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Abstract: 3D printing, which designs product in three dimensions, draws attention as a technology that will lead the
future for it dramatically shortens time for production without assembly, no matter how complex the structure is. The
paper studies the latest researches of 3D-printed electronics and introduces papers studied electronics components, power
supply, circuit interconnection and 3D-printed PCBs’ applications. 3D-printed electronics showed possibility to simplify
facilities and personalize electric devices by providing one-stop printing process of electronic components, soldering,
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stacking, and even encapsulation.
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Table 1. Advantages and disadvantages of 3D printed electronic devices

Advantages

Disadvantages

- Various materials (polymer, metal nanoparticle, semicon-

- Rheology optimization needed for printing

Materials . . . . . . . . Lo
ducting crystals) possible for device fabrication - Difficult to print semi-conductive materials in nano-scale
- Convenience in modifying designs (Retouch is possible - Align issues within print head while printing with multi-
right before printing) materials
Process - Easy to fabricate electronics with minimalized size compare - Low reproducibility

to conventional fabrication
- No needs to photomask or mold

- Possibility in production of byproduct
- Printing feature size needs to be improved

- Provides conformal contact of printed objects with complex

Printed object surface

- Enhancement of performance from 3D logic circuit

- Post-treatment needed in order to smooth surface
- High cost for maintenance of printer and materials

- Reduction of price from shorten steps in fabrication

(assembly, etc.)

- Inefficient for massive production compare to conventional

Economics . L - .
-Low cost for installing in manufacture facility (single process
printer can print various parts and final products needed)
Reliability No need to solder (Lowering residual stress in interfaces - Durability issues by additive manufacturing

which occurred in conventional process)

- Heterogeneity in functional inks
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Fig. 1. 3D printed passive electronic components. a) 3D microelectronics components: capacitors, inductors, resistors. Adapted with
permission from Ref. 12 © 2015, Springer Nature. b) 3D printed electronics passive components Adapted with permission from
Ref. 12 © 2015, Springer Nature. ¢) 3D printed inductors. Adapted with permission from Ref. 16 © 2017, John Wiley and Sons.
d) 3D printing process of small antenna. Adapted with permission from Ref. 17 © 2011, John Wiley and Sons.
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3D printed active electronic components. a) 3D printed QD-LED on a curvilinear substrate. Adapted with permission from Ref.

14 © 2014, American Chemical Society. b) Direct 3D printing process of QD-LEDs on a substrate. Adapted with permission
from Ref. 14 © 2014, American Chemical Society. ¢) 3D-printed nanopixels. (Top: a 30°-tilt-view SEM image, bottom: optical
photoluminescence (PL) image.) (Scale bar : 5 pm.) Adapted with permission from Ref. 20 © 2020, American Chemical Society.
d) (Left)Homemade 3D printer. (right top) the OFET structure. (right under) 3D printed flexible OFETs on a glass tube. Adapted
with permission from Ref. 21 © 2017, Royal Society of Chemistry.
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Fig. 3. 3D printed power supply devices. a) 3D interdigitated microbattery architectures (3D-IMA) followed by sintering and packaging.
Adapted with permission from Ref. 13 © 2013, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. b) Electrochemical
performance of microsupercapacitor under stretching (0% ~ 50%) and bending. Adapted with permission from Ref. 25 © 2020,
John Wiley and Sons. ¢) Wireless transmitter clocked by oscillator. 1.8 GHz RF transmitter on glass. Adapted with permission

from Ref. 16 © 2017, John Wiley and Sons.
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Fig. 4. 3D printed sensors. a) The hemispherical photodetector array as an image sensor. The range of the greyscale bar is from 0 (black)
to 300 nA (white). (Scale bar: 5 mm). Adapted with permission from Ref. 38 © 2018, John Wiley and Sons. b) (Left)A triangular
glass object placed on the tactile sensor (5 x 5 pixel). (Scale bar: 2 mm.) (middle) Photograph showing the conformally printed
sensor on a finger. (Scale bar: 4 mm.) (right) Current change during pressing the tactile sensor printed on a finger. Adapted with
permission from Ref. 34 © 2017, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. ¢) A single unit of 3D hysteresis-less
stretchable piezoresistive printed pressure sensor. Adapted with permission from Ref. 36 © 2019, The Royal Society of Chemistry.
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Fig. 5. 3D printed interconnection in PCB and 3D printed hybrid soft electronics. a) (Right) Patterning process of silver interconnects
on 4-4 LED chip array. (Left) A silver interconnect arch printed over an electrode junction (Right top) a photograph of light
emission from a single LED pixel under an applied voltage. (right bottom). Adapted with permission from Ref. 11 © 2009,
American Association for the Advancement of Science. b) Images of pick-and-place process. (scale bar = 2mm). Adapted with
permission from Ref. 44 © 2017, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. ¢) Image of 3D printed strain sensor
and microcontroller circuit. Adapted with permission from Ref. 44 © 2017, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.

32k QI kTt shte] B ZofA T2 32 9 A%
NS E Hdgshe A5 FdAgA 4 &85 =d 2 v}
olAZ AFHE YL A hY e e =AY A
(AR ATA) + (Fok28Ah JFA) + (H e
o], A + NEAZFTZ, FaA)E goloj 2y
o] 7Fsatal Bl FH A, W] o= wES 9%k 29
9 AEHANER AAdsAt!) o] oo = depHES
zs}ste] 3|2 7F AdAY A=Y de LEAE
< o] &3t IR 7He] AAES TR =iEEC] B
H g

Fig. 5(b)= 33+ <128 3}o| B.2] = (Hybrid) 7] ¥4
ojtkM B3 AT AR TUE UolA A=A 2 FHA
B AR YA EHER IEZE Addsta AATES
PnP (Pick&Place)E A 3sH WHo|tp™ Axddas

A

il

R

wlolZ2 A2 A 37]79 8] A] A28¢ A|25 (2021)

TPUE NN-DMF(HH EXEolr =)ol 43 & Z7}
99.95%, 2-5 ymE H7F H A J A= TPUS NN-
DMF (Dimethylformamide) ¥]-& 13 THF (tetrahydrofuran)
H & 42 FASATEY A 5 7} go]o] & 80°Col| A
7A8tetd Al Fa7le o R wEe Wl FA|E AHE-5h]
17] &xpe] A5 o2 7Tl u) x| 5}
Ax/d EYo]AE Fol £AZE AR E A
o2 Yate fX|d Yate AAIZE A7
oto] Wb ghe AlA Bl ES A
WAL Bol7| % & th* PP (Pick &
&

rN

EUAYRES} 52 E 344 Q)
7% BEE e Bede) 4AZ BeE T 9t
Q=19 A E} BA T h AFE AT TRy
3 PCBE W=t o] Qo] #A% thA 7t b5 stel A



A=7HA 32 Q1A 71 o] &3 AR AT
E3Fol tste] Lolr gt HZolle i 29 324
13 7158 3] 91t oA 2E 7]|EPE o] &sHAY
AT A7EAE0S et 24 AALAE
7] 913 AF7E g Fol T 337“77}1]% =594
E'é(ahgn) FAZE A, HEA] AAE 7|2 324
skt Al o] ot 324 14 7]A° Aol A Al
&8 7hsetal vkaau g3 glo] B8 &
%%‘Q U B FE thEFF Aoy} BrEd AFS

Lok f “]'0}1:]' THIEA QL o) 7F AFEE] Q1A
017}# o) 88 AAAARIH 253 1A €] ‘?—-l‘j
A2} 2215 W A 0]'04 A7 EUEE, 0] 2
2ol th gk vpo] Q. AIA 5 ‘ﬂr°k6} 7Isg 87 —’F
.22 3DEZAE 7F S 7d-F- One-stopl & X ¥
o] HA A4} 7] (stacking), §]E <1 Z (interconnection),

A 2H(encapsulationy S A 2Fake] A =FAA} 32k Q12 7+
7V& stk

SEAIRE AR 74A] 3R )14 7] Fo] 2ET} Q14
H e X ntt L =T 2R ok M A A
| AAM w7t AsteEo] A3 d5o] oA &
o} 71A1A Adto] 9L & Uk T A= FA 7h)
7+e] A ZH(Adhesion)it Al = 71712 Al gl 2 A€
Ao|BmZ o] g st g =20 Y 4
EEE 33 IS T AdE AdA o] F=Fsithe A
gk 3k Q1 7]so] FHEafofF & FA| o]t} o] 2 g
AdS flate] 3ak 1A HApApREe] B4 of gk 4l
J W7 717 ol Bo g R o2 Bty

\IrN

e}

2

¢
o r-l]j om

g

o b

o o

73

#Ae =2
o] e AF NP F

FAPA] AL ol &
R1CIC1004232).

2] Aoz gk
) AT (NRF-2019

1. M. Vaezi, H. Seitz, and S. Yang. “A review on 3D micro-addi-
tive manufacturing technologies.” The International Journal
of Advanced Manufacturing Technology 67.5-8 (2013): 1721-
1754..

2. W. Gao, et al. “The status, challenges, and future of additive
manufacturing in engineering.” Computer-Aided Design 69
(2015): 65-89.

3. G. Loke, et al. “Structured multimaterial filaments for 3D
printing of optoelectronics.” Nature communications 10.1
(2019): 1-10.

4. D. Espalin, et al. “3D Printing multifunctionality: structures

10.

11.

12

13.

15.

16.

17.

19.

20.

21.

22.

23

24.

25.

11

with electronics.” The International Journal of Advanced
Manufacturing Technology 72.5-8 (2014): 963-978.

. Z.Zhu, H. S. Park, and M. C. McAlpine. “3D printed deform-

able sensors.” Science advances 6.25 (2020): eaba5575.

. Z. Zhu, et al. “3D printed functional and biological materials

on moving freeform surfaces.” Advanced Materials 30.23
(2018): 1707495.

. S. J. Hong, J. W. Kim, C. J. Han, Y. S. Kim, T. W. Hong,

“Trends on Technology of Eco-friendly Metal and Ceramic
Nanoparticle Inks for Direct Printing”, J. Microelec-
tron.Packag. Soc., 17(2), 1-9, 2010.

. T. S. Wei, et al. “3D printing of customized li-ion batteries

with thick electrodes.” Advanced Materials 30.16 (2018):
1703027.

. C. H. Kim, et al. “High-power aqueous zinc-ion batteries for

customized electronic devices.” ACS nano 12.12 (2018):
11838-11846.

C. W. Hull, “The birth of 3D printing.” Research-Technology
Management 58.6 (2015): 25-30.

B. Y. Ahn, et al. “Omnidirectional printing of flexible, stretch-
able, and spanning silver microelectrodes.” Science 323.5921
(2009): 1590-1593.

.S. Y. Wu, et al. “3D-printed microelectronics for integrated

circuitry and passive wireless sensors.” Microsystems &
Nanoengineering 1.1 (2015): 1-9.

K. Sun, et al. “3D printing of interdigitated Li-lon microbat-
tery architectures.” Advanced materials 25.33 (2013): 4539-

4543.

.Y. L. Kong, et al. “3D printed quantum dot light-emitting
diodes.” Nano letters 14.12 (2014): 7017-7023.
R. D. Gerke, “Embedded passives technology.” Resistor

146.188 (2005): 635.

N. Zhou, et al. “Gigahertz electromagnetic structures via direct
ink writing for radio-frequency oscillator and transmitter
applications.” Advanced Materials 29.15 (2017): 1605198..
J. J. Adams, et al. “Conformal printing of electrically small
antennas on three-dimensional surfaces.” Advanced Materials
23.11 (2011): 1335-1340.

.Y. Lu, et al. “Direct-print/cure as a molded interconnect

device (MID) process for fabrication of automobile cruise
controllers.” Journal of Mechanical Science and Technology
29.12 (2015): 5377-5385.

J. A. Lewis, and B. Y. Ahn. “Three-dimensional printed elec-
tronics.” Nature 518.7537 (2015): 42-43.

J. C. Bae, et al. “3D-Printed Quantum Dot Nanopixels.” ACS
nano 14.9 (2020): 10993-11001.

Y. Huang, et al. “3D-Printed OFETs of the 1, 4-bis (3-
phenylquinoxalin-2-yl) benzene-based polymer semiconduc-
tors.” Polymer Chemistry 8.33 (2017): 4878-4886.

D. Majak, J. Fan, and M. Gupta. “Fully 3D printed OECT
based logic gate for detection of cation type and concentra-
tion.” Sensors and Actuators B: Chemical 286 (2019): 111-
118.

.J. Kwon, et al. “Three-dimensional monolithic integration in

flexible printed organic transistors.” Nature communications
10.1 (2019): 1-10.

P. C. Hiitter, et al. “Efficiency of the switching process in
organic electrochemical transistors.” ACS applied materials &
interfaces 8.22 (2016): 14071-14076.

X. Li, et al. “3D-printed stretchable micro-supercapacitor with

J. Microelectron. Packag. Soc. Vol. 28, No. 2 (2021)



12

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

k]

ffy

remarkable areal performance.” Advanced Energy Materials
10.14 (2020): 1903794.

H. Cui, et al. “Three-dimensional printing of piezoelectric
materials with designed anisotropy and directional response.”
Nature materials 18.3 (2019): 234-241.

F. Kim, et al. “3D printing of shape-conformable thermoelec-
tric materials using all-inorganic Bi 2 Te 3-based inks.”
Nature Energy 3.4 (2018): 301-309..

M. P. Mahmud, et al. “3D-Printed Triboelectric Nanogenera-
tors: State of the Art, Applications, and Challenges.” Advanced
Energy and Sustainability Research 2.3 (2021): 2000045.
N. Zhou, et al. “Perovskite nanowire-block copolymer com-
posites with digitally programmable polarization anisotropy.’
Science advances 5.5 (2019): eaav8141.

M. Chen, et al. “3D nanoprinting of perovskites.” Advanced
Materials 31.44 (2019): 1904073..

M. L. Seol, et al. “All 3D printed energy harvester for auton-
omous and sustainable resource utilization.” Nano Energy 52
(2018): 271-278.

H. Li, et al. “3D printed flexible triboelectric nanogenerator
with viscoelastic inks for mechanical energy harvesting.”
Nano Energy 58 (2019): 447-454.

. Y. Ni, et al. “A review of 3D-printed sensors.” Applied Spec-

troscopy Reviews 52.7 (2017): 623-652.

S. Z. Guo, et al. “3D printed stretchable tactile sensors.”
Advanced Materials 29.27 (2017): 1701218.

R. I. Haque, et al. “Self-powered triboelectric touch sensor
made of 3D printed materials.” Nano Energy 52 (2018): 54-62.
J. H. Kang, et al. “Three-dimensionally printed pressure sen-
sor arrays from hysteresis-less stretchable piezoresistive com-
posites.” RSC Advances 9.68 (2019): 39993-40002.

K. Li, et al. “3D printed stretchable capacitive sensors for
highly sensitive tactile and electrochemical sensing.” Nano-
technology 29.18 (2018): 185501.

S. H. Park, et al. “3D printed polymer photodetectors.”
Advanced Materials 30.40 (2018): 1803980.

M. G Kang, S. D. Kim, “Bonding Technologies for Chip to
Textile Interconnection”, J. Microelectron. Packag. Soc., 27(4),
1-10, 2020.

Y. Hong, et al. “3D printed microfluidic device with micro-
porous Mn203-modified screen printed electrode for real-
time determination of heavy metal ions.” ACS applied mate-
rials & interfaces 8.48 (2016): 32940-32947.

M. S. Mannoor, et al. “3D printed bionic ears.” Nano letters
13.6 (2013): 2634-2639.

nto]Z 22 9 7717 8t3]A] A|28d A|2% (2021)

Co)Fg BT

o

42.Y. H. Cho, et al. “3D Electrodes for Bioelectronics.”
Advanced Materials (2021): 2005805.

43. K. Yamada, M. Watanabe, and J. Sone. “Three-dimensional
printing of conducting polymer microstructures into transpar-
ent polymer sheet: Relationship between process resolution
and illumination conditions.” Optical Review 21.5 (2014):
679-682.

44. A. D. Valentine, et al. “Hybrid 3D printing of soft electron-
ics.” advanced Materials 29.40 (2017): 1703817.

45. W. 1. Jung, et al. “Three-dimensional nanoprinting via charged
aerosol jets.” Nature 592.7852 (2021): 54-59.

46.Y. S. Park, et al. “Near-field electrospinning for three-dimen-
sional stacked nanoarchitectures with high aspect ratios.”
Nano letters 20.1 (2019): 441-448.

47. T. Tilford, et al. “Design, manufacture and test for reliable 3D
printed electronics packaging.” Microelectronics Reliability
85 (2018): 109-117.

o gt

o A ghSta A B

o AR ARAA, FA 0% 27, B
kr

ot

73 A=A, 3D ARAAF
o E-mail : kskg7227@snu.ac

o il
o Mehsti A BF e

o 374 Q2 A2}

e E-mail : yes0403@snu.ac.kr

o 0]F&

o A grfsta A BTk

o 3390 Q12 AR}

e E-mail : seoulboy@snu.ac.kr




