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MNpepcraBneHa HoBas paspaborka OAO "HUM TOYHOrO MALUMHOCTPOEHMS" — BaKyyMHasi yCTaHOBKA
"MarHa TM 7". PaccMOTpeHbl ee YCTPOMCTBO M NpuUHUMN pa6oTbl. Ha yCTaHOBKe MO/y4eHbl TOHKUE
Pe3UCTUBHbBIE MJIEHKU HA NPSMOYTO/IbHbIX NOJIMKOPOBbIX NacTUHax BK-100-1 MarHeTpoHHbIM pacrnbiieHuemM
AMCKOBbIX MULLeHen guameTpomM 100 MM 13 matepuanoB PC3710 u PC5406. YeTblpex3oOHA0BbIM METOLOM
YCTaHOB/IEHO, YTO 3HA4Ye€HUS YAENbHOrO MOBEPXHOCTHOIO COMPOTUB/IEHUS MOJIYYEHHbIX MJIEHOYHbIX
pe3ncTopoB MoryT gocturatb 100 OM/KB ¢ pa36pocom no naactuHe He 6onee +3,5%.

The new vacuum system Magna TM 7 developed at Research Institute of Precision Machine
Manufacturing is described. Its structure and principle of operation are considered. This
system was used for magnetron sputtering deposition of resistive coatings on rectangular
wafers of VK-100-1 from 100 mm circular targets of RS3710 and RS5406. By four-probe
measurements it was found that specific surface resistance of coatings can achieve
100 Q/square with dispersion not more than +3.5%.

HacTosIee BpeMsi MUKPO3TeKTPOHHEIE YCTPOM-

CTBa, U3rOTOBJEHHBIE C HCIIO0/Nb30BAaHUEM IUOpU-

HBIX UHTeTPaIbHBIX CXeM CBEPXBBICOKOYACTOTHOIO
nuamnasona (TMC CBY), B 60/1bIION CTelleHHU OIpeje-
JISIIOT TeXHUYECKYI0 K SKOHOMHUYeCKYI0 3pGeKTHBHOCTD
IpHeMoIlepe A0 UX CUCTeM LIUPPOBOM PaILOCBS3H,
PaguoIOKAIMK U PaJUOHABUTALIMH. BHeIpeHMe TOHKO-
II/IEHOYHOM TeXHOJIOI'UH B ITpoLiecc u3roTosaeHus [UC
CBY 1mo3BO/ISIeT yMEHBUIUTh Pa3Mephl, a TaKXe yIyu-
IIUTh TapaMeTPhl KauecTBa I0JyuyaeMbIX IaCCUBHBIX
371eMeHTOB.

Jl1s CO3MaHUS TOHKOIIEHOUHBIX Pe3HCTOPOB BasKHBI
CllefyIolmue XapaKTepUCTUKU IIJIEHKHU Pe3UCTHUBHOIO
MarTepHana:

* yZmeapHOe COIPOTUBIEHHUE IJIEHKH, ero BOCIIPOU3-

BOIMMOCTb U CTabU/IBHOCTb BO BpeMeHHU;

* yZenbHAs pacceMBaeMasi MOLITHOCTb IIJIEHKY;

* TeMIlepaTypHbIN K03ddUILHeHT corpoTunieHus (TKC);

* OKCIUIyaTallHOHHBIE XapaKTEePUCTUKHU (CIIEKTP U yPo-
BeHb IIIYMOB U [JIp.).

BaskHOM 3aa4ell IB/SeTCS Co3AaHUe 0TeueCTBEHHOTO
HaJle’KHOTO CIIeLHaIbHOI0 TeXHOJIoru4yeckoro obopymo-
BaHus (CTO), KoTopoe cMmorio b5l 0becrieuuTs Tpebyemoe
KauecTBO I10/1y4aeMbIX [I/IeHOYHBIX Pe3UCTOPOB H [103BO-
1710 paboTaTh B aBTOMATHUYECKOM PeXKHMe C KOHTPOJIeM
BCex IlapaMeTpOB TeXHOJIOTHYeCcKOoro Ipoliecca HaHece-
HUSI Ha BCeX ero CTaJUsIX. B HacTosmen cTaTbe IIpHUBe-
IeHBl OCHOBHBIE CBeIeHHU S 0 KOHCTPYKIIUU U TeXHOJIOTH-
YeCKHX BO3MOKHOCTSIX HOBOH O0Te€UeCTBeHHOM YCTaHOBKU
"Maraa TM 7", mpegHa3HaueHHO¥ /IJIs1 BAKYYMHOIO HaHe-
CeHMSI MHOTOC/IOMHBIX IIPOBOJSIIKX U Pe3UCTUBHBIX TOH-
KHUX [IIEHOK MeTOJIOM MarHeTPOHHOTO PaCIIblIeHH .

Ha puc.l mpencTaBiaeHbl BHENIHHUN BHJ yCTa-
HOBKHU (a) U ee mpuHUKIHaNbHas cxeMa (b). YcTaHOBKa
COCTOUT M3 TeXHOJOTHMYeCKOro MOJAYJIsSl, a TaKxke
CTOMKH MUTAHUS U yIpaBIeHHUs. B cocTaB TeXHOJIO-
rU4Yeckoro Moxayns (puc.2) BXoguT paboyast kamepa 4,
KOTOpasi 3aKpeIlyieHa Ha Kapkace 1, cobpaHHOM U3 alio-
MUHUEBHIX Npodueri. KaMepa ¢ BHYTPpeHHUM AHa-
MeTpoM 380 MM M BBICOTOM 230 MM H3rOTOBJIeHa

OAO "HUU TouHoro MawmHoctpoeHus" (OAO HUUTM) [ Research Institute of Precision Machine Manufacturing (NIITM).
2 AO "HMO "/IMaHO30BCKMNIA 3N1eKTPOMEXaHUYeCcKnii 3aBog" / Lianozovo Electromechanical Plant.
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Puc.1. BHewHuli sud ycmawosku "Mazva TM 7" (a) u ee npuHyunuanbHas cxema (b)
Fig.1. Appearance of Magna TM 7 system (a) and its schematic diagram (b)

e microelectronic devices man-
ufactured using microwave
hybrid integrated circuits (MW

HIC) to a large extent determine the
technical and economic efficiency
of transmitter-receiver systems for
digital radio communication, radar
and navigation. The introduction of
thin film technology in the produc-
tion of MW HIC allows to reduce the
size and to improve the quality of the
passive elements.

The following characteristics
of a film of resistive material are
important for creation of thin-film
resistors:

« resistivity of the film, its repro-
ducibility and stability in time;

« specific power dissipation of the
film;

« temperature coefficient of resis-
tance (TCR);

« performance specifications (noise
spectrum and level, etc.).

An important task is creation of
the domestic reliable special process
equipment, which could provide the
required quality of film resistors and
allow to operate in automatic mode
with control of all parameters at all

stages of the deposition process. This
article provides basic information
about the design and technological
capabilities of the new Magna TM 7
system designed for vacuum depo-
sition of multilayer conductive and
resistive thin films by magnetron
sputtering.

Fig.1shows an appearance of the
system (a) and its schematic dia-
gram (b). The system consists of
the process unit and the power and
control rack. Process unit (Fig.2)
includes a working chamber 4,
which is fixed on the frame 1,
assembled of aluminum profiles.
Chamber with an internal diam-
eter of 380 mm and a height of
230 mm is made of stainless steel
and has cooling channels for hot
elements. Four flanges for instal-
lation of the various autonomous
process devices are located on the
generatrix of the chamber. In this
version of the system, a heating
lamp (not shown), ion source (IS) 3,
and two magnetrons 2 and 5 are
used for the magnetron sputter-
ing deposition of the thin resistive
films.

The system operates as follows.
Seventeen wafers with a size of
48x60x2 mm are fixed on the sub-
strate holder (Fig.3a), which is
attached to the upper flange of the
vacuum chamber and provided
with a motor reducer that ensures
smooth rotation of the wafers with
a frequency of up to 20 rpm. A lifting
mechanism is used for easy loading
and unloading of samples (Fig.3b).
At first, electric drive lifts the sub-
strate holder over the vacuum cham-
ber, at a distance of 1200 mm from
the floor level, and then, manually,
using a rotary mechanism, it is led
away from the vacuum chamber on
distance convenient for loading or
unloading of the wafers.

Before loading of the wafers, the
working chamber is filled with inert
gas, such as an atomic nitrogen N,,
through puffing valve with electro-
magnetic control. A throttling valve
with manual adjustment is used for
regulation of flow.

After loading of the wafers, the
working chamber is vacuumized
using the vacuum system, which
consists of the backing scroll pump
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Puc.2. O6wul 8ud mexHOA02UYECKO20 MOOYAS YCMAHOBKU
"Mazva TM 7"; 1 - kapkac; 2 - MPY; 3 = I, 4 - eakyymHas kame-
pa; 5 -MPY

Fig.2. General view of process unit of Magna TM 7: 1 - frame;
2 -magnetron; 3 - ion source; 4 - vacuum chamber; 5 - magnetron

13 HepyKaBelolllel CTall U MMeeT KaHaJIbl OXJIaX/e-
HUSI TPEIOIIUXCS 37IeMeHTOB. I1o o6pa3syromeil KaMepsl
pacIonokeHBbl YeThIpe GIaHLa A1 3aKpelyIeHHs pa3-
JTUYHBIX AaBTOHOMHBIX TeXHOJOIHUYeCKUX YCTPOUCTB.
[l715 HaHeceHUsI MarHeTPOHHBIM pacIlblIeHHeM TOH-
KUX Pe3HUCTUBHBIX IJIEHOK B JAHHOH BepPCHHU yCTa-
HOBKU IIPUMEeHSII0TCS TaMIIOBBIM HarpeB (He [T0Ka3aH),

HUCTOYHUK HOoHOB (MH) 3, a TaK>Ke IBA MaTHETPOHHBIX
PaCIBUIMTEeNBHBIX YCTPOKCTBA (MPY) 2 11 5.

YcraHoBKa paboTaer cinegyomuM obpasoM.
CeMHaLATh IVIACTHH pasMepom 48x60x2 MM 3aKkpe-
IJISIOT Ha MOAJIOXKoAepskaTesne (puc.3a), KOTOPHH
IPUCTBIKOBBIBAETCS K BepxHeMy QJIaHIy BaKyyM-
HOH KaMepsl U CHabkeH MOTOp-peAyKTOpoM, obecrie-
YUBAONUM IIJIABHOE BpallleHHe IIACTHH C 4acTo-
TOM /10 20 06/MHH. /15 yoo6CTBa 3aIrPy3KH U BEIIPY3KHU
06pa31oB IpUMeHseTCsl MeXxaHH3M moabeMa (puc.3b).
CHayasa 37eKTPHUYeCKH I IIPUBOJ, IOHUMAaeT IIOfI0K-
KOZIep>KaTesb HaJl BAKYYMHO! KaMepoH Ha PacCTOSHUe
1200 MM OT ypoBH4 110714, & 3aTeM BPYUYHYIO, C [IOMOIIIbIO
IIOBOPOTHOT'O MeXaHHU3Ma, OH OTBOAUTCS OT BAKyyMHOM
KaMepsl Ha yAo6HOoe [JIs 3arPy3KH HUIH BBITPY3KH II/Ia-
CTHH PacCTOsTHUeE.

Ilepen 3arpy3KoH IIACTHH IPOMCXOSUT HAIlyCK MHEPT-
HOTO ra3a, HallpuMep aToMapHoro a3ora N,, B pabouyio
KaMepy [IpH IOMOIIHK KJIallaHa HaIlycKa C 3IeKTPOMar-
HUTHBIM YIIpaBieHUeM. [l peTyIHpPOBaHHS [OTOKA
IPUMEeHSeTCS JPOCCeNUPYIIIUIN KIaNaH C Py4HOR
IIOICTPOMKOM.

ITocse 3arpy3kH IJIACTHH paboyast KaMepa OTKauH-
BaeTCs C IIOMOIIbIO BaKyyMHOMN CHUCTEMBI, KOTOpas
COCTOUT U3 pOPBAKYYMHOI'O CIIMPAJIBHOTO HACOCA, PACIIO-
JIO>KEHHOTO B HEIIOCPeCTBeHHOM BJIM30CTH OT TEXHOIO-
TH4ecKoro Mozmysns. Takske B COCTaB BAKYYMHOM CHCTeMBI
BXOJISIT BBICOKOBAKYYMHBIH 3aTBOP C BO3MOSKHOCTBIO IPOC-
CelTMpOBAaHUS OTKaYKUBaeMoro obremMa, TypbomoneKy-
JISIPHBIN HAaCOC U IIHEBMOYTIPaB/isieMble BAKyyMHbIe KJa-
IIaHBI C CUIbGOHHBIM YIUIOTHEHHEM, PACIIONOKeHHBbIe
psinoM c pabodeit kKaMepox.

located in the vicinity of the pro-
cess unit. The vacuum system also
includes high vacuum valve with
the possibility of throttling the
pumped volume, the turbopump
and pneumatic controlled vacuum
valves with a bellows seal located
near the working chamber.
Different gauges are used for con-
trolling the residual pressure, oper-
ating pressure, pressure at the out-
let nozzle of the turbopump. Dry
vacuum system provides a residual
pressure in the working chamber
better than 5-107* Pa, 30 min after
the operation of the turbopump at
full capacity. To reduce the process
time, the heater is switched on at
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a vacuum of 8-1073 Pa, 10 min after
the start of vacuumizing. The lamp
heater (Fig.4a), which is composed of
four halogen lamps with a capacity
of 0.5 kW each, is used for heating
the wafers. Power is supplied to the
heaters through a vacuum electrical
input from the heating control unit.
The thermal resistance sensor regis-
ters the pre-heating of the wafers to
100°C, and in the process of deposi-
tion and subsequent annealing the
heating reaches 300°C. The objective
of preheating is the removal of resid-
ual water vapor from the wafers.
After that, the wafers are subjected
to ion bombardment for removal of
various impurities to improve the

adhesion strength of thin films with
the surface of the samples. For pre-
cleaning of substrates is used hav-
ing a rectangular aperture of the
ion source (Fig.4b) with a closed elec-
tron drift with supply of positive
high voltage potential up to 3 kV to
the anode from the power supply.
The ion source (Fig.4b) with closed
electron drift, having a rectangu-
lar aperture, with applying a posi-
tive high voltage potential up to 3 kv
to the anode from the power supply
is used for the pre-cleaning of sub-
strates. Central and peripheral pole
tips of IS, as well as the case have a
grounded potential. The magnetic
system is assembled from separate
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Puc.3. Modnoxxkodep>kamenb (a) u ezo nodsemHbili mexaHusm (b)
Fig.3. Substrate holder (a) and lift mechanism (b)

JI7151 KOHTPOJISI OCTATOYHOr 0 IaB/IeHH 1, pabouero nas-
JIeHU S, AABJI€HUS Ha BEIXOLHOM IaTpybKe Typbomorie-
KYJIIPHOTO Hacoca IIPUMEHSIOTCS Pa3s/IMYHbIe BAKYYM-
MeTphl. Be3macisiHas BakyyMHas cucTeMa obecreuu-
BaeT OCTAaTOYHOe JJaBJieHHe B paboueli KaMepe He XyKe
5-107% I1a yepe3 30 MHUH IIOC/Ie BEIX0fa TypboMoseKy-
JIIPHOTO HacoCa Ha pabovyum peskuM. [JIs coKpale-
HUS BpeMeHHM TeXHOJOTHUYEeCKOT0 IIMKJIa HarpeBaTesb
BKJII0YaeTCs IIPH JOCTHKeHUU BaKyyMa 8 - 1073 I1a uepe3
10 muH mmoc/e Havaia BaKyyMHUPOBaHUA. [l/Ig HaTrpeBa
IJIACTUH NPHUMeHSeTCS JTaMIIOBBIM HarpeBaTesb

(puc.4a), B cOCTaB KOTOPOTO BXOJAT YeThIpe rajoreH-
HBbIe JJAMIIBI MOITHOCTEIO 110 0,5 KBT Kaskgas. [IutaHue
Ha HarpeBaTe/u I0JaeTcs Yepe3 BaKyyMHBIH 3/1eKTPU-
YeCKHUH BBOJ OT 6JI0Ka yIIpaBIeHUs HarpeBoM. JlaTuUK
TepMOCONIPOTUBNIEHUS QUKCUPYET IIpe/lBaPUTEIbHbIL
HarpeB IaacTHUH fo 100°C, a B mpolecce HaHeCeHUS
MOKPLITUH M IOCJIeAYIOero oTXKUra Harpes AOCTH-
raet 300°C. 3amaya mpefBapUTeIbHOTO Harpesa - yaa-
JleHHe OCTATOYHBIX IIapOB BOABL C MJIACTUH. [locie
3TOTO IIJIACTHHBI II0JBePraoTcs NOHHOU bombapru-
POBKe sl YAAMeHUS C HUX Pa3lM4YHBIX 3aTPI3HeHU M

cylinders with size of 20x40 mm,
made of neodymium-iron-boron
alloy. All elements are water cooled
to prevent overheating and failure of
thelS.

One of the two magnetrons is
switched on after the pre- (fin-
ish) treatment for a short period of
time, to clean the target from con-
tamination. All elements inside
the chamber are protected from
the flow of sputtered material dur-
ing target training using the shut-
ter attached to the rotational drive,
which is attached to the lower
flange of the working chamber and
opens the devices according to the
sequence of processing (Fig.5a). The

planar magnetron sputtering sys-
tems (Fig.5b) with circular targets
with a diameter of 100 mm and a
thickness of 6 mm are used for gen-
erating the flow of the deposited
substance. The targets are clamped
to a water-cooled base, made of
copper, through the indium gas-
ket. The magnetic system is assem-
bled from magnets of rectangu-
lar cross section, made of neodym-
ium-iron-boron alloy. The mag-
netic circuit made of carbon steel is
used for closing the magnetic field.
Magnets with a magnetic core are
placed in an aluminium alloy case,
which is washed with water. Using
the tesla meter, it was found that

the induction of magnetic field on
the surface of the target is 0.1 T.
Magnetrons are equipped with pro-
tective screens for stable burning
of the discharge and to protect the
internal chamber space from the
dust.

A DC unit with output power up
to 3 kW and a maximum current
of 7 A is used to power the magne-
trons. The unit has a power output
connector that is galvanically iso-
lated from the case. A potential of
negative polarity of up to 650 V is
applied to the target for deposition
of thin films, and the ignition of
discharge occurs at voltages of up to
1200 V. A switching power device is

#2/72/2017 NANO INDUSTRY
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Puc.4. lamnoseili Hazpesamenn (a) U UOHHbIL ucmo4HuK (b)

Fig.4. Lamp heater (a) and ion source (b)

C LIeJIBIO TIOBBICUTh IIPOYHOCTD CLIEIIEHU S TOHKHX IIJIe-
HOK C TI0BEPXHOCTBIO 06pa31ioB. [I/1s IpeJBapUTeIbHOM
OYHCTKH IIOJIJIOKEK IIPUMeHIeTCS KMEIOLIIUH IPIMOY-
TO/IBHYIO aIlepTypy UCTOYHUK HOHOB (pHc.4b) c 3aMKHY-
TBHIM JIperidpoM 371eKTPOHOB C [IOfIa4er MOJIOKKTeTbHOI0
BBICOKOBOJIBTHOTO IIOTeHI[Haa 10 3 KB Ha aHoz oT 6710Ka
NUTaHKUA. [[eHTpanbHbU U NepudepruUHbBIN I0JI0C-
Hble HaKOHeUYHHUKH MU, a TakKe KOpIIyC KMeeT 3a3eMm-
JIeHHBIN IIOTeHLIMa/l. MaTHUTHas CUCTeMa HabupaeTcst
13 OTAe/bHBIX LMIIMHAPOB pa3MepoM 20 x40 MM, U3ro-
TOBJIEHHBIX U3 CIIIaBa CUCTEMBI HEOTUM - 5KeJie30 - 6op.

Bce 3/1eMeHTEL OXJIKJAI0TCA BOJOU [J1S IpefloTBpale-
HU4 [Ieperpesa u Brixoga MM us3 cTpod.

[Toce mpenBapuTenbHOM (PUHUIIHOM) 00paboTKU
BKJ/IF0YaeTCs OHO U3 IByX MarHeTPOHHBIX PacIblIHUTeNb-
HBIX YCTPOMCTB, U B Te4yeHHe KOPOTKOI0 IIPOMesKyTKa Bpe-
MeHU [TPOU3BOSUTCSA OYMCTKA MHUILIEHH OT 3arPsI3HeHUH.
Bce 3/1eMeHTHI BHYTPU KaMephl 3alHILeHEl 0T IIOTOKA
MaTepHasa, PacIblISeMOro NpH TPeHUPOBKe MHUILIEHH,
C IIOMOIIbIO 3aCJIOHKH, IIPUCOeIJMHEHHON K IIPUBOLY
BpallleHHs, KOTOPbIH PUCTBIKOBBIBAETCSI K HHKHEMY
dnaHny paboueil KamMeprl U OTKPBIBaeT YCTPOMCTBA

used to switch power between the
magnetrons.

The valve opens the prepared tar-
get of one of magnetrons and the
lamp heater, and the target mate-
rial is deposited on the wafers with
their simultaneous heating. The lat-
ter increases the adhesion strength
of the target material with the
surface atoms of the samples and
allows to adjust the structure of the
deposited thin films and, accord-
ingly, their surface resistivity. A
witness wafer is used for the control
of temperature and specific surface
resistance of the samples during the
deposition. Deposition is performed
until the specific surface resistance
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on the witness wafer will not exceed
100 Q.

The use of two magnetrons in
the Magna TM 7 allows to com-
bine deposited materials and to
deposit multilayer thin films dur-
ing one cycle of vacuuming. Then
an annealing of the wafers for
30 min at temperatures of up to
300°C is conducted for crystalliza-
tion of structure of the formed resis-
tive coatings. After completion of
the process the chamber is filled
with inert gas, and the wafers are
unloaded.

The facility is equipped with
compressed air supply system.
Pneumatic panel has an air

preparation unit or dehumidifier,
pressure gauge for control of input
pressure and electronic distribution
device for supplying compressed
air to the required pneumatic con-
trolled actuators.

The system of cooling water sup-
ply to the heating elements includes
a special header that provides multi-
ple channels of supply. Hydro-panel
has a sensor to monitor the input
pressure and an electronic device
for controlling the flow of water
and its output temperature on each
channel.

The gas system is equipped with
three channels for the supply of
gases with flow regulators on each
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Puc.5. 3acnoHka (a) u MazHempoHHoe pacnbiaumenbHoe ycmpoticmeo (b)

Fig.5. Shutter (a) and magnetron (b)

COIVIACHO OYepeHOCTH BhIIIOJIHEHUS TeXHOJIOIMYeCKUX
omepaLui (puc.5a). /1 reHepaliuy 0cakJaeMOoro IoToKa
BellleCTBa IIPUMEHSIOTCS IJIaHAPHble MarHeTPOHHEIe
PaCIIbLTHUTEIbHbIE CUCTEMBI (PHC.5b) € IUCKOBBIMHU MUIIIE-
HSMHU JHaMeTpoM 100 MM U TONIIMHON 6 MM. MuUIlleHU
MIPHKUMAIOTCS K BOLOOXJIAK/IaeMOMY OCHOBAHUIO, U3T0-
TOBJIEHHOMY M3 MeJIH, Yyepe3 HHIUEeBYIO IIPOKIaLKY.
MarHuTHas cucTeMa HabHpaeTcs U3 MarHUTOB IIPSIMOY-
TOJIBHOTO CeYeHMU s, U3rOTOBJIEHHBIX M3 CIIJIaBa Ha OCHOBE
HeofuM - kejie30 — 60p. /151 3aMBIKAHUS MarHUTHOTO
10714 IIPUMeHSeTCsS MarHUTOIIPOBOJ,, U3TrOTOBJIEHHBIN

13 YITIePOJUCTON CTaJK. MarHUTHI C MarHUTOIIPOBO-
JIOM TTOMEIIIAITCS B KOPITYC M3 aTIOMUHUEBOTO CIIaBa,
KOTOPBIM OMBIBAeTCs BOfOM. C IIOMOIIBIO TeCaaMeTpa
YCTaHOBJIEHO, YTO BeIMYHHA MHAYKIUH MarHUTHOTO
I10/Is Ha TIOBEPXHOCTH MHIIEHHM cocTasisgeT mo 0,1 Ti.
MarHeTpoHbl CHabKeHBbI 3alUTHEIMH 3KPaHAMHU /15
CTabM/IbHOTO FOPeHHU s Pa3ps/a U 3alUThl BHYTPHKaMep-
HOT'O IIPOCTPAHCTBA OT 3allbIIEHHUS,

Jlns nutaHus MPY ucronb3yercs 670K IIOCTOSHHOTO
TOKa C BBIXOJHOM MOIIHOCTBIO 10 3 KBT U MaKCHMaJ/ib-
HBIM TOKOM [0 7 A. B 6710Ke MMeeTcs raJbBaHUUYECKU

of them. The argon is fed through
the first channel, the second chan-
nel is designed to feed oxygen into
the ion source, and the third chan-
nel is aimed to feed an inert gas into
the working chamber at the begin-
ning or at the end of the process.
The power supply and control rack
comprises ion source power sup-
ply, magnetron power supply, heat-
ing control unit, as well as various
switching elements. The operator
controls the process via the display,
a computer mouse and keyboard in
manual or semiautomatic modes.
An industrial computer is used for
processing data from sensors and
generating control signals. In the

case of emergencies and power out-
ages, the operation of control system
will be supported by uninterruptible
power supply. The turbopump con-
troller is also installed here.

The Magna TM 7 was used for
deposition of thin film resistors
using circular targets of resis-
tive alloys RS3710 and RS5406 on
60x48 mm rectangular wafers of
VK-100-1 with a thickness from 0.5
to2mm. The process was carried out
at operating pressure of argon of 0.1~
1.0 Pa, the sputtering power for each
target from 1.5 to 3 kW and heating
temperature up to 300°C. By four-
probe measurements it was found
that specific surface resistance

of the obtained film resistors can
achieve 100 Q/square with disper-
sion not more than +3.5%.

This considered system allows to
deposit thin film resistors in the pro-
duction of MW HIC using magne-
tron sputtering. The location of the
wafers on the substrate holder in the
vertical plane ensures the deposition
of high-quality thin films with good
adhesion strength between substrate
and adhesive layer. Automated con-
trol system of Magna TM 7 monitors
all process parameters and supports
their stability according to a settings
providing a good reproducibility of
the properties of the deposited coat-
ing. [ |
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OBOPYAOBAHME A/11 HAHOUHAYCTPUM

HM30JHMPOBAHHBIN OT KOPIyca BBIXOLHOMN CHUJIOBOU
pasbeM. [Ip1 HaHeCeHU U TOHKUX IIOKPBITUE Ha MUILIEHb
II0fIaeTCs BRICOKMHM MTOTeHIIMaJl OTPHULATe/IbHOM IOJISIP-
HOCTH 710 650 B, a MOJKUT pa3psja MPOUCXOLUT IIPH
HamnpsKeHUH 10 1200 B. 15 mepekarovYeHus IUTAaHU S
MeXy MarHeTpoHaMU NPHUMeHSeTCsl yCTPOUCTBO [
KOMMYTall{ MOLLHOCTH.

3ac/I0HKa OTKPBIBAET [IOArOTOB/ICHHYI0 MULIEHE O HOIO
13 MarHeTPOHOB, a TaKJKe TAMIIOBBIM HarpeBaTellb, U IIPO-
HCXOJMT HaIlblJIeHHe MaTepraJla MUIIeHH Ha IIACTHUHBI
C OHOBPEeMEHHBIM MX HarpesoM. Iloc/ie[HUH MOBbIIIaeT
[IPOYHOCTb CLEIl/IeHUs MaTepHasia MUIIEHHU C [I0BepX-
HOCTHBIMH aTOMaMU 06Pa3LioB U [103BONISIET PETyIHPO-
BaTh CTPYKTYPy HAIbUIA€MbIX TOHKHX IIJIEHOK M, COOT-
BeTCTBEHHO, UX Y[e/lbHOe II0BePXHOCTHOE COIIPOTUB-
neHue. Bo BpeMs mpoLecca HalblIeHHU S KOHTPO/Ib TeM-
[epaTypsl U yIe/l1bHOr0 IIOBEPXHOCTHOIO COIIPOTHBIIE-
HHUS 06pa3LioB IPOUCXOAUT IO IJIACTHHE-CBUIETEIO.
HamblleHHe IPOM3BOJUTCS [I0KA 3HaUeHHUe Ye/bHOI0
[I0BePXHOCTHOI'O COIIPOTUBJIEHHS Ha IIaCTHHe-CBHJe-
TeJie He IpeBrICUT 100 OMm.

B ycTaHoBKe "MarHa TM 7" mpenycMoTpeHB! Ba MPY,
YTO I103BO/IsIeT KOMOKMHHPOBATh HAIIbLIsieMble MaTePHAJIBL
Y HAHOCHUTb MHOTOC/IOMHbIe TOHKHE IVIEHKHU 33 OLUH
LIMKJ/I BAKYYMHPOBaHHU. 3aTeM BBLIIIOTHSETCS OTKHUT I1Ia-
CTHH B TedeHHe 30 MUH IIpU TeMmIepaType g0 300°C s
KPHUCTAJI/IM3aL MK CTPYKTYPhl CPOPMUPOBAHHBIX Pe3U-
CTHBHBIX IIOKPHITH . [ToC/Ie 3aBeplleHu s TeXHOIOTH4e-
CKOTO IIPOLIeCCa OCYLIeCTB/ALTCSA HAITYCK MHEPTHOrO rasa,
Y [JIACTHHBI BBITPYYKAIOTCA U3 BAKYYMHOM KaMepEL.

YcTaHOBKA CHabXKeHa CUCTEMOM IoJauH CKATOr0 BO3-
nyxa. [IHeBMoIaHe/ b MMeeT 610K OATOTOBKH BO3AyXa
WJIH OCYLIMTe/b, MAHOMETP [/l KOHTPOJIS BXOLHOTO
JaBJIeHHMs, a TaKXKe paclpefenruTeNbHOe 3/IeKTPOHHOe
YCTPOMCTBO J/Is IIOIAU M CKATOro Bo3Ayxa Ha TpebyeMmble
WCIIOJTHUTe/IbHbIe [THEBMOYIIPaBJIsieMble 3/IEMeHTHI.

CucTeMa Ola4M OX/IaKAAOIIeH BOABI Ha Ipeloliuecst
3/IeMeHTBI BKJIIOYaeT CIel[MajIbHbIH KOJIIeKTop, obecIie-
YMBAIOMIMI HECKOJIbKO KaHaJIOB [IOfA4YU. [UApoNaHeb
HIMeeT JaTYMK [J/I1 KOHTPOJI BXOAHOTO JaBJIeHH I U 37IeK-
TPOHHOE YCTPOUCTBO A1 KOHTPOJIS PACX0Za BOJEL U ee
TeMIIePaTyPhl Ha BHIXOZE I10 KasKIOMY KaHaJy.

Ta3oBas cHCTeMa YCTAaHOBKU CHabskeHa TpeMs KaHa-
JIAMH II0J, a4t Ta30B C PeTryIsSTOpaMH PacXola Ha KaKIOM
13 HUX. APTOH II0faeTCs Yepe3 [ePBHIM KaHaJl, BTOPOH
KaHaJI IpeJJHa3Ha4yeH JJIs II0Ja4X KUC/I0POfia B HOHHBIN
HMCTOYHHK, a I10 TPeTheMy KaHaJly IIPOMCXOLUT Iofiadya
MHePTHOr0 ra3a il HaIllycka B pabouyro kKaMepy B Havyasie
WJIH 110 OKOHYaHHU U TeXHOJIOTHYeCKOro IIpoLecca.

CTOMKa IUTaHUS U YIIPaB/IeHHUs CONEPKUT O/I0K THTa-
HUSI HOHHOTO UCTOYHHMKA, 610K MUTaHUS MaTHEeTPOHA
pacmsuieHHs], 670K yIIpaBIeHHs HATPeBOM, a TAK>Ke pas-
JUYHble KOMMYTallMOHHBIEe 37IeMeHThl. YIIpaBleHHe
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TeXHOJIOTHYeCKHUM IIPOLIeCCOM OCYILECTBIISALTCS OIlepaTo-
POM C IIOMOILBIO AUCILIes], KOMIIBIOTEPHOH MBIIIH U KJa-
BHUATYPhI B PYYHOM MJIH II0JIyaBTOMaTHYECKOM pekKHUMe.
Jlnst 06paboTKU JAaHHBIX, IIOCTYHAIOIIUX C JATYHKOB,
Y BBIJAYH YIIPABISIONIUX CUTHAJIOB IPUMEHACTCS IIPO-
MBIIIJIEHHBIM KOMIIBIOTEP. B c/lydae aBapuMHBIX CUTYya-
L[UI 1 OTK/IIOYeHU S IUTAaHUS paboTa CUCTeMBbl yIIpaBie-
HuUs OyZleT MoAIeP>KUBAThCS HCTOYHUKOM becriepeboii-
HOTO IIMTAHMUS. 3/1ech Ke yCTaHOBJIEH KOHTPOJLIep Typbo-
MOJIEKY/ISIPHOIO Hacoca.

Ha yctanoBke "MarHa TM 7" mpoBOgM/IOCh HAaIIbUIEHHE
TOHKOIIIEHOYHBIX Pe3MCTOPOB C MUCII0/Ib30BAHKMEM MUILe-
Hell, U3TOTOBJIEHHBIX M3 Pe3UCTHUBHBIX CILIaBoB PC-5406
u PC-3710, Ha IPAMOYTO/IbHBIE IIJITACTHHBL U3 IIOTHKOPA
BK-100-1 pa3amepom 60 x48 MM U TONIIKHOM 0T 0,5 10 2 MM.
IIporiecchl IPOBOAK/IUCH IIPH paboueM JaBleHHH aproHa
0,1-1,0 I1a, MOIIHOCTH PaCHBbIIeHUS KAKAOH MUIIEHU
B nuarmnasoHe 1,5-3 KBT u TemmiepaType Harpesa 0 300°C.
C IIOMOIIIBIO YeTHIPEX30HJ0BOI'0 MeTO/A YCTAHOBJICHO, UTO
3HaYeHHM s yIeIbHOI0 [I0OBEPXHOCTHOTO CONIPOTHUBIEHUS
II0JIyYeHHBIX [JICHOUHBIX Pe3HCTOPOB MOTYT JOCTUTATh
100 Om/xB ¢ pa3bpocoMm I1o IIacTHHe He 6onee +3,5%.

PaccmoTpeHHas yCTaHOBKA II03BOJSET HAIBIIATH
TOHKOIIJIEHOYHBIE Pe3HUCTOPHl B IIpou3BoAcTBe I'HC
CBY mMarHeTpOHHBIM pacIiblieHHeM. PacrionoxxeHue
IJIACTUH Ha IOJJIOKKOAepKaTese B BePTUKAJIbHOU
IIJIOCKOCTH obeclieyrBaeT HaHeceHHe KayeCTBeHHBIX
(c MUHHMaNnbHON AedeKTHOCThIO) TOHKHUX IIJIEHOK,
06/1amaloMUX XOPOIIeH MPOYHOCTBIO CLieIJIeHHUS
MeXJy OCHOBOHM H aJATe3HOHHBIM CJIOeM.
ABTOMAaTH3MpPOBAaHHASL CHUCTeMa YyIOpaBJIeHUS
ycTaHoBKHM "MarHa TM 7" KOHTPOJIKpYeT BCe ITapaMeTPhl
Impoliecca U MoAAepkKUBaeT UX CTabHIBHOCTD COIJIACHO
yCTaHOBJIEHHBIM 3HaueHHUSIM, obeclleyrBasi XOpPOIIYIO
BOCIIPOM3BOIUIMOCTb CBOMCTB HAHOCHMBIX ITOKPBITHH.
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