optocouplers are high
power dissipation (150-200 mW
per channel), the relatively low
transfer rate, the degradation of
LEDs over time. Materials (GaAs),
used in the manufacture of LEDs,
don't allow to integrate them
directly within a single workflow
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BepxHsas kaTywka
Top coil

MonnrmunaHele cnon
Polyimide layers

/

N
]

HWXHAS KaTywka
Bottom coil

Puc.3. Mpumep KoHcmpyKyuu mpaHcpopmamopHol paseszku
¢upmbl AD
Fig.3. Example of design of transformer decoupling designed by AD

a MaJIBIE pa3mep CIIoco6CcTBYeT HU3KOH BOCIIPUHUMYH-
BOCTH K [TepeMeHHBIM MarHUTHBIM II0JISIM.

ITpu peanMs3aliiy MUKPOCXeMBbI TPaHCPOPMATOP-
HOU ra/JibBAaHH4YeCKOHN Pa3BA3KH, BBIIIOJIHEHHOH Ha
KMOII-TeXHOJIOTMH, MOKHO MCII0/Ib30BaTh TPHU OCHOB-
HBIX IPUHIIMIIA [IepeJavyr HHGOPMaIIuH:

« "ycraHoBka/cbpoc”;
* AMIUIUTYAHAS MOJIY/IALIMSA,
* MOJISPHOCTH UMITYJIbCOB.

with the microcontroller or
driver.

to common-mode interference

Bxon TpaHcpopmaTop A Bbixoa
Input Transformer A — Output
C1 Q1 Q>
[eTekTop
nepeauero 1 _
¢ppoHTa R arQ
Rising  GNDA GND B
edge

detector  TpancdopmaTop B

Transformer B
Cl Q1
[letexTop
3aAiHero GpoHTa | 1
Falli d
detector | GNDA  GNDB

a/e—— [ —
Q1 1

Puc.4. Cxema nepedavu uH$popmayuu "ycmaHoseka/cébpoc”
¢ 080UHbIM MpAHCPOpMamopom

Fig.4. Information transmission scheme "set/reset" with dual
transformer

CxeMa mepefadu HHOGopMaLuu "yctaHoBka/copoc”
C IBOMHBIM TPaHCPOPMATOPOM IIPHBE/IeHA Ha PUC.4.
JIOCTOMHCTBOM 3TOK CXeMBI SIBJISIETCSI IIPOCTOTA Pea-
JIM3aLUH, HeIOCTATKOM — 60oJIbIIasi 3aHUMaeMasl I1JI0-
Ak Ha KPUCTAJIIe, IIOCKOIBKY IJISI OLHOTO KaHala
TpebyeTcs ABa TpaHChOpMATOpaA.

possibility of reduction of their

The capacitive galvanic isola-
tion (Fig.2) is based on the work-
ing principle of an electrical
capacitor. Capacitive isolators
block DC current through the
dielectric between the two con-
ductors. The alternating electric
field of high frequency allows
to transmit signals through the
dielectric barrier. The advan-
tages of capacitive galvanic iso-
lation include high transmission
speed (for example, 150 Mbit/s
in SI84xx chip of Silicon Labs)
low power dissipation (about
30 mW/channel), high resistance
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between input and output (about
25 kV/ps) and immunity to mag-
netic fields. Isolation voltage of
the capacitive galvanic isolation
is not more than 4000 V. A feature
of capacitive galvanic isolation is
the technological complexity of
manufacturing of capacitors.

The transformer design pro-
vides isolation by using the isola-
tion between the two inductors.
The required AC signal is trans-
mitted through mutual induc-
tance of the transformer wind-
ings. Traditional transform-
ers are large in size, but with
increasing signal frequency, the

overall dimensions appears. This
was done by Analog Devices in
their galvanic isolations of ADuM
family [2]. The isolation consists of
two chips placed in a single pack-
age. The chips are made by con-
ventional CMOS technology, a
transformer on polyimide layers
is placed on one of the chips, as
shown in Fig.3.

Transformer isolation allows
to work at speeds up to 100 Mbps.
Isolation voltage reaches 4000 V.
Due to the lack of the magnetic
core the isolation is immune to
constant magnetic fields, and
the small size contributes to low



MILITARY AND SPACE TECHNOLOGY
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Bxoa npnemHmka AN
Receiver input

Buixoa npyeMHuka ———————
Receiver output

[lletekTop
nepegHero
bpoHTa
Rising edge
detector

Bbixog,
Output

IMpuemHumnK —
Receiver

TpaHchopmaTop
Transformer

GNDB

[OeTexTop 3aaHero ¢ppoHTa
Falling edge detector

c/c2

Ql m
Q2 A

Bxop npuemHuka N
Receiver input U
Bbixon
Output

Puc.5. Cxema nepedayu uHpopmauuu npu amnaumyoHol mo-
oyasuuu
Fig.5. Information transmission in case of amplitude modulation

CxeMa mepefayvu Ha OCHOBe aMIIIMTYIHOM MOAY-
nAsSuuu (pUC.5) SBIsSeTCS HECKOIBKO CJIOSKHEe B peasu-
3allMH, HO 3aHMMaeT MeHBIIYIO IUIOIAAb, ITOCKOIBKY
KCIIOJIb3YeT ONMH TPaHCPOPMATOP.

B cxeMe nepegayu HHGOpMaLIMK Ha OCHOBe II0/ISP-
HBIX UMIIYJIbCOB (PHC.6) TaKKe HCIIOAb3YeTCs OJUH
TpaHchopMaTop. JlOCTOMHCTBOM 3TOH CXeMBI SIB/ISIETCS
HU3Kas NoTpebiasemMast MOLUTHOCTb.

B pamkax ogHoro KMOII-TeXHOJIOTHYeCKOTO IIPOo-
Ilecca BO3MOXKHO HM3roTOB/IeHMe TPaHCHOPMaTOPHOU

sensitivity to alternating mag-
netic fields.

Transmission scheme based

Puc.6. Cxema nepedaqu uHpopmayuu Ha 0CHo8e NOASIPHbIX UM=-
nyAbcos
Fig.G. Information transmission scheme based on polar impulses

raJibBAaHHYECKOHU Pa3BSI3KH M CXeMBl YIIPaBJIIeHHUS
Ha [BYX KpPUCTajlJlaX. DTO [103BOJIsIeT JOCTUYb 3HA-
YeHHUS HAIPSIKeHUH H30A5LKHU Iopsnka 4000 B
1 06ecIIeuynTh YCTOMYHMBOCTD K BO3JIeHCTBUIO CHHPA3-
HBIX [IOMeX MeXJy BXOJOM H BBIXOZ0M, Ha YPOBHe
15 kB/MKc.

B HIIK "TeXHO/IOrMYeCKUH LIeHTP' Ha OCHOBE YHHU-
duIUpoBaHHON 6M6IHOTEKH siueek CepUH Da30BBIX
KPUCTAJLIIOB 5521 6p11a pa3paboTaHa 3aKka3Hast MUKPO-
cXeMa I BYXKaHaJ/IbHOU rajibBAaHHMUeCKOH pa3BsI3KHU.

and to provide resistance to com-
mon-mode interference between

In the transformer galvanic iso-
lation IC made by CMOS technol-
ogy, it is possible to use the three
main principles of information
transfer:

» set/reset;
+ amplitude modulation;
« polarity of pulses.

The information transmis-
sion scheme "set/reset" with dual
transformer is shown in Fig.4. The
advantage of this scheme is sim-
plicity of implementation, the dis-
advantage is large footprint on the
chip, since each channel requires
two transformers.

on amplitude modulation (Fig.5)
is somewhat more complicated
to implement, but takes less
space because it uses a single
transformer.

The information transmis-
sion scheme based on polar
pulses (Fig.6) also uses a sin-
gle transformer. The advan-
tage of this design is low power
consumption.

In single CMOS workflow it is
possible to manufacture trans-
former galvanic isolation and con-
trol circuitry on the two chips.
This allows to achieve values of
voltage isolation about 4000 V

input and output (at the level
of 15 kV/us).

SMC "Technological Centre"
have developed a custom micro-
circuit of dual-channel galvanic
isolation on the basis of unified
library of gate array cells of 5521
family. The microcircuit is man-
ufactured by 0.18 pm radiation-
resistant CMOS process on bulk
silicon. Supply voltage is 3 V +10%
or 3.3V £10% [3, 4]. The microcir-
cuit is made in the body 5123.28-1
in the form of microassembly of
two chips: a transmitter and a
receiver.

#7 /69 /2016 NANO INDUSTRY
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Puc.7. CmpykmypHas cxema 00H020 KAHANA MUKPOCXeMbl MPAHCGOPMAmOopHOU 2aAbBaHUHECKOU pa3es3ku
Fig.7. Structural diagram of one channel of transformer galvanic isolation circuit

MHKpocxeMa HU3TOTAaBIMUBAELTCA 10 PaJHALIUOHHO-
cTorkod KMOII-TexHOJIOTHH ¢ HOpMaMHu 0,18 MKM Ha
06beMHOM KpeMHHHU. HanpsiskeHHe MUTAHHUSI COCTaB-
nsiet 3 B +10% unu 3,3 B £10% (3, 4]. Mukpocxema
BBITIOJIHEHA B KopIryce 5123.28-1 B BUue MUKPOCOOPKHU
M3 IBYX KPHUCTAJUIOB: IlepefaTYKMKa U [IPHeMHHUKA.

Amplitude modulation is used
to data transfer in connection
with the simplicity of its imple-
mentation and high speed of
about 100 Mbps. Structural dia-
gram of one channel of the trans-
former galvanic isolation is shown
in Fig.7. The transmitter contains
an LC oscillator and two modula-
tors. The receiver circuit includes
two comparators, block of compar-
ison levels formation for the com-
parators, combinational logic and
the digital output driver.

LC oscillator generates for two
modulators the carrier frequency
of 800 MHz. The output signals of
the modulators are a function of

HAHO MHOVCTPHA #7/69/ 2016

multiplying the input signal and
the carrier frequency, which is
supplied to the modulators with
phase shift of 180°. The signals
from the modulators are trans-
ferred to primary winding of the
first transformer.

The input of the receiver receives
a signal from the secondary wind-
ing of the second transformer.
Signal detection is carried out
using high frequency comparators
and combinational logic circuit.

The transformers in the micro-
circuits of receiver and transmit-
ter are placed in the upper lay-
ers of metallization (Fig.8). To
increase the isolation voltage, two

[Ipu mepegaye MHGOPMALIMHU HCIIOJNb3yeTCs
AMIJIUTYOHAsS MOAYAALMSA B CBA3HU C IPOCTO-
TOM ee peajM3alluy U BEICOKOM CKOPOCTBIO, OKOJIO
100 Mb6uTt/c. CTPyKTypHasi CxeMa OJHOI0 KaHaja
MHKPOCXeMBbI TPAHCHOPMATOPHOU ra/IbBAHUYECKOU
Pa3Bs3KH I[I0Ka3aHa Ha pHUc.7. [lepelaTYKUK COAEP>KUT

transformers are used in a single
channel, which are connected in
series with wire conductors. The
substrates of the transmitter and
receiver circuits are isolated from
each other.

The main parameters of the gal-
vanic isolation circuit developed
in the SMC "Technological Centre"
are presented in the table in com-
parison with ADUM1100 chip of
Analog Devices. [ |

This paper was created with the finan-
cial support of the Ministry of Education
and Science of the Russian Federation
within the framework of the state order
8.537.2016/FY.
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CpasHeHue xapakmepucmuk MuKpocxem
Comparison of characteristics of circuits

MapameTp
Characteristic

Analog Devices ADUMT1100

Mukpocxema HIMK TLL

CKOpOCTb Nepeaaym AaHHbIX, M6UT/c
Data transmission speed, Mbit/s

SMC TC circuit

o100 o200

Tok noTpebneHnsa Ha KaHan, MA
Current consumption per channel, mA

16 15

HanpsxeHus nutaHus, B
Supply voltage, V

3,0-55 2,7-3,6

3a4ep>kka pacnpoCTpaHeHus, HC
Propagation delay, ns

28 4,7

KonnyecTtBo KaHasnoB
Number of channels

Hanps>xeHwe nsonsaunu, B
Isolation voltage, V

4000 4000

TpaHchopmaTop 2

TpaHchopmaTop 1
Transformer 2

Transformer 1

MoaynaTop 1 |,. E
Modulator1 T3 :

- MpreMHnK
MogaynsaTtop 2 Receiver
Modulator 2 —

LC-reHepaTop |
LCoscillator ™| EH

Mwukpocxema
npremMHuKa
Receiver circuit

Mwukpocxema
nepefarymka
Transmitter circuit

Puc.8. Tononozusi mukpocbopku 08YXKAHAAbHOU MpPaHc-
dopmamopHol 2anb8aHu4eckol pa3ssa3ku, pazpabomanHol
8 HIMK "TexHonozu4eckuli ueHmp"

Fig.8. Topology of microassembly of dual channel transformer
galvanic isolation developed in SMC "Technological Centre"

LC-reHepaTop U ABa MOoAyaATOpa. CXeMa IIprUeMHHKA
BK/IOYaeT [Ba KOMIIapaTopa, 610Kk GopMHUpPOBaHUS
yPOBHel CpaBHeHUS /IJIsl KOMIIapaTopoB, KOMOMHa-
LIMOHHYIO JIOTUKY 1 BEIXOAHOH LIUPPOBOH ApaKBep.

LC-renepaTop GOpMHUPYeT AJIS ABYX MOAYIITOPOB
Hecymyo 4actoTy 800 MI'L. BbIXogHBle CUTHAbI
MOZY/IITOPOB SIBJSIOTCS QYHKIKer YMHOKEHHU S BXOJ-
HOTO CHTHaJla U HeCyIlleH 9acTOThl, KOTOpasi IOJaeTCs
Ha MOZY/ISTOPHL CO CABUIOM I10 da3se 180°. CUrHaIBI
C MOAYJISITOPOB IIOCTYIAIOT Ha IIEPBUYHYIO 0OMOTKY
IIepBOro TpaHcopmMmaropa.

Ha Bxoj mpHeMHHKA IIOCTyIIaeT CUTHAJ CO BTO-
pPUUYHON O0OMOTKH BTOPOTO TpaHchopmaropa.
JleTeKTUPOBaHMe CUTHAJIA OCYILIeCTBISETCS C IIOMO-
IbIO BBICOKOYACTOTHBIX KOMIIAPATOPOB M CXeMBI Ha
KOMOWHAIIIOHHOH JIOTHKE.

TpaHCcHOPMATOPBI B MUKPOCXeMax IIPHeMHHUKA U I1epe-
JATUYMKa BHIIIOTHEHBI B BEPXHUX CJIOSIX MeTaJUIM3aL U1
(puc.8). I/ yBeTUYeHUsI 3HaUeHHU I HAIIPSKeHU ST 30~
JISILIUH B OLHOM KaHaJle HCIIONb3yeTCs Ba TPaHChopMa-
TOpa, I0CJIeJJOBATEIBHO COeITHEHHbIE IIPOBOIOYHBIMU
ITPOBOAHHUKAMH. I[I0/I/IOKKY MUKPOCXeM IepefilaTuyHKa U
IIPUeMHHKA [TPY 3TOM H30/IMPOBAHBI IPYT OT APYTa.

B TabnuIie yKa3aHbl OCHOBHBIE ITApaMeTPbI pa3pabo-
TaHHOM B HIIK "TeXHONMOru4eCKUH LEeHTP MHUKPOCXeMBI
raJbBaHHUYECKOM Pa3BSI3KU B CPABHEHUH C MHKPOCXe-
Mor-aHasorom ADUMI1100 ¢rpmer Analog Devices.

Cmamba nodeomosaeHa npu ¢uHancosoll noddepskke
MuHobpHayku Poccuu 8 pamKax 8bIn0AHeHUA 20cydapcmeenH020
300aHus 8.537.2016/BY.
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