First Ten Angstroms

FTA4000 Epson Ink Jetting

14 August 2007

The FTA4000 is now equipped with a dual-mode dispenThis can operate with
traditional pendant drop and spherical cap touc¢heofit can function as a true
piezoelectric Epson-style jetting device. Thenettdevice has a Luer-hub fitting
and connects in place of the ordinary Luer-hub leeed can be thought of as a
“super-needle.”

Piezoelectric Jetting Background

The jetter is a glass capillary tube, with outsigemeter of about %2 millimeter,
that is surrounded by a ceramic piezoelectric etem@&he glass capillary is drawn
down to a point with a specified diameter orifigeening. The diameter of the
jetter used in this work was 50 microns. A voltpgése is applied to the
piezoelectric to cause a small droplet to emit ftbmorifice. This pulse is of the
order of 50V and lasts for about 25 microsecordgerestingly, it works in a non-
obvious way: The voltage pulse causes the eletoempand, thus causing liquid
to be drawn back into the glass from the tip. Wthenpulse ends, the element
relaxes, the glass capillary contracts, and liqughes back towards the tip.
Basically a small amount keeps on going and efeats the liquid on the tip. The
volume that ejects is predictable and depends werakfactors, listed in order of
importance:

1. Orifice diameter. The droplet volume is badyctiat of a sphere with
diameter equal to the orifice diameter. For refeeg

50 microns— 65.5 picoliters
40 microns— 33.5 picoliters
30 microns— 14.1 picoliters
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2. Liquid surface tension and viscosity. Highenfate tension raises the
dispensed volume as does higher viscosity. Higakres require higher
drive voltages which then tend towards larger detspl The interactions are
complex — basically any liquid, with its densityrface tension, and
viscosity, will have a region of voltage amplitudexl durations that result
In emission. Some combinations are quite broadnamst anything will
causes ejection and other combinations are namovgpecific.

3. Voltage amplitude. Within the region of sucdelksmission, higher
amplitudes result in larger volumes, but the oveealge is only of the order
of £50% from the nominal volume. To get grosshkgkx volumes, you emit
two or more droplets closely spaced together sppiie up into a single
droplet on the specimen. To get grossly small&rmes, you must go to a
smaller orifice.

Contact Angles Made From a Jetter

The velocity of the incoming droplet can be largewgh to distort the droplet
upon landing on the surface. The ejection veldsitypically 1 to 2 meters per
second and the spacing of the dispense tip abevepicimen is a couple of
millimeters. Fortunately the droplet slows quickigm air resistance, so raising
the tip will lower the impact velocity and make tact angles true. For guidance:

1. Volumes above 100 picoliters are subject to rhpatortion. Smaller
volumes have lower mass and momentum and much lewvkace area,
resulting in a “stronger” drop.

2. High contact angles are subject to impact distor Angles above 90° are
much more likely to be corrupted by spreading upgpact.

3. High density liquids are subject to impact distm. These have higher
kinetic energy that must be dissipated upon impact.

We now show some representative contact angle etoplade with commercial
Epson cyan ink on gloss paper. Five tests wereisurg the same ink and paper.
We present an overview of the results and therudssthe method further. All
relevant data taken are shown. Analysis was autorsgherical mode. Graphs
are unsmoothed.
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Large object at top is bottom of 1/2mm glass capillary jetter. This is first image showing droplet
(30 frames per second rate). Initial contact angle 21.3°and sessile volume 118 picoliters.

CA Cyan 1.mdb: 8/13/2007 3:16:05 PM
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Time response. Blue circles denote contact angles (left axis). Black crosses denote volume
(right axis). Time between experiments can be determined by time stamp in heading.
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Next run. Initial contact angle 18.5°and sessile volume 98 picoliters.

CA Cyan 2.mdb: 8/13/2007 3:22:20 PM
20 0.00012
i

L e poooog
o - )
2 . =
7 %, =
] .
— o
@ £
= . =
g 1 poooos £
o @
P w
c o
(=1 a
5] ]

5 0.00002

0 0.00000

0.1 0z 0z 0.4 05 0f 07
Time (s}

Contact angle (0's) and sessile volume (x's) in time. About 6 minutes after first run.
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Third run. Initial contact angle 21.9°and sessile volume 121 picoliters.

CA Cyan 3.mdb: 8/13/2007 3:25:19 PM
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Contact angle (0's) and sessile volume (x's) in time. About 3 minutes after previous run.
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Fourth run. Initial contact angle 21.9°and sessil e volume 120 picoliters.
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CA Cyan 4.mdb: 8/13/2007 3:26:50 PM
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Contact angle (0's) and sessile volume (x's) in time. About 1.5 minutes after previous run.

465 Dinwiddie Street Portsmouth, Virginia 23704 1.757.393.1584 Fax: 1.757.393.3708
http://www.firsttenangstroms.com



.~ Fta32 ¥ideo 2.0

File Edit ‘Window Help
.7 Movie E\Source) Fta32} Data)NewND\M abCA_Eyan_Simdb 8/13/2007 3:28:25 : o ] 3
= Images I Contact Anole I Interfacial Tension T Calibration T Toolz
o —Analysis
é ROl Box
Ref Line
Distance
] R
Contact Angle [deg) 2091
5 ‘Wetting T ension [dy/cm] E219
E|| |BaseTitAnge (deg) 0.00 ot |
Baze [mm] 0.1408 IF Tenzion
Baze Area [mmz] 1.68EE-2 Wolume
P Height [mm] 1.2959E-2 Function
- Sezzile Volume [ul] 1.022E-4
% Seszile Surface Area [mmz] 1.B03E-2 Comments
=
% Showe Data
E Clear Data
@ I This Image |+
- Zoom
E Focus
E Cineloop
o 2 *
£ | - - 2 . N GoTo Image
(=] e —-— — — I 1
—] -
Deletelmage
This Image -
| images in movie = 33 ] <[ 1 oozas SN WV I = 607, 220, 254 |

Fifth run. Initial contact angle 20.9°and sessile volume 102 picoliters.
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Contact angle (0's) and sessile volume (x's) in time. About 2 minutes after previous run.
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The times between runs are noted because theret&red no priming or attention between
dispensing these five drops. Each time, it wag@sé dispense @ngle drop, each time it did,
and these are shown here. We can summarize tfegraity in the following table.

Parameter Mean Standard Min Value Max Value
(u, average)  Deviation (o)
Sessile Volume (pl) 112 11 98 121
Contact Angle (°) 20.9 1.4 18.5 21.9

The quality of these results, particularly at thiale, speak for themselves.

Contact Angle Analysis Method

The optics used for this work were not optimizedsimall drop image quality because they were
being used to analyze the jetting device itsethatsame time. Nevertheless, the results were
quite usable. The image analysis proceeded dogfotlowing path:

obtain areference image before the drop appeared
subtract the reference image from the image wighdtiop
smooth/sharpen the subtracted image, as needed
perform desired drop shape analysis

The next four images show this applied to the firsiplet. You can combine this with the ROI
(region of interest) function to solve many measwet problems and obtain automatic contact
angle analysis.

. Fta32 Video 2.0

| Imagss inmavie - 53

55 k[<| toswms = || Redrew| Wvz-gtodszes |
Reference image.

465 Dinwiddie Street Portsmouth, Virginia 23704 1.757.393.1584 Fax: 1.757.393.3708
http://www.firsttenangstroms.com



File Edit Window Help

Tools

ROl Box
Ret Line
Distance
SetupPts

Movie

1]

Contactingle
IF Tension
Volume

Groph

Function

Comments
LA DAL
This mage =,

Zoam
Focus.

Cineloop
GaTo Image

e A |
[magesinmovie=53 | [<| 3 2786%s = |l | Redrew | Wvz-gmzsmz |
Unprocessed droplet image.

Dynemic IFT__| _Surice Erergy |

[

.= Fta32 Video 2.0
Fie Edit

dow  Help

Tools

ROl B
Rei Line.
Distance.
SelupPls

Movie

[

Contactangle
IF Tension
Volume

Graph

E e

Comments
Show Data
Clear Data

This Image  ~

Zoom
Focus
Cheloop
GaTo imege

o 1

Deleteinans
This Image |
Images inmovie = 53 3 2736Ts Redraw | 7 = 630,152, 255

Drop image with background (reference image) subtracted

Dynemic FT__| Surface Erergy |

[

.= Fta32 Video 2.0
Fle Edt Window Help

3 \Ftasz\ midh §/13/2007 3:16; =101x]
Images 1 Contact Angle itertacial Tension | Callbration 1 Tools
¢
H ROl Box
g Ret Line
Distance
]| At et - S
Contact ngle (deg] 2134
‘Wetling Tension (dpfom] £7.33
&|| [Base T Ange (deg) 0.3
“ ase (] 01468 LIS LA
56 Area (2] 169262 I
Height {mm] 13832 Volume
Il [ Bessie Volume fu) TIBE4 Function
=] [Sessie Suface Area foma] 17522
G| [Contrast icts) 247 EDNTERS
S| [Sharpness [ofs] 1% Show Data
8[| [Black Peak (sts] ] Clear Deta
S| [white Peck ets) 25 [This moge =]
€ dge Threshold [cts) 122 —
-
Foom
= Focus.
E Cineoop.
g GaTo image
3 e n STy 1
1 e
Deleleinage
This Image
Images inmovie = 53 k[ <| 3 278867s > [+ Redraw | xvZ-554,480,255

Analyze image. By applying Redraw, the original image is restored while retaining the drop
shape analysis. This is the image shown at the beginning of this report.
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Jetter Setup

The jetter requires a recipe for each liquid yoahwto dispense. The recipe is the waveform,
with its voltages and timing, that is applied te fhiezoelectric element. The recipe is reasonably
constant from one particular element to anothéhefsame orifice size (i.e., the jetters

themselves are reasonably constant), but varies liquid to liquid. These factors affect the
recipe, in order of importance:

orifice diameter

liquid viscosity (strongly affected by temperature)
liquid surface tension

liquid density

Recipes can be stored and recalled, but must tallyndetermined manually. Atrobed

lighting system is used for this purpose. Thelsremits a brief pulse of light after some delay
from the waveform application. The jetter is opedan a repetitive mode and the result is a
“stop-action” image of the emitted droplets (assugrthere are some!). The image below shows
Epson ink being emitted in this fashion. Notedhaera is operated in a normal, slow (30 fps)

mode and, during its exposure afiagle image, there can brultiple strobe flashes (3 in this
case).
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Jetting of Epson cyan ink. The jetter tip appears in the top of the image and is nominally ¥2
millimeter in diameter. Three drops appear as the consequence of 3 strobes. The bottom one
is the oldest and is now traveling the slowest. We measure its diameter as 43 microns (42pl) in
the blue-box zoom window using the green Distance tool. The middle droplet is still distorted as
it is still moving fast — it will slow and assume a spherical shape. The top one has not yet
extracted itself from the liquid in the orifice.
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The FTA4000 includes an LED strobed light sourceriter to analyze jetter performance and
setup new recipes.

Jetter Maintenance

Dispensing “ordinary” pure liquids such as wated gopropanol (IPA) is straightforward and
cleaning the jetter is merely a case of flushirgappropriate solvent through the system.
Complex liquids, and this includes ink jet ink, ardifferent matter. These can dry and leave a
deposit, or film, on the orifice and perhaps clogompletely. Since the jetting element is
expensive, you do not want this to happen. Mot@égoint, you want the device to function
and emitsingle droplets when you demand them. The inconveniehbaving it not function
may be more costly than replacing the element.

When we discussed the five contact angle expersneard noted they were made over a period
of almost 15 minutes without any intervention witle tip. This was accomplished by driving

the piezoelectric with higher voltage than usualconsequence of this higher voltage was larger
drops. We had an average volume of 112 picolraieer than the nominal 65. On the other
hand, the droplet volume in the strobed exampd,gtevious, was 42 picoliters but we were
driving the piezoelectric element at the low endhaf voltage range for this liquid. This range is
representative of the effects of varying the recifpe cope with liquids such as this ink, FTA has
devised a cleaning station to maintain the tip leetwuses. This resembles that provided in
high-end ink jet printers.

FTA4000 Features and Benefits

Feature Benefits

Dual mode: touch-off + jetting Can perform pendant drop, microliter volume
sessile drop, and picoliter measurements

Syringe backing pump Reliable priming (filling) of jetter

Dip-and-sip liquid pickup Use only small volumes of high-value samples

Luer hub connection Easily switch between classic needles and jetter:
jetter is approximately size of needles

Image processing Subtraction and silhouetting make drops visible

Liquid filter Special filter protects small orifices against
particles

Strobe illumination mode Setup and test recipes; measure incoming droplet
volume and speed

Cleaning station Automatically prepares tip for use

Retrofittable to all FTA4000's Upgrade previous instruments to new technology
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