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Fig.1 Principles of photo-curing 3D printing technology

H A, 52 SO A E AR vz J g 2 T
A=) 3D FT ER AT, {51 40 2 4 M T T B 1R
KRR i 2L P4 BT PBP Y 3D ATEN
FOR R PR EA AR & 0 5 B, HOG A2k B
FE i DMD S DGR A R G E . DMD S
J o —Fh R G O A, 32 e
FVATSE Y 25 DGR o B B oK RO A 358 B 91
A, BB R — A DMD AR %, I LT LA
A ) SRS DUA R D IEI 42 . BT, DMD
SR A HUAR ] 2 A AT JEE 23 2 640 x 480,800 x 600
1027 x 768.1 280 x 1 024 1 1 920 x 1 080 %5 ,
PBP T EBHL % F i DMD 8 F HLAR 9 1 920 x
1 080, X EEWRE TE— UG 7 v [A) s 2E iR 2y
200 J7 MR, 33t 1F J PBP R SCR B A LA .
B UG v ()RR AE BC T DUAR B8 2 2R G 48 L R
FEH /N R ST o BRI GRS B/ Y TR IR
B AR RSTIN  DTITRS BE A s o s

TG Y sE T PBP AT EN B RG BE A FFR .
SRIMTAESEPRITEN A R v AT ERG BER Z BNF 2 R

(2, BINEEESE ATEN T2 MokHMA R ROt #
RGMIAR SR 2 . X BB R FE AR AR Y 3D FT BB A5
WA . T AR R R B AR A
FAZE M, DA A LA KR T K
PO BE AR S o AN AR Y BOK AR IR AE S0 4T
E SR KRR S T30 i B S Ak as n ). i
ZINRINLEA TR E T PBP 44 3D FTEN (4% i
(I B 17T A e o D 9 25 R S 5500 S PBP 1) 5
KGR AW 3D FTEN & 56 F 2, #5061k 3D 4TEp
PR FE AN ] 2 7

N
K SR
BHOCFLATERS R AL (LT AR
(a) 5 B 1L (b) M L

B2 %X E 3D 3790 ah 45
Fig.2 Resolution of projection-based 3D printing

1 B EUSHEEEY IDITEN R

HAlC A —se2z238 WA RHA R ATER T2 B
MBS BT RESA T A TR, 80 T
A AOGIEE AR ) 3D ATENA AT ERG E .

11 #RMER

— e, T ORI AL A A2 9 3D 4T B AR K GE
WAAEOCHUEY MR AEYTE R VAR OGEI
RN SCIGR DL R )5 o AN [] B RE A R T
RS B2 A A A H F 2R s, PRt , ane] 45 45 20
73 (R IE P2 ORIEAT EURS BE 1 BE Atk o FEADRHARE
AT, % T 5 B LU AE e AR T S OB R N i A
T ENSER N ZE Gy AR T &K it & Bk 4r
Sy BTG (A ) AR B B MR AR AT EN S 88, AR
FH B A W w1 kE L DY A Bt 16 B (methacrylate
gelatin, GelMA) R "), & J&—Fl i RIR R G Wk
PRI 8% O [ A A BBE e, 8 0E W 2 AT Al 4 1 AR
PR, e n] DO B N SS Bk B &)z
N T E T AR A AR R4, (H i T GelMA
S SR E R A N B 2R G, 7E N
T AR S A I AR S IR SN, AR R A2 B
P 25| e iyt e sg B S i AR AR MEAff e o o )

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%195 % 44

ATAE U, 4 A8 T 3% X Bl AL 0y A5 A 4 3D 47 9p w233k

3

B BeAh, BB o 1B USSR TR AT 22, AR ME S
WA THARR G . 18, W T RS LI
BECPPRHT VRS JEE (R 7R TIN50, Qs 86 551 A7 - 57 1k
SIS INGAAS BAT LA A AN BRI T K BE I
AUFTEN R o AT LR Y, A A R T EDATS SR S — 0
O HWXERAESS . I, A WP SL T KB AY
JEAHR IR, 3 A A — i B RO e A i 52
E?é?”fﬁ , DL ST A A R S BT BN R A7

PO AR EAL 7% O L ad G SO A R e
&ﬁﬂt&%ﬂj‘ﬁﬁcﬁﬁﬂﬂ‘lﬂ,ﬁ%ﬂﬂﬁw TATENRE fh
(2P RE S A R PR L PBP T EVRS BE TN 5
RN 3(a) Fi7R

BEAh A I ZE A X8 AR B ARG AT T B
77 RGBT U S OKBL ] - S Bt -
AV —FT NS Y T 2 ek, 2R 1 e 2 7
B 2O HL A=Y 3D ATENAY o, i Sr. 1l 4T
PR BRI, R T TED G AL T R T AR

CenterCircle

Pattern Blurred Bottom Border S

Larger Diameter

Bottom of Center Circle ~ |

Yk B E B rh A TAE —ACIR B R, Bl TR
(6] 1 37 55 T S U AT RHEC HE , I % PBP 4T Bl it 72
HRYER 2R IIEAT T o0 e A , anf&l 3(b) s .
PMT%%E A 200 L = A 45 A I B AT A
FE 43 B RS P 7 2651 & ) (photo
initiator, P1) Fl1 28 #M 2 W2 5] (ultraviolet absorbent,
UA) G Ja B TEA Y S8R DLR & ft b
BRI . SR, PLAT UA B4 53 A 3T ER
)37 5T BRI o AT ST LA T AL AE AT
bR B B PO UANSY IR AL & o X PLIY
S IR IR T F0 T EIVEE M AT T PE A o5 R BR E
ol i) it Ao e v B AR IR S X A R . Sy —
J5 L BRI 2 UA REAE BT 11 £ A Y 2o [ A6 Ao
PO o X A 2R PN o b 1 e 225 S f 0 4 2 S K
I H Wy A A LR 118 S TR A A g 3 9 R DA A A

(Y 3D 40 it 45 ¥4 Fir 55 59, PLAT UA X 4T ERA BE 1

S AN & 4(a) IR o

Ay g

. High
Platform S €

Good shape
Over ™ retention
exposure \

h
. Layer 2 E
Aji L ‘\\zhickn‘essl ;E defur::nsznon O ot
IR g e
__________ Wsom O —_ S ::;, )
i Digital Light e I:‘ <
Designed Model slgned Pattern Printed without Carmine ({eéz(t(%ml.[(; )ra:r: / Curing situation of a point of light collepse
(dark color)
Bi Singl Bii Discrete curing regions By Superimposed curing region)
Extra Printed Pattern( light color) ingle curing region e \\\\\\\ \
) A A A AONONON
p=D-tan[— |- Iy + 7y Iy
n T
cns( . ) N NN v T~ N ~———— N
Efx(tj:nlt)(:jzfﬁfbli Sharp Pattern h Single pixel exposure Disorets? multi-point Concentrated m.uhipoim
- exposure exposure
_f'/];hfa Diameter Clear and Smooth N X i K ; - N X
Printed Model of bottom Bottom Border po 1 306 Carmine DMD chip ~ Micro-mirror on \Micro-mirror off = Membrane A A Curing region
9 N a3 13] > 2 Sz Y 14
(a) PBPFT EAE HET A5 1) (b) PBP T B3 Y 12 22 R U 43
B3 A EARTIPHLAN
Fig.3 Printability analysis of bio-ink
Uncured bioink gL hiotoinitiaioy Cured bioink < o~ L AN
el A O~ o [©]
TA" TA NPG
Photooxidation Photoreduction
Visible light Visible light
I ¥
oo J
Droplet of uncured | J L"k )
O © UV-absorb i
bioink Hossiber | WL sbmorber KCD 2 KCD ketyl radical

C.DLP bioprinting

1 k31
e & Build platform
= <
o .
g Build platform Step 1 éﬂ
5 =
Projection areawwwnwm' Light Focal layer H““HMHUV Light

(a) AEWCTEARITER PGS % 3005 6 M e X4 T B[RS 18 g i 1!
B4 K3l A

KCD/NPG

Substrate

Electric
motor

Resin

Digital light

projector

(b) HHIEH ] LB

[B R AT AT 6P A 0 R

Fig. 4 Effect of photo-initiator/absorber on printing resolution

A5 M ik http://cslgxbzk. csust. edu. cn/cslgdxxbzk/home



4 ki ® T RFER(EAHAFR)

2022412 A

B T H 651 R R EEAT 40 A, A Y
FEIRFADGGI K . A5 0 PBPATER Rt #H, H
i DX 31 14 Rk AL I, #9091 1 55 A Sk g i ifE A
[ A A4 BT 7E R A W 2 & AR I S R AR T RE
FE 5 B2 )2 AT BN 2 B2 vh 51 B N5 0 B 1) O R
B NI AT E - BRI, 2 T — 20
B4k o PRI, A2 T A Y 250 i IR S g M i
WO (B an o3 PHR FrPagE ) o SR, 33X o etk 2 DA
A T B A AR AN Y, R R O BB IR R
PR IR W AR AN 2 R G T L R R FE S
WA WIS F 2 T —Fp o B 63 B B, BE S )
B 38 2 5t 5 & R A S MOGR T A R LR A
R T s A AR e AT LGB G R e Y
SR, B 5 | & DR 56 3R R T B
1T i 2 38 2k PR ' 1% 3T ofe i O w8 4T BN 23 %
B & BN E 4(b) R .

12 TENTEZE

FEFTEN T 2051, A% e i 5 5% AOG BT ER
BRSO AT ER AR A B AR R B D B By
RO, R Z R L (S P EURFT BN A,
0 E AT EN &R . I JLAR A fFgE 4 b T
2 [ A AR 2 2 [ AL 7R A 2R 4T ED B ME A
DESIMONE 4§ JF & T i#% 22 W % 1 ¥ (continuous

liquid interface production, CLIP)"™ 7 8 4} & 1% #
SN 7 BB B A o T RUURE S A R
SR IR R T —FR “SE X R AV
PRI, DL SRATED, il 5(a) B o T X
A2 E B T SRR ST ENEOR ™, A 5(b) By
TN o ZE A W 1 = AH 42 fil £ (three-phase
contact line, TCL) (1418 45 F5 P | DB — % il £ 7T
FEIY 3D S5, DTTAS W A5 B o e 2 Fe 1K

CLIP 4T A Sy — Fofr PRk v 5 O [T A6 4T B 7
AR AT S AW 3DITENRY /oK o IR A 2 f
F CLIP £ A il 3 5 5~ 52 1k 7 i 38 1R 6 A3 Ay 52
X 70 SR R 0 P JHe T2 g %) L IR 8% K B e 0", I 44 i
T HAIARICAL AT AR K BEIR . A,
R T A SR IE R LI, WA BIF 55 i 3
FRIY. JZ2 Y BAE SE B R S R SR AT ED = %5
125 o T A A A B I R T AR AR A
YRI5 T A Ff gt — P WE5E , B ATIF RN T AR 3D
FTEN . JEZE PBP §T [ i A5 d i 78 4 T B R
B 2 T D' [ A Ao A [ A J52 B2 M T B F- 15 19 L
THEBE A R8N 1 G B RO, S T Z B e
AIFTENRS I

LA BIF TR BB LR 43 MR 5 —
URIEGHT KT EN-F 6 18 1) B 3h—/NBe R S, i

(a) FELERLIR T IE R LT EpS

=

(b) BRI T SR PR S T T B

Es5 &8ty

Fig.5 Continuous printing process

EEEE
+
|
{

B 6 —RERAME AL M E

Fig. 6 Method of constructing sub—pixel structure by secondary exposure

[22]

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F198 5 4 AT, 5 R T3 X B ey Z45 5 A4 3D 4790 Rk 47 5

Curing
Phase 1 :pre-curing Phase 2:pre-curing Thickness
A H

Ay ™
Non-cured states . S

B Pre-cured states Platform raise and Curing

Thickness

recoating (1)

B Cured states ‘

Start (3)

|
] L), ey (2, _

m (Pre-curing) (¢,) W Complete curing(Ar)

“~ Monomer * photoinitiator * Crosslinking site

C 1119(] state
Energy“ A Cured
state Pre-cured slqle thickness

Initial liquid statel e

Layer
}lhi(-kness
o

A A~ ] >
ty At oty Exposure time

i Non-cured solution dh
B Pre-cured solution
. Cured solution

L4240V light(1)

7 R He & A T AR W A AL AR AR S A Y

Fig.7 Jacob working curve model of hydrogel to optimize exposure parameters

PR CA B — /N o3 o T — UK B 1Y RE B2 AR
A 2 LATEEAPRE AN P R B i 38 X 3k, A
i}ﬂ%@lﬂ: T 3 3R ) 7 O AR i AR R A5

REMSTE —E L FARmATEDRE R, nl&l 6 TR
1.3 BASH

A B 5 g A 7 BV AR AR ke S [ A 4
FE PBP T B B2 v (O HE 45 A TAE 4>l
Xof B A Ao AR 08 B0 A BT, AR T R A 1Y
W B AL — O [ Ak A ek B 356 I Ak It ], 4531 1
A AT T AR 2 URA 2 52 MGG I 8] 5 4% 2
AL JEE 3 2 (B 9 O 2R o 3T A 1 45 AR T AR il
S BRHT BT PR IR AR AT ER iR IR
[P LA V5 R 1 [ A Aot R Ay 0 [ £ Rk — 25 [ AL
N, FEME LR, i TR S B 4T Ep
W1 IH) 7 22 1 UV B O 811 95 9 e 00 1 93 [ Ak O
PRFFTEEECRAS . SRJG TR BT B 3 v R
[ Ak 10 A 0 G AR W LATE s i i R
WA, e 28 A 2 SR AR im 810 ' [T A 7K e e 195
e, DUE T W E A R . (A 10 wm U1 24T 4T
Eq, W] 9 TR Ak FT B B BT B R] 24 Ry £ Ge T ED
1 5.6%, 10 wm B 5~ w] I8 15 [ 16 4T BD J7 2% 2. 3 1
B 7 3R A B BB RN , DA BRAT T A B AT ERORG
BE i 7 s

H A B4k 4 R 2 BRI AR (KN <
400 nm) FEAT R A o FOGIERY R ] WG 20
AR (N = 780 nm) A] LU EATEN G . BT Al I

(23]

JEAIE 2T A0 6 Rl A Y R R S S Ak A i AT
Bl i T AT UG/ 1 AR 2 35 1 R e
Ref AT 5 200 J A 0 B 0K 55 52 b RE S R I 4T EORG
L, UL 8

Previous Work:
UV Printing
" Rapid & high resolution

¥ High energy 1

5 Shallow light

penelration UVviolet LED

Overcure
This Work: = =
NIR Light Printing
" Rapid & high resolution
" Low energy M @ m
+ Deep lght A

NIR LED

enefration
P Precise Cure

B8 ¥ slk it 4 s ok AT 64 X A1)

Fig. 8 Difference between UV and near-infrared printing™

14 B&FE

PBP AT EQHLIE 5 43 Ry 4% 5 2R #8052 U
Fiptze=l Ay 2B B Sk 2 I TR A Y
EIOPRITR U7 o FE T BT EIAL R
SO AR R AL R NI SR
(fluorinated ethylene propylene , FEP)# i, Y4815
it FEP 5B 56 78 6 Obs Rl 2 T 4T [ 4k, 72 [
fb5e— 25 TAEF- & n ER s —1> 2 i i 5
7R — Bl o H TR IS T 2 G I ST, Rt
i 22 FEP WIS A7 R 10 375 S0 1 LA )i 350 1) 2%
B FCBE AT 3 A b RE 3 5 T R A S B 5

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



6 KL XFFHROAAAF W)

2022412 A

— W[ o 33T T 2 DL SRR AN T A AR
Z (MR, BT A 2 B 5 ) 9 RSN 32 R v B
FELAH 5 LBk 5 % T FEP R B AR, 52 3
USESAR BT AR A1 Ry R ey A N TR = - <8
U AL ] 10 1 JEE B AN X 5 5 e A, AR T ) T 5
23 T EOCL B YT S T B — 20 R T B B
52 MR, 2 PBP 3T ENAIL ) S ok 455
SR RHE E 5 ATERF- 5 F1 LA I A R
5T8E R, LR A 2 FEP Sk
B 5 T B S i AN A — )2 14 J2 5 5 R T TR VA
I Sy 2 2 B R N T AN i8INS o '8 -
KATERHL ™ A T /MR 2, A R T4 = 4T
ERSEE . — Mok ik, T4 20 PBP AT EDAL RS JE
EBR K2y S 50~200 wm, ifi #5820 A9 PBP 4T ER
HUAT DASE B 2~10 wm A FT ENRE B, DR I 6 A 3 2
SRAR = B, 38 8 >R FH 4858 2T ERIL

fE P2 5 PBP AT Ep A 2 v, o [ £k ¥ W 1)
TR R AN T A TR R T —
BEif [ LA G o 7R T 20 pm K B2 9 PBP 4T
EIEO R RN RN TN TR B N E N (ER X756
ST B b g B ) AR 0GB B OOt R
BN BRI O HEAT 8 A AR i B R IR AR AR AR
N AR R 2 TR R R HE Y 2 T 4 T g
DXl i 25 0 2 2 e s 6 B, DT X T B[RS B
R AR T E s IF H Y S A U) R DA
AJAT TR O FT EIORS 2 B A0S Fof T gl B o O e

1T A W A AR LG T 5 R L LA R Y B
AR5y 7 RIVRE 5 9 8 B2, 9 L T R R i T )
VR T AR R B DR O 3 ST R ) 7 4 )55 Y
TR VAT Ry S (U H AT IR TR [a]
) BB 5T, 38 H R AR 48 0 I — > R
Bl 320 356 T 2 36 1) 7 1k v B RS 45 4 2 I S
B, kAl 5 30 PBP AE W4T B AN FE L ik itk — A0 4R
1o T I I T B (] B T BRSO
SRS [) DU 25 7 S M AT BRI L TR I R N —
ERE PR AR R AR AL | A R A [ B4 Y) kG
JE PBP AT BTG 3K, TOUIAS ) 26k 38 V0 A 3 2 1) T
B [, B RAARIC 78 T B0 G IR G 7
P W 1A S AN T 3k G bl 2 R 2B AT S RO, B
P AR O A AR T R A R AR R DR SRS L R )
X DMD ot F ] il O B 28 i A7 i 25 A4S, T BT
AT I L G R AR ) 15 25 M A R AT B
i — 204 = PBPITERAORS B, 4n & 9 o .

B9 RRE#FF X B R IK AR
Fig. 9 Effects of different projection methods and

liquid surface tension

P

BT AOCEE R A YT EDEOR IR T L
TR BB T P A A W HT B 51 B R B 2 [ ) B
A U R A B U S kA . I HL
A AT LA F A 2 =2 O A X R
ftb 3D ATEN T L TG R S B o Bl O [ 1k 42
AR S J& 6 RUGREOR i ) 3T EORS BE AT 98 2 2898
Toe s AR A O TE 40 M i A A A R 4T
EIAS B2, BR A 173X — A7 RiT ik A9 5 AR A 2R W) B 2 40
SR ) e o g S B A 3 P Y [ P B v 3T B RS
JEATHOR e — KRB bl o Beoh, AT ENSS M (9 BE3H X 4T
EIVRS BE AT AR RS2 R, 76 A=) 3D 3T BN vh o 0 5
BT Z AL M ST, I e A B BT A
A B TR B BAR B9 9T EDCR  (H H AT I IO A5G/
A9 3D TR BT

3 #ig

B AOL AL 3D 3T ELAY T BRS JE 5 06224
JEAH—EMRR MBI RREER KR X TR
MUY R JSTRA R A5 i B D' 2R B R AT EIORS JE 42
TH— RGBS T BB B AR B LR M e &, Ot
SO R 1A e A SR AT EIORS B2 A L A, B 2 i
AR BHEBE ITEN T 2 LS MM s bk (9
SL[R] 4 v A e S B AR AT ENSCR

(%% k]

(1] RUHRLRE B3] XU BE, 25 5 1 v AR A4 R L M 0 S5
B B N R, 808 #181%,2021(21):77-80.

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%195 % 44

AT, 5 AR T3 X B AL eg 34 A 4 3D 4T 9p sk 4 ik 7

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

LIU Tong, LU Xianke, LIU Qi, et al. Discussion on
application of additive manufacturing in teaching and
practice of material engineering major[J]. Education and
Teaching Forum,2021(21):77-80.

MRS 39 bF il 3 R i N TS PR T AR B,
2021,30(5): 79-81.

CHEN Xue. Application and challenge of additive
manufacturing technology[J]. Guangdong Science &
Technology,2021,30(5):79-81.

JEV BRI b 1 3 R T (3D AT B &l R R
WFFEN]. Tl A B AL HH .2021(5):55-58,62.

ZHOU Ming. Exploration and research on building the
specialty of additive manufacturing technology
application (3D printing) [J]. Industry and Information
Technology Education, 2021(5):55-58,62.

i 75 3C, T 0 52 5k 48 55 DLP kS B 3D AT ED R 40 4%
At B FCAE AT B e B ST, A L 7 1R, 2020,
57(3):216-222.D0I:10.13250/j.cnki.wndz.2020.03.008.
HE Xiwen, WANG Shuying, ZHANG Chu, et al.
Construction of DLP high-precision 3D printing system
and its application  in cell  printing[]J].
Micronanoelectronic Technology, 2020, 57(3): 216-222.
DOI:10.13250/j.cnki.wndz.2020.03.008.

FIEDOR P, ORTYL J. A

micromachining: high-precision and innovative additive

new approach to
manufacturing solutions based on photopolymerization
technology[J]. Materials (Basel,Switzerland),2020,13(13):
2951.D01:10.3390/ma13132951.

KIM S Y,SHIN Y S,JUNG H D, et al. Precision and
trueness of dental models manufactured with different
3-dimensional printing techniques[J]. American Journal
of Orthodontics and Dentofacial Orthopedics,2018, 153
(1):144-153.D01:10.1016/j.ajodo.2017.05.025.

SHIN C S,CHANG Y C. Fabrication and compressive
behavior of a micro-lattice composite by high resolution
DLP stereolithography[J].Polymers,2021,13(5):785.DOI:
10.3390/polym13050785.

figlg HE T DMD OB 7L 21 ARDIFE D] AL nt:H AR
SFBERTT A BB L R S LS W BT ST 1), 2016.
XIONG Zheng. Research on DMD-based digital
photolithography|[D].Beijing: Institute of Physics,Chinese
Academy of Sciences,2016.

Fr I 5k 0 BB /INER A5 L B BB I [E) X DLP G
B i 3D 4T B UK 2 1 52w (1. v B RORG D, 2019,
28(6):10-13,21.D0I1:10.13416/j.ca.2019.06.003.

QI Jianfeng, ZHANG Yuanming, GUO Xiaofeng, et al.
Effect of single-layer exposure Time on the accuracy of
3D printing[J]. China
Adhesives, 2019, 28(6): 10-13, 21. DOI: 10.13416/j. ca.
2019.06.003.

YUE K,TRUJILLO-DE SANTIAGO G,ALVAREZ M M,
et al.Synthesis, properties, and biomedical applications
(GelMA)  hydrogels[J].
DOIL: 10.1016/j.

DLP photosensitive  resin

methacryloyl
2015, 73: 254-271.

of gelatin

Biomaterials,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

biomaterials.2015.08.045.

WATTS D C. Reaction kinetics and mechanics in
photo-polymerised networks|J].Dental Materials,2005,21
(1):27-35.D01:10.1016/j.dental.2004.10.003.

OTSU T, YOSHIDA M. Role of initiator-transfer agent -
terminator (iniferter) in radical polymerizations-polymer
disulfides as iniferters[J].

design by organic

Makromolekulare Chemie-Rapid Communications, 1982,
3(2):127-132.D0I:10.1002/marc.1982.030030208

SUN Y,YU K,JING N,et al.Modeling the printability of
photocuring and strength adjustable hydrogel bioink
during projection based 3D bioprinting[J].Biofabrication,
13(3): 035032. DOI: 10.1088/1758-090/aba41310.3791/
60545.

YU K,ZHANG X J,SUN Y, et al. Printability during
projection-based 3D bioprinting[J]. Bioactive Materials,
2022, 11: 254-267. DOI: 10.1016/j. bioactmat. 2021.09.
021.

HUH J, MOON Y W, PARK J, et al. Combinations of
photoinitiator and UV absorber for cell-based digital light
processing (DLP) bioprinting|[J]. Biofabrication, 2021, 13
(3): 2021May24;13(3).D0I:10.1088/1758-5090/abfd 7a.
DOLINSKI N D, PAGE Z A,CALLAWAY E B, et al.
Solution mask liquid lithography (SMaLL) for one-step,
multimaterial 3D printing[J]. Advanced Materials
(Deerfield Beach, Fla),2018,30(31): ¢1800364. DOI: 10.
1002/adma.201800364.

ZHAO X Y,ZHAO Y,LI M D,et al.Efficient 3D printing
based
photopolymerization[J]. Nature Communications, 2021,
12:2873.D0I:10.1038/s41467-021-23170-4.
TUMBLESTON J R,SHIRVANYANTS D,ERMOSHKIN
N, et al. Continuous liquid interface production of 3D
objects[J].Science,2015,347(6228): 1349-1352.DOI: 10.
1126/science.aaa2397.

ZHANG Y,DONG Z C,LI C X, et al. Continuous 3D
single  droplet[J].
Communications, 2020, 11: 4685. DOI:
s41467-020-18518-1.

HUANG B X,HU R,XUE Z H,et al. Continuous liquid

interface

via  photooxidation of  ketocoumarin

Nature

10.1038/

printing  from  one

production  of  alginate/polyacrylamide
hydrogels with supramolecular shape memory properties
[J]. Carbohydrate Polymers, 2020, 231: 115736. DOI: 10.
1016/j.carbpol.2019.115736.

BHANVADIA A A, FARLEY R T, NOH Y, et al.
High-resolution stereolithography using a static liquid
interface[J]. Communications Materials,
2021,2: 41.D0I1:10.1038/s43246-021-00145-y.
BAUCKHAGE Y, HEINRICH A. Curing
structures for high-resolution printing of translucent
using standard  DLP-projectors[C]//SPIE
OPTO. Proc SPIE 11294, Emerging Digital Micromirror
Device Based Systems and Applications XII, San
Francisco,California, USA.2020,11294: 36-43.

constrained

subpixel

materials

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



8 kI RFEFR(OE A FRKR) 20224 12 A

[23] LI Y,MAO Q J,YIN J,et al. Theoretical prediction and [27] hFE. 2T LR 3D FTENHL R SEWF5E[D]. | ifg: b

experimental validation of the digital light processing M TR AR KE,2017.

(DLP) working curve for photocurable materials[J]. SHEN Tao.Research of 3D printer system based on DLP
Additive Manufacturing,2021,37:101716.DO1:10.1016/ [D]. Shanghai: Shanghai University of Engineering
j.addma.2020.101716. Science,2017.

[24] LI Y, MAO Q J, LI X K, et al. High-fidelity and [28] JAZE, £ AR . ZT DLPJRERAY 3D T EpHLIE 5 5L 8L
high-efficiency additive manufacturing using tunable [J]. il & 2 R 5 HLIK ,2018(4):37-40.DOI: 10.19287/j.
pre-curing  digital  light  processing[J]. Additive ¢nki.1005-2402.2018.04.005.

Manufacturing,2019,30: 100889.D01:10.1016/j.addma. ZHOU Xuan, WANG Zhiming. Design and realization of
2019.100889. 3D printer based on the principle of DLP[J].

[25] STEVENS L M, TAGNON C, PAGE Z A. “Invisible” Manufacturing Technology & Machine Tool,2018(4):37—
digital light processing 3D printing with near infrared 40.D01:10.19287/j.cnki.1005-2402.2018.04.005.
light[J]. ACS Applied Materials & Interfaces, 2022, 14 [29] T EL#E R4k B, 208 04 . T B G [E 4k 3D FTENHLFTER
(20):22912-22920.D0I1:10.1021/acsami.1c22046. S K R[CYAR AN T8 ARE ek 5K %4055 17 Ja

[26] BAOEAE X RS LI Ak 3D AT BB HoR | A E AN T2 AR 2 B0 SCEEH ). 1IN ,2017:222.
L FH KR it e[ MLH AR R ,2020,49(8):1-6,65. WANG  Fuchao, CHEN Jimin, YAN Hengfeng.
ZHAO  Guanghua, LIU  Zhitao, LI  Yaotang. Development of printing speed of surface exposure
Stereolithography: principle, technologies, applications curing 3D Printer|C]//Special Machining Technology
and novel developments[J]. Mechanical & Electrical Inteblectualization and Precision: Proceedings of the
Engineering Technology,2020,49(8):1-6,65. 17th uangzhou,2017:222.

High-precision 3D bioprinting strategy based on
projection-based 3D printing

HE Chaofan', HE Yong'*’
(1. School of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China;
2. Cancer Center, Zhejiang University, Hangzhou 310058, China;
3. Key Laboratory of Materials Processing and Mold, Zhengzhou University, Zhengzhou 450002, China)

Abstract:[Purposes] This paper aims to discuss the factors that affect the printing resolution of projection-based
3D printing (PBP) in bio-materials and study the high-precision 3D bioprinting strategy. [Methods] The different
properties of biomaterials compared with traditional polymers were analyzed. Based on the characteristics of PBP,
the methods to improve the printing resolution are discussed and summarized from four aspects: material system,
printing process, exposure parameters and equipment development. [Findings] The main factors of poor printing
resolution of biomaterials were identified, and feasible high-precision 3D bioprinting strategies were summarized.
[Conclusions] The upper limit of the resolution of bioprinting depends on the optical resolution. However, many
factors synergetic determine the lower limit, such as exposure parameters, printing process, material system,
optical system distortion, etc. Therefore, it is essential to comprehensively consider these factors to achieve
high-precision 3D bioprinting connsider these factors to achieve high-precision 3D bioprinting.

Key words: projection-based 3D printing; high-precision; 3D bioprinting; biological material; additive
manufacturing
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