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Peghepam — CyuacHi TexH0JI0Tii pO3p00KH eJIEeKTPOHHUX PUCTPOIB NOTPEOYIOTh e()eKTUBHMUX NPOLECiB BUTOTOBJICHHS
JAPYKOBAHHUX AT JJis ApidHocepiiiHOro BUpoOHUITBA. OCHOBHMMU ejleMeHTaMHU NPONOHABAHOI0 MPUJIAAY € TaKi 0JIOKHU:
0JI0K BBOJIY - €HKO/Iep, B AKOCTi 0JI0KY KOHTPO.II0 BUKopucTaHa Mikpocxema cepii STM32F103C8T6 cimeiicTBa MiKpOKOH-
TpoJepiB ARM sk Halibinbm pynknionaabHa i ekoHomiuna. Binoopaxenns ingopmauii Oyne sailicHioBatucs Ha LCD ek-
paH. Biok ocBiTiieHHs1 cki1afaeTbes 3 Y@ cBitaogiona i nepersopropaya Hanpyru. Takum 4nHOM, epeBaror po3podJe-
HOI'0 IPUCTPOIO € Hioro HeBUCOKA codiBapTicTh. KpiM Toro, koMnakTHicTh i NOPTATHBHICTL NPHJIAAY HOJIeruIye iioro 30epi-
radus i o6cayropyBanns. HanamryBanust Beix napaMerpiB podoTu npuiaay 30cepeakeHo B OTHOMY pPeryJjsitopi, 1o 3Ha-
YHO crnpomye iforo ekcmiayaranito. Takum uynHOM, HaMH Po3po0JieHHIi pKUJIaj, M0 3ade3nevye HaAlliHMIi | oIHOYaCHO Mpo-
CTHIi Mpouec eKcNOHYBaHHsI OTOPe3UCcTa B JJa0OPATOPHUX YMOBAX.

Knrouoei cnosa — opykosana naama; ghomopesucm; eKCROHY8aAHHA; 010K KePyGaHH L.

OnHi€ero 3 HaHPO3CIOBCIOIHIIINX TEXHOJIOTIH PO3po-
OKHM eJEKTPOHHHUX MPHUCTPOIB € BUKOPUCTAHHS APYKOBa-
Hux mwiat ([I1). IIpomuciioBa MacmTabHICTE TPOLECY
BHPOOHHMIITBA APYKOBAHUX IUIAT 3MEHIIYE COOIBapTICTH
BUpOOIB, ajie 3HaYHO 0OMEKY€E BapiaTHBHICTh PI3HOBHIIB
npoaykiii [4]. YacTo BUHMKaEe HEOOXiAHICTH CTBOPEHHS
JIPYKOBaHHMX IIJIaT HEBEJIMKUMU CEPisIMH, HAITPUKIIA, IS
eKCIICpUMEHTAIBHAX BUPOOHUIITB, HABYAIBHUX Jabopa-
Topiii Ta iH. [2]. ToMy BBa)Ka€EMO aKTyaJlbHUM CTBOPEHHS
NPUCTPOIO, SIKAM ITO3BOJHTH CHPOCTHTH Ta 3pOOUTH
Oinbin ehekTHBHUM Tpotiec BuroTosieHHs JI1 nst apio-
HOCEPIHHOT0/eKCTIEPIMEHTAITFHOTO BUPOOHHIITBA.

OcHoBHI MeTogu miast BurotosnenHs JII momims-
IOTBCSL Ha CYOTpakTHBHI, aJUTHBHI Ta iX KOMOIHAII0.
Haiinpocrimmmu uist peanizaiii € nepiui. B ocHOBY mux
METOJIIB IMOKJIAJICHO BUIAICHHS [Iapy Mifi 3 MeTalli30Ba-
HOT'O JIieNIEKTPUKY, KO Ha HbOMY CTBOPIOETHCS JIPYKO-
BaHA «Maray MPOBITHUKIB TaM, JIe METaJ 3IUIIUBCA [6].
IMepen BupaneHHsM HEOOXiJHO 3aXUCTUTH TOTPIOHI
JUISTHKY. 17151 IIbOTO MOKYTh Oy TH BUKOPHCTaHI HACTYIHI
Mmeronu: (oroxiMunuii (poTomitorpadis), CBITIOXIMIU-
HUHA, O(CETHOXIMIYHHUM, METOJ MEXaHIYHOTO IpaBipy-
BaHHs. B pe3ynbrati iX 37ifiCHEHHS Ha METalli30BaHOMY
JICIEKTPHUKY YTBOPIOIOTHCS MICIIS 3aXHIICHI/He3aX UIIICH1
(B 3aJIEKHOCTI BiJf TEXHOJIOTIYHOTO TIPOIIECY), SIKi B TIOa-
JbIOMY OYyIyTh IMiIaBaTHUCS XIMIYHOMY TpaBJIeHHIO [5].

B mputazi, mo po3po0isieThCs, IaHyEThCS BUKOPH-
cTaHHs (OTOXIMIYHOTO METOJY 4Yepe3 HOro MPOCTOTY
B peaizamii. ¥ SKOCTi 3aXHCHOTO APy B TAKUX METOIaX
BUKOPHCTOBYETHCSI (POTOPEIUCT — PEUOBHHA, KA 3MIHIOE
CBOIO BHYTPIIIHIO CTPYKTYPY i hiitadyl

yibTpadiosneroBoro (Y®) BunpomiHioBaHHs. 3acTocy-
BaHHS (POTOIIAOIIOHY [TO3BOJISE OMPOMIHUTH HEOOXimHi
JIUISTHKH, CTBOPIOIOYM 3axucHuM map [3, 8]. Y sxkocti
mxepena Y® BUNpoMiHIOBaHHS Oyie BUKOPUCTAHO CBIT-
nogion (LED), ockinbku BiH Ma€ HU3KY IepeBar y rnopis-
HsHHI 3 pTyTHEMH aHanmoramu. LED Mae 611 TpuBaii
CTPOK CITY’KOH, 110 3MEHIIYE BUTPAaTH Ha HOrO BUTOTOB-
JIEHHS. Hion
3a0e3meuye cTabinbHEe OCBITICHHS, IKE MUTTEBO JIOCATAE
HEeoOXi/THOT IOBKMHHU XBUIIi Ta HE BUMarae KajiOpyBaHs,
B TOW Yac KOJIM PTYTHI JIJaMITH TOTPEeOYIOTh JOAATKOBOTO
yacy Ha nporpiBanHs. OKpiM IIbOTO, € NepeBaryu y rada-
PUTHHX PO3Mipax Ta CHCTEMi OXOJIOJDKEHHS, AKY IS
LED-texHo0TIH peanizyBaTy 3HAYHO MTPOCTILIIE.

€IIHIM BaXIIMBUM (PaKTOPOM, IO 3aTHIIHIIOCS PO3-
TJISIHYTH, 11€ Yac eKCIOHyBaHHs (oTtope3nucty. OCKUIbKU
¢doTtopesnctu OyBalOTh Pi3HOMAaHITHI, YaC OMPOMIHEHHS
HEOOXiJTHO BapifoBaTH B 3aJICKHOCTI BiJl 1X TEXHIYHUX
XapaKTepHCTHK. HexopekTHa BUTPUMKa MOJKE IPU3BECTH
JIO TIOTIpIIEHHS SIKOCTI IpyKoBaHOI matu. OOMeKeHHs
SKCIIOHYBaHHS 3IIICHIOETBCS 3a JOIOMOTOI KOHTpPO-
nepy yacy. CTpyKTypHY CXeMy IPHCTPOIO IPEICTABICHO
Ha puc. 1.
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TABJ 1.1 — TIOPIBHSJIbHA XAPAKTEPMCTHUKA CIMEMCTB MIKPOKOHTPOJIEPIB.

Texniuni
XapaKTEePHUCTHKH CimeiicTBa KOHTpOJIEpiB
8051 PIC AVR ARM

PospsHicTs 8 6it 8/16/32 6ir 8/32 6ir ézmﬁlm’ inom 64
UART, USART, LIN,

Tnrepoeiic UART, USART,SPLI2C PIC, UART, USART, LIN, }JAi{T’ Usé/i{gl’ SPLU%E, I2C, SPI, CAN, USB,

frreperen ’ S CAN, Ethernet, SPL, 128 | 100" ’ > | Ethernet, 12S, DSP,
SAIL IrDA

Klnbmc_Tb TAKTIB Ha iH- | |, 4 1 1

CTPYKLIiO

Maw’sTs ROM, SRAM, FLASH SRAM, FLASH Flash, SRAM, EEPROM | F1ash, SDRAM,
EEPROM

APXITEKTYPH CHCTEMI KO- | (1 Yactkoso RISC RISC RISC

MaH[[

ApXiTeKTypa mam’sti DoH-HeIMaHOBChKA I'apBapcbka MonucgikoBana Monudixosana - rap-

p yp pBapl - Bap/Cchka
EneprocnoxuBanus Cepenne Husbke Husbke Husbke
Baprticts Husbka CepenHst Cepenns Husbka

OCHOBHUMH eNleMEHTaMH IPIIIAAY € HACTYTIHI OJIOKH:

1. biox BBOAy. B mpunagax, mpuzHaueHHUX ISt
3arajJbHOTO BJKUTKY IIMPOKO BUKOPHCTOBYIOTHCS PI3HO-
MaHIiTHI KHOITIKH, KJIaBiaTypH, CEHCOPHI HaHeli y SKOCTi
BBOAY iH(opMarii. B maHoMy Bunanky ¢GyHKITIOHAT IPH-
naxy OyJe HEBEIMKHM, TOXX HAM HEMae HEOOXiTHOCTI
BUKOPHCTOBYBAaTH TaKi T'POMI3JIKi CHCTeMH, SK KiaBia-
TypH Ta CeHCOpHi maHemi. JlocTaTHIM JUIi BHKOHaHHS
MOCTaBJICHUX IIiyiell Oyae eHKoaep, IO MICTUTh y CBOIN
KOHCTPYKIIii KHOTIKY. |[HKpEMEHTHUI eHKo/iep - 1ie MpH-
CTpiii, AKWii BU3HAYAE KyT TIOBOPOTY 00EPTOBOTO 00'€KTA,
BUJIAIOYM IMITyJbCHUI Lu(poBuil koa. BukopucroBy-
€ThCS JJIs1 BU3HAUCHHS IIBUIKOCTI 00epTaHHs Baiy (0ci),
KOJIM HeMae TMoTpeOu 30epiraTd aOCONIOTHE KYTOBE
MOJIOXKEHHS TIPM BHUKJIIOUEHHI >KUBJICHHS. ToOTO, AKIIO0
BaJ HEPYXOMHWii, mepenada IMIyJbCiB NPHUIUHIETHCS.
[HOIMMME crioBamu, SIKIIO BKITIOYUTH €HKOJIEP LILOTO THITY,
TO BIJUIIK MOBOPOTY KyTa IOYHETHCS 3 HYJIS, @ HE 3 KyTa
Ha SIKUH BiH OyB BHCTaBJICHUH 0 MOMEHTY BHKJIIOUCHHSI.

Taxi npucTpoi 4acTo BUKOPUCTOBYIOThCS Y CHCTEMax
3 HEBENHMKOI0 KinbKicTio ¢(yHkniid. Takox eHkomep
€ JIOCUTh POCTHM MPHUCTPOEM, IO JIO3BOJIHUTH KOPUCTY-
Bavy iHTYiTHBHO 3p03yMiTH, SIK HUM KopHcTyBaTHcs. Lle
CIPUATHME EPrOHOMIYHOCTI Ta KOM(OPTY IpH PoOOTI.

2. bnok xoHTposo. JIjis HamaroaKeHHs B3a€MHO1
poOOTH pamioeTeKTPOHHNX PHIIAIB MOKHA BUKOPHUCTO-
BYBATH TaKi cuCTeMH 00pOoOKH, SIK CHCTEMHU Ha KPUCTa,
FPGA, mixpokxorTponepu. [lepmi nBi 3a3Bu4ail BUKOPH-
CTOBYIOTbCS JJIsl BUDILIEHHS Ay)K€ MacHBHUX 3a/1ad.
B namomy BuUMaaKy BCi MPUCTPOT TOCKUTH MPOCTI, podboTa

3 HIMH BAMAarae HeCKJIQAHUX iHTepQenciB, SKi cTaHmap-
Th3oBaHi. ToMy 3ynuHUMO CBili BUOIp came Ha HUX.

CydacHuil PHHOK MPONOHY€E HACTYIHI ITOMYJAPHI
cimeiictBa mikpokontponepie: ARM, 8051, AVR, PIC
[1, 7]. Ix 3aranbHa moOpiBHSIBHA XapaKTEPUCTHKA HABE-
neHa y Tabmumi 1.1,

Sk 6aunMo, QYHKITIOHANT Y HUX AYXKE CXOXKHUHA, TOMY
Ui BHOOpY ciMmelicTBa Oyne CIHMpaTucs Ha HACTYIHI
BUMOTH. [Ipy BUKOPHCTaHHI MOHITOPY HaM MOXe 3Ha10-
ourtuncs inTepdetic 12C, sk crnocid CIIpOCTUTH B3aEMOIIT0
mepenadi JaHWX Bl MIKPOKOHTpOJEPY IO EKpaHy.
3 XapaKTepUCTUKU OAYNMO, 1[0 HOTO MiATPUMYIOTH MiK-
pokonTponepu cepii 8051, AVR Ta ARM. Ileprmi
€ IOCHUTh 3acTapuliMH Ta OUIBII EHEepPrOBHUTPATHUMH,
TOMYy BiJl HUX BimmMoBuMmocs. Mixx AVR ta ARM 3ymnu-
HUMO CBili BHOip Ha APYroMy, OCKUTBKHM HiITH IIi€i cepii
OinbII JemieBi, a iHIII BiAIMIHHOCTI Y (YHKIIOHATI HIsK
HE BIUIMHYTH Ha pe3yJIbTaT.

Mikpocxema cepii STM32F103C8T6 € rapaum npea-
craBHUKOM cimeiictBa ARM. Bona npezncrasisie co6oro
KOMITPOMIC MDX BapTiCTIO Ta (YHKIIOHAIBHICTIO, BOHA
BiJINIOBiJJa€ BUCYHYTUM BHMOTaM.

3. bnok BuBoxy iHdpopmarii. [ BimoOpakeHHS
iH(opMarlii B OCHOBHOMY BUKOPHUCTOBYIOTh €KpaHU abo

cBiTNOBY iHAMKalilo. OCKUIBKM B HAalIOMy BUIAAKY
OCHOBHa iH(opMaris I iHANKaLii Oyzae 9ac, To MOXKHa
BHKOPHUCTATH CEMHCETMEHTHI iHAMKATOPH IJIA BimoOpa-
JKeHHS gmcell. Aie iX (QyHKIIOHa 0OMEXEHNH, TOMY MH
IPOIIOHYEMO BHKOPHCTATH €KpaH, AKUil He Mae oOMme-
JKeHb Ha Tun iHdopmanii s BuBogy. OCHOBHHM
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HEJI0JIKOM BUKOPHCTaHHS €KpaHiB € iX moraHa poboTa
IIPU COHSYHOMY OCBITJICHHI, SIK€ MOTIPUIy€E SIKICTH BilO-
OpaxeHHs iHpOpMAIIi.

OCKUTbKM TIpUCTPil Oyze 3aIisiHAN y 3aKpUTHX TIPH-
MIIIEHHSX, /¢ KUTBKICTh COHSYHHX IMPOMEHIB MiHiMa-
JIbHA, HEMa€ HEOOX1THOCTI Y BUKOPUCTAHHI CTICIialIbHUX
€KpaHiB 3 BIACTHBOCTSAMH aHTHOINIKY. ToMy 3ymuHHUMO
cBiii BuOip Ha LCD ekpanax, siKi € TOCUTH JICIICBUMU Ta
MAaIOTh BiNOBiTHI XapaKTEPUCTHKH IS BiMOOpaKeHHS
notpibnoi iHdopmanii. Takum xapakTepucTUKam BiAIo-
BimaroTh ekpanu cepii LCD1602.

Bonun marote GopmaT BuBeneHHs iHpopMmarii mo 16
CHUMBOJIB y 2 psIIKaxX, IbOTO JOCUTH JJIS BiTOOpaXKeHHS
4yacy Ta CTBOpEHHs iHTepdeicy poOOTH mpuiamy, s
30UTBIICHHS 3PYYHOCTI.

4. Biok OCBITJICHHS CKIIQIAa€ThCs OE3MOCEPEIHBO
3 YO cBiTiomiony Ta MepeTBOpIOBAYa HAMPYTH YIS
3a0e3reuyeHHs TeXHIYHUX yMOB podotu LED.

TakuM 4ynHOM, GE3MEPEYHOI0 MEPEBAro0 MPUCTPOIO
€ #oro HeBHCOKa COOIBAapTICTh Yepe3 BHUKOPHCTAHHS
HEJIOPOTHX KOMIIOHEHTIB eneMeHTHoi 6a3u. Kpim Toro,
KOMIAKTHICTh Ta IOPTaTUBHICTh NPHIANy IIOJEIIIye
fioro 30epiranHs Ta 0OCITyrOByBaHHs, HE CTBOPIOE CKJla-
JHOCTEH IpU HOro po3milieHHi. BapTo HaromocuTH, 1o
HaJIAIITYBaHHS BCIX MapaMeTpiB poOOTH Npuiaay 3Be-
JCHO B OZHOMY PETYIATOpI, 110 3HAYHO CIIpOLIy€e ioro
eKCIUTyaTallito. Yce BUIe3a3HaueHe JOBOANTb, 110 HAMU
po3po0sieHo Tpuiaa, SIKUH 3a0e3NneduTh HamiiHUAN
1 0OJIHOYACHO MPOCTHH NpOLIEC eKCIIOHYBaHHs (hoTope3u-
CTy B J1aOOpaTOPHUX YMOBAxX Ta HE BUMArae BiJl KOPHUCTY-
Baya BHCOKOI TEXHIYHOi 00i3HaHocTi. Takuii mpuian
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CTaHe B HAroJi y IIKUTBHUX Ta YHIBEPCUTETCHKUX ayIH-
TOpIsIX, B €KCIIEPUMEHTAJIBHUX Ta JIOCIIJHUX JIabopaTo-
pisix.
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Pegpepam — CoBpeMeHHbIe TEXHOJOTHH Pa3padoTKH 3JIeKTPOHHBIX YCTPONCTB HY k1al0Tcs B 3Q(PeKTUBHBIM Npouecce
HM3rOTOBJICHHS] EYATHBIX IVIAT ISl MeJIKOCePHiiHOr0 Npon3BoAcTBa. OCHOBHBIMH 3JIeMEHTaMH Pa3padaTbIBaeMoro npu-
Oopa ABJAIOTCS cJedyouue 0J0KH: 6JI0K BBO/AA - 3HKO/eP, B KauecTBe 0/10Ka KOHTPOJISl HCNI0JIb30BAHA MHKPOCXeMa CepHH
STM32F103C8T6 cemeiicTBa MUKPOKOHTpPO.1epoB ARM kak HauGos1ee (PyHKIHMOHAILHASL H 9KOHOMUYHAsA. BbiBox UH-
¢opmanuu Oyaer ocymectBiasaTbess Ha LCD skpan. Biiok ocBemeHusi cocrout u3 Y@ cBeroamnona U npeodpasosareiisi
HanpsikeHusl. Takum 06pazom, HecOMHEHHBIM NPEUMYIECTBOM Pa3paboTAHHOIO YCTPOiicTBA AABJIsIeTCS ero HeBbICOKAs ce-
oecronmocth. KpoMe TOro, KOMIAKTHOCTL M INOPTATHBHOCTHL NpuOOpa o0Jjeryaer ero xpaHeHue M 0O0CJIy:KUBaHHe.
Hacrpoiikn Bcex nmapaMmerpoB paGoThl IpuOOpPa COCPENOTOYEHBbI B OJJHOM PeryJisiTope, YTO 3HAYHTEIbHO YIPOLIAET ero
kcnyaTanuio. Takum o0pa3om, HaMu pa3padoTaH npuéop, odecnevynBaIOUINIi HA/lesKHbIH U 0OJHOBPEMEHHO IIPOCTOli npo-
1ecc IKCMOHUPOBaHus GoTope3ncTa B 1a00PATOPHBIX YCIOBHSIIX.

Knwueegvie cnosa — neuamnasn naama; d)omopemcm; IKCnonuposanue, ook ynpaejienus.
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The control unit for exposure photoresist
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Abstract— One of the most commonly used technologies for developing electronic devices is the use of printed circuit
boards. Often there is the need to create PCBs in small amount, for example, for experimental production, training labora-
tories, etc. It is important to create a device that will simplify and make the process of production of printed circuit boards
for small-scale production more effective.

The basis of the methods of manufacturing printed circuit boards is the removal of a copper layer from a metallized
dielectric. Before removing it is necessary to protect the necessary areas. In the device that is being developed, for this
purpose it is planned to use the photochemical method. As a protective layer photoresist is used - a substance that changes
its internal structure under the action of ultraviolet exposure. The use of a photomask can expose the necessary areas,
creating a protective layer. An LED will be used as a source of UV radiation, as it has a number of advantages over mercury
lamp: longer life span and stable illumination that instantly reaches the required wavelength and does not require calibra-
tion. In addition, there are advantages in overall dimensions and cooling system, which is much easier to implement for LED
technology. An important factor is the exposure time of the photoresist. Incorrect exposure can lower printed circuit board
quality. Exposure limiting is done using a time controller.

The main elements of the device are the following blocks: the input block - an encoder containing a button in its design;
As a control unit, the STM32F103S8T6 chip series of the ARM family of microcontrollers is used as the most functional and
economical. Information output will be carried out on an LCD screen that has no limitations on the type of information to
be output. The lighting unit consists directly of the UV light-emitting diode and voltage converter to ensure the technical
conditions of the LED.

Thus, the undeniable advantage of the device is its low cost through the use of inexpensive components of the element
base. In addition, the compactness and portability of the device facilitates its storage and maintenance, does not create
complications during its placement. It should be emphasized that the adjustment of all parameters of the device is built in
one regulator, which greatly simplifies its operation. All of the foregoing proves that we have developed a device that will
provide a reliable and at the same time a simple photoresist exposure process in the laboratory and does not require the
user to have high technical awareness. Such a device will be useful in school and university classrooms, in experimental and
research laboratories.

Keywords — printed circuit board; photoresist; exposure; control unit.
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