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Abstract

This article studies the feasibility of utilizing 3D printers to fabricate millimeter-wave
passive circuits. In this research, 3D printers were studied and categorized into 3 groups of
techniques; Fused Deposition Modeling/ Fused Filament Fabrication (FDM/ FFF), Stereolithography
(SLA), and Selective Laser Sintering (SLS). The advantages, disadvantages, and limitations of each
technique were analyzed, taking into account their technical competency, workpiece quality,
and cost. Subsequently, the potential of creating millimeter-wave circuits using the aforementioned
3D printing techniques was evaluated. The case study involved fabricating a microstrip-fed patch
antenna at 40 GHz using each of the three printing techniques. The dimensional variations of
the microstrip line and the impact of surface roughness resulting from each 3D printing technique,
which could lead to increased losses in the circuit, were also assessed. The study found that
FDM/ FFF and SLA techniques were more suitable for fabricating millimeter-wave circuits
compared to the SLS technique due to lower dimensional variations and smoother surface

finishes, and the performance of the millimeter-wave circuits created met the design.
Keywords: millimeter-wave, passive circuit, 3D printing technique, antenna
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4.1 Selective Laser Sintering
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4.2 Fuse Deposition Modeling/ Fuse Filament Fabrication
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4.3 Stereolithography
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4.4 Multi Jet Fusion
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4.5 Digital Light Processing/ Liquid Crystal Display
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4.7 Direct Metal Laser Sintering

\A30afit Direct Metal Laser Sintering (DMLS) ansnsnfiuilaveisezgiidlen wdnsanos
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4.8 Binder Jetting
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4.9 Digital Light Synthesis

1309 Digital Light Synthesis (DLS) Tdnannisifeafufuip3asiiun SLA fe Tduas UV
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6.1.2 wAdANISNaaU
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6.1.3 wAtAZWLes (sintering)

a o I3 P ¢ = A4 a o aa ()
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vumimg‘ﬁ'qn (au.su.) 30.0x33.5x20.0 30.0x30.0x60.0 16.5x16.5x30.0
Aunu 1A$0IWUW (USD) 3,750 200 18,500
Tunasavnu (lutnu/ ANwnu) (ludnu/ NNwnu) (ludnu/ NRvnu)
80,000 15,000 100,000
(luamannssu) (fluamannnssu) (lugmannssu)
5anuv~i (USD) 149-200/ans 50-150/nnN. 100/nN.

“Aun: Chen (2019)
® Aun: Monroe Engineering, LLC, Inc. (2020)

°Aun: Nutma (2019)
6.3 wan1sAnuvIninWuwaginsSuasivovesioaainosiow

19958addwasnuuunadn Usenaumediuazladidnnsn lnewmaiianisiiud 3 97
wuunsiirnudeuanuasawes Wunadadeafiaunsafiuilans v daumadefuinuunsandy
Tan wagnITRUNAI8LIsTY Fosdinszurumsduiiandin 1iun nsdaia (surface polishing) Mswpdeu
nseyulave (metal plating) wazmseuLiuitelanutu (curing)

6.3.1 ladiannsn

nauninAun Methacrylate Photopolymer Resin PLA v3ainaslunanadin wu ABS
(Acrylonitrile Butadiene Styrene) Resldfuiiluluadesfius FOM/ FFF uaz SLA mﬁnﬁuﬁmjuﬁ
uewasiloanefiazshgiuses (substrate) vosuslufaniansasuasiuguases 3 T 16 odslsia
ynfsnseonLuURsANAgeliaeds (transmission line) Bsaunalviiuazauuusivin
wninszaweglutanledidnvindugiusesud winfasinstiansgadeunuiaud (loss tangent) i1
Fald PLA w30 ABS Talmunzandmsunisidaud asedl 3 srssuanmeendusing (&)
wagAINTEAELNUAUG (tan O) vewndinfium N9 3 wud wEnfinifivangaundn fe
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wodweina1adinde Rexolite Nin1sayidsunuaudmuINkaiAIan MeauduinsAout19nsi
AAAINAMIAUTY 500 GHz vilindinfiuridmsngdmiuasisasiuguanudlulasonluauis

a a

WSLE50% WaNIINNINAUN Rexolite war S9inInAUNDURMUNTANE 1S UAMUDNAATWBSIN
(Lis et al,, 2016) laun

1) polystyrene-block-polybutadiene-block-polystyrene (SBS)
2) polystyrene-block-poly(ethylene-ran-butylene)-block-polystyrene (SEBS)
3) polystyrene-block-polyisoprene-block-polystyrene (SIS)

A1SWA 3 AAUTANWIWWAVEIHTNWUWErSU FDM/ FFF ia: SLA A 300 MHz

T T

ABS 3.11 0.014
PLA 2.95 0.014
MPR 4.10 0.027
Rexolite 2.53 0.00019
SEBs 2.52 0.00016

fiun: Behzadnezhad et al., 2018; Polymer Plastics Company, LC., n.d.

6.3.2 @1

Tassansasiaddmesuvumadniesisin winfiuiffiauaidudnidmiu
w3esiun 3 97 fvalave adueu visewilnnedwednay (polymer composites) Fiunluiinlg
Aen1staua1sueu (carbon doping) Tulassasnaluiana (polymer matrices) nisvintvinlnln
hnndesnziufusziumslavamiverlulassaddluana

viinfasidmiuiieaiaunl 3 37 Mdulaveannsahlwihled ustlsnangs uazifnady
Idine WeiSsuiiisuiuianfissinsusuiniliinldfuas aaudAamadihliudsundasmniade
aeuenunin FegunuunsinBeseznenvesaiuewiliasuoufuianiiudause thluilem
fuadosnmnianaiias uazdinrumuindusvinliiaiinu desaniauandaiii i lgad
Fafimsthansueuuiguindifuniinfiuiuasnailunodiwosnaudmiviinisunse 3 73 Tao¥ag
asuauillumstuzunss 3 5 Tnemse 1éud

3L
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1) Carbon Black (CB) \Jutagifithminiun s1agn uagthlniled

2) Carbon Fiber (CF) 1@udulefiusznaumenihaasuaudn o lassaddluana
agszrinunslivduazimes Suwinun dhlihuazihanufouldd udwse vuseusediege waziew
uwauiunediuesinouauautRnisualii

3) Carbon Nanotubes (CN) 1Jutaniillassasradunsanszuannais Tnant
vownsanszuanilulasiadsminefidnveseluanansveu

4) nilu (graphene) WuTaniiulassadesiuguvesunsinseindu 4 neitu
fpauandinanenuaziediidousen udiniumdnnd 100 wh waziuseqlwidindnansisinh
10 wh uenanil SedlnmantRduusiminiigamniives uazannsauaninuanifves quantum hall
effect figaumgivioslddnsneg

Sty wamailslunisanasiadfivesion enlivinfiuingusigafvouilsan
gnniuasthlninlfifietugunse mndudddnssuaumsyurieindeusslansiitluiiiute q Vi
Fuuon agnlsfionu msdilsisamFouresnduuendis fartusnafnmsgadsnnaugse
Yol

6.4 wadins1:rnWItUIUTAvVouINATANISWUWIUNISES190US

nide 3.4 myleszianudululdvesnisiinaiansiusiuiainnsasiadiivwesim
Fudusesinnsanaruandenlunsainguysuasanunuiisuresiigunss Msinseitadld
ﬁﬁmaqgﬂmaﬁmmﬁ(ﬁm 7 Futuanuenedureserudty q lumsdun dWelinisiesei
wezSsuiiieumaiaudazimaiaviléing unmuiezdennsdlasenniaunnd (patch antenna)
Fanmd 2 wiliidunsdinw lunsiuiadfaieenia (Electromagnetics and Microwave
Engineering: n.d.) iffosanansenmiaunsdiianuenitosninanuning dnsurasteudoymio (feed)
Tfuaneoniaunnd avfuaeadiinnuniedinaen Pasternack (n.d.) Tnglunsinunil

uidenaudniiduiiunudnnanume (impedance) 70.7 Toviu
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domnuuuaesmaadamansilisunsieansemaunnduazansds Sauuiugilurig
auiiieglutasmwifadiimesion feu lumsinseiadsilFadenliawdd 40 GHz Tavaud
TirnaadaladidnyisnuesTan (dielectric constant) Wiy 2.5 wasfvusligusesianas 0.5 fadwns
fvuamudifiaula 2 1 fo 4 GHz wag 40 GHz HARWIYBINIAUIAAIINENIVBIANEDINAUNAT
wazA NN esaneds 70.7 Toviu uamdlumsnedl 4 9ndeyalumsnenuin SaTidnfigeianusafis
Funuld e 0.80 Taduns u3e 800 lulasiuns dwsunsfmuaaunguszvesiafine o
AATUENEI Fanudn imnud 4 war 40 GHz AeuENERIVIAY 1.03 war 0.33 lulAsiums
P iy AAuvsYsrgsEaTestuLiiansssen Ul Seuindy 2 whvesmmiuEnidei
vidowiniu 2.06 uay 0.66 lulasiuns fiAud 4 uay 40 GHz mudIdy Fansedl 4

Dielectric (&)

Ground

nwh 3 angomAwngiia:iovestoululnsansuiioidousioduauwn

189N 4 DRvosovesdinsunisanunoIdulUls

= AJIUVSVS:ENER
AdIUN U9S vuin (UU.) 2 A
neousula (lunsou)

4 GHz a99MMANWAY AOUYND 23.52 2.06
avasUoululnsansy A2WNIN 0.80

40 GHz d1g9NANWAY AL 2.05 0.66
avesUaululpsansy A2UNIN 0.80
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7. n1sanusigwa

Fosfaveunadiansiiurine 3 wala FeUszneusieauLugIarALTIUEEUTERY
FusuannsnasUldfmnsd 4 e doyanuusiudveanaianisiusidauldlumsi 2
FauansnnuazialumsiuidunuLaANALAIALAE B UYEINNSILHE LIRS IwRUSENEU
wu lunsnwesnwuuaigeinaiiteusieanedining 800 lulaswnas (0.80 fadluns) wnld
WwSaafin SLA agldanedsiifiannuninannndeu 1.60 lulasuns wdesfins FOM/ FFF aglianads
fifimuniteraimadou 1.20 lulpsuns waziadesfiud SLS azldasdeiinirenatnndou
0.8 lulasiums Faedosfiunt SLA Tanuaaiairdeunniign v ieesiian SLS fauaaiaiadeu
fovitan aendlsfiniu vueaunsiinainndeusiemaiianisiusive 3 Ussanitosnnaulsldesa
flaUszANSNINNITVINNUYR A INA

FmSunnuesEvesingUnseiinansemaianisfinsisng 9 fanuusnsrsiusiedade
manelsyns WU Rennmeluladuargunsaiflflunisndn eaussouzvesiidn wadanisvaos
Fanfuni taudnszan gunsolidouindn viomuauaud walanisatouas alluietaniusidld
Sudwmaliingunssiaaadoudivgse lisnudeu muvgszvesingunsdoudmasioaussouy
MIUIsIINAmAIINTaAoLTIinty Wy Magapdenisdouniurenaasnsesunusitu
Wiy (retumn loss) Magaydeidanuiidsnuluasusudlatfuiassifiutu (transmission loss)
Fafinmsinauemaiiaii 9 WeutlvymarugussvesingUnsmdianfisiiuen (post processing)
wu nsldansiedl Mgy n13dn

#5197 5 LLamﬁﬁ'anUaL*d?ﬁmLﬁSUﬂawumEmizmaqﬁa%umuﬁauuawé’qmzmumi post processing
youAdosfiniva 3 wada wul1 sUnssiinAnarniaTesiisnt SLA faunsuseliosiian sosamn
fio \3oefiunt FOM/ FFF uag SLS auandiu ndannnsiunssuiunms post processing ka3 AINNUTYTY
yosgUnssanas dantesiunifinfigalinnugusziesiiaaiios 37 uiluwns fo 1Adesiius SLA
sesasunuiaiesiian FOM/ FFF fiflanuvgusediosndn 350 unluiuns uazdwugeving fe in3esiia
SLS Alvmrmuszanaadetiosndt 2.4 lulasuns §92993A1ud 40 GHz Fesmamatianisuas
Avgvseidosnit 0.66 lulasiuns Faawiiies 2 wadafvanzaulunnhluadumeeinia Tdun
\w3osfinnd SLA way FFF/ FDM usidesiinssuiunmsdaiioananungussvesfianasyinlifndeuiu
Faifu eaoaeFesfiunidl Jaudululsfanilulilunsathnssiadlivesnuuumadn duedesfia
sLS laiwngan ilesannuifagsiunszuaunstaudindldiwgussiunit 2 whesmmnudndsin
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ASN 5 AUALUAVOUINSOIWLWRANAYEIMSUNMSWARIIISAI DG

nouNLugn (Iuasau)

SLS 300+0.3 <20 <24

SLA 10+0.02 <1 <0.037

FDM/ FFF 200+0.3 <9 <0.35
8. vodsu

wansAnw Ui maliansiud 3 7 v 3 nay wngaudmiuinuasinasiadivesion
wuumadl Taglanizegaduaiesiiud FOM/ FFF wag SLA ddliinadeiilvimnuazidenlunsata
gﬂmqﬁgumu x, y Way z agnslsfinnu w3esfiunt SLA awnsofiuilaveldlaense ldesfienszuiunis
Famsndrnfaidunuaianiowsiosiiud FOM/ FFF filiaunsafiuilangls uwisanadesiian
SLA fI51A7g9n 71 dmsunsasetunuiifuduuuy wazdmiuesjiAn19ide nsldiaTesdins
FDM/ FFF agimunzaundi Liesnnszuiunstuneudefintusnu mandoundoyulanzauis
vilgluiesufuins egslsfiou mndesnsadrstunuiifienuudausauazilulfouse asld
\3eafiut SLA

9. voldualiu:
9.1 vVeldualu:darnsunisAnuriusuinn
a aa 4 a = v val s v =2
19958addwesnnnuumadndvateuszinn luldfianizaiserniaunadilgilunsaldnw
Tuunau §18299581ABNLINLNY WL 219INTDINTULAU 1ATTARINU fedu Tunisuunalulad
nsiun 3 3@ weluldluduseunisuaniiedusmegaisotluldauais SsdesmuiunsinuiAuaii

WU Iedudunuaudinidlnihrenamndals suluinuaudininawasauauds
MINUMUsRANINWIRGeNABUaNTIR LA UIATEIUEAAMNT Y
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9.2 volduanu:igyulsurgdinsSunanisdoansnina

weluladnisfiast 3 43 gnirunldedrsniwnaasldsumsimunsdisiedes Tnesuyy
voundosfinsiuaznilnfinsiilunliufiezanas annsadadeiiiowlulflussinvuwadnls fedu
nqugsRafinanTudIasstadfino i dusudiluisldgunuresgaainnssuinsauuiay
wazgmannssuaniisnagldulseloviannisldinaluladfosnenn gsianduiasuans
arusamilefunamsfinuilumsidesud eissasssleninnmslimaluladfeduaunsn
asetudulinuads andurunsnan wavdaaduenudsmguesyaannsluesdnslifiuuniy

AnANssuUs:=NIA

1a5enstlaTuNMsatiuayuIuUsnaaINNmIItBwaeiRuIAINSNSEAedes Avnisivsvim
wazgfansivsauuney weselevianssae (nnva.)

92  Volume 8 Issue 2 July - December 2024




97sd1s

fnanasdoarsnina

S19NISIONEISOIDY

Behzadnezhad, B., Collick, B. D., Behdad, N., & McMillan, A. B. (2018). Dielectric Properties of 3D-Printed
Materials for Anatomy Specific 3D-Printed MRI coils. Journal of magnetic resonance (San Diego,
Calif. : 1997), 289, 113-121. https://doi.org/10.1016/j.jmr.2018.02.013

Chen, A. (2019). Detail comparison of 3D printing methods: SLS vs FDM & SLA vs DLP. C-Mac Industries Pty
Ltd. https://www.cmac.com.au/blog/3d-printing-methods-side-by-side-comparison-sls-vs-fdm-
sla-vs-dlp

Electromagnetics and Microwave Engineering. (n.d.). Microstrip Line Calculator. https://www.emtalk.com/
mscalc.php

Kruchkin, A. (2016). Innovation in Creation: Demand Rises While Prices Drop for 3D Printing Machines.
Manufacturing Tomorrow. https://www.manufacturingtomorrow.com/article/2016/02/innovation-
in-creation-demand-rises-while-prices-drop-for-3d-printing-machines/7631/

Lis, M., Plaut, M., Zai, A, Cipolle, D., Russo, J., Lewis, J., & Fedynyshyn, T. (2016). Polymer Dielectrics
for 3D-Printed RF Devices in the Ka Band. Advanced Materials Technologies, 1(2), 1-6.
https://doi.org/10.1002/admt.201600027

Monroe Engineering, LLC, Inc. (2020). 3D Printing Speed: How It Affects Build Time. https://monroeengineering.com
/blog/3d-printing-speed-how-it-affects-build-time/

Nutma, M. (2019). A quick guide to dimensional accuracy for 3D printing. VoxelMatters.
https://www.3dprintingmedia.network/quick-guide-dimensional-accuracy-3d-printing/

Pasternack. (n.d.). Microstrip Patch Antenna Calculator. https://www.pasternack.com/t-calculator-microstrip-
ant.aspx

Polymer Plastics Company, LC. (n.d.). Rexolite. https://www.polymerplastics.com/rexolite-high-performance-
plastic.shtml

Stratasys Ltd. (2023). F120 3D Printer Support. https://support.stratasys.com/en/Printers/FDM-Legacy/F120

TWI Ltd. (n.d.). What is Binder Jetting? (Definition, Pros, Cons and Uses). https://www.twi-global.com/
technical-knowledge/fags/what-is-binder-jetting##Advantages

2 nsnNAU - SuonAu 2567 93

3L

UA 8 atu




