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Ilpedcmaenena monosumuas unmeepanvias cxema (MHUC) eenepamopa, ynpaeasemozo nanpsxcenuem (I'VH) V-ouanasona c
6ychepubim ycuarumenem, uzeomosnenras no HEM T-mexuonoeuu na ochose eemepocmpykmyp AlGaN/ GaN na cangupogvix nood-
noxckax 6 HCBYI1D PAH. Boixoonas mowHocms I'YH ¢ 6ygheprbim ycusumenem eapvupyemcs 6 npedeaax 25...50 mBm, kpymusna
ynpaenenus IVH ~900 MTy/ B, nompebasemoiii mox MHC npu nanpscenuu numanus 10 B — 90 mA. Jpeiigh uacmomot om mem-

nepamyput cocmaesun 30 MIu/°C.
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BBenenne

Hmnama3oH yactot 57...64 I'Tn (V-mnama3oH) ak-
TUBHO OCBaMBaeTCsl pa3paboOTYMKaMUu U MPOU3BOAM-
TEJIMU PaauolIeKTPOHHBIX cucteM. C onHOI CcTO-
POHBI, LIUPUHA AOCTYMHON TMOJOCHI AejdaeT AaHHbII
IMarna3oH TPUBJIEKATeIbHBIM IS BBICOKOCKOPOCT-
HOI CBEPXILIUPOKOIIOJOCHOM Iepelauyu JaHHbIX B ce-
X 5G, CKOPOCTh Ilepeaauyur JaHHBIX B KOTOPBIX CO-
crapnsieT 10 5 I'out/c. C apyroii CTOpOHbBI, CUJILHOE OC-
J1abyieHre 3J1eKTPOMAarHMTHEIX BOJIH HA aTMOC(epHOM
kucinopoze (nopsiaka 10 nb/km) yctpaHsieT mpoobiaeMy
WHTepGEPEHIINA MEXIY Pa3TNYHBIMU NCTOYHUKAMU
CUTHaJIa, MPUHALIEeXAIIUMHU Pa3HbIM CETSIM, MPU Op-
raHu3aluuu TMepcoHalbHbIX ceTeil [1]. PasBurue Tex-
Honoruii 5G B HACTOSILIMIT MOMEHT MEPEeXOAUT OT CTa-
UM MCCIEeNOBAaHUN K CTaAWM CTaHAApPTU3allUU; Ie-
pexon K KomMepLuanu3auum oxumaercsa B 2020 r.
[ToMUMO JTOKAJIBHBIX M TIEPCOHATBHBIX CBEPXIIUPOKO-
MOJIOCHBIX CeTeil OecHpOBOAHON Mepeaayu JaHHBIX,
YCTPOMCTBA TAaHHOTO JMana3oHa MOTYyT HAaWTH MpuMe-
HEHUE B paauallMOHHO-CTOMKON anmnaparype JUisl CUC-
TE€M MEXCITyTHUKOBOM CBSI3U, 3AIMIIEHHBIX OT BJIMSI-
HUS TIOMEX CO CTOPOHBI 3eMun [2].

Pa3paborka u m3rorosienne MUC I'VH
V-auana3zona

B UCBYII® PAH Beaytcst pabOTHI 110 OCBOEHUIO
TEXHOJIOTMU MPOEKTUPOBAHUST U MPOU3BOACTBA MOHO-

JIMTHBIX UHTerpajibHbIX cxeM (MU C) Ha ocHOBe rete-
POCTPYKTYp HUTpHUAA Ta/UIUsl IJIs TpUeMollepeaaro-
mux cucreM V-mmanazoHa [3—8]. B manHoi1 paGote
MpeACTABICHbI Pe3yabTaThl MCCIEAOBAaHMS OOpa3lIioB
MUC TYH, pa3paboTaHHBIX M H3TOTOBJICHHBIX B
M CBYIIS PAH. MUC I'VH 0butu peaan3oBaHbl Ha Te-
tepocTpykTypax AlGaN/GaN Ha nomioxkax carndupa
tomumHou 350 MM mpon3BoacTBa 3A0 "Dima-Maa-
xuT". M3rotoBieHHble Ha NAHHBIX TETEPOCTPYKTypax
TECTOBBIC TPAH3UCTOPBI C IIIMPHHOI 3aTBOpa 2 X 50 MKM
U IauHoM 3aTBopa 140 HM MMEIOT M3MEpeHHBIE 3Ha-
4yeHus napameTpoB Fu F . 6e3 neemOeqaMHra KOH-
TakTHBIX TIomanok 57 u 130 I'Ti cooTBETCTBEHHO.
3a py0e:xoM MUKPOCXeMbl HA OCHOBE I'eTepOCTPYK-
Typ AlGaN/GaN, kak MnpaBuJio, U3rOTaBIMBAIOT MO
MUKPONOJOCKOBOM TEXHOJIOTMM, II0Apa3yMeBaloIIe
TpaBJIEeHUE 3a3eMIISIIOLLIUX OTBEPCTUI CKBO3b MOMIOX-
Ky, OOHAaKO 3TO CBSI3aHO C CEPbEe3HBIMU TEXHOJIOTH-
YECKMMU TPYIHOCTAMU. YaCTUYHO pellleHUe JaHHOM
po0JIeMbl MOXKET OBITh OOJIErYeHO IIPU Mepexole K
reTepoCTPYyKTypaM Ha KPEeMHMEBBIX MOMIOXKAX, HO B
HacTosIIIIee BpeMsI TaKne TeTepOCTPYKTYphl HAM HEI0-
crynHbl. [Toatomy B MCBYIID PAH 6buto HaitneHO
TEXHOJIOTUUECKOe pellleHue, 3aKiryJaplleecs B CO-
3IAHUU 3a3EMIISTIONIEN TJIOCKOCTU HAJl JIMIEBOU MO-
BEPXHOCTBIO TUTACTUHBI C YK€ M3TOTOBJICHHBIMU aK-
TUBHBIMU U naccuBHbIMU CBY sneMeHTaMu ImoBepx
CJI0S1 MOJIMMEPHOTO AUBJIEKTpUKa — (oTosiaka pa3pa-
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Al:Ossubstrate

Mopnoxka Al:Os

Puc. 1. CxemaTnueckoe uzoopaxenue cedennss MUC ¢ 3azemasiio-
e MIOCKOCTbIO HAM JIMIEBON MOBEPXHOCTHIO MJIACTHHBI

Fig. 1. Schematic image of MIC section with a grounding plane over the
front-face surface of the plate

060TKU MHCTUTYTa BBICOKOMOJEKYJISPHBIX COEAUHEHUI
(MBC PAH). 3azemieHue cOOTBETCTBYIOIIMX DJIEMEH-
TOB OCYLLIECTBIISIETCS Yepe3 OTBEPCTUS B cjoe poToJa-
Ka (puc. 1), omTHOBpPEMEHHO BBHIMIOJIHSIIOLIETO POIb 3a-
IIIMTHON MacCcUBallvM.

st peanuzauuu I'YH V-auamna3zona Ob11a BeiOpa-
Ha cxeMa, IpuBeAeHHasl Ha puc. 2.

MukpornojockoBble JUHUU Ts U Tg, MOAKIIOUEH-
Hble K MCTOKY M 3aTBOpPY TpaH3MCTOpa, BMECTE C Ba-
pakTopoM 00pa3yloT pe30oHaHCHBII KOHTYp. Ha cToke
o0pasyeTcsl oTpuuaTesbHOe AUPdepeHIaTbHOE BbI-
XOIHOE compoTHuBIIeHMe. YacToTra reHepamum orpe-
JeJisieTcsl B OCHOBHOM JIJIMHOM quHuii 75 u Tg u eM-
KocTtsiMu TpaHauctopa [10]. YmpasneHue uyacToToi
reHepaluy OCYIIECTBIISIETCS] BapaKTOPOM, B KauyeCTBe
KOTOPOTO MCMOJIb30BaH TPAH3UCTOP B AMOIHOM BKIIIO-
YEeHUH — YIPaBJISIolIee HapskKeHe MEHSIeT eMKOCTh
3aTBop-cTOoK. Ha Bhixon I'YH nobasieH omHoKackaj-
HBIN Oy(epHBIN YCUINTENb I YCTPAaHEHUST BIUSHUS
BapMallMu 1MW Harpy3kd reHepaTtopa Ha 4acToTy U
ypoBeHb popmupyemoro B 'YH curnana. Homunan
pas3neauTeIbHbIX KOHACHCATOPOB B LIEMSIX MUTAHUS U

L CU)

=

Puc. 2. IIpunnunuansuas cxema MUC I'VH
Fig. 2. Schematic circuit of MIC VCO
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CMellleHUsI BBIOpaH JOCTAaTOYHO OOJIBIIMM, YTOOBI HE
OKa3bIBaTh BIWSHUS Ha PEe30HAHCHYIO 4yacToTy. Ilpm
pacueTax cxeMbl Oblla MCHOJIb30BaHA HeJIWHEeWHas
MOJEJIb TPAaH3UCTOPOB C IIMpUHON 3aTBopa 100 MKM,
MOCTPOEHHAas Ha OCHOBE Pe3yJIbTaTOB U3MEPEHU Tec-
TOBBIX TPAH3UCTOPOB.

ITo pa3paboTaHHBIM TPUHLMUIIMATIBHBIM CXeMaM
ObU1 co3naH Tornojorudyeckuii npoekt I'VH u npose-
JIeH 2JIEKTPOMarHUTHBIM pacueT MeTOA0M MOMEHTOB
C MCMOJIb30BAaHUEM TeX K€ Mojejieid TpaH3UCTOPOB.
HJaHHBIM B3Tall TMPOEKTUPOBAHUS TO3BOJMI Yy4ecTb
BJIMSTHUE TIapa3UTHBIX CBSI3EU MEXAY JIMHUSIMU Tepe-
Jayd U MpoYrX ocobeHHOCTel Tonojioruu. 1o pe3yib-
TaTaM MOJEIUPOBAHUS MTPU HEOOXOIUMOCTU MPOBOISIT
KOPPEKLMIO TOMOJOTMYECKOro MPOeKTa U MOBTOPHBIN
9JIEKTPOMATrHUTHBIA pacyeT 10 JOCTUXKEHUS YIOBJET-
BOPUTEJILHOIO pe3yibTata. Ha ocHOBe MOIy4eHHOTo
TOIOJIOTMYECKOTO MPOEKTa pa3paboTaH KOMILIEKT pa-
06ouux (oToiabioHoB mis usroropaeHuss MUC.

Paspadorannsie MUUC I'VH OblIM M3rOTOBJIEHBI
Ha TexHojornyeckom obopynoanuu MCBUYIID PAH.
®otorpadpuu kpuctamios MUC I'VH no u nocne Ha-
HeceHHUs cioeB (hoToNaKa U BepXHEl MeTallIUu3aluu
npeacTaBiaeHbl Ha puc. 3. Pasmep kpucranna cocras-
et 1,5%1,24 Mm.

Hccaenosanusa xapakrepuctuk MUC T'YH

Mamepenus napamerpoB MUC I'VH npoBoauiu
B MCBYII® PAH c momoiibio 30HIOBON CTaHLIMU
KaK Ha Hepa3pe3aHHOM IJIacTUHE, TaK M Ha OTHETb-
HBIX KPUCTAJJIaX TTOCIe Pe3KM TUTACTUHEL. B KadecTBe
U3MEPUTEIIBHOTO 00OpYNOBaHUs OBUI MCIIOJIB30BAH
aHanu3zatop uenei Keysight N5247A ¢ onuueii aHa-
nm3atopa criekTpa N5247A-090. Ha puc. 4 nokazaHa
3aBUCUMOCTh YaCTOThI TeHepaluu (Fgen) Tpex obpas-
noB MUC T'YH or ynpapisioliero HampsoKeHUs
(V4 Ha pa3pe3aHHbIX KpUCTAJIAX 6€3 TEMJI00TBOIA.
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Puc. 3. ®ororpadpun MUC I'YH 10 (a) u nociie (b) nanecenus cyios
¢oTonaka u BepxHeil MeTALTH3AMAN

Fig. 3. Photos of MIC VCO before (a) and after (b) deposition of the
layer of photovarnish and top metallization
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Puc. 4. 3aBHCMMOCTb YaCTOTHI FeHEPALMHI OT YNPABJISIOMIEr0 HANPS-
Kenus Tpex oopasuos MUC I'YH

Fig. 4. Dependence of the oscillation frequency on the control voltage of
three MIC VCO samples

ITpu yrpaBasiomx HaNpsKeHUsIX ot 2 1o 6 B xapak-
TePUCTHUKA TIePECTPOMKU OaM3Ka K JMHelHoi. Kpy-
TU3HAa NEPECTPOUKHU B IMHEHHOM 00J1aCTU COCTABISET
~900 MTI'u/B.

BbixonHas MoiHocTh (Pouf) uccienoBaHHbBIX 00-
pasuoB MUC I'VH npu HoMuUHaJIbHOM paboyeM Ha-
npsekenun 10 B Bapeupyercs B npeaenax 25...50 MBt
(puc. 5). Tok notpebaeHus: cocTaBisieT He 6oJiee 70 MA.

Ha puc. 6 mokasaHa TUIToBast 3aBUCHUMOCTh 4acTO-
Thl TEHEePALUW OT HAIpsSIKEHUs TTUTaHUS TIPU TTOCTO-
SIHHOM HAIIpSIKEHUU YIIPaBJICHUST U CMEILIeHUS Ha 3a-
TBOpax. YyBCTBUTEJIBLHOCTh YacTOThl TeHepauuu ['YH
(Fgen) K M3MEHEHUIO HalpskeHus: nuranus (V) co-
craBiset ~260 MI'/B npu paGoyeM Hanpsi>KeHUU T -
tanusg 10 B.

JloTOHUTENLHO OBLIO BBIIOJIHEHO KCCIEIOBaHUE
3aBucumMmoctu xapakrepuctuk MUC I'VH ot remnepa-

TYpbl OKpyXarolleli cpeasl. M3amMepeHUs TPOBOIUIA
30HIOBBIM CIIOCOOOM Ha OTAEJbHBIX KpHCTaiax 0e3
TEIJIOOTBOJA Ha 30HIOBON CTAHIIMM C TEPMOCTOJIM-
koM. Ha puc. 7 npencraBieHa 3aBUCUMOCTb YaCTOThI
renepauuu MUC I'VH ot temnepaTypbl Ipu Harpese
1o 85 °C.

Kpusasi / coOTBETCTBYET U3MEPEHUSIM B MOCTOSIH-
HoM paboueil Touke. IIpu yBenuueHUU TeMIlepaTyphl
YyacToTa reHepaluy ymeHblaercs. J[peiid 4acToTsl OT
TeMIepartypsl cocrapisieT mpumMepHo 30 MI'u/°C. Bbi-
X0oIHast MOITHOCTH ITpu 85 °C ymeHbInaercs Ha 1,8 nbwm.

YcTaHOBJIEHO, YTO MOCPEICTBOM 3alMpaHus TpaH-
3MCTOPOB MOXHO O0ECMNeYuTh MOCTOSTHHOE 3HAaUYeHUE
4yacTOThl reHepanuu (KpuBasg 2). Kpusas 3 orpaxaer
3aBUCUMOCTb HAIPSIKEHUS CMEILCHMS (Vg), Heo0X0-
JUMOTO JIJIs MojAepXaHUsl 4acToThl reHepaiuu MU C
I'VH Ha nmocTosSsHHOM YpOBHE.

Pout, mW
[y
o

60 62 64 66 68
Fgen, GHz

Puc. 5. Boixognas momuoctb Tpex oopasuos MUC I'VH npu na-
npsukennn nuranug 10 B

Fig. 5. Output power of three MIC VCO samples at the supply voltage
of 10V

Puc. 6. TunoBas 3aBucumocTb 9acToThl renepamun MUC I'VH or
HANPSKEHUS MATAHUS

Fig. 6. Typical dependence of the oscillation frequency of MIC VCO on
the supply voltage
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Puc. 7. 3aBucumocts yactorsl renepanmud MUC I'VH ot Temnepa-
TypBI

Fig. 7. Dependence of the oscillation frequency of MIC VCO, of the
temperature

ATnnapaTHble BO3MOXHOCTH HMCIOJIb30BAHHOTO 13-
MepPUTEILHOTO 000PYI0BaHUS HE MO3BOJIUIN MPOBEC-
TU U3MepeHus (a3oBOro liyMma.

3akimouyeHue

Bnepsoie B Poccun B MCBYITID® PAH 6bun pas-
paboTtaHbl, u3roroBaeHsl U uccienopansl MUC I'VH
V-n1uana3zoHa Ha reTepoCTPyKTypax HUTpUAA Tajulusl
Ha IIoJJI0XKKax cardupa. BeixogHas MolHOCTh 00pa3-
oB cocTtapiseT 25...50 MBT, nuama3oH nepecTpoiiku
yacToThl reHepauuu gocturaet 4 I'Ti. Jdpeiid yactoTs
oT Temreparypsl cocrasasier 30 MI'u/°C.

Aemopbt evipascarom 61a200apHOCHb MOCKOBCKOMY
npedcmasumenvcmey Keysight Technologies 3a npedo-
CMABGACHHYI0 0eMOHCMPAUUOHHYIO AUUEH3UIO HA ONUUIO
090 k anaauzamopy uenei.

Paboma evinosnena npu @uHancosol noddepiicke
Munobpnayku P® (coenawenue o npedocmasneruu cyo-
cuduu No 14.607.21.0087, ynuxanrvHolii udenmuguxa-
mop npoekma RFMEFI60714X0087).
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Monolithic Integrated Circuit for VCO of V-band

Institute of Microwave Frequency Semiconductor Electronics of RAS (IMSCE RAS) presented a monolithic integrated circuit
(MIC) for V-band voltage controlled oscillator (VCO) on sapphire substrates designed and manufactured on the basis of
AlGaN/GaN heterostructures. The output power of VCO with a buffer amplifier varied within 25—50 mW, the tuning sensitivity
equaled to ~900 MHz/V, the power consumed by MIC was 90 mA at 10V of the supply voltage, and the frequency drift due to the
temperature change was 30 MHz/ °C.

Keywords: V-band, GaN, voltage controlled oscillator, HEMT

Introduction
Developers and manufacturers of the radio-electronic sys-

makes it promising for a high-speed superbroadband data
transmission in 5G networks, the transfer speed in which will

tems master actively the range of frequencies of 57...64 GHz
(V-range). On one hand, the width of the accessible band
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be up to 5 Gbit/s. On the other hand, sharp weakening of
the electromagnetic waves in the atmospheric oxygen (about




10 dB/km) eliminates the problem of interference between p
signal sources belonging to different networks, during organ-
ization of the personal networks [1]. Development of 5G
technologies transfers from the stage of research to the stage
of standardization, and commercialization of the technology
is expected in 2020. Besides the local and personal super-
broadband networks of wireless data transmission, the devices
of the given band can find their applications in the radiation-
resistant equipment for the systems of intersatellite commu-
nication protected from the influence and hindrances of the
Earth [2].

Development and manufacture of MIC VCO of V-band

IMSCE RAS continues development of the technology
for designing and manufacture of the monolithic integrated
circuits (MIC) on the basis of the heterostructures of gallium
nitride for the transmitter-receiver systems of V-band [3—8].
The work presents the results of research of the samples of the
developed and manufactured MIC VCO. The MIC VCO
samples were realized on AlGaN/GaN heterostructures on
sapphire substrates with thickness of 350 um manufactured by
Elma-Malachite Company. The test transistors made on the
given heterostructures with the gate width of 2x50 pm and
gate length of 140 nm have the measured values of Fyand F,,,
parameters without de embedding of the contact platforms of
57 and 130 GHz, accordingly.

Abroad, as a rule, the microcircuits on the basis of
AlGaN/GaN heterostructures are made by the microstrip
technology, envisaging etching of the earthing apertures
through a substrate, however, this is connected with techno-
logical difficulties. The problem can be partially solved due to
transition to the heterostructures on the silicon substrates,
however, such heterostructures are not available to us. There-
fore IMSCE RAS found a solution consisting in creation of
the earthing plane over the front-face of the plate with al-
ready manufactured active and passive microwave elements
over the polymeric dielectric layer —photovarnish developed
by the Institute of High-molecular Compounds (IHC RAS).
Grounding of the corresponding elements is carried out
through the apertures in the photovarnish layer (fig. 1), which
simultaneously plays the role of a protective passivation.

The circuit selected for realization of VCO of V-band is
presented in fig. 2. Ts and Tg microstrip lines connected to the
transistor source and gate, together with the varactor, form a
resonant contour. Negative differential output resistance is
formed on the drain. The oscillation frequency is determined
basically by the length of Ts and 7g lines and the transistor’s
capacities [10]. The oscillation frequency is controlled by the
varactor, the role of which is played by the transistor in a di-
ode switch — the control voltage changes the gate-drain ca-
pacity. The VCO output was supplemented by one-cascade
buffer amplifier for elimination of the influence of the varia-
tion of the oscillator load circuit on the frequency and level
of the signal formed in VCO. Rating of the blocking capaci-
tors in the circuits of power supply and displacement was cho-
sen as big enough in order not to render influence on the res-
onant frequency. In the circuit calculations a nonlinear model
of transistors was used with the gate width of 100 um, con-
structed on the basis of the results of measurements of the test
transistors.

In accordance with the developed basic circuits the VCO
topological project was created and electromagnetic calcula-
tion was done by the method of the moments with the use of

the same models of transistors. The given design stage allowed
to consider the influence of the spurious couplings between
the transfer lines and other specific features of the topology.
If necessary, by the results of modeling a correction of the
topological project can be done as well as a repeated electro-
magnetic calculation up to achievement of a satisfactory re-
sult. On the basis of the received topological project a com-
plete set of the working photomasks was developed for man-
ufacture of MIC.

The developed MIC VCO were made on the technological
equipment of IMSCE RAS. Photos of MIC VCO crystals be-
fore and after deposition of the layers of photovarnish and the
top metallization are presented in fig. 3. The size of the crystal
is 1,5% 1,24 mm.

Research of MIC VCO characteristics

Measurements of MIC VCO parameters were done with
the help a probe station on an uncut plate and on separate
crystals after the plate was cut. The measuring equipment
was Keysight N5247A circuit analyzer with an option of
N5247A-090 spectrum analyzer. Fig. 4 presents the depend-
ence of the oscillation frequency (Fen) of three MIC VCO
samples on the control voltage (V,,,) on the cut crystals
without a heat-conducting path. At the control voltages from
2 up to 6 V the readjustment characteristic is close to the lin-
ear one. The readjustment steepness in the linear area is
~900 MHz/V.

The output power (Pout) of MIC VCO samples at the
nominal operating voltage of 10 V varies within 25...50 mW
(fig. 5). The current consumption is not more than 70 mA.

Fig. 6 presents a typical dependence of the oscillation fre-
quency on the supply voltage at a constant voltage of control
and displacement on the gates. Sensitivity of the oscillation
frequency of VCO (Fgen) to the change of supply voltage (V)
is ~260 MHz/V at the working supply voltage of 10 V.

In addition the research of the dependence of MIC VCO
characteristics on the ambient temperature was done. Meas-
urements were done by the probe method on separate crys-
tals without a heat-conducting path on a probe station with
a thermal table. Fig. 7 presents the dependence of the os-
cillation frequency of MIC VCO on temperature at heating
up to 85 °C.

Curve I corresponds to the measurements in a constant
working point. If the temperature is increased, the oscillation
frequency decreases. The frequency drift due to temperature
is about 30 MHz/°C. The output power at 85 °C decreases
by 1,8 dBm.

It was established, that by means of locking of the tran-
sistors it is possible to ensure a constant value of the oscilla-
tion frequency (curve 2). Curve 3 reflects the dependence of
the bias voltage (Vg), necessary for keeping of the oscillation
frequency of MIC VCO at a constant level.

The hardware potential of the used measuring equipment
did not allow us to measure the phase noise.

Conclusion

For the first time in Russia IMSCE RAS developed, man-
ufactured and investigated MIC VCO of V-band on the het-
erostructures of gallium nitride on sapphire substrates. The
output power of the samples was 25...50 mW, the band of re-
arrangement of the oscillation frequency reached 4 GHz. Fre-
quency drift due to temperature was 30 MHz/°C.
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®denepanrbHOE TOCYTAPCTBEHHOE 00pa30BaTeIbHOE YIpEKIeHNEe BBICIIETO MPOodecCHOHATEHOTO 00pa30BaHUs
HauumoHanbHbIN uccaenoBaTeabckuii yHuBepcurer MUOT

MCCAEAOBAHMA 3D CBY CBOPOK HA NMOAMMMUAHOM LUAEMODE

AAl CUCTEM B KOPIYCE

Ilocmynuna 6 pedaxyuio 11.04.2016

Hccnedosanucs ocobennocmu 3D coopku CBY mpakmos 8biCOKOUACMOMHbIX UHMESPAAbHbIX MUKPOCXeM U YCMPOLUCME Ha No-
AUUMUOHOM HOcumene. Paccmompensl pacuemsl 604H08020 CONPOMUBACHUS MUKPONOAOCK08020 U KONAAHAPHO20 mpakmos. IIpo-
6edenbl sKcnepumenmanvHule uccaedosanus CBY napamempos u cpasnenue c meopemu4ecKum pacemom.

Karoueewie caosa: 3D CBY cbopka, unmeepasvhas Mukpocxema, S-napamempol, ROAUUMUO, NOAUUMUOHBLU UOKUU waeld

BBenenune

OCHOBHBIE TEHACHIIMN B MUKPO3JICKTPOHHNKE CBSI-
3aHbI CO CHMKEHUEM MaccorabapuMTHBIX ITapaMeTpoB,
MOBBIIIEHUEM OBICTPOAEHCTBUSI M CHUXEHUEM IIO-
TpebsieMoit MoutHOCTU. TexHosorust TpexmepHoii (3D)
WHTErpallMy UrpaeT CyILIeCTBEHHYIO pOJib B yiydlle-
HUM TIapaMeTpPOB M3ACIUIN SJICKTPOHHON TEXHUKMU.
KitoueBbiMu nmpuemamu 3D-uHTErpalivu sIBASIETCS UC-
MoJib30BaHMe yJIbTpaTOHKUX (20...35 MKM) KpUCTaJJIOB,
COOpaHHBIX B MaKeT (CTEK) ¢ MPUMEHEHUEM KOMMYTa-
LIMOHHBIX MTOAKPUCTATIbHBIX UIAT-UHTEPII03epOB (infer-
poser), CO CKBO3HBIMM METAJUIM3MPOBAHHBIMU TIEpe-
XOOHBIMU OTBepcTUsIMU [1]. JaHHAsT TEXHOJIOIUS XO-
pouio paboTaeT MJIsd OTHOCUTEIbHO HU3KOYACTOTHBIX
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curHasnioB. B cinyyae curHanoB CBY nuamazoHa cy-
LIECTBYIOT OTPaHUYEHMUSI, CBSI3aHHbBIE C U3TOTOBJICHU -
€M TPaKTOB Iepelayd Ha MPOBOASIIEM KPEMHUEBOM
OCHOBaHUM (YWM KpHUCTaJJIa, MUHTepIo3ep). DTy Ipo-
0JieMy MOXHO YCIIEILIHO Pa3pellnThb, UCTIOIb3YS TMOKUI
MOJMUMUIHBIN 1LTeiid, Bkmovaomuit CBY TpakThl,
a TakXKe HUM3KOYACTOTHbIE CUTHAJIbHbIE JTUHUM, LLIUHbI
nuTaHusg u 3emiu. [lpruem npuMeHeHWe MOJTUUMUIL -
HOTO 1jIelia BO3MOXHO KakK JIJIsl COeAMHEHUS Tevar-
HBIX TUIAT, TaK W JJI1 UHTErPAIbHBIX CXeM, cobupae-
MbIX B 3D-maker (puc. 1).

B cBsI131 ¢ 3TUM aKTyaJbHOM 3amaueil IBJsieTCs pas-
padorka CBY TpakToB Ha IMOJMUMHUIHOM HOCHUTEJE, a
TakXe U3MEpPEHUEe U HCCIIeOBAaHUE UX MapaMeTpPOB B
IIXPOKOM YaCTOTHOM JTMAIla30HE.




