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Abstract

As a key technology in digital manufacturing and precision processing, inkjet printing holds broad
application prospects in various cutting-edge fields such as industrial manufacturing, additive man-
ufacturing, electronic packaging, and life sciences. This paper reviews the research status and de-
velopment trends of inkjet printing control systems. It begins with an overview of the core theories
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governing thermal and piezoelectric inkjet printing control, followed by an analysis of the current
state of research both domestically and internationally. Domestically, notable progress has been
made in areas such as thermal inkjet chip design and piezoelectric inkjet supply control technology.
Internationally, efforts are more focused on enhancing the stability and adaptability of equipment,
alongside expanding applications in fields like pharmaceuticals. Furthermore, this paper summa-
rizes the main research methods in inkjet printing control, including simulation and control system
design. Finally, it outlines challenges such as insufficient holistic system research, weak integration
of experimental and simulation studies, and limited exploration in industrial applications. Promis-
ing future directions include multi-printhead cooperative control, development of adaptive control
algorithms, and inkjet control strategies for novel functional materials.

Keywords

Inkjet Printing Control System, Thermal Inkjet, Piezoelectric Inkjet, Simulation

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

WE SR AT EDEORAE B A S SR I T OHoR 2 —, FE AR & RSS2 A
FHANE, FERRERIGE . SRR T AR 5 S5 AW USRS AN WAL o 5 )3 5 ] s PO TR N HEE
FLAE 0 R R A A 1) 26 R ORURE 52 28 W) TR 5 T B8 70 H 2T B o AN ST B AE SRR SR 4T BN ) R SEHY
LHETWHEICIR, JFREHE R . R R RS .

2. BERITENZHI R G B EAhTHiS
2.1. BARITENEHIR S

U ST E R G5 R T B 5 R R RLTUR SU 0 JC M BR AR, 3L T REE T 5
XS B AT R UTR AR SR VR, DA ML R s B MR AL
R MIRSR AR, ITERS BTN 5 PR, HA SRR 17
R

211 AZRBABREBRAR

PRI SR BOR (Thermal Inkjet, T13) 72—k 4R IS I B H0R A2 oy %, FEAEAL AT
TN AR T SR K BRI VA ORI Bha 2] . %R S5 (1 Canon 55 Hewlett-Packard - 20 fH4d 70 4
RARFFR IR . BORIEmE kw8 7 a4 2 foR, Bl foim A28 S BURT KRk, TE RS
IEHESBOE B S s B SR, KRS BAME AN, SE BT E R .

FHEARRIAZOTE TR IR PO, DI4ERE I RUZ . AR KSR AR M, AT H ORI
WA S RN . BOKMRARMERE, UK, XHTEN R E S e E T, AR, WI7E PoTe #A iR
KT A TR, SEIL R P R [2]s S, TESIZ5 R L 3D 4TED, 4 Hot-Melt Ex-
trusion-Fused Deposition Modeling (HME-FDM #4& T 20)H, PRk R 544 5 358 A8 4T Dy B 32 R 0 ) 3 ol
B3] MBI E SR, fn Polydimethylsiloxane Foam Preparation (PDMS . il #% )i it 37 41 i) 25 44
B, PR A 4], PO AR ARG T # - AR, EFR SR R %, D&
L2 RRE, A R I Y oK

ik

E

¢

DOI: 10.12677/dsc.2025.144043 429 B 1RG5


https://doi.org/10.12677/dsc.2025.144043
http://creativecommons.org/licenses/by/4.0/

ExE %

K IRATED FEERFTED

LYt —» LR —

SIE AN FAEL B

ERRE

Figure 1. Classification diagram of inkjet printing technologies
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Figure 2. Schematic diagram of a thermal inkjet printhead
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Figure 3. Schematic diagram of a piezoelectric inkjet printhead
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W N AT RIS FAR[12], S GRAE K WARBTD). SRR EUR S RATAT N, sl g R B K
i

KR, ¥&T3E R 2% 5 05 1 (Lattice Boltzmann Method, LBM)fE A — Rl /S W Ec {8 J772:[13], BRI AERS H
SRAC TR 2 FH S AR AR A, ERI 2 AR S SAE R R B0 . HEE T AT R MO AL 1) 3 T2
Rk, EHTRERAF SR, CROINH T EREBEEATEEN KRR R . 1Ak, E RN
EDIREA BRI H, a0 e e A s Y B I R i e o B, O R SR R T SR SR A T
S REE .

TERTURL B 0 14 TR ER I A b, 2 AR BORL3) /)22 5 3 SRR A BORE R B . BF 9T R B,
B R AR 5 SRS 1, 4 I 5 5 s S e Bk 5 T R R A, T A R 2 SR R 43 B BRSO R
Bk, 45625 B T W COMSOL. ANSYS)5 S Bt 5B ik LBM), AT SEL w88 F5 1
REEBE 5.

WS T BN RS COR ROV GWAR A% ROE . T EHl SR R T R a ik R,
HAE T SRR Z N AR, G NTERE. WEiHHES FERNRILE, B ad R0kt —
W ReA . BT MR RE, SN IAEIM G . T 5 T RE AR BN A BT AT R o

3. ERISMAFEER
3.1. EAMARIR

% SR T D45 ) R GV E N BB A S R AR WA O ARG 43, 76 BN B0 70 0 A e, (RR B8
BONGE . B 20 4 90 AR E TE R T A2 T EDRE AR G R Bl A 5T ASK,  AHOGEIR 2B
6 B PR S Sk i) LB, VEEIE AR 2 WS BRI IR BNy . STk SR i) K PRIBA S 15 1 A6 A A R B[ 14] . 1A
¥, BiFHE MEMS HlEHA . FPGA A FR S LA LB 6 S B 1 5N, BN AERGE S K A S84
BN KGR Wi A S T — R A EERME[15]. FE AR 5P A RHZE A W E AR AW T,
HEB T BN RGN FIAR RSk . ARA, PIFIR I, mmA. 2wk, AT K R AR
07 TR 8K FE[16] o

3.1.1. £F MEMS iEsai % iamss

TEIE ARSI 0, 520 5 N AT o AR SR AT ED S AR O T T RGEMEmE 7T, R 7T
MEMS AR [ m Al A ms ST EDES , IF B IRAEE 9 51N FPGA % i R 48 LA = K3 (5 5 R il 2 5
RGUINIRRE, HT I sk K Eh B AR AN ] 4 FToR . B TCRR T PR IO AR — 2 TaN
R, I8 SR RS AT AR MR T IS R, SR T R EAR I TR oA H BRI A
6, AT M AR, SR T SR PSR R B AR . ARG K S SRR IR A R Y, AR
FH O T WL IR R S0k, IR S AR N ORI R AR . AN, RS

DOI: 10.12677/dsc.2025.144043 431 1R G 5


https://doi.org/10.12677/dsc.2025.144043

Exa %

LR Xilinx Kintex-7 FPGA 5 /7« 520 FIFO 2247 J. K% & DDR {7 ¥ 0, REfESCEL 10 Wik R D4 i IF
SCRFELRITED, NFRIE B RS R AL TR S, AR, AR R B T RO R R S
Mt LERIAAL, WA R GRS KA Sk B 2 0 Bl (R 4 1) 1) B, — @ R 20 Tz R AE b gt

I E R .
r-—--——"-"-"--"""-—-""-—-=-=-=- | r-—-r—-m—-————"—" """, T |
I | | i I
| DDR [ —> % |
I
| f———— 7y || feITEDR I
I miEEn L = [, I
! J $§I |
: v DlA ft v |
I ’—> I
I tnFRNE | FPGA SHREH : P ks s omxEn H el
| [ |
| _f : | A |
| F——=— I RIS EE I
| BHIES ! I |
— — — ] |
' || |
| | [ I
| HFES i t > lES |
| [ _ I
! L -y |
L - I

Figure 4. Schematic diagram of the printhead drive circuit module
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Figure 5. Overall architecture diagram of the control system

E 5. I=HI ARG B HERE

3.2. EIMAFRIR

FEE B SIS TT I, 2 T AT B2 B S E SR . Olga Kiefer 55 AX} Spectra SE-128
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pL /N AR HET MEMS BRI 16 Wi+ Ep Sk SRR HESR G Hediert, s il AT R 512
P 3 S AT R At 1 R 54 S . Yasmin Thabet 25 A JT & i1 25 S84T ENRIE 7T, R Eh 5Bl
PS4 72 3 R A AR IS F) Ty sk % 2 (Enalapril Maleate, EM) 88 7K 7 2837 Bl & & BRAS & & 5 2 (Hydro-
chlorothiazide, HCT) ¥ I i 4> Ui (Oral Dissolving Films, ODFs) |, A4k 24 751 () 74 44k 5 JUBA L
A PR T SEAEAR A [26] . R4, Henrika Wickstrom [2] BA 38 ix 15 S8 T B[4 A 5038 s v P 245 05| 55 27 (In-
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Hatim K. Cader [\ BB 78 38 284 BRI A B H 32 it 7 ROR SR SR, R AE 88K C 7 A e
PRV FT BN B 4% DA 259 2 L 5 i 55 5 D AFE I B R B, AR — 2Btk S —J5m,
FUJIFILM Dimatix 2 =] (SR FEAT BN & 5 R4, EAYIE S TR S PRk 5 s S 2 B
., REPESEFTENE R RS AEGT R IR T S % . %K RGAE kG B 20 il AN A2
WESEH MRS RER ), HHLEERAR S BIENREE S Y R ™5, H20 T 7851 24 4l A i R
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MR 2 1R AL 5 BB STk R G, Olga Kiefer 25 AT Bk 4540 5 T 2 S BIMIR AT 7,
LS Henrika Wickstrom [ A TE ME 7 P 25904 T ENEC 77 DA 77 TR AR, SARZ SIS e AR e it 7 Sk
WK 55kde S . FIREFFIE— @ FEE LI T ARG 2RI R RS, B 7wt AR T BN R TE
YU T N R, BRI T T AR TS T SR 28] [29]. R WL, AU AELE
EEHARNRIN . TESLPRR I A, WSS T B AR (138 FH 1 52 B 20 A Sy AR e . 38K 75 R e v S 4T BN
RGNS L BREMNHLA.
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Table 2. Table of design parameters for the heating resistor

F 2. MARMARZITEH

EHMSE HfE (um)
Si 60 x40 x5
¥ —JZ Si0z 60 x40 x 1
TaN 32 x 13 x0.05
Al 6 x 13 x 0.05; 8 x 13 x 0.05
)2 SIO2 60 x40 x 0.1
SisNa 60 x 40 x 0.2

AR, BEAE BAE BT IR AW R, 22 Pl ORI ORI T S8 3T B R M 7 v
FEBR R AR SR T X W DX 2R B WU S A FEREAT 7R, RGEPPAs 7RISk 7. WU
WL S RSB IE A . TR X DR AR [31]; SEmiAse N T -G R @875, %
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JESEDEENE REMIK, BIE 14T B RS 1045 6 B MR A 2R A (4 2 PR AR E[32] 5 7 or A S N A& B A% 3
JIEE TR T R R 7S i EE I (SN A I ERAT O, M AN IR R T VR A A AR, A
RFS B2 7y S 1) R it T A R R
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Figure 6. Operational flowchart of the drive control system
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