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FPGA-based adjustable high-voltage power supply design for
piezoelectric inkjet printing

ZHU Weiwei, ZHANG Mingzhuang, HE Meng, WANG Yong

(School of Electronic and Information Engineering, Suzhou University of Science and Technology, Suzhou 215009, Jiangsu

Province, China)

Abstract.; Piezoelectric inkjet printing technology is widely employed in various fields, including 3D printing, electronics
manufacturing, and biomedical applications, owing to its advantages such as high precision, low noise, and borad material
adaptability. The driving power supply is a critical component of piezoelectric inkjet systems, as the driving pulse waveform it
applies to the piezoelectric ceramics determines the quality of the inkjet—printed products. However, existing driving power
supplies face challenges such as generating only unipolar voltage waveforms and exhibiting poor compatibility, making it
difficult to meet the personalized requirements of different types of piezoelectric printheads for driving signals. To address
these issues, an adjustable high—voltage driving power supply circuit based on an FPGA chip was designed. The proposed
circuit incorporates a polarity conversion module to switch the polarity of the driving waveform and a two—stage amplification
circuit combining amplifiers and transistor amplifiers to achieve voltage amplification. Additionally, control code was
developed and simulations were conducted to validate the effectiveness of the driving power supply. The proposed circuit not
only facilitates the generation and amplification of low—voltage pulse signals but also successfully outputs bipolar trapezoidal

waves with adjustable gain. Simulation results demonstrate that the driving power supply can generate adjustable bipolar pulse
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signals with a rise time of 20 s, a voltage amplitude of £170 V, and a frequency of 4. 17 kHz. Furthermore, it supports the

simultaneous operation of multiple nozzles under a 2 nF load condition.

Keywords: FPGA; drive power supply; piezoelectric inkjet printing; bipolar; amplification circuits
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Fig. 1 Schematic diagram of piezoelectric inkjet printhead structure

1 IRBNEIRSEEEE

O fiff P R AU SR 9T B Sk BB AE W T4, Gk Sl AL IR
e LA TSR AORRE M, BEORAEAE i vy FiL R R e SR
UEVVAOR Ui R = N1 SR WD)} NPT 4 R EVR BN
RATFN =M A, Hrb i SR A8 15 JOK A g% o m] S B
MBS AR 5 OR . EAT I A5 5 5 s 5. 58 g
iR s R I P S oy GG EN ™ s i RS R

FLUR AT RO, oAb, =M A nl 26 10 50l 5 1k
RAEZ MY, TR i T S, ok AW
BRI ZRIRTr %, 5T S8 T 9K 3l L 5 A A
T, e b A n] PSR S5 S B S ECE R F .
LTHEEE R 20 ps. HOR SR KERME N £170 V., il
W 4.17 kHz, Fe KH3N 2 nF,

BT EAREE, AR Y 5K 3h H IR 32 2 TR
BB AE B FPGA i A, BUBLH b R (s 5



Heflifh, 5. FPGA ZRAGF Y it i A8 4T B n] ) g 1 4k gl opL 983503

- 1195 -

JURAEHRAL BT, G 2 fis, IR AT kel
fEREH Se B LWL S FPGA it H =22 [a] 14 %5 3 4% %
FPGA s i Al FHH N 19 DDS {55 & A= #5 L ROM
PRI EREREPIR TR R Tl iR N R L TRl R g R

fots b, o I ARG ST R [FS R
— —
| | 4858 4 |
[fEn | [0 ] [ewse ]
| v v |
T
| FPGAS f | | ki fesz ol |
| A |
| v |
I B HERK | |
' |

K2 oKah AL

BEHCRE AR RE SR
2 EEHBIERGIEIT
2.1 RzhEBIFEEHFIEZIT
2.1.1 FPGA Biber %1t

FPGA #3322 T i Of- 4 th 8 2805 5,
R R AR T T P K gl L YR 9 A% 08B 4y, R FPGA It
JrH i DDS B, R —Fh DR A A R B U
T AR A R AR, e AR U T U bk b A5 51
AR i PR 3 2ok 0 Oy 2 A — A R AT AR (1Y 1E 5%
W HAWIE AR 5. B RAMEA SEmes, MR
Tas AL A B AR AR ok B A8 B mAR A HAAAKE
EIANIEL 3 s o A5 5 A A i Hh & BT I 18 5 0% A= B
TEOLANIE 4 Bos, Hd N R EFAERAEL, T, B8R )E
W1, n A B IAS B, v, AR L TR Y IE

Fig.2  The overall frame of the driver power supply =V AL R Y BRI
e e | 2rE ’FJ"I
il e
ORI RS T T
K3 {55 k44 DDS JEIHER
Fig.3 Block diagram of DDS signal generator
FALL RN &% —> PO EHE —> KOs e ds —> {RIEDE P s
A 21 A >y A __________ Vs A >>>>>> Vo
=[] dllle ey £l an, £\
< = clk
1] | LT w2 HUHNE = e
ek g i) L (ps) (s
(ps) 2 /O — /.

B4 AT R IR 16 L

Fig.4 Waveform conditions of each module

AR SRR MR Fh i A B B A4 5, A BRI
JEIS N SMAR LA, A 7 (Bl [R] R PR 1 5 i
A RFR R, ROM 2R IEH A BRI L6, o th AR
I AR LA, TR — S BB R A B 3 RO A e e 8
Bkt i 0805 S Fe O B S s IR DB I AR A
Beu b e oy i, B — AL F T B

W,

ASCAH F % FPGA it F (19 #4%5 ) EPACE6E22C8N
1£ FPGA 1, F| VHDL & 5 XA AL E A0 A b . 4
PLAF AT L R 0P A R R H AT i, ZE
JEMRME , TR iE] . T RIS R AR R ) A
AR, IR DB E S MBS



- 1196 -

CESRCT e

ROM 1, 2t S B ks B2 A3 B e | PR i e i
R RGP A LR, BERS 4 T HLE /R 750K
2.1.2  HEBTH R pK T

F, Y5 R e R ) RT8096CHGIS At HAE Jy s H, M
THE Y R, A AR RIEE 2.5~6 V,
JEERAL 0. 6~3. 4 V BT IE T 5 L, R SR A
AN 1 A, HIERR R B FRE S IR,

™ RCHER (el WIS e LOIE e

A

SBHE ] -

KI5 i U 2R AR A

Fig. 5 Diagram of the output voltage generation process

HERA SV RUEEE, n]aE Y A R A LR
F14 LR 1815 R o i i 90 R, Y R T Y T
SEMQPRaE X HIE

R,
V"=me>< 1+R7 (l)

3

o VO TR R 5 Vi A HLIEES Y R
BEZHE, AP N 0.6 V; R, MR, N HL IR B
F14) ] HLBEL

FL YRR 1) i D B PR G BT 6 TR, K A EEY S
VRS HL R H PR A, 38 A TR
5V R R FPGA R M TAERE 1.2 V, 2.5V
F3.3 V0 f PR R 3 A, e o e A
% C5C, 5SFABHEILFEMR RC BB, HT
DEBRAIAET, DA B O i R R R AR e,
TEASEHe e i P ep (R e R S 8 1 s

Cz
12V 1_{
o—AM—— AN
f 5v 1 i 5
L3 e——EN FB
1
C, 2.
GND .
L A
LX VIN
L RT8096CHGJ5

6 AL YRR ]

Fig. 6  Schematic diagram of the power module
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Tab. 1 Components and parameters of the power module circuit
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Tab.3 Components and parameters of the digital — to — analog
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Measurement results of oscilloscope XSC1
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Fig. 21 Measurement results of oscilloscope XSC5. (a) Full impedance; (b) Semi-resistance
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