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BBEJEHUE

Ye0Be4eCTBY Ha IIPOTSIKEHHUH BCEro CBOEro cylie-
CTBOBAHHUS CBOHCTBEHHA TBOpPUYECKAS JesTelb-
HOCTb, U 3TO - O/1arofapsi CBoeMy OPOMHOMY MO3TY.
V4eHbIe CYUTAIOT, YTO YeJIOBeUECKUH MO3L — CAMBIHA
065eMHUCTBIH 06BEKT BO BceneHHOI. [IprueM deloBeK
[IOJHKUMAETCsI Kak BBEPX BO BcesleHHOM, TaK U BHU3,
K CBOeMy HadvaJsly. B 3TOM cTaThe MBI KOCHEMCSI BTOPOH
YaCTH ero AesTe/IbHOCTH, CBI3aHHOM C 06/IaCThIO BBICO-
KHUX TeXHOJIOTHM, a TOUHee — HAaHOHU3MePHUTEeJbHBIX
CHCTeM JIMHEHHBIX IIepeMelleHU .

Eciy u3MepuTenbHbIe CHCTeMBL B 20 BeKe YCTOHMUYHBO
JOOCTHUIIM YPOBHS MUKPOHA U IIPUOIM3HUINCH K HAHO-
MeTpy, TO B 21 BeKe UesI0BeKY OIlpe/le/IeHHO X04YeTCs
noCcTU4b bonbplrero. B JTaHHOM cily4ae aBTOPBL 3TOH
CTaTbH y3Ke YyCTOMYHUBO AOCTUIIH OJHOTO HAaHOMeTpa
B CBOMX pa3paboTKax M3MepHUTeIbHBIX CUCTEM JIHHeH-
HBIX [TIepeMelleHHH.

PaHee ONMH M3 METO/IOB, KOTOPHII yUeHble IIpHMe-
HSUIH /11 B3MepeHHU sl TeoOMeTPHUUeCKUX [IapaMeTpOB
06’beKTOB — JJIMHBL U yI/Ia, 6bIJI METO[, C HCIIOTb30Ba-
HHeM IITPHUXOBBIX IIKAJI, II0JIyUYeHHBIX MeXaHUUeCKUM
IIyTeM, OHAKO IOCTHYb Ha UX 6a3e BeTMUMHBI MEHbIIIe
MHKPOHA OBIJIO TPAaKTHYeCKH HEBO3MOXKHO, 0COOEHHO
IIpH OONBIIKX J/THHAX H3y4YaeMbIX 00BEKTOB.

Cospmanue B Hauvaje 60-X ToJOB IIPOIIJIOTO CTOJIe-
THSI KOTePeHTHBIX MCTOYHHUKOB H31ydeHHs (1a3e-
poB) u, 6raromaps UM, HOBOH HAayKH — TOJOTpa-
&MU - OTKPBIIO HOBBIE BO3MOKHOCTH [JIs1 IIepexofa
OT MHKPO- K HAHOCHCTeMaM.

9TO MIO3BOJIMJIO OCBOUTH HOBBIM O@CKOHTAKTHBIHN
criocob 3amycy TUHENHBIX U PaAHUATbHBIX [OTIOTPa-
duueckux rudpakUMOHHBIX pemieTok (JILAP u PIIP)
C IIOMOIIBIO MHTepdePeHIIMH KOrePeHTHBIX BOJTHOBBIX
ny4KoB [1]. I3BeCTHO, YTO BOMHBI KOT€PeHTHEI, eC/IH
HX Pa3HOCTb Pa3 ocTaeTcs IIOCTOSSHHOI BO BpeMeHH.
TompKO KOrepeHTHBIe BOJIHBI MOI'YT JABATh YCTOMYHBYIO
HHTepdepeHIIMOHHYI0 KapTUHY. OLHAKO IIOSBHIACH

INTRODUCTION

Humanity has been creative throughout its existence
and it is thanks to its enormous brain. Scientists
believe that the human brain is the most voluminous
object in the Universe. Moreover, the human being
rises both up in the Universe and down to its begin-
ning. In this paper, we will touch upon the second
part of his activity related to the field of high technol-
ogies, more precisely, nano-measuring systems of lin-
ear movements.

If measuring systems in the 20th century have
steadily reached the micron level and approached the
nanometre, then in the 21st century man definitely
wants to achieve more. In this case, the authors of
this paper have already steadily reached 1 nanometre
in their development of linear motion measurement
systems.

Previously, one of the methods that scien-
tists used to measure the geometric parameters of
objects - length and angle - was a method using
bar scales obtained mechanically, but it was almost
impossible to achieve values of less than a micron on
their basis, especially for large lengths of the objects
under study.

The coherent radiation sources (lasers) develop-
ment in the early 60s of the last century and, thanks
to them, a new science - holography - opened up new
possibilities for transition from micro to nanosystems.

This allowed us to make a new non-contact method
of recording linear and radial holographic diffrac-
tion gratings (LHDG and RHDGC) using interference of
coherent wave beams [1]. It is well known, that waves
are coherent if their phase difference remains con-
stant in time. Only coherent waves can give a stable
interference pattern. However, there appeared a need,
on the one hand, to obtain gratings with high unifor-
mity of stroke arrangement, and on the other hand, to
write down gratings of large aperture. Such gratings
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Tabauua 1. Xapakmepucmuku W3/1TAP
Table1. Characteristics of MLHDG

XapakTepucTuku EAVHMLbI BenunuumHa
usiargp nsmepeHus Value
Characteristics of Measuring
MLHDG units
TOYHOCTb pm/m +0,4
Accuracy
[Mepnog peLueTku pm 1
Period of the grating
[nvHa pelieTkun mm 0+1000
Length of the grating nbosnee
and more
YacToTa peleTkm line/mm 1000
Grating frequency

HeObXOAHUMOCTB, C OITHOM CTOPOHBI, [IOJIYYUTh PeIleTKHU
C BBICOKOH PAaBHOMEPHOCTBIO PACIIONIOKEH U IITPHUXOB,
a C IPyroy CTOPOHBI — 3aIIMCATh peIleTKH 60JIbIION
anepTypsl. TakHe pemeTKH ObIIH ITOJy4YeHBl aBTO-
pPaMU JaHHOM CTAaThH, KOTOPBIM YAAJOCh 3aIIMCATh
JITAP pnusoii 1 M 200 MM (puc.la, b).

Ilj1sg co3maHM s BBICOKOTOYHBIX JITIP 60BIIMX IJIMH
[0 MeTpa U bosee HEOHXOIHUMO HCIIOTB30BATh METOT
CHUHTEe3a ar[epTypm I‘OHOI‘pa(I)I/ILIECKOI‘O I10JId U COOTBET-
CTBYIOIIlee YCTPOFCTBO AJIS €0 PeaTH3aliiH.

ObOPYIOBAHUE

MeTpoBble pemIeTKH C IIAaroM 1 MHKPOH OBIIH
arTectoBaHbl BoO BHUUWM um. [I.U.MeHaeneeBa.
CepTudHUKaIL U MeTPOJOTHUUYECKON JTHHENHOU
rosorpadudyeckor AUGPAKIHMOHHON pelleTKU
MUITLP c gnuHow L=1000 MM (1988 r.) mpor3BeneHa
Ha [ocygapCTBeHHOM IIePBHYHOM 3TaJIOHe AJIMHBI
BHHUM um. [I.11.MeH[eneeBa.

JIuHenHble ronorpadruyeckue qUpaKkIMOHHEIE
peueTku (JITZIP) HeoOXOMUMBI [IJIS CO3LAHUS JaTUM-
KOB 1 CHCTeM H3MepeHHUsl IMHEHNHBIX Pa3MepoB 00beK-
ToB [2]. C 9TOM Lie/IbI0 UCII0/Ib3YEeTCS IPUHIIUII H3Me-
peHus Ha 6a3e GOTOINEKTPUUIECKOr0 CKAHUPOBAHUS
mTpuxoB JILZP.

BbICOKOTOUYHAS THUHeNHas U3MepUTenbHas JITAP
IIpeJCTaBisieT CODOM CTeKISIHHYIO ITOJJIOKKY C HaHe-
CeHHOM Ha Hee BBICOKOpaspellarier G¢oToIMY/Ib-
cuer. Ha $oTO3MYy/IBCHU 3aIIUChIBAETCS H300paskeHHe
pellleTKHU B BHe IIapa/UIe/bHbIX IITPUXOB, CHHYCOU-
JIaJIBHOTO BH/IA [10 HHTEHCUBHOCTHU. TOUHOCTH pacIio-
JIO’KeHU S IITPUXOB UMeeT HePaBHOMEPHOCTD, He IIpe-
BImIaomyo 0,01 A, rme A - JIMHA BOJIHBI JIa3€PHOTO
H3/1ydaTessl yCTaHOBKH [JIS 3aIlIUCH JUPPaKIIMOHHON
peleTku.
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were obtained by the authors of this paper, who man-
aged to record a Im 200 mm long LHDR (Fig.1a, b).

To develop the high-precision LHDGs of large
lengths up to a metre and more it is necessary to use the
method of synthesis of the holographic field aperture
and an appropriate device for its implementation.

THE EQUIPMENT

Metre gratings with a step of 1 micron were certified
in All-Russian Research Institute of Metrology named
after D.I.Mendeleev. Certification of metrological lin-
ear holographic diffraction grating MLHDG with length
L=1000 mm (1988) was performed at the State primary
length standard of All-Russian Research Institute of
Metrology named after D.I.Mendeleev.

Linear holographic diffraction gratings (LHDGCs) are
necessary for design of sensors and systems for measur-
ing linear dimensions of objects [2]. For this purpose, the
principle of measurement based on photoelectric scan-
ning of LHDG strokes is used.

The high-precision linear measuring LHDG is a glass
substrate with a high-resolution photographic emulsion
applied to it. On the photoemulsion the grating image
is recorded in the form of parallel strokes, sinusoidal in
intensity. The accuracy of the strokes has an irregular-
ity not exceeding 0.01A, where A is the wavelength of the
laser emitter of the diffraction grating recording setup.

Linear holographic sensors (LHS) are measurement
devices based on precision linear holographic diffraction
gratings.

LHD devices are based on two precision diffraction
gratings - a measuring grating (Fig.2) and an indicator
(auxiliary). By moving one grating relative to the other
and shining a laser light source, it is possible to make
reading of information on length measurement or dis-
placement value. When two crossed gratings are shined
simultaneously by a laser beam, interference patterns
are formed: moiré (Fig.3) or obturation fringes (Fig.4),
which move across the field with a step of one fringe
when the grating is displaced by one step. The width of
the interference moiré fringe depends on the crossing
angle of the gratings, while width of the interference
skirt fringe depends on the difference in their period.
The smaller the crossing angle of the gratings or the
difference in their period, the wider the moiré or skirt
fringe. Thusitis possible to fix the movement of gratings
relative to each other by a photodetector with a working
aperture much larger than the pitch of the grating itself.
The photodetector is a matrix of photodiodes. The lattice
pitch, chosen as 1 pm, is convenient for counting lattice
steps, However, there are very few individual photode-
tectors with such an input aperture. To read the infor-
mation it is necessary to place in the field of interference
fringes a photodetector, for example, a photodiode and
a DC amplifier, at the output of which we will receive
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JIuHelHBble ronorpadpuueckue matdyuku (JIT)
IpefCTaBSIoT cO60M U3MepUTelbHbIE YyCTPOHCTBA
Ha OCHOBe IIpel|M3HOHHbIX JIMHEeHHBIX rojorpaduue-
CKUX NUPPAKIIMOHHBIX PeIIeTOK.

YcrpoucTsa JIT/l UMeIOT B CBOEH OCHOBe JiBe IIpe-
LM3HOHHBIE AUPPAKIMOHHbIE PelIeTKH ~ U3MepH-
TeJbHYI0 (PUC.2) U UHAMKATOPHYIO (BCIIOMOraTesb-
Hy10). [lepeMeliasi OfHY pelleTKy OTHOCUTEbHO
OPyroi U MNpoCBeYMBas Ja3epPHBIM HCTOUYHHUKOM
CBeTa, MOXXKHO OPTaHH30BaTh CUUThIBAHKE UHPOP-
MalK{ IPU U3MePeHUHU ATUHBL UIH BeJITUUYUHY
nepemenieHusi. [Ipu NpocBeYHBaHUU Ja3epPHBIM
Jy4OoM OJHOBPEMEHHO /IBYX CKpelleHHBIX pelle-
TOK 00pa3yroTcsi HHTeppepeHIIMOHHbIe KaPTUHBL:
MyapoBble (puc.3) UIK 0O6TIOpallMOHHBIE I10TOCH
(puc.4), KoTopble IepeMeI[aI0TCS 10 MO0 C HIaroM
Ha OJIHY IOJIOCY INPHU CMeIleHUH Ha OJAMH IIar
pemeTku. [InprHa HHTepdepeHIIMOHHON Myapo-
BOI I10JIOCHI 3aBHUCHUT OT yIJla CKpelMBaHHUS pelle-
TOK, a IIMPHHA UHTeppepeHIIMOHHOM 06TIOpaI -
OHHOI I10JIOCHI 3aBHUCHUT OT Pa3HHUIIBL B UX [IePHOJe.
YeM MeHblIe yroJl CKpellMBaHHUS PelleTOK HUIHU
PasHHUIBI B UX IIepHojie, TeM LK pe MyapoBasi UIH
obTopanoHHas moysoca. TakUM 06pa3oM MOKHO
3aQUKCUPOBATh IlepeMelleHHe PelleTOK OTHOCH-
TeJBbHO APYT Apyra ¢oTonpHeMHHUKOM C paboueit
anepTypou ropasgo 6onpirei, yeM mar caMoH
pemeTku. POTONPHUEMHHK MpeACTaBIseT coboi
MaTpuLy ¢oTtonrozmos. lllar pemeTKH, BEIOPaHHBIH
B 1 MKM, ymnobeH IIpU cueTe IIArOB pemeTKU. TeMm
He MeHee OT/Je/JbHEIX OTONPHUEMHHUKOB C TaKOH
BXOJHOM allepPTyPOH OYeHb HeMHOrOo. [Is CUH-
THIBAHUS MHPOPMAIUH HeOOXOQHUMO IIOMECTHTH
B II0jIe UHTeppepeHIMOHHBIX I10/10C POTOIIPHUEM-
HHUK, K IpUMepy, GOTOLUOM U YCUIHUTeIb II0CTO-
SIHHOTO TOKa, Ha BBIXOJEe KOTOPOTO MBI IIOJIYy4YUM
CHHYCOHATbHble CUTHAJIBI (PHC.5) B COOTBETCTBUU
C mepeMelleHHeM peIIeTOK JPYr OTHOCHTEIbHO
opyra.

s onpelesneHus HAallpaBJIeHUS [IBHUKeHUS
pelIeTOK OLHOM OTHOCHUTEIbHO IPYroi, Heobxo-
JUMO HCII0/Ib30BaTh ABa GOTONPHEMHHUKA, CABUHY-
THIX 110 $a3e 1osoc [3]. C moMoInbsio opMHUPOBaTENIeH
MO>KHO IIOJIYYUTb IPSIMOYTOJIbHbIE CUTHAJIBI, He0b-
XOJHMBIe /I/Is1 PabOTHl CUeTUHUKOB. HCII0ONIb30BaHHE
HHTEepIOISILNK JaHHBIX B IIpefleJlaX OJHOIO Iara
INPUBOJUT K MOBBIIIEHUIO pa3pellleHH s U3MepPeHHU s
He MeHee UeM Ha /IBa IIOpsiIKa.

[IpUHLUIINAIbHAS CXeMa CUUTBIBAIOIIEr0 YCTPOH-
CTBa Ipe/CTaB/IeHa Ha PHUC.6, I/le OCHOBHAA H3Me-
putenbHasa ronorpadpuyeckas sUPpakIIMOHHASA
pemerka (M3JICAP):

* Ha CTeK/ISIHHYIO [IO/IJIOKKY HaHeCeHa BbICOKOpa3pe-

IIAOIIAs SMY/IbCHS, U Ha HeH 3aIlKiCaHa Hellocpes-

CTBEHHO CaMa pelleTKa;

Puc.2. 3mepumenbHas 2onozpaduyeckas oudpakuyLoHHas pe-
wemka
Fig.2. Measuring holographic diffraction grating

Puc.3. Myaposbie nonocel
Fig.3. Moiré stripes

Puc.4. ObmwopauuoHHble noAoCkl
Fig.4. Shuttering strips

N
Puc.5. CuHycoudanbHble cuzHanbl
Fig.5. Sinusoidal signals

VoL.16 No. 52023 NANO INDUSTRY



OBOPYAOBAHME A1 HAHOUHAYCTPUM

Puc.6. MpuHuUNUanbHas cxema cyumelgarol,e2o ycmpoicmeaa
damuyuka
Fig.6. Circuit diagram of the encoder reading device

 ee CIBUT BJIeBO Ha OfMH mmar. Obe pemeTky pacro-
JIO>KeHBI SMYJIbCHEN IPYT K APYTY C MaabIM 3230pOM
(80-100 MKM);

* Jla3epHBIM H3/y4aTesb 3 COBMECTHO C ONTHYECKUM
06BeKTHBOM 5 06pa3yIoT OCBETUTEIb;

* 3epKaJjio 4, IMO3BOJILIOIee HAIIPaBHUTL Jia3ep-
HBIH JIy4 Ha pelleTKax IIof yriom Bparra u nanee
Ha GOTOIIPHEMHHK 0.

DNIeMEeHTHI 2, 3, 4, 5 1 6 5KeCTKO CKpeIlJIeHbl MeXAY
cob6071 1 06pa3yIoT CYMTHIBAIOLIYIO FOJIOBKY. [lepeMeras
CYMTBIBAIONIYIO [OJI0BKY OTHOCHUTE/JIbHO OCHOBHOM
HM3MepPUTeIbHOM pereTKH (1) uix Hao60poT, OCHOBHOM
JIusMI[IP - OTHOCUTE/NIBHO CUHTHIBAIONIEH T'OJIOBKH,
IIPOM3BOAHTCS U3MEpeHHe [lepeMelleHHs. B pealbHbIX
YCTPOMCTBAX UCIIONb3YETCS ONUH U3 3THX BAPUAHTOB.

Ha BrIXozZe poTOMaTpHUIIBI MBI [1I0JIy4aeM [IBa CHUI-
Haja, COBUHYTHIX OTHOCUTE/IBHO OPYT Apyra Ha 90°
110 dase HHTeppepeHIIMOHHBIX I10JI0C, KOTOPbIe II03BO-
JISIIOT IIPOM3BOAMTD KaK IIOACYET IITPHUXOB PelleTKH,
TaK U IIPUMEHSITh MHTePIIOIALIMIO B IIpefesax mara
peleTKu. BIOK 3/7IeKTPOHHKH I103B0JIsieT paboTaTh KaK
B aBTOHOMHOM pesKHMe, TaK ¥ BMeCTe C KOMITbIOTePOM,
UYTO I103BOJISIeT U3MePeHHYI0 HHGOPMAIIHIO UCIIO0Ib30-
BaTb /17151 60JIee CJIOSKHBIX M3MEPUTE/IBHBIX CUCTEM.

OO6TIOpalIIOHHBIE IT0JIOCH ITIOXO3KKU Ha MYapoBbIe, HO
pacrionoskeHbl IapasijieIbHO OTHOCHUTE/IBHO HITPHUXOB
pelreTku.

Tornorpaduyeckye JITHHOMEPHI IPeCTABISIIOT CO60M
H3MepHUTesbHble yCTPOHCTBA Ha OCHOBE IIPeLM3HOH-
HBIX Tojorpapryeckux JUGPaAKIHOHHBIX PeIIeTOK
(COP). [1st co3aHMsI BRICOKOTOYHBIX [P 6OJBIIMX ITHH
1o MeTpa u 6onee HeOOXOLUMO HCIIONB30BATh METOJ,
CHUHTe3a aIlepTyphl FoIorpadryecKoro rmojis U COOTBeT-
CTBYIOILlee YCTPOKCTBO [1JI51 eT0 peaTr3aliti.

TFonorpadpuveckue giauHoMmepsl JI-30, AT-100
u JIT-200 moka3aHsl Ha puC.7. IIpubopsl mpemHa-
3HAa4eHBl A/ H3MepeHHH B Ipefenax COOTBET-
ctBeHHO 30, 100 1 200 MM ¢ paspemenuem 0,01 MKM.

HAHO MHAVCTPUA Tom 16 Ne5 2023
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Puc.7. Tonozpacudeckue dnuHomepeoi A-30, A-100 u Ar-200
Fig.7. Holographic length encoders DG-30, DG-100 and DG-200

sinusoidal signals (Fig.4) in accordance with the move-

ment of gratings relative to each other.

To determine the direction of gratings movement
one relative to the other, it is necessary to use two pho-
todetectors of phase-shifted strips [3]. With the help of
shapersit is possible to obtain rectangular signals neces-
sary for the counters operation. The use of data interpo-
lation within one step leads to an increase in measure-
ment resolution by at least two orders of magnitude.

The circuit diagram of the reader is shown in Fig.5,
where the main measuring holographic diffraction grat-
ing (MLHDQ):

+ high-resolution emulsion is applied to the glass sub-
strate and the grating itself is directly recorded
thereon;

« the auxiliary grating 2 is such with the corresponding
stroke frequency. Both gratings are arranged emulsion
to each other with a small gap (80-100 pm);

+ alaser emitter 3, together with an optical lens 5 form-
ing an illuminator;

« mirror 4, allowing to direct the laser beam on the grat-
ings under the Bragg angle and further on the photo-
detector 6.

+ The elements 2, 3, 4, 5 and 6 are rigidly fastened
together and form the readhead. By moving the read-
ing head relative to the main measuring grating (1)
or vice versa, the main MLHDG relative to a reading
head, displacement is measured. In real devices one
of these variants is used.

At the output of the photomatrix we receive two sig-
nals shifted relative to each other by 90 degrees in the
phase of interference fringes, which allow both count-
ing of grating strokes and interpolation within the grat-
ing step. The electronics unit allows to operate both in
stand-alone mode and together with a computer, which
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Fig.8. Length encoder DG-300 with touch sensor

9TU AAUHOMepHhl pa3paboTaHBl U H3rOTOBJIEHBI
JTabopaTopuer ronorpadpruueckux UHGOPMaLIUOHHBIX
u3MepuTenbHblx cucteMm (JITUHUC) IleTepbyprckoro
WHCTUTYTA sfepHou ¢usuku HUILL "KypuaToBCKUH
HMHCTUTYT . [IpoBepKa U KaanubpoBka IIpU6OPOB I10 CIIe-
LIUQIBHBIM 'KOHLIEBBIM MepaM' MOKET ObITh IIPOM3-
BeJleHa KaK aBTOHOMHO, TaK U IPH IMOAK/IIOUYeHUH
(OHJ1akH) € IIepCOHAIBHOI0 KOMITbIOTepa. Ha puc.8 hso-
OpaskeH IIMHOMED C ITpefielioM K3MepeHHs: 300 MM [4],
C aBTOMAaTHYeCKHUM PeXXHMOM paboThl, C gaT4uu-
KOM KacaHHS, IOCTPOEHHBIM Ha [OIIOJHHUTe/IbHOU
pelleTKe, II03BOJISIONIEH OIIpe/ie/siTh C BBICOKOM TOYHO-
CTbI0O MOMEHT KaCaHHs IyIla K U3MepsieMOM feTalH.
[lymn KacaHus U3MEPUTEeTbHOrO IITOKA OPraHKM30BaH
C TIOMOIIBIO TPeThber MUHUATIOPHOM pelIeTKHU TaKOou
JKe YaCTOThI, KaK M OCHOBHBIE CUeTHBIE pereTKuy. Iy
KaCaHHS MeXaHHYeCKH COeTUHEeH C JOIOTHUTE/IbHON
peleTKOk (TpeTbekl) U IPU KaCaHUHU JaTUHKa C U3Me-
psieMbIM 06beKTOM HauKHaeTCsl JBUKeHHe BCIIOMOTa-
TeJIbHOU PellleTKH B IPOTHUBOIIONIOKHOM K OCHOBHOM
pellleTKe HAIIPaB/JIeHUH U CYeT 3TOM JOIO/THHUTeIbHOM
pelIeTKy BBIYUTAETCS M3 OCHOBHOIO CYeTa.

TEXHOJIOMUSt USMEPEHWIA

B Haydase cyeTa Ha BCIIOMOTaTe/IbHOI pellleTKe BbIpa-
OaTbIBaeTCsl KOMaH/Ja OCTAaHOBKA IIPUBOJHOIO JIBH-
rartesns, TaKUM obpa3om, KOMIIeHCHpyeTCs "Bblber”
ABUTIATeNsl, a YCHJIMe LyIla IIo/1yvYaeTcsi MUHHUMalb
HbIM. [IoKa3aHHUS U3MepeHU GUKCUPYIOTCS C IIOMO-
IO KOMIIBIOTEPA U 3aIIMCBIBAIOTCS 151 Ja/IbHe ek
06paboTkH, Iocse yero mofaeTcss KOMaH/Ia mogbeMa
M3MepHUTe/lIbHON pelleTKH. [IMHA M3MepUTelbHbIX
nprbopoB ecTeCTBEHHO 3aBUCHUT OT [/IMHBI OCHOBHOK
JIusMmIIP. BB M3rOTOB/IEHB] pelleTKH AAUHOM 300,
400, 500-1300 MmM.

| | B19.%99.4%9

—_—_py S—

Puc.9. JluHeliHbil 20n02papudeckull HAHOOAM4UK
Fig.9. Linear holographic nano-encoderr

allows the measured information to be used for more
complex measurement systems.

The obturatoria strokes, similar to moiré, are parallel
with respect to the bars of the lattice.

Holographic length encoders are measuring devices
based on precision holographic diffraction gratings
(HDGs). For developing of high-precision HDGs of large
lengths up to a metre and more it is necessary to use the
method of synthesis of the holographic field aperture
and the corresponding device for its implementation.

Holographic length gauges DG-30, DG-100 and DG-200
are shown in Fig.7. The devices are designed for mea-
surements within 30 mm, 100 mm and 200 mm, respec-
tively, with a resolution of 0.01 pm. These length encod-
ers are designed and manufactured by the Laboratory
of Holographic Information Measurement Systems
(LHIMS) of the St. Petersburg Institute of Nuclear
Physics, SIC "Kurchatov Institute". The devices can be
checked and calibrated by special "end measures" both
autonomously and when connected (on line) to a per-
sonal computer. Fig.8 shows a length gauge with a mea-
suring limit of 300 mm [4], with automatic mode of oper-
ation, with a touch probe built on an additional grat-
ing that allows to determine with high accuracy the
moment of touch of the stylus to the measured part. The
touch probe of the measuring rod is organised by means
of a third miniature grating of the same frequency as
the main counting grating. The touch probe is mechani-
cally connected to the auxiliary grating (the third one)
and when the probe touches the measured object, the
movement of the auxiliary grating starts in the opposite
direction to the main grating and the count of this aux-
iliary grating is subtracted from the main count.

METHODS OF MEASURING

At the start of the count, the auxiliary grating is com-
manded to stop the drive motor, thus compensating
for motor runaway and minimising stylus force. The

VoL.16 No. 52023 NANO INDUSTRY
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0-meTKa
O label

ﬂTomanmua
~ Photomatrix

Puc.10. PacnonoxeHue "0-memku" Ha JlusmI P
Fig.10. Location of the "0-label" on the MLHDG

Ha puc.9 mokasaH JMHEHHBIU rojorpaduyeckum
HaHOJATYMK C IjIUHOM 500 MM [4-6].

Ha n1o60¥ M3MepUTeIbHOM JTHHENKe eCTh "Hy/Ib
oTcYeTa" M BCe IIPUBS3KU HU3MepeHHU I IPOU3BOASTCS
OT HyJIs1. 7151 TofIor padryuecKoi IMHeHNKHU pa3paboTaHa
metka ("0-metka", HM).

HM npencraBisieT cobor OGUHOYHBIH, HEITPO3pad-
HBIN ITPHUX (prc.10) BHe 30HHI paboyer 4YaCcTH U3MepH-
TeJIbHOU JUGPAKIMOHHOM pemeTkU. CbeM HHYOPMa-
LIMH IIPOM3BOAMUTCS C IIOMOIIBIO UeTblpeX GOTOAHOMIOB,
pacIiosiokeHHBIX I10C/Ie/I0BaTe/IbHO BIO/Ib HaIlpaBJie-
HU IIepeMelleH sl TOJIOBKH CUUThIBAHK A, 06’be,E[I/IHeH‘
HBIX B [1Be TPYIIIHI 110 ABa GOTOAMOAA, COeJMHEeHHBIX
BCTpPeUYHO-TIapaJljie/IbHO U BKIKOYeHHEIX AU depeH-
LIMAJIBHBIM CII0OCO60M Ha BXOABI JBYX yCHIHUTeIeH
IIOCTOSIHHOT'O TOKA, YTO IT03BOJISIET MOTYYHUTH J1Ba cba-
JIAHCHUPOBAHHBIX CHTHAJIA, CABHUHYTBIX OTHOCHUTEJ/IBHO
OPyT Apyra M He 3aBHUCSANIMX OT BHEIIHEH 3aCBeTKH
U CUH(}A3HOM [TOMEXH.,

IIpu NpOXOKAEeHUH TeHH OT MITpHUXa Ha dpoToMa-
TpHLle BO3HUKAIOT CUTHAJBl, IIOXOKHEe Ha CUHYCOU-
nanbHble. TpeXKOOpAHHATHBIE U3MepeHUs IHHeu-
HBIX 00'beKTOB IIOCTOSIHHO HYKAAIOTCS B YIyUIIeHUSIX.
B mepBy1o ouepenb TpebyeTcs: IOBBILIIEHHE TOUHOCTH,
Jajlee yMeHbIlIeHHe 3aTPaT BpeMeHHU Ha U3MepeHus,
aBTOMATH3aL s U3MePeHUN U ONTHMU3ALUS Jen-
CTBHUH oIlepaTopa.

OcHalleHHe HaHOronorpaduYecKUMHU BbICOKOTOY-
HBIMH JaTYUKaMH U KOMIIPIOTEPHU3aLHsI MUKPOCKO-
[IOB CYLIeCTBEHHO COBePIIeHCTBYeT UX MeTpOJIOTH-
YeCKHe M 3KCIIJIyaTallMOHHbIe XapaKTepHUCTUKU. 3D
HAHO YHM (pruc.11) npegHa3sHaueHo AJIsl IPeLU3HUOH-
HBIX H3MepeHUH Tpex KOOPAHHAT B OPTOrOHAIbHOMN
CHCTeMe C BbIBOZIOM Pe3y/IbTaToB Ha KOMIIBIOTEp.

[Tpubop ocHamaeTCs BBICOKOTOUHBIMU JIMHEH-
HBIMH JaTdHMKaMHKH Ha TonorpaduvuecKHUX

HAHO MHOVCTPHA Tom 16 N2 5 2023

Puc.11. YHUsepcanbHbll U3MepumeAbHbll MUKpocKon
Fig.11. Universal measuring microscope

measurement readings are captured by the computer
and recorded for further processing, followed by a com-
mand to raise the probe array. The length of the gauges
naturally depends on the length of the main MLHDG.
Crids with lengths of 300 mm, 400 mm, 500-1300 mm
have been produced.

Figure 9 shows a linear holographic nanosensor
with a length of 500 mm [4-6].

On any measuring ruler there is a "zero reference”
and all measurement references are made from zero.
A label ("0-tag", NM) has been developed for the holo-
graphic ruler.

NM is a single, opaque stroke (Fig.10) outside the
area of the working part of the measuring diffrac-
tion grating. The information is captured by means
of 4 photodiodes located sequentially along the read-
ing head movement direction combined in two groups
of two photodiodes, connected in counter-parallel and
included in a differential way to the inputs of two DC
amplifiers, which allows to obtain two balanced sig-
nals, shifted relative to each other and independent of
external illumination and in-phase interference.

When the shadow of a stroke passes over the photo
matrix, sinusoidal-like signals are produced. Three-
axis measurement of linear objects is in constant
need of improvement. The first requirement is to
improve accuracy, then to reduce measurement time,
to automate measurements and to optimise operator
performance.

Equipping with nano-holographic high-precision
sensors and computerisation of microscopes signifi-
cantly improves their metrological and operational
characteristics. 3D nano UIM (Fig.11) is designed
for precision measurements of three coordinates
in orthogonal system with output of results to a
computer.
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Clear Data

Puc.12. Taba. 3 koopouHam Ha YVIM-23
Fig.12. Table 3 coordinates of UIM-23

OUPPaKIMOHHBIX pellleTKaxX. TOUHOCTb U3MepeHUH
Ha TaKHUX MOJepPHU3UPOBAHHBIX NpHUbopax yBenu-
YMBaeTCs KaKk MUHHUMYM Ha IIOPSIIOK. 3-KOOPAH-
HaTHasl M3MepUTesbHAs MallMHA IpeJcTaBleHa
Ha puc.ll. [IporpaMMHoOe obecredeHHe 103BOIsIET
OTHOBPeMEeHHO OTCJIeXHBATh TPU KOOPAHUHATEHI
(puc.12).

Ha puc.13 n3obpaskeHa 4-KOOpJHHAaTHAs aBTOMa-
TUYeCKas M3MepUTebHAasd MallMHa. TakK KaK B laH-
HOI MalllMHe [JIsi TOUHOTO0 U3MepeHU s 10 KOOPAH-
HaTe X HMCIONB3yIOTCS ABa JaT4yMKa Y, pacrmoso-
SKeHHBIX T10 IPOTHUBOIIONO0KHBIM HallpaBISIOIIUM,
10 KOTOPBIM JIBHKETCSI MOCT C M3MepHUTelbHOM
pelIeTKOM o KoopAHHaTe Y, a 10 JaHHOMY MOCTY
AOBUKETCSl H3MepHUTeIbHAs I0JI0BKa [I/Is U3Mepe-
HUS [0 KOOpAHHaTe Z. [[Be peleTKH 10 KOOPAH-
HaTe Y 32/ ICTBOBAHBI /I KOMIIeHCALIUH HU3ruba
MOCTa, a TOUHee — I/Is1 KOMIIeHCalluH TodTa 0 HO-
CTOPOHHEro INpHUBOJA JBHKeHHUS Mo Y U pacueTa
TOUYHOTO II0JIOKEHUSI U3MePUTeNbHON TOJ0BKH
10 KoopAuHaTe X.

CTeH/ /151 IPOBePKHU (TeCTUPOBAHM ) THHEHHBIX
ronorpadpuueckux gatuukos JIAT (puc.14) numeeTt
BO3MOKHOCTb IIPOBEPSITh OJHOBPEMeHHO TPH JaT-
4yMKa. [I1ardopma mo3BonsieT UX epeMellaTh OfHO-
BpPeMeHHO, IIPU 3TOM OJMH AATYHUK HUCII0Ib30BATh
B Ka4eCTBe 3TajJI0HA K OLHOBPeMeHHO OIJM)POBHI-
BaTh Ba APYyrux. OuudpoBaHHbIe JaHHEIE TI03BO-
JAI0T Cpa3y >Ke 32 OJMH IIPOXOJ ITOJyYUTh XapaKTe-
PUCTHKH ABYX APYTUX B HUPPOBOM U rpadrdeckom
BHJIE.

WHOOPMALLA O PELLEH3WPOBAHUN
Pepaknus 671arofapyuT aHOHKHMHOTO pelleH3eHTa
(peLleH3eHTOB) 32 UX BKJIA[ B PelleH3UPOBAHUE 3TOU

Puc.13. 4-KoopduHamHas asmomamu4eckas UsmepumenbHas
MawuHa
Fig.13. 4-axis automatic measuring machine

The device is equipped with high-precision linear sen-
sors on holographic diffraction gratings. The accuracy of
measurements on such modernised devices is increased
by at least an order of magnitude. The 3-axis measuring
machine is shown in Fig.11. The software allows simul-
taneous tracking of 3 coordinates (Fig.12).

Figure 13 shows a 4-axis automatic measuring
machine. Since in this machine for precise measure-
ment in X coordinate two Y sensors are used, located on
opposite guides, on which a bridge with a measuring
grid in Y coordinate moves, and on this bridge moves a
measuring head for measurement in Z coordinate. The
two Y-coordinate grids are used to compensate for the
bending of the bridge, more precisely to compensate for
the backlash of the one-way Y-coordinate drive and to
calculate the exact position of the X-coordinate measur-
ing head.

The stand for testing of linear holographic sensors
LHG (Fig.14) has a possibility to test 3 sensors simultane-
ously. The platform allows to move 3 sensors simultane-
ously, while using one sensor as a reference and digitis-
ing the other two sensors at the same time. The digitised
data allows to obtain the characteristics of the other two
sensors in digital and graphical form in1 pass.
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