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Effective Heater-Area and Droplet-Volume Adjustable Microinjectors
Using a Digitally Controlled Single Heater

Chang Han Je, Tae Goo Kang and Young-Ho Cho
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Abstract

The paper presents a single-heater microfluid injector, whose ejected droplet volume is adjusted by digital
current path control for a single microheater. The previous droplet volume adjustable methods have used the
digital current control for multiple heaters or the analog current control for a single heater, while the present
method uses the digital current control for a single microheater. Two different microinjectors, having a
rectangular heater and a circular hearter, are designed and fabricated in the chip area of 7.64 mm x 5.26
mm. The fabricated microinjectors have been tested and characterized for the number, size, shape and
lifetime of the generated bubbles as well as for the volume and velocity of the ejected droplets. The input
power for the rectangular heater and the circular heater has been varied in the ranges of 8.7~24.9uW and
8.1~43.8uW, respectlvely The prOJectcd area of the generated bubble has been changed in the ranges of
440~1,360um’ and 800~3,300um’ for the rectangular heater and the circular heater, respectively. The
microinjector with the rectangular heater ejects three discrete levels of the droplet in the volume range of
9.4~20.7pl with the velocity range of 0.8~1.7m/s, while the microinjector with the circular heater achieves
five discrete levels of the droplet in the volume range of 7.4~27.4p! with the velocity range of 0.5~2.8mys.
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Table 1 Operation modes and turn-on electrode
combination* of the microinjectors, having
the R-type and C-type microheaters of Fig. 3

Mode R-type C-type
Current | Current | Current
Number Current Out
In Out In
Mode 1 1 5 1 5
Mode2| 1,8 45 1,5 3,7
Mode3! 14 " 58 | 13 57
Moded| 12 | 56 | 12 5,6
Mode5| 1,5 | 37 | 1357 | 2468
l

Mode 6! 1,256 | 3478 123 | 567

* The numbers, 1~8, in the right four columns indicate the
active electrode numbers in Fig. 3 corresponding to the
turn-on electrode combination for each operation mode.

Mode 1 Mode2 Mode3 Mode4 Mode5 Mode6

(2)

Model Mode2 Mode3 Mode4 Mode5 Mode6

(b)
Fig. 5 Theoretical estimation of the projected bubble
areas of the microheaters (Fig. 3) using
ANSYS® simulation: (a) R-type; (b) C-type
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Fig. 6 Fabrication process of the microinjector
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Fig. 7 Photographs of the fabricated microinjector array
and the enlarged view of a single-heater

(a) (b
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Table 2 Dimensions of the microinjectors (Fig. 1),
having the microheaters of two different

types (Fig. 3)
Components Designed size | Fabricated size
mpone R type|C type|R type| Ctype
Width, W, [um]| 84 | 90 |86+0.5]92.5+0.5
Line contact, | 35 | 35 158.05|27.550.5
Whe[um]
I
Heater | Heaterneck, | o1 10 19,05 125505
W;,,,[le]
Thickness, H;
g 1,000 960247
[A]
Depth, He, [um] 30 30405
hamb
Chamber (G s tth, W [um]| 120 1081
Depth, A, [um] 30 30+0.5
1
Nozzle . deh, W [um] 40 45541
Width, W, [um] 200 1871
Channel II\I-Iei‘gcl-n,fjfch[um] 30 30+0.5
eck width, We, 20 12.5£0.5
[um]
Electric | Width, W, [um] 100 97.5+0.5
Input Thickness, H,
lie (A] 9,000 8,930+87
A, 7L PN DM E Fig. 39 F T84 7
23 EE /1A v AFA A7) o g5t Table 19
ANE AR YHEE 7|39 A, 27,
2¢E AFEen, o8 EAZ fa slEuEe
S8ttt oluf Z} Ar)uj Mol FFHE dHAT
T EF 1kHz, 150V, 3 psec B4 £ 2= 293
A7) N5 E AHEEIE T o)o] BAAFAE 5
B3)E BH SHNAY YT Av) A5 E ALE

&tod, Fig. 39) ¥ F7H9 v)AFA ALY o8}
Table 10 AAI Sk 2} B2 =8 BAl Ao 37
A &g A
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