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For Inkjet Printing Systems

Student : Chieh-Y1 Huang Advisors - Prof. Bing-Fei Wu

Degree Program of Electrical and Computer Engineering

Natiopal Chiao Tung University

ABSTRACT

Definitely the ink-jet fabrication is an expectable technology in the fields of
display and semiconductors, especially the applications in the fabrication of
color filters, the forming of metal circuits, the dispensing of liquid crystal, and
the further continuous manufacture of flexible displays etc. Recently, inkjet
printing technologies have been rapidly developing and are not only for the
diminished size of the drops to the pico-liter, the multiplex driving scheme, or
for the real-time observation technology which led to the improvement of the
inkjet printing performance, and which realized the pixel-to-pixel control. In this
thesis, an electrical controller is designed to differentiate the waveform for each
nozzle synchronously, to compensate jetting disturbance for the nozzle cell
deformation and pressure drag loss during inkjet firing at high voltage, and for a
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high frequency named addressable waveform trimming circuit (AWTC). The
controller is composed of a high voltage control block which drives each nozzle,
an FPGA chip to multiplex the high voltage output, an A/D converter which
transfers an analog signal into a digital signal and then into FPGA, a differential
signal input to FPGA as feedback to correct analog output, which gives a
real-time tracking of jetting quality to verify the nozzle-to-nozzle variation. For
dynamic feedback of the drop variation in real jetting, this AWTC accepts
correction signals by a machine vision system synchronously with the firing
trigger in order to analyze the individual captured images.

The contribution of this work is to improve the nozzle jetting performance
which is capable handled within minimum jetting droplet variation between
nozzle to nozzle in a print head. In industry applications, this ink-jet driving
technical can be suitable for the extensive piezoelectric print-heads, and create
the logic of the driving waveform,0f droplet: size modulation of inkjet printing

technology.
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( Deformation of piezoelectric )
AEEY.

(Voltage)

d TR e
(Inverse voltage constant matrix)

I 3=
(Current)
Y'Y A
(Conductance)
Z e
(Impedance)
® : 2nf

PRR ARG
(The cross-section area of piezoelectric)
d RTAEGNER
(The thickness of piezoelectric)
eng - RF MR IR
(The dielectric constant-of:capacitance)
Co T~ AFETE
(The static.capacitance of piezoelectric)
Ry :RE =it A ffensmy o
(The parallel resistance of dielectric decay of piezoelectric)

Ri RZ A&l

(The 2™ order equivalent resistance of piezoelectric)
L "REAEZFERTE

(The 2™ order equivalent inductance of piezoelectric)
Ci tRRAECIFERTE

(The 2™ order equivalent capacitance of piezoelectric)
rENFIE

(The equivalent resistance)

m G EFE
(The equivalent mass)
S L EEM R A

(The equivalent intensity of resilience)
T, @ Spdo ik a) fed ph

(The rising period of driving waveform)
Tn : SRde 253 ey

(The holding period of driving waveform)
Ty EREATEER

(The falling period of driving waveform)
Ve 1RFARTOLR

(The charged voltage of capacitance))
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RCaRd
TCQTd
to,t1

Sigl,z

DAL TR

(The input voltage for charging)

PRI

(The charged resistance))

T

(The time constant of charging)

D AT R

(The period of charging/discharging)

RN R VEREF  d A

(The control signal for switching charging and discharging)
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TG A AR e B 314 o o @ K AR M R BlAc B 3.15 47
oo MR FUEL FEY hF R M F Y S RDUART /i fLs 4 4
AN o ART R ik g (Control FSM) #-i& & UART 255
T g £ AR TR B g 0 B £ O A K
%”( Initial setting command) ~ ” % #c3k ¥ ’(Parameter setting command) -
T2 p 23 F K 2(Self-tuning command) ~ Vit 2 i * —%" FEE B ER
Z_”’(User-tuning command) - 5 P 2% T (Strobe firing command) 12 % 7
*F BfE & 3% 2(Thermo control command) o @ #73k 3+ 1 ¥ 558 § 4= 423K
_”(Init setting) ~ SR> T B L I #2 5 ”(Calibration process)/” 2 ¥ Er 1 T 42
F”(Working firing process ) % » © 1} #75 g £ dw & F PR & 3.2 45 4 P

%:5§;$ o

Process Finish =1

Process

Instruct Type:
Initial setting command
Parameter setting command
Self-tuning command

Choose a work process:
Init setting process

User-tuning command Calibratiog process
Strobe firing command Self-tum.ng
Thermo control command User tuning

Working firing process

B 3.14 bzt s 4] FSM
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__—— ¥ Waiting Command — —

® Heater Temperature ® Set Boartlmd Nozzle Number
@ Tnable/Disable Heating @ Set Max Voltage
—® Get Temperature — ~ ®-SetFiring Pulse Width

® Now Temperature

® Heat Alz&fiu v ¥ h :
f
Firing Procedure

@ Self Tune ® Write ﬁammeter ® User Tuhe
® Nozzle NG Status ® Setting Down ® Counter Number—
® Self Tuning Finished ® Read Patameter ® User Tune Stop

\ ® Head Parameter ® Double;/Pulse Setting

® Nozzle' Voltage
v .

Green item: Tl"rhﬁérlnput command "c->f AWTC
Blue item: The status response of AWTC

W 305 3 RSN 4 4 B g AR A R )

32 FHl6 b 4

Initial Setting Command

Command message Code:! %, Descript Size Data
Set Board Number per |  0x00.0x23- | 8k &= {8 +ff 57 7 36 & 5 1 |1~4
Head 0x42 0x4E | 45 + @ | -
------ 0x25 | = J
Set Nozzle Number 0x00 0x23- | 2K 2 p o * 2 vf 5 vf 2 | Value:
Ox4EOXSA* | 7u i 0~255
—————— 0x25 ;
Set Max Voltage 0x00 0x23 |3k =_P o &~ T B2, 1 | Value:
0x4D 0x56 R R 2 ETRR T ROR 0~255
""" 0x25 | i o o+ RBP4 7
S E: Tk
Circuit Rate 0x00 0x23 | J= ] Get Rate ¢ % {¢ w 1 | Value:
0x43 0x52 | % 7 puph 3enRC 4dk 0~255
------ 0x25
Parameter Setting Command n % 7 § BF %515 5 18T BF
Command message Code Descript Size Data
Write Parameter 0x??0x23 |% %% n B v}’% ER mv}#‘ gL N | Value:
0x57 0x50 | 4 #c » 1% ¥ #f ¥ o 0~255
""" 0x25 Voltage %#c
Setting Down 0x??0x23 | *A¥f EE¥7F S8 % X € 0 —
0x53 0x44 | = =
—————— 0x25
Read Parameter 0x?? 0x23 | 3§ B~yt vg BE 97 5 PH I 2 0 —
0x52 0x50 Counter &
------ 0x25

231 -




Self Tuning Command n % 77 7 B4 %%l 5 % 1B 7 B 45

Command message Code Descript Size Data
Self Tuning 0x?? 0x23 B 4538 77 Self Tune 1 | Value:
0x53 0x54 0~255
------ 0x25
Nozzle of NG Status 0x?? 0x23 Self Tune % = {&, 1% & % 2 | Number
0x4E 0x47 2+ % 88 NG(No Good)* of
------ 0x25 U2 EE Nozzle
for NG
status
Self Tuning Finished 0x?? 0x23 % = Self Tune 0 —
0x53 0x4F
—————— 0x25
User Tuning Command n # 77 7 B 5,1 5 % 1B T B
Command message Code Descript Size Data
User Tuning 0x?? 0x23 i {7 User Tune & %[ 2 | Value:
0x55 0x54 | 5v csp,88 0~255
—————— 0x25
Counter Number 0x?? 0x23 & i7User Tune ¥ 34 < 1 | Value:
0x55:0x43 Counter ﬁ;;,’_g_ 0~255
------ 0x25
Nozzle Voltage 0x#2 0x23 BEEEH B rh T 2 R OB 1 | Value:
0x4E 0x56 1L == =it User Tune & v 0~255
------ WP A it 5] ch D R
User Tune Stop 0x?? 0x23, +f=i=F “User-Tune #> ¥ > 0 —
0x550x53 | AWTC w | Idle # ik
------ 0x25
Strobe Firing Command
Command message Code Descript Size Data
Strobe Firing Enable 0x?7? 0x23 | B 4R 5 P cFovp B0 v 0 —
0x460x45 | o > v d 18 # Aﬂz;/; T
------ 0x25 ¥ ek B 5 ok ok &
Strobe Firing Disable 0x?? 0x23 Bk ELE P m#}‘ Fr o34 0 —
0x460x44 | o > v d 1 # .dﬂz‘;/; T
______ 0x25 ¥ ek B 5 ok ok &
Strobe Firing 0x?? 0x23 | 3K T L& PFeg B il 2 | Min:
Frequency 0x46 0x46 | % » AWTC FE% 5 1KHz 5000,10K
—————— 0x25 Hz
Max:
50000,1K
Hz
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Heat Setting Command n # 7= T B4 %%l 5 % 137 B iF
Command message Code Descript Size Data

Setting Heater 0x?? 0x23 [ TrEEF4e A Behp 1 | Value:

Objective Temp 0x54 0x4F | B 0~255
------ 0x25

Setting Heater Alarm 0x?? 0x23 | #* »?;F?;i‘ FR A BB e %f 1 | Value:

Temp 0x54 0x41 | g 0~255
------ 0x25

Heat Enable 0x?? 0x23 | B 43 {7 ¥ BF 4o £ 0 —
0x48 0x45
—————— 0x25

Heat Disable 0x?? 0x23 | 1% 1k v Ef 4v £ 0 —
0x48 0x44
------ 0x25

Get Temperature 0x??0x23 |F Bt B B w0 2 R B 0 —
0x47 0x54
—————— 0x25

Now Temperature 0x?? 0x23 |4z IJ Get Temperature é Value:
0x4E 0x54 Z,‘ @ g L V}t‘ Ep 2 2 0~255
------ 0x25 &q‘}i

Heat Alarm 0x?? 0x23 Bpth PR A Bi" AWTC 1 Value:
0x48 041 | & Z¥idiy — M EE F 0~255
______ Ox 25 HA B . p};a “P /ﬂ_}i

Hoe 7 B2 B Board to-Board e/ 203k 3 0 H_53 T FIR LB T R AL
2% o E?“%Vﬁ&_ﬁﬁﬁﬁgﬁq b R EFGY 3 5 U B ETET -
e Jo I R B A - B R 0 F 6 - Bof B anf

Beg BT
APz RET - BEEDW ARSI T LRRBE BN
Kot it g g 4 o 3R T
iR € K 273} Master Board 12 % Slaver Board » ;& Master Board % 4%z 1
TR > op

g
m
0 2z B 2 [ chie (FYIE (F 0 1

DAk S FRERL > ¢ BRI GRS

2 2

L3 3 o

A
Au

a4

NTEENRE TR AAFERAE (HED A FRE

Self-tuning ) & fe &t 2 # * FRHTFI A FRA(FHR Y FAFRA

User-tuning) (€300 o #7138 p 23 ez fe it 42 5 (Self-tuning ) 9P e85
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“re) i * F A AR A (User-tuning) e P e84 % Self-tuning 2 {5 > &4
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