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Design Parameters and Experimental Performance Evaluation of
4-bit Digital Multi-heater Microinjector
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Abstract

We present the design, fabrication and experimental results of 4-bit digital microinjectors, whose
ejected droplet volumes are adjusted by the digital operation of a 4-bit microheater array. We design
the reference microinjectors as well as its comparative test structures. In the fabrication process, we
use a five-mask micromachining process and the total chip size of the fabricated microinjector is
7,640pmx5,260um. We measure the ejected droplet volumes and velocities, which are adjusted from
12.1+1.0~55.6+4.7p/ and 2.3+0.1~15.7+0.8m/s, respectively, depending on the 15 possible combinations
of 4-bit microheater array. We also experimentally characterize the effect of geometric variation
including the microheater size, inter-microheater gap, microchannel width and sequential operation of
microheater array on the ejected droplet volume and velocity. Among these parameters, we find that
the microheater size is the most dominant parameter affected to the ejected droplet volumes and
velocities. Thus, the present microinjector has a potential for application to the high-resolution inkjet
printers with multiple gray levels or high-precision fluid injectors with variable volume control.
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injectors
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Fig. 2 4-bit digital operation of multi-heater micro-
injector (Fig. 1) for droplet volume modula-
tion: (a) 4-bit digital operation mode of
(b1,b2,b3,b4) = (1,0,0,0); (b) 4-bit digital
operation mode of (bl,b2,b3b4) = (1,1,1,0)
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Fig. 3 Theoretical estimation of the microheater temper-
ature, the bubble pressure and the droplet volume
for the operation mode of (1000)
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Table 1 Dimensions of the reference test structure

(R) in Fig. 1
Microheater Size (lixwsx#;) | 40pm>x40umx100nm
Inter-Microheater Gap 3pm
Channel Width (w.) 60pm
Channel Length (/) 250pm
Channel Depth 30pum
Length from Microheater to
Nozzle (lhn) 50pm
Nozzle Length (I,) 30pm
Nozzle Width (wy,) 30pm

Table 2 Design variations of comparative test

structures™®
Test Structures Heater Size, (lyXws)
H1 30pmx30um
H2 50pm>50pum
Inter-Microheater
Test Structures Gap (d)
Gl Sum
G2 10pm
Test Structures Channel Width (w.)
Wi 80pum
w2 100um

* All Dimensions unless specified are identical with
the dimensions of reference test structure in Table 1.
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Fig. 4 Photographs of the fabricated microinjector:

(a) top view of the microheater array and
micronozzle; (b) microinjector attached to
FPC (Flexible Printed Circuit)
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Fig. 5 Test apparatus for measuring droplet ejection

Fig. 6 Ejected droplet trajectory images for the
digital operation mode of (1000) of the test
structure  G3: taken time of the trajectory
images are after (a) 10sec; (b) 20sec; (c)
30sec; (d) 40sec; (e) S50sec after turn on the

microheater
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Fig. 7 Droplet volume and velocity measured from all
15 possible operation modes of the 4-bit digital
operation: (a) droplet volume; (b) droplet velocity
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Fig. 8 Droplet volume classified by the number of
active microheaters from all 15 possible
operation mode of 4-bit digital operation of
Fig. 6: (a) possible operation mode of one
active microheater; (b) two active micro-
heaters; (c) three active microheaters
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Fig. 9 Droplet velocity classified by the number of active
microheaters from all 15 possible operation
mode of 4-bit digital operation of Fig. 6: (a)
possible operation mode of one active micro-
heater; (b) two active microheaters; (c) three
active microheaters



4-bit OAE v]LEA7) AAEFe ER

BAISHY &L= 23+0.1m/s~ 15.7+£0.8m/s7}A)
WA A5S ¢ F

olg|g RAIRA] R Wzt gelom AW
7Vset 27)(phVE J1FLE £ 7 9AY BEAAS
2 A7) 2Ho| MedE sttt EF, Fig 8%
Fig. 9% Z7} Fig. 79] 292 #A7Alz7) st
T v4&dlE] o) uel Ay Ao o|mR
B AFEHe o2dEe A5t 2& AS 2}551
T Ay YAt =E2E57 v AS Al
= dze] By 9 &%y} =758 o Zr: =%

Fig. 1094 12744 & 4A 7)€ A WESQ
23 e 9] F7|(Test H, ¥ 2), |4 3]elrlolg]
2 (Test G) B vlAaAd F(Test W) W3}
mg AEg2aRE At Aolth WA, Test H
Me 2SR Ry 2 &£57 BE 043
3zl vlesg ey, ole U]&:s]ﬁi az7 3
HEWAA ZAstE vawE A2 FRAHQ
g FA7] fEoz BEAME 5 o E3h
Test GO A EZAAZHE EAlSE Rie nji
3E HAo] FETF, #AYAE EELTE 1

238 o] YesF e e v

o
32

of\

——
—

& 8 3 3
ves —
— e

? ' ! L H
i § i
3
g‘ 1 g H s
3 o] ¥ L3 [
i ' i '
' ot stz 30,0m x ot 1)
o Poster sizm : 40,0 1 400 R M
haster sive .
o e (ho un 1000 1100 1110 un
Opacaling Mo (11, 2. b3, b} Oparating Moda
@ (b)

Fig. 10 Effect of the microheater size on the ejected
droplet volume and velocity measured from the
selected 4-bit digital operation of (1000), (1100),
(1110), and (1111} (a) droplet volume; (b)
droplet velocity

.
.

: f
E, 1 1 ﬁﬂ N
5 { 1 ¥ i
£ ! i, ; i
1 H ! g i :
bm b 10 *
i- i
w [ W 2

w

1000 1100 10 " 1000 neo nwo 1
Oparating Mode (21, 82, b3, bé} Operating Mode (b1, b2, B3, b4}

(a) (b

Fig. 11 Effect of the inter-microheater gap on the
ejected droplet volume and velocity measured
from the selected 4-bit digital operation of
(1000), (1100), (1110), and (1111): (a) droplet
volume; (b) droplet velocity

A5 3ke)

JBAe] BP 4uH AT 423

FOv, Test WolHE BAlRe B3 @ &%
ElaAg o wwlasie 2% AT =

=)
b 8

Fig. 13914 & <«

, Fig.
B AT a2y waEgAY 374A

10014 1274A 2] AE E 36 Azl

ARE = wAdg 377 BAlAA]
EZ&5d 71 2 AL mxe AL

ws} o] BAldAsl 3

§° N

7] 9 axs 2] A]{P(delay time)o] F7tE55

=
=

T'_'___E“

EERIE Alx}%

CPSSERETR PO

_‘:.
\_.
0 eAgox wAgos
)

e FERA] Wl PAAHY =7 2
%27l Fole oz padr.

"
[P
-
Elocied Croplet Vkocky (]
—

»as

1100 1o Hn 1000 1100 119 1

Operating Mode (b1, b2, 63, bd) Oparating Mode (b1, 62, b3, bi)
@ ®)

Fig. 12 Effect of the microchannel width on the
ejected droplet volume and velocity measured
from the selected 4-bit digital operation of
(1000), (1100), (1110), and (1111): (a) droplet
volume; (b) droplet velocity

0.0 mac delay © 0.0 maec dekay
o 1.3 usac deley 1.3 erwae: delay
2.3 psnc detwy = 2.3 wrmac dekey
o 3.4 poec doley 1 34 e detay

g 1 ; Ix .

i. X Tg } |

1 oo i Lo

i R v gm } 1

g’ ) * T M :

o 0t t ¥ $
T emnorizion T g
(@ (®
Fig. 13 Effect of the sequential operation of the

microheater array on the ejected droplet
volume and velocity measured from the
selected 4-bit digital operation of (1000),
(1100), (1110), and (1111) for the test
structure of R: (a) droplet volume; (b) droplet
velocity



424 ZHF-2d 3

Table 3 Comparison of the droplet volume and

velocity measured from each test structures

Clas;l;feisctati on (micr?heater (interieater (cthel
size) gap) width)

Test Structure | HI | H2 | Gl | G2 | Wl | W2
Geometry | o

Changes (%) -25 +25 | +67 | +233 | +33 | +67

Changes of the

o~ 31 ~fat0 ~| -1 ~ |11 [~

Droplent Yolume 48 1+1471 -1t | 29 | =20 | -15
(%)
Changes of the 24 ~ -162 +7 ~| 49 ~|-10 ~|-20 ~

Droplet Velocity 195 | =
(%) B -427

* % geometry deviations to the reference geometries: for
H, reference geometry is heater length: for G,
inter-microheater gap, for W, microchannel width.

** % droplet volume deviations to the droplet volume
measured from the reference test structures.

*** The "+ or '-' sign means increase or decrease of
each quantity with respect to the reference values.

+29 | +48 | -30 | -45
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