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Abstract

In this study, the photosensitive resin mixed with carbon nanotubes was used as the
printing materials, and the conductive structures were printed by a DLP (Digital Light
Processing) top-down system with the DLP projector as light source and the additional
sweeper mechanism. The relationship between the resistance of the printing materials
before, during, and after curing and the related parameters was discussed. The printing
materials were divided into two types according to outer diameter and length of mixed
carbon nanotubes, and the influence of size of carbon nanotubes on the resistance of the
printing materials was discussed.

Firstly of all, the relationship between a resistance of the printing materials and a
time after carbon nanotubes in the printing materials were uniformly dispersed by
equipments was discussed, and the relationship between the resistance of the printing
materials and applied current at the same time was further discussed. Then, the
resistance of the printing materials was measured simultaneously during printing
process in order to know more about the resistance change of the printing materials
during printing process, and compared the resistance of the printing materials before
and after curing.

After printing and getting the conductive structures, this study tried to heat the
structures at high temperature to discuss the change of the resistance, and also tried to
place the structures in two environments with different humidity for a month to observe

the effect of moisture on the resistance of the structures .
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Finally, the interdigitated structures were printed and gotten, and the problems
encountered in the process of printing the interdigitated structures were explained. Then,
the interdigital structures were tested to obtain the relationship between their
capacitance and impedance and ambient temperature and humidity.Then, the theoretical
capacitance was calculated and compared with related references.
key words : DLP Vat Polymerization, Carbon Nanotube, Interdigital Electrode,

Resistance, Capacitance, Impedance
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2.2 DLP sk | i = 4] 3 (Digital Light Processing)
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%

e Projection len UV light source

— Area projection of light
for curing

I

Bl 2.2DLP % B & A T 3 BI[12]
5
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¥ OBk fs LS TS 4 (Optics) B L 0 £ 4843 1 HE F 60Hz B i H 9 RGB = 4
g & 445 (Color filter) » #-k A2 =% F=-BHJI % > H%Fs» DMD & & >
Fd e RM e SRR Pl T BT TN IR S B B R S
Gl f &R BEILIREFT O ACESERPEFER2I DRI IFF -

DMD § 5 ch2 #8238 (7 R 3820 5 2.2.2 & 3mip o [13] ~ [14]
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DLP Board

Shaping Lens

Color Fllter (\
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—— Light Source

Bl 2.3 H 5% DLP sk #4048 ik 5o % 1£[15]
2.2.2 DMD(Digital Micro-mirror Device) §s #
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B1[20] 9 % e 5[19]
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. P
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2.4.1 3z &g (Carbon Nanotube » CNT)
& & % 9 (Sumio lijima)f® 2 A& 1991 & # * 7 i5 ;T F & #csi(Transmission
electron microscopy * TEM)BELZ2 T 55830 4 vl T 1 f 1&PF > 3 Rt st £ 91—
B4R BB S A 4mF 30nmzZ B ERETiE luymo d 23] 50 B 7 & P

B ks SHES 0 05 A A RE hE - ST - [24]

OO0 ©
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AP EEFES S EEE550m;cd - B EE eSS EEE 2.2nm)[24]

EoF B RGBS 5 B 150m 2 B 0 EIRS &35 0 d sptiR &
tgado o¢ IR Aad HAL SRz Y e Btk it o
Rp &Pl v iz X g & & 5 B2 s ¢ (Single-walled carbon
nanotube » SWCNT)4fr % &% st # ¢ (Multi-walled carbon nanotube - MWCNT) » &
BB 2.14 - ®iER 2 ¥ &% T 3837 (Electric arc discharge) ~ & &+ 7 % (Laser

vaporization)f- it £ § 4p i % (chemical vapour deposition) - [25] ~ [26]
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Graphene

Sheets of
graphene linked

Bl 2.14 % A B F s 4p[28]
242 B v AR

& 2017 & >QuanyiMu % A % DIP TR WAser W B 5 5 B2 KA E oD

-

ST AT FR AR EER T 2T 01wt i X SR G ET
TR F RN R G E SR AR R R S A e o] 215 49 0 R
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YO T R [ A 55w Y
FRATHT Y 5 EEE K ARE RR G 0.3wi% o
1 T : : r —— » 100 r
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2 %' 03wk Mwent | T o 12RPM = .
£ X : 7104 4 30RPM e
23 . o i z v 60 RPM " . A v
3001— : & . Y »
3 : i £ S .
32 1E-34 8 14 - =
c 2 °
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1E4{ s
0.1wt% MWCNT
014 »
1E-54+— . ' ' v T T : - T r T y
0.1 02 03 04 05 06 00 01 02 03 04 05 06
MWCNT concentration (wt%) MWCNT concentration (wt%)

(@) (b)
Bl 2.15 S REz KA g kAR Z(QET F2 M RE (DA & 2 B % BI[29]
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16.616MOHM » 3 T3 [2 ¢ 567 & B & i 4 @ > [21] -

2.5 3z = 7 #&(Interdigital Electrode)

251 A .%ﬁ{wﬁ{%ﬁ‘%
R REI-BEF - ALERDEG B P BE S MED AR
e drfl 2. 16 fror o #ﬁ’\ T T g s>t 1891 # N. Tesla en® f1¢ > & F &

11960 & 4% THEA B4

&
=3
¥
-l
3
s
frem
&
L
m
(=

1920 & & HAp 2 T AR

R et BBk ¥ - [30]

B 2.16 452 T & 3[31]

2.5.2 1 ¥ mr3E(Work Principle)

AR P AR TR FRES 0 X F AT RT 7T F F (parallel-plane

capacitor)eh1l fFRIL o F A B4l ~ f RRITEFHE LT RO BLARE - €
LR TR FAL TH L THEAT BRI T BTIRLFDEFRF -

AN BER TSI LN TEORT AR TR BERIPT AN A A (21

B g B3 AT ¥8c 2 EET S 8.854187817x10 “F/m > & 5 Fipld cn /i T ¥

BOALTHRAEGH D LA THRF SRR F L FRS AT F B S RE

ERER IR L e R e A ER Y Gk PR HAT F IR 65
,g&

oy dfr AR TF EREFRF STV K
13
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PO LT E R T LA EE R FRP DT F R FRY R [31]
[32] ~ [33]
PR AL TREETEHETFE-HR 22 R30G5 A B LT 74

TEE G THET OULE S RTEOEI RS A EE 0 P R

WR AR ekt K @SR G X AL LB " [31] - [34]
A
C = gpg, * 7 (2-1)

Capacitance

Capacitance
Measurement Measurement
System System
(a) (b)

W 217@THFFETFERLHFGE » (b)dg D FBE »[34]

253 &

dar DT R SRR PRI L BT U P IRBIBRA E RI[35] -
2 A BIE P IRavk e g £ 2 RI[31][33][36] ~ £ FH[37] ~ s I
v 8 4 5 pI[38] - £ RI[39][40] % o A& KR-E BT A TRBIBRA DE R -

% 2018 & > Marc Martinez-Estrada % + & * {1 Hjv(Embroidery) ® 1= 11 % f&
3k iR THR(E A ¥ 3 0.43mm) - he@] 2.18 #77 » ¥ @ % LCR T4k E
AR T A DRSS URARFE R F O o ERES ZTMIE 2,19
TR P AR RO T o EFLE SRR M e B PR O AR S BOR P fAR L

FATERARES  BRT 0 E4p % DIEPIILE v Rd < TR « [35]
14

doi:10.6342/NTU202202361



14101()

1-10°

1-10%

1-107

Module Impedance (L)

1-10°

(@)

. 18 Martinez-Estrada % 4 #73% 3+ e fiip T4 (QEfpr T (D&

Femmm20Hz | smm200Hz |
»2000H7 | s 20000H3
] 1

[
Fmmmmmm Temm—————

1

1

1

20 ﬁﬂ(%) 60

(a)

27

dhe T (s8]

Module Impedance {Q2)

11100 ¢

1-10°

1-10%

1-107

1-10°

(b)

.........................

T T
1 1

—ZOHZ: _ZOOHZ
|

1
mmemee 200082 _ _ == 200Q0HA
1

20

(b)

19 AU PSP T X s AT ERERBRE IS M RRI(R R AL

20C) (@) ®=dp t T (b)K 472 7 1&[35]
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PR ORHRRAEZ ANFH

3.1 P 3 I A2 MR R

ALY | AL AES ETER 0 4of 31475 0 4 DLP &8
BRAS ~ B BRI o 27 P E oofte s 7 e CIS $E
AR FAET SRR o Ik sanipdldEd © 5 Creation Workshop 8 if 2
Rokprdleis o TR T L5 Motion g BB E - Hl ek iE 7 Creation
Workshop & i # 3| ehi=# 4 B o

Creation Workshop 1245 Gcode % i% 3 5L 3| 7] B & b > fm 4| 7] B %k Seeni®ds o

Bl TR A o T RE - [ A RSB LS TR E 2 R

B 3.1 7ler s i
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311 DLP k£ #

ﬂ\p;ﬂ ® % h DLP & 3 324875 % BenQ MX662 - ﬁig’ﬂ}’-’rfi %1024 piXEI X

768 pixel XGA » &7 & 34k * 1-CHIPDMD § % o = DLP 3 8248 cngiep )5@9]‘ be 3

BRGS0 2 35.47Tmm x 26.6mms FlutE - B fF ok 5k Bl 34.64um>
TAFEPE BB 2 R 0 AR KRR R A s T o
312 #H#T 5
HdeT S4B 3.2 47 0 & B B R TRILE S 5 e ® AR e (Z )

B G S b K A4l 0 8 4k " FASTECH #72 4 ¢ EZISERVO # & P
B mAS HERF LB

g P PR S Z(EZzM-56L-B) > £ 3 * % & A & Gain E - &

17 & ¥ i 3] 32000/rev °

4

M2

Bl 3.2 = B d il o

313 #17 #4
#17 HEd B EHF21]0TR Ao 3.3 B Y B R ch A AR T L
AT R AR AT o X ght e S E e VAR A RL R

THORLABS #7# # &1 MicroBlock 3-Axis Flexure Stage » 4, {742 3 £ 2mm » = &%

- Bl e E 5 500um > B FBE 5 lum e
17
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#7 AHAcR] 3 40w o A e LA R Y ap T adER o £

177 PRI A G Y ] ARRb L L LR - 217 AR FTR
GG BB ESRET RS

SR A7 WD hh [RAR G W b TR AL o DLP BB SY ke d 7

WA PF B BT S 441 & ¢ lmil oo

] -
A a7y

B 3.4 77 A48
314 mEx ;5

AT o] 35 4A 0 F N RB ERY 0 Rl BHAERY A5 A

e

A F BB g P A RFLA ST S pad o
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LR U
JR=%}

B 3.5 7T o
315 CIS¥E i st
AF7 7 & * CIS(CMOS image sensor> CMOS # i B B )$5 fie % & 4% 5 L 48
S P BT L 4G s d AUl 0 HETAIET SR T HE o AT R Y D
CIS A15. 5 XW200 > B % ~t 5 1/2.7" CMOS %2 ¢ > f247 & 5 1920 pixel x 1080
mmh%ﬁ§@%@&mmmN1%Mm1@’@ﬁﬂ&é4%Mm’%ﬁ&é
3300mV/(Lux-sec) » i * 650nm i<if jpk & o ¥ b £ B 125" - fads
B 3MP -~ ¥ E £ B & 2.8mm F] 12mm 2. FF e B 4LEp o 283k 4k en CIS $ & & st

4B 3.6 #7F o
rod post
EF

ST L
& 10pm)

CIS #%

B 3.6CIS H# £ x4t
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316 Bifz kP4t Creation Woekshop

*E g @ * % % Creation Workshop 15 i£ 2 6 -k pF [ F- 4 st 441 7 B %k B o

# 3 Rk Blf- G-code ¥ & 77 Er > B F Y

IREE S R P Y DY SR T IR R £

Bl s e T Lo 7 iR chi de 0 4 £ R Motion g et

3.2 R &%

3.2.1 Deep Black 3D 7|8 * & 5zH7

rEF R F s Rl L R Fun To Do = @ #74 & ¢ Deep Black 3D

FlEr % kAo (A 7 AL S DB Bf) o @ fc 2250m 3 415nm 2 ® 2k o 3l

# B & & J&(photopo-lymerization) » ] 4 4c » & <} £172 F &gl > S 0a

I F TR B G L0 0.5%5’:»13:_%1%’-&%‘ » L Sk & 301 AT e

# 3.1 Deep Black 3D 51| &7 * sk agfit?y 4L £ ¥

e By
LA & (Viscosity) 80 mPa % 25°C %k # ™
A B (Hardness) # A R 81
% & (Density) 1.05 /22 o8

»]i.%{‘ﬁﬁp (Shrinkage)

<0.5%

¥ BTk & (UV curve)

225nm % 415nm
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322 3 AmE

AFEpRTABEEARE > S - BEd BT

4‘:“

Ferd Ao A RE
MWCNT-NH3-STD 1% k=4 # % (A% 7 i #£5 MNS-CNT)» # ¢ ‘5|
oo T RIEI A A R S %A A STl o MNS-CNT ¢
W B ROTB » P53 47

.;.»

Fd ALH AR
7 DB g ¢ o

<k

8% 415 C Tube-010 e & % AE2 F L3 (AF5 5 fi AL % C-CNT) - d
FhF AP HF Y FF 4pict iz (CVD method)#r4 & >
2~ 4 £ e PDOT k34 7 44 - C-CNT 8]

-
2 % 4% ~ DB #to ¢ o

‘.}- 4 FIF‘
Lot

FEERGG AR

MNS-CNT 4= C-CNT sifmft Fr R R34 3. 20 %

.27 % & DBt ¢ g B
EEF A (WI%) k&7 o &% 47 & & FEmE P MNS-CNT 4o C-CNT & 45§ i
P A
403.2 BB E f BLE LT
Xy C-CNT 2 #4% | MNS-CNT 2 #icdk
TiaE 5 ~20 nm ~9.5 nm
R R 1~20 um 1.5um
4 & f4 (SSA) >150 m?/g 250~300 m*/g
33 HlITE BT M2 LFHR T KA
331 %3

AETRT PR L2

N\

PESRA

# AUW220D =

-—J-%%-T—’ﬁ,»—\
BV EREES 0 o HBARELZ001LER ¥ ER M
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332 HEATRBHEIERIDTY
AL RYRR AP RBTHEE AR E 53 407 DB P -
A5 A F s * Hielscher o & 5 UP200S » ;{ﬁ“ﬂ Z R IL % (Cavitation) ) = 38 < €1
B4 SRR R R E PR R R AR EIIACT DB MY o AT Y R
Fefritg 20 3] 40 2 B M H TS 1 EFEFI 3 A& -
B RBFHR T GRS K ART i MICCRAD-9 » J§d %27 4 5% 42 f

BLE AT & DB AP ¢ o AFT g & % chgdig 5 11000rpm o

34 REKA

341 #B BREH
ALY R R EERGT UL P DOS4A5 B h T G BRI e B
WAL SRR IR o T AR (SR R
342 ERERE
AP R TR X w HG UL P TTH-BITP-S w258 4 1+ AlERE

B BTN VR R RBE R TRDOT F o IR IR R 2 R Tk o
- o -

s [15]25|35]45] 55 »‘ 85 | 95| BR

0 1¢ 20 30 40 50 60 70 80 90 100

(b)
B 3.7 @ERERE (b) EEEBRERET 404 7% [41]
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35 FRER* KA
351 THERKRE
~ 527 ¢ * Keithley = 7 2450 SourceMeter 7 % & B & ¥ #% & 48 € T in 3| 5| &r
RAtd £RplHE TR o TREF & 20 MA £ 200V 2 B T w45 R A 10nA 3] 1A 2
FE'F o
352 $## 1/0OAa+
55 N0 g FHERIEREDTRIE T Y o 27 &% NI
USB-6009 f= NI USB-6215 = f#&3|5L > d NI #72 & » 1 ¥ B A % 5 £10V v

+10.4V -

36 ZRIKH
361 F* T4
KGR £ A BM0LA B i TR E RIS Qe L BT T
£ 45 & 100Q 7] 100MQ
362 LCR T4k
hFTy i * Microtest 2 7 7] 55 6365A 1 LCR R4RERIE SR % T T

Benfe i F R BRI o B BB AISE S et 3.3 97 o

1 wcrotest 63654 RSN

— -
et
— -
-
-
— -
— -
-
B
| ——-—

(a

N

()

B 3.8()LCR T4k ()% B &ise
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# 3.3LCR T4k R 1+

RIEAE 5 45 [F 0.1Hz~200KHz
P TR R 0.001mQ~99.999MQ
TEERFER 0.01pF~9.9999F

0 & 2R R -180° ~180°

3.6.3 * HAHcA
OB AT SRR 2 Bk 6o ER o X S B R

FoEe

3.7 R i
371 ¥% 499
*Fr i+ Ted Pella 2 @ PEL-16062-15 $ 7 41 #- B4 T B2 5 157 4
BBt AT ERBETRE - L [ EA AT ERTOER -
372 fIpBH
TR AR ESEMNIBR PFEFRE O FLFFEFFRE R RRER
PRk i A AL R0 AT R Y ISP HAFERFT AP L RD
AR F e B IR R T & 25%RH -
373 FpéRBRF
AFTT R I E N RIR R RO R R RR c AN ERR SRR

BRI F 2 30C 3 50C2 & » JRA £ Bl [l & 0%RH F| 100%RH 2 7 -

A~ ¥ 4ken Supplementary material @ FoAF L ELP A F - 2K ehvh L
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%Etﬁi'?;%jaﬂhalmii

‘:_: fv' b&ﬂ’{_ /7l=‘ :t /é‘ HTKE f” mDLP F ﬁg 7V ﬁ@lir_(*\ﬁﬁ Y Fz?%;—; F: 5!JEF§1%E_)
FIEP R4 0 & /‘3\ 71| B 5 r;’ﬁig' & fr’?lJEF ié ’_%f“j";‘f%;gﬁf;’; @ﬁﬁ%&.&r@ 4.1 %7 > ¥

Va3 i;;_&m/} w;]!ﬁral,, e ¢ rrJ 1]}%‘7‘% o

F_‘-

%% CAD #1] » # =
STL #% {3 %= » Creation
Workshop

B TEO Bl
TERY

1.

/ﬁf_\/ﬁ

% Creation Workshop X BT i R EAE S
R SlIE S WA G EFRE
e %3 «‘fﬂ z
F 9k Bl CWS #h e
G-code
s N
AERERILPR K FT A BB A
G rE £
\_ J
s N t
7% Geoode £ CWS 4 PR B A

i %%-fﬁ?

HEHPHB2ZH | BEI T BRI A I
¥5 3 $7iv A DB #tg ¢

,E.].:\ ] > _ﬁé

R T D Y D Y e N

& # /fs]‘féz T /’Dwﬂ‘k‘f
2 i

B 4.1 s)erine
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4.2 CAD #:3)#%K 3+
A7 - R WA= CAD KA > A b LG dpR B FEEREHA R 2

o B =+ STL 4% »~ Creation Workshop » -

421 2 BH

AP R AR SHAc W 4 2977 0 A Z BN AL e T
Frif FJHE o o T Lz b B oo - ERP LR E R ¥ #EkF X
AN T o Blde® PR R XA A E 3 B HE 7.%{103.92um o § 1Y
PR R B AL 0 EF - BapR “”"é’%‘ LIRS $ K i

- BiRFF - P ASESY - AR o REPBREAESGE R R

BE AR o BT R R R

HREARE

(W)

& §E(D)

+ & (L)

Bl 4.2 352 B4 AL B 4.3 32 mehz Bk Sk
R 2 R R A S g REW) g 2 P (D) fodp <

B> 4-B 4.3%7 - W 5 p %#c> L2 W20 DR F & SEHTIERS
BEA 8 (7 323802 (try and erron) % 18 v > (¥ hm ot 5 422 5P o B4R Bihz
B RH e % g RS L2 W-D-L B

DAL A HE S 15mMm o ) RIE G e R kot Flohdn ) i 5 R 20
x(BciE 5 692.8um) > * At RN AT I EFfeR F o @A PR

e PRl ATk > RMEF E 5 Ox(FE 5 207.84um) > A A 5 0.3mm o

26

doi:10.6342/NTU202202361



422 R IERFHEI

AR Sl R A YRR GFHA A F i g REPERFT 2
fdg R 2 B ens| B AL FC ~ 2 dg R 2 qz 0 chdoo| B EE o Er L B RERIGERCA) PR AR
LIS SERTEE IR

FIERFERA G F BEDT FRE5H 2 0 5 BEADE TPk 0 FE
Tk B R PR W £ E2 20 ReOW B2 B IR C AW B 4
=3+ - BifcE * ~F 34.64um F H iER T 20x 5 ok 0 B R G 0.3mme iR
BATEI R Bt T R g BT L Dt o B 445 AT
3T K PR ER A -

MHBE - E L E md ahy

M FE 3X

20X

B 4.4 BRI S 3X)

423 £
£ %4 B4R 4597 0 4o 5 8mm 4o 1.5mm > B & 5 0.3mme A=
8 4 A

g Bl R A ST TS R R B e e felE R R

BAEHERE L ST

B 4.5 £ 4% 4 H Bl 4.6 £ ke

27

doi:10.6342/NTU202202361



4.3 A FREE A
BALE B o E - Y TR A RBEP RARR > AT FERAO T
2550 A gm0 255 REAE R o bl I T 0 BRF AR EHRFBK
SRR RS G o RA AT S S ERBR B DA R Gk
R drde s A2 OEREAL ATF B L IR ST 2 pr[42] -
431 RF

$ CAD 317 & 1 9 3 el X B4 B W% A fd 5 2550 2@ #4773 &t endy
AR BERGENCD 5 5 BAEA - ARG S i FRERE ]
Pl B AR Y AEA R g i R IR B R A B e X F AR

BB E RV ] o F W MBS pE B RS E NP R IR e

Bl 4.7 3% AFF i chg £ R
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¢z ® G-code §= CWS #%

AL EFY )7 A Ae o fo—- S DLP P RAEmRE R A S 0 4] A X
fho e A RHE 0 ¥ BT LA T AR o

77 K 1 3]0 G-code ¥ v 4347 e KT T & G-code iE 7 ik
BooRpEcE CWSAP LBl o ™ L7 7o gzl (74 3% § &

- % G-code = CWS 4§ i1 B 38 (7 3ol o
4M_ﬂ7ﬂ&ﬁﬁﬁﬁﬁ%

WE AR S R Ale AR B TATE 4 8o HFA s
Lz BRER AULTERRE U -k ek o
Lo SRR MR 4.8 i(a) R ) E R AR 4T AR G

2. % - K MR 4.8:5(b) -

3. eIk HER 4.8:(C) S UERAM EHHFAT FIAE R

v
I

oo PREPGLE - K e ARt 51 B R e iF

DB 75 % w
%ﬂ—‘/ ;l B L ‘;
X $h
;{yi —> AR 2 I
(a)
F BT 5T R 2Rz e 27 )T gr
» »
Z iﬁgf#a’:— K v 4
w(—I—) «
%§I'J.3§+§¥— A btk R
(b)
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Z g

o N I M

B )
(©)
Bl 48743 (@) Akl (D) #W%- & (¢) lAFIFE
4.4.2 G-code

4.4.2.1 G-code 7 1
o B 7 3]0 G-code ZEHET A A Z BIRA 0 deBl 409 AT 0 AW

Start ~ Run f= End > » S| ¥ & B 4.9 (a) ~ (b)f-(c) - Start &g 77 75 71 & 4p B

\\?{y

i
Run Rz 7)er k suie i3 7] 60 > B d 3 47 3878 Pre-Slice fv Lift 7 &£ 797 >

¥ #— B Pre-Slice {r Lift 3% % — ‘= o Pre-Slice #-¥+ /& & #c 5L e £ B4R 6+ 0 &
T gl s o Lift RIS 4I5) 6 R (74 T2 » ~ BRSO # o Run g8 = (8

End * >+ % 4 G-code -

uld be executed BEFORE the build process
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**X****X** Pre-Slice Start *¥xxxxxx

Pre-Slice

;<Slice> 0

Set up any GCode here to be executed before a 1ift

**********W* é] £

;<De1ay> 2000
;<Slice> Blank

b

TRRRXRRRRRE | ]

ET T T Ty - 54 ﬁ% = I'é' ‘frﬁ?’%ﬁ
: IR — N E
Lift f61 z-.02 F1.0

;<Delay> 6500

-**X******* L ft Sequence KKKEKKKKKKK

# o P R

(b)

;..xunnu Footer Start ##sssss

|;Here you can set any G or M-Code which should be executed after the last Layer is Printed

18 ;Disable Motors
:&(.umpartrb

SEXEEXXRREN Fant EREEREEN
I Footer End

(©)

B 4.9 G-code %
44272 B RP
JE B 4.87% 11 {8 w7

#d o Fpb Lift chlicg &

#HE e

e R LR S 2R F R T E 443 S mmp o T o g

¢  Number of Slices &

1

## (a) Start (b) Run(%
7| er 4] 42 -1 G-code Z &
B AT A e &

~ 4% 5 BEAE e A5 § PEF 5 I ¥ Pre-Slice frdd & B eniic £ 4

s oA e 2

- &) (c) End

G e sl i g
T kPR ITHEE B :zE — B Lift o0
E R AT e § o
&+ Start

o G-code %z § inARATEI s o

Supplementary material - i3 2 {5 2. G-code & > Bl 4. 10> -+ & & & 5 0.02mm~

FIEPT 5T g EEgr S 10mm s ¥ - K Rk PR
% - )k KR 1010ms 18 7|
BT 5T 10mm
% - s Bk kid % 5010ms (4 7
B L B2 9.98mm
&z iz B ok A B 5010ms (s 2
7 # #+1.5mm

¥ow St B H % 7 DB B

% 15000ms ¢ 7| &r L

5% 10mm

31

% 15000ms ~ i

& % 7500ms -

i***lt*k&l Pre S]LCC Start EXEXREEXX

Set up any GCode here to be executed before a lift
EAREXXANEX PYE S]IEC End FEEERARRX

<Slices 0

;<Delay> 1010

;<Slice> Blank

JPPRRCCKKE i ft Sequence ¥FRRFFKK

§1 2-10.0 F1.0

;<Delay> 4010

R HKETA KKK e KRRREERORK

"STRRETIIIT Pre-Slice Start TRrTRReT

Set up any GCode here to be executed before a lift
XXXXXXXXXX Pre- Sllce Eﬂd FEEERAR R R R

i<Slices 1

—>>Delay> 5010

;<Slice> Blank

XX*XXX‘YXX L]ft Sequencs RN

51 29.98 F1.0

;<Delay> 4010

CXKKKKXKKEX T F3 Qaqpance XRKEXLKEEE

TRRRRRRTNRE Pre-Slice Start FROFRERE

;Set up any GCode here to be executed before a 1ift
2 EXREEXRXEX P re- SI!CC End EES S S22 S

;<Slice> 2

%koelap 5010

;<Slice> Blank

DORRROORE L] £t Sequence FHERIREK

51 X1.5 F1.0

;<Delay> 1010

LEARELIARAE ce HEEXXRREXN

““"“" ére STice gtan REREHEES

Set up any GCode here to be executed before a lift
SEXEREXR KRR Pre- Sllce Eﬂd AEEERAREE

‘<Slice> 3

%;<Delay> 15000
;<Slice> Blank

;xx*xxxtx*x Llf! Sequence HAEEAA KK
31 Z-10.0 F1.0

;<Delay> 4010

oo £ Seguence FRKOOOKERE
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Pre-dShice Start wrrrerrs
S t up any GCode here to be e
Pre-Slice End ks

e a lift

ted before a 1lift

efore a lift

5 = mor Bk rigE E 5010ms (s 4

ch efore a lift
End

B~ SR 5k T DB A 4

nk

* Lift Sequenc
Gl 7-10.0 H 0
<3 Ix\> 4()|(\

% 7500ms & 7] &0 T 5 T 2 10mm o
B 4.10 2 :x{s 2. G-code
443 CWS#4

443.1 CWS#z2 i %

4 CAD #73) k ¥ 5l eh— s # gE L B € 5 22 Creation Workshop i 4 ¢
CWS #hp 8> B¢ AW fEEd CWS fpen i fide ) - 8 o lcihimii it
= 0 Rk Bl e sl & Pre-Slice sk Bcmsl o & B £ 0000 > 1 5 H iR DI
7| e Ry B -

4.4.3.2 BB WP
t% 4422 8¢ 5 H1l:xB G-code pF Lift ~ Pre-Slice {rif £ B cric & £ 3 4c

PR A 2o

=
i

TEFLF BT SR ik m RN R R %
PR AR FL ARENREF R FEME R ERBIE S22 2R LR
% G-code #4 7 F|$1 Jis > 2 2 g £ [f] e Pre-Slice p¥ 4 ¢ 4% 5442 85 ] % 7| DB #f*;

$ 441 &¥ L E R PR R LA 2T A e R R E o F R
kPR ER S 2 B2 BEMER- B RPMEL R F DR
70 B 4. 11 377 % % {8 ¢ G-code ® Run # ~ 24 i e 5k B] - CWS H2¢ B #

Y245t fitdk ¢ e Supplementary material e
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JREREOOORE Pre.Slice Start FROOORRK
;Set up any GCode here to be executed before a lift
;XX*X*X***X Pre—Sllce Eﬂd ES ST

;<Slice> 0

;<Delay> 1010

;<Slice> Blank

***X**X*XX L‘ft Sequence KKKKKKKXK
51 2-10.0 F1.0

;<Delay> 4010

= KHKRKKKRKK Llfi Seguence HKXKXKRAKK

X**XXX**XX Pre- Sllcﬁ Start *¥¥kxXxx

Set up any GCode here to be executed before a lift
XX*XXX**XX Pre- Sllce End EHRKKKKKK KK

<S11ce> 1

<Dclay> 5010

;<Slice> Blank

;X**XXX**XX L]f«t Sequeﬂce HKXKXKKKK
51 79.98 F1.0

;<Delay> 4010

.X**XXX*XXX Llft Séquence KKK KKKK KK

R Pre-STice Start

Set up any GCode here to be executed before a lift
SRRKRKKKRKRXK Pre- SllCE Eﬂd KKKKKKKKKK

;<S]1ce> 2

;<Delay> 5010

;<Slice> Blank

XX*XXX**XX L‘ft Séquence KRR KKKK

51 X1.5 F1.0

;<Delay> 1010

SERRRKKKKKX T £t Sequence XXREKRRRKK

XX*XXX**XX Pre Sllce Start KKK KK

Set up any GCode here to be executed before a lift
X**XXX**XX P]’e S]lce End HOKXKXKKKK

<Sllce> 3

<Delay> 15000

;<Sl1ce> Blank

;X**X*X**X* L‘ft SEC[UEHCB KKKKKKKXK

51 Z-10.0 F1.0

;<Delay> 4010

XRKKKKHKKK Llfi Sequence KRR

EVWHE R

Nl

bl

hey

d before a lift

up any G e a lift

Pre-S

lice End *

ted before a lift

d before a lift

1.0
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IA\> 40
wxk: Lift Sequence *Hisdhbsds
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FEE R o ded 519 o B A - BREE R TR P2 (8 € Bk A5 02 2Tk T
B BFLEFAAANBR LT - BER R OER PR Fefdail i
T LabVIEW A2\ ehe drdi b B dpiedhro § 2 2977 LS L REF TR
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% 5.1 BRIPFF P v BRFR T R P E BRI RS 87 e
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w1 1~30 1
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=

5.2 LabVIEW B3] i 2.5 /%
513 # » 0.3wt%MNS-CNT ¢ DB itz £ Bl % % 21313
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# 5.4 xR BRIEEERF £ Hiodh L ST EIERS & 5 5

FARIEG(MM) | & & (R T mmd)
O REREEE iE‘J% ] 23 23*10=230
£ >R 8 1.5*0.3=0.45
a‘;q RN T%"- 5.61168 0.20784*0.3=0.062352
% 5.5 % SHILIHE AT N RO BE > Mo BT ET R
HE I kenk S | dak 0 im:}ﬂ
BATEE | B TlE
WERETIEFER | $RET R
(kOHM) (kOHM)
(MOHM) (MOHM)
g 1 2.11118 12.07303 0.37532~2.14632 | 1.90006~10.86574
S 2 2.42078 21.07789 0.43036~3.74718 | 2.17870~18.97010
g 3 18.64011 38.70669 3.31380~6.88119 | 16.77610~34.83602
My 4 6.97184 11.88260 1.2394~2.11246 6.27466~10.69434

Vb jid 5.3F g Bl AR F YL L{r il 2 chE RIPF § BT R B )
LT RAZIE /O 4 6+ B b1, KA KR 5. 3V MR IIE R LR
gAR2 b ipd o RAAR- R TOIABAEDSHTIEA AR 0 T LT W

Fop P ErE R A > 2 S h B P ET IR B - T

J

I

% 5.2 &35 R

fr

PRIz Tk g AR EFF R RINEL BT mER -
514 # > # kR C-CNT ¢h DB #g £ B % % &2 ¥F3
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