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MpeacTaBieHbl CNeKTpoMeTpbl BUAUMOIO

n 6anxHero NUK-auanasoHoB, co3gaHHble ANs
perucTpauum cnekTpasbHbIX XapakTepuUcTuK
o6pasLoB pasHon npupoabl. B ocHoBe Nnpubopa
NexuT ontnyeckas cxema YepHu-TepHepa,
MCNOb3YIOTCS Hape3Hble ANPpPaAKLMOHHbIE
peweTkn. CnekTpoMeTpbl MOryT 6bITb
MCNOJ1b30BaHbl B Ka4YeCTBe OTAEe/IbHOro

MOAY/1s B cCOCTaBe CNeKTpopoTOMETPOB,
cneKTpo¢II0oOpUETPOB, pAMaHOBCKUX
CneKTpoMeTpoB. B KOHCTpyKUUIO npubopa
3a/10)KeHa BbicoKas aganTtaums nop KOHKpeTHble
3a4,a4Y MPOMbILIEHHbIX U HAY4YHbIX NPUMEHEHUMN.

Knto4yeBble c/ioBa: CNEKTPOMETPbI BUAMMOTO
n 6namxHero MK-gnanasoHoB, cxema
YepHun-TepHepa, cnekTpopoTOMETpbI,
cnekTpodAOpUMETPLI, pPAMAHOBCKME
CneKTpoMeTpbl

Cratbs noctynunna: 22.04.2021
Cratbs npuHaTa: 04.06.2021

MOILIHBEIM HHCTPYMEHTOM, AAIOUIMM IIPSMOM

OOCTYIl K M3y4eHHIO COCTaBa BeIlecTB, a TakoKe
dHu3UYecKUX IPOLIeCCOB, ITPOUCXOMSIIMX B HCTOUHU-
Kax cBeTa. Tak, HallpUMep, CPAaBHEHHeE CIIeKTPaIbHOIO
COCTaBa CBeTa, ITPOIIeIIero uepe3 HUCCaedyeMbli obpa-
3ell, CO CIEeKTPaJIbHBIM COCTAaBOM CBeTa, IaJalolIHM
Ha obpasel], II03BOJISET HAIPSIMYIO HU3yIHUTh MOJIEKY-
JISIPHYIO CTPYKTypy BellleCTBa, KOTOpasl M OIpefenseT
LIeHTpa/IbHbIe IJIMHBL BOJIH M CHJIY JIMHHUH IIOIJIOIIe-

CHeKTPaJIbHOE HCCIedOBaHHE CBeTAa SBJISA€TCA
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are presented. The device is based on the optical
scheme of Czerny-Turner, rifled diffraction
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that provides direct access to the study of the
composition of substances, as well as the
physical processes occurring in light sources. For
example, a comparison of the spectral composition
of the light transmitted through the sample under
study with the spectral composition of the light
before the sample makes it possible to directly study
the molecular structure of the substance, which
determines the central wavelengths and the absorption
line strength [1]. The study of the radiation spectra of
laser and LED sources offers the possibility to evaluate
the quality of radiation. The study of Raman spectra
allows us to turn to the atomic structure of matter [2].
The high literacy of the modern user of spectral
equipment sets new requirements to the principles
of creating new spectrometric products and their

The spectral study of light is a powerful tool
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Puc. 1. /luHelika dugpakuuoHHbix cnekmpomempos VISION2GO (OO0 «K P-A3PO»)
Fig. 1. Diffraction spectrometers VISION2GO (LLC “GK R-AERO")

Hus [1]. HccnenoBaHue CIIeKTPOB H3/Ty4YeHUs JIa3ePHbBIX
U CBETONHOOHBIX HCTOYHHUKOB II03BOJISIET OLIEHHMBATh
KauecTBO H3/l1ydeHHs. HMccleqoBaHHe paMaHOBCKHX
CIIEKTPOB I103BOJIsIeT OOPaTUTHCSI K aTOMApHOH CTPYK-
Type BelllecTBa [2].

BrIcoKasi IpaMOTHOCTb COBpeMEHHOIO IIOJIb30Ba-
Tels CIeKTPaJIbHOTO 000pymOBaHUS IIpembsBIsSET
ocobple TpebOBaHMSI K IPHUHIMIIAM CO3[JaHHS HOBBIX
CIIeKTPOMeTPUYecKHX IIPOAYKTOB M HMX apXHUTeKType.
CoBpeMeHHBII II0/Ib30BaTelb 3a4acTylo QOpMHpYeT
3a[laHMs Ha HeCTaHJAPTHEIe CXeMBl U3MepeHHs, KOTO-
pble He BBIIUIU ellle Ha PbIHKKY H3MEepUTeIbHOM allla-
PaTypsl B BHIe TOTOBBIX pellleHHI. Eciu obpaTHUThCS
K OIIBITy YYaCTHHKOB 3apyOeXKHBIX PBIHKOB, TO MOXKHO
YBHIETb, YTO Befyliue IMPOM3BOLUTENH IIpe[jararoT
TMHEeNKy MPOAYKUHWH. B JHMHENKy BXOOAT 31eMeH-
TapHble 6/I0KM, KOTOpble MOTYT HCIIOJIb30BAThCSI KaK
CaMOCTOSITe/IbHBIE ITPUOOPBI, K CIOKHbIE TeXHUYEeCKHe
CHCTeMBl, IIOCTPOEHHBbIe Ha OCHOBE 3THX 3JeMeHTap-
HbIX 6710Kk0B (3, 4]. IIpu 3TOM 3/1eMeHTapHble 670KHU
TakoKe TOCTYNHBI B OEM HCIIONTHEHUH 11 BCTPaKlBaHUSs
B CICTeMBI K/IHeHTa.

[lepevrc/IeHHBIe BBIIIE 0OCTOSITE/NBCTBA OIIPeNeTHIN
MoJe/lb BBIBOA Ha PBIHOK CIIEKTPAJIBHOM ITPOAYKLIMH
00O «I'K P-ASPO» - TUHeNKH OUPPAKLHMOHHBIX CIIEK-
TpoMeTpoB VISION2GO (puc. 1). bbuia paspaboTaHa yHU-
BepCa/ibHasl C TOYKM 3PeHHs CIeKTPa/IbHOIO [Harla-
30Ha ONTHYeCcKasi CXeMa CIIeKTpPOMeTpa U 3/IeKTPOHHKA
Iy1s1 paboThl ¢ KpeMHHEBBIMU U INGaAs MpHeMHUKAMH.
OCO6eHHOCTBIO OITHYECKOM CXeMbl SIB/IsSeTcss paboTa
BCeX JIeMEHTOB Ha OTPasKeHHe U IIMPOKasi BapHhabesns-
HOCTb B HCIIO/Ib30BAaHUM JUQPPAKLIMOHHBIX pelleToK
C Pa3HOI YacTOTOM MITPUXOB. B coueTaHUM C TMOKHUM
IIpOrpaMMHBIM obecriedeHreM COOCTBeHHOM paspa-
OOTKM TaKOM IOAXOJ, II03BOJISIeT, MCIIONb3Ys CTAaHAAPT-
HBIe XOPOIIO OTPabOTaHHBIE B CEPHUIHOM IIPOH3BOJICTBE

architecture. The modern user often generates tasks
for challenging measurement designs, which do
not exist on the market in the form of ready-made
solutions. If you look at the Western market, you can
see that the leading manufacturers offer a product line
that consists of elementary blocks that can be used
as an independent device, and of complex systems
built using these elementary blocks(3,4]. At the
same time, the elementary blocks are also available
in OEM versions for integration into the customer’s
systems.

The facts listed above determined the model for
launching the spectral products of the R-AERO Group
of Companies LLC, which is the line of diffraction
spectrometers VISION2GO (Fig. 1). In terms of the
spectral range, a universal optical design of the
spectrometer and electronics for operating silicon and
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Fig. 2. Diffraction spectrometer resolution in the near infra-
red range
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MOAY/IH, NPUMEHATh MX B COCTaBe CIOXKHBIX TeXHHYe-
CKHX CHCTeM /ISl PellleH s IIHPOKOro Kpyra 3afay.

B YacTHOCTH, OCHOBHBIM KOMIIOHEHTOM, BOKPYT
KOTOPOTO CTPOMUTCSI BCS apXUTEKTypa IIPOAYKTO-
BOM JIMHEMKH, SIBISIeTCSI KOMIIAKTHBIM CIIeKTPOMETP
¢ GOKyCHBIM paccTosHHeM 50 MM, IIOCTPOeHHBIH
1o cxeMe YepHu-TepHepa Ha BHEOCEBBIX achepHUYeCKUX
37leMeHTax C KOMIIeHCallier acTUrMaTu3Ma. Ha ceron-
HAIIHKUM JeHb 3Ta CXeMa HCIIONb3YeTCs B AHaIla30HaX
200-1100 uM, 900-1600 HM 1 900-2500 HM. XapaKkTepu-
CTHKU Hamubosiee MaCCOBO HM3TOTABIMBAEMBIX H3[eTHM
IIpe/iCTaB/IeHbI B Tab/ulle. B IepcrieKTHBe OJHOIO rofia
[IJIAHUPYeTCd PACIIMPUTh CIEeKTPa/JbHBbIN [JHalla30H
PaboThI CIIEKTPOMETPOB [0 3-5 MKM.

B 6nmwxHeM HK-muarasoHe yKa3aHHas cxeMa obe-
CIIeYHBaeT IIUKCEITHYIO0 Pe3KOCTh (PUC. 2) IpHU IIHUpPHHE
BXOJHOH Ieny 50 MKM (BXOZIHAs IeJb B cxeMe H306pa-
JKaeTcs € yBellM4yeHHeM 1:1 Ha NpHeMHUK, UMeLIU1
IIMPUHY ITHKCeNa 50 MKM).

B BUIMMOM AMamnasoHe (pUC. 3) IpU LIeTH 25 MKM
cxeMa I103BOJIsieT NOOUTBCS yBepeHHOM paspellarolier
CIIOCOGHOCTH He Xy’Ke 2 HM I10 TIOJTyBBICOTe ITHKa B IHa-
rmasone 200-1100 HMm.

3a cueT yCcTaHOBKU 6oJsiee YACTBIX PelIeTOK MOSKHO
pasMeHHBaTh IIHMPHUHY [TOCTYIIHOIO CIIEKTPaJIbHOIO
Iuala3oHa Ha paspellarollyio Cr1ocobHOCTb. [IpoTOKOI
MHGOPMalIIOHHOro obMeHa U IporpaMMHoe obecriede-
HUe I103BOJISIIOT OOBeUHSTh HeCKOJIBKO 3IeMEeHTapHBIX
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Fig. 3. Visible Diffraction Spectrometer Resolution

InGaAs receivers were developed. A feature of the
optical arrangement is the operation of all elements
on reflection and wide variability in the use of
diffraction gratings with different mark frequencies.
In combination with the in-house flexible software,
this approach can be employed to solve a wide range
of tasks as part of complex systems using standard
mass-produced modules that gave a good account of
themselves.

Tabnunua. XapakTepucTmkm KOMMepYeckmx CneKTpoMeTpoB MacCOBOIO M3rOTOBAEHUS
Table. Characteristics of commercial mass-produced spectrometers

‘ MapameTp | Parameter

MpuemMHuK Pa3smep nukcena | Pixel Size
Receiver
Ymcno nukcenos | Number of pixels
onTuka Cxema | Scheme
Optics )
BxogHas wenb | Entrance slit
NA
MoaxknoyeHns | DnekTpoHuka | Electronics

Connections
OnTtuka | Optics

CnexkTpocko- Boigepxka | Optical exposure

nms -

Spectroscopy CrnexkTpasbHbIM AnanasoH | Spectral range
CnekTpanbHOe paspelleHue | Spectral resolution
AnHamunyeckmm AmanasoH | Dynamic range

KOHCTpyKTMB Pa3mepul | Size

Architecture '

item Bec | Weight

‘ VIS ‘ VIS-ER ‘ VIS-NIR
7 %200 MKM | pm
2048
YepHu-TepHepa | Czerny-Turner
25 MKM | pm
0,22
USB-B, BNC
SMA-905/FC
10 MKC—900 Mc | 10 ps—900 ms
400-700 HM | nm

300-1100 HM |nm  700-1100 HM | nm

1 HM FWHM 2 HM FWHM 1 HM FWHM
1 nmFWHM 2nm FWHM 1 nmFWHM
25000:1

94 x87x35MM | mm

340r|g

318 ®POTOHUKA TOM 15 N2 4 2021
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NIR

MpuemMHnK Pa3mep nukcena 50x 500 MKM | Lm
Receiver
Yuncio nukcenos 256
onTuka Cxema YepHu-TepHepa | Czerny-Turner
Optics
BxonHas wesnb 50 MKM | pm
NA 0,22
MoakntoveHmns JneKTpoHmKa USB-B, BNC
Connections
ontuka SMA-905/FC
CnekTpocko- Bbioepxxka 40 MKC—900 mc 40 mKkc—900 mc
nms 40 ps—900 ms 40 us—900 ms
Spectroscopy
CnekTpanbHbIN gManasox 940-1660 HM | nm 1450-1570 HM | nm
CrnekTpanbHOe paspellueHue 3 HM FWHM | 3 nm FWHM 1HM FWHM |1 nm FWHM
AnHaMnyeckmun gruanasoH 35000:1
KOHCTpYKTUB Pazmepbl 104 x 87 x35 MM | mm
Architecture
item Bec 3601 |9
MapameTtp | Parameter NIR-LW NIR-ELW
MpremMHuK Pasmep nukcena | Pixel Size 50x 500 MKM 2 cTyneHu ToM
Receiver 50x500 pum 2 transmission electronic microscopy stages
Yncno nukcenos | Number of pixels 256
onTuka Cxema | Scheme YepHu-TepHepa | Czerny-Turner
Optics
BxogHas wenb | Entrance slit 50 MKM | pm
NA 0,22
MopkntoyeHnsa | SnekTpoHwuka | Electronics USB-B, BNC
Connections
onTuka | Optics SMA-905/FC

CneKTpoCKo- Boigepxka | Optical exposure 60 MKC —900 Mc | 6O ps —900 ms

nms

Spectroscopy CnekTpanbHbIM AManasoH | Spectral range 1300-1900 HMm | nm 1100-2500 HM | nm
CnekTpanbHoe paspelleHue | Spectral resolution 5 HM FWHM 10 HM FWHM

5nmFWHM 10 nm FWHM

AnHaMun4yeckmi AmanasoH | Dynamic range 35000:1

KoHCTpyKTMB Pa3mepul | Size 104x100x81 MM | mm

Architecture

item Bec | Weight 860r|g

CIIeKTPOMETPOB B OfIMH U TaKUM 06pa3oM J06MBaThCs
60s1p110P1 HTHPOPMATHBHOCTH H3MEPEHHH.

[TOMMMO HEeIIOCPeNCTBeHHO CIIeKTPOMETPOB IIPO-
M3BOJATCS TaKHe MCTOYHHKH M3JIY4YeHHs, Kak
CTabH/IM3KMpPOBAaHHBIE TajJOTeHHble JIaMIIBL K CBe-
TOOHOLHbIe MCTOYHHKU C IINHMM-ymnpaBjieHrHeM HHTeH-
CUBHOCTBIO (IIIMM - IIKPOTHO-KUMITY/IbCHASI MOIY/ISILIMS,
anea. PWM - pulse-width modulation). Takke mpoms-

In particular, the main component around which
the entire architecture of the product line is built is
a compact spectrometer with a focal length of 50 mm,
built according to the Czerny-Turner optical scheme
using off-axis aspherical elements with astigmatism
correction. To date, this scheme is used in the ranges
of 200-1100 nm, 900-1600 nm and 900-2500 nm. The
characteristics of the most mass-produced products are

PHoTONICs vOL. 15 N24 2021 319
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Puc. 4. Pabouue xapakmepucmuku CNeKmpomempoa ¢ NpUeMHUKOM Hd 0CHoee KpemHuesoli N3C-mampuubi (Toshiba TCD1304),
pabomarouiue 8 Wupokom duanazoHe dAuH 80oAH 200-TI00 HM: a) ypo8eHb UHMeHCUBHOCMU WyMa; b) duHamuyeckuli duanasoH

(8bdep>kka —100 mc)

Fig. 4. Operating characteristics of spectrometers with a receiver based on a silicon CCD array (Toshiba TCD1304), operating in
a wide wavelength range of 200-1100 nm: a) noise intensity level; b) dynamic range (shutter speed —100 ms)
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BOASITCSI YCTPOMCTBA [UIsI BBeLEeHHSI 0OpaslioB B H3Me-
PHUTENIBHYIO CXeMY — IIPOTOYHBIE KIOBETHI, B TOM YHC/Ie
paccuMTaHHBIe Ha JaBjieHue o 125 MIIa, ¥ KIOBeThl
€ 3a3opoM 70 10 MKM; KOHJEHCOpBI ISl U3MepPeHHUU
K03QOUIIMEHTOB OTPaAKEHUS B MHUKpoMacIITabe, Boso-
KOHHBIE 30HBI.

Hcronp3oBaHWe BBICOKOpa3spsagHbix ALl u Maio-
IIYMSIIIUX MCTOYHUKOB ITUTAHMS II03BOJISET [OOH-
BaThCsl CPAaBHUTENIBbHO HU3KOIO YPOBHS IIYMOB (pHcC. 4a
U 5a) U BBICOKOI0 IMHAMMYeCKOro AuarasoHa (puc. 4b
u Sb). JU1s peau3alluM CHUHXPOHH3ALMH C paboToit
HCTOYHHUKOB CBeTa M MHBIMH PaboOduMMHM IIPOLIeCCAMH

made available in the table. In the future, it is planned
to expand the spectral range of the spectrometers up to
3-5 microns.

In the near IR range (Fig. 2), this scheme provides
pixel sharpness with an entrance slit width of 50 pm
(the entrance slit in the scheme is depicted with an
increase of 1:1 to the receiver that has the pixel width of
50 pm).

In the visible range (Fig. 3) with the gap of 25 pm, the
scheme facilitates achieving a confident resolution of no
worse than 2 nm at the half-height of the peak in the

range of 200-1100 nm.
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Puc. 5. Pa6ouue xapakmepucmuKu cnekmpomempos ¢ npuemHUKOM Ha ocHoge InGaAs-mampuubl (Hamamatsu G9203-256),
pabomaroujue 8 6auxxkHem IK-duanasoHe 900-1800 HM: a) ypo8eHb UHMeHCUBHOCMU LWyMa; b) duHamuyeckuli duanazoH

Fig. 5. Operating characteristics of spectrometers with a receiver based on InGaAs-matrix (Hamamatsu G9203-256), operating
in the near-IR range of 900-1800 nm: a) noise intensity level; b) dynamic range (shutter speed - 40 ms)
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Puc. 6. Bud uHmepdoelica
Fig. 6. Interface view

By installing more dense
gratings, the width of the available
spectral range for the resolution
can be exchanged. The information
exchange protocol and software
makes it possible to combine several
elementary spectrometers into one
and thus achieve a great informative
value of measurements.

In addition to the spectrometers
themselves, radiation sources
are produced, such as stabilized
halogen lamps and LED sources
with PWM intensity control, as well
as devices for introducing samples
into the measuring circuit - flow
cells, including those designed to
withstand pressure up to 125 MPa
and flow cells with a gap of up to

CIIEKTPOMETPBI 000pYIYIOTCSI CHHXPOBXOZOM. BemeTcs
paboTa Haj ammapaTHOM 3aIIHCHIO I10C/TEN0BATETBHO-
CTH CIIeKTPOB BO BHYTPEHHIOI IIAMSTh CIIeKTpOMeTpa
C Ioc/enylollleli INepefavell 1o USB B IporpaMMHOe
obecrieuenue,

[IporpaMMHOe obecriedeHHe CO BCTPOEHHBIMU
OYHKIMSIMH MaTeMaTH4YecKor ob6paboTKu I103BONISIET
JOIOTHUTEIBHO PACIIHPHUTh AUHAMHUYECKHU I JHala30H
(puc. 6).

Ha ocHOBe omuchIBaeMBIX MOAYJIeH ObUIM peanu-
30BaHBl HECKOJIBKO KOMILIEKCHBIX ITPUOOPOB, I103BO-
JISIOMUX IIPOBOSUTH OLHOBPEMEHHYIO DPerHMCTPaliHIo
CIIeKTPOB IIPOITyCKAHUS, OTpaskeHHUs U QIyopecLieHIIU 1

10 pm, condensers for reflectance

measurement within the microscale and fiber probes.
The use of high-bit ADCs and low-noise power supplies
make it possible to achieve a relatively low noise level
(Fig. 4a and 5a) and a high dynamic range (Fig. 4b and
5b). In order to be synchronized with light sources
and other processes, the spectrometers are equipped

Puc. 7. Cnekmpogpomomemp
Fig. 7. Spectrophotometer
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Fig. 8. Samples of the results of studies of the properties of samples: a) optical density spectrum; b) fluorescence spectrum

SKMJIKUX U TBePAbIX 00pasLioB, HAIIPUMep CIIeKTPOopOTO-
MeTp (pHc. 7).

CrnexkTpodpoToMeTp II03BOJIIeT PETHCTPUPOBATH
CIIEKTP ITPOITYCKaHUS SKUAKUX 06pa31ioB (puc. 8) B criex-
TpaJIbHOM [HariasoHe 1600-1860 HM C OHTHYECKUMU
IUIOTHOCTSIMM [0 5, a Takke PerMCTpHpoBaTh CIIEKTP
dnyopectieHIIMK 06paslia IIPU BO3OYKIEHUH H3/Iyde-
HHEeM Ha IjIMHe BOJIHBI 405 HM.
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with a sync input. Activities are underway to improve
hardware recording of the spectrum sequence to the
internal memory of the spectrometer that is followed by
transmission to the software via USB.

Software with built-in mathematical processing
facilitates expanding the dynamic range additionally.

On the basis of the described modules, several
complex devices were implemented that allow
simultaneous recording of the transmission, reflection,
and fluorescence spectra of liquid and solid samples. For
example, a spectrophotometer (Fig. 7).

The spectrophotometer allows recording the
transmission spectrum of liquid samples (Fig. 8) in the
spectral range of 1600-1860 nm with optical densities up
to 5, as well as recording the fluorescence spectrum of
the sample when excited by radiation at a wavelength
of 405 nm.
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