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Pump Programming

November 14, 2000

FTA systems with stepper motor driven syringe pumps can be programmed to generate complex
volume or surface areawaveformsin time. This note illustrates two waveforms.

Square Wave

.= FTA FTA4000: C:ASOURCEAFTADATAMVMISCASURFAC1ASMALL MDEBE: 641372000 3:17:32 PM
File Edit Acquistion Analsizs Tool: Window Help

Contact Angle =] iangle | suwa || Rer | | Dist | SurfTenI |Selected Tool jl Clearl Hadiall Data |

.=~ Pump Frogram

Enter dizpense times and volumes for 1 to 12 steps.
Poszitive volumes dispense, negative volumes pick up.
Enter number of times ta repeat pattern in program.
Program beging ot Fun if enabled in Movie Setup,
® Suiinge ) Pieza Pump [ Time 5] | Yolume (ul]
Jald e & Step 1: | 4 4
Surface Tension [mk/m) 27.80 Step o |2 0
5.T. Surface Area [mm2) 11.53
5.7. Drop Volume [ul] 3691 Step 3 11.25 25
Pressure [Pa) 0 Step 4 | 876 a
Step 5 [1.26 28
Step B [B75 a
Step 7. [0 a
.~ Data Besults Step & | 0 0
Surface Tengion [mMAm) Step 3 |0 0
5.7, Surface drea [mmz) Step10: [0 0 I%
S.T. Drop YWolume [ul) Step11: |0 0
Preszzure [Pa) i Step 12 |0 a I%
F
Repeat Times [1..1000): |10 Loops to go |
After First Loop, Start & | 3 hot |
Stepper Mator Delay [z [0
Dizpense time faor this step [0 skips step)
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Helpful Hints Digplay update period Ayvailable Memary

A simple square wave program.

Step 1. formsinitial drop. This presumes no droplet present before beginning. Depending on
how you clear the previous drop, the 4ul volume will require tweaking. The goa was to start
with a4l drop, something slightly more than your "small" drop. Thisdrop isformed at 1pl per
second; we may be able to go faster, but thisis affected by needle size and fluid characteristics
(tendency to run up needle, viscosity, etc.).
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Step 2. wait for drop to settle. Thistime can be adjusted or set to zero for no wait.

Step 3. expand drop to 6.5l total (increment = 2.5ul.). We have requested 2ul per second rate.
May be able to go faster (see notein Step 1).

Step 4. rest for 8.75 seconds at expanded state.
Step 5. retract back to 4ul at 2ul per second.
Step 6. rest for 8.75 seconds at retracted state. This givesatotal period of 20 seconds.

Subsequent steps, down to 12, are skipped because they have zero time. Upon hitting Step12,
the program loops back to Step 3 and does this 10 times.

SineWave

= FTA FTA4000: C:ASOURCEAFTADATAMMISCASURFAC™1ASMALL MDB: 6/13/2000 3:17:33 PM

File Edit Agquizition Analyziz Tool: Window Help
j Angle Dizt | SurfTenI |Selected Tool jl I:Iearl Hadiall Data

Contact Angle

= Pump Program

Enter dispense times and volumes for 1 to 12 steps.
Positive volumes dizpense, negative volumes pick up.
Enter number of times to repeat pattern in program.
Frogram beginz on Run if enabled in Movie Setup.
® Suiinge O Pieza Pump [ Time [s] | Yalume [ul]
.= Data Resultz -
Surface Tension [m/m) Stepl: |4 4
urface Tension [mM/m
Step 2
5.7. Sutace Area (mm2) 1153 Step - 2 0
5.T. Drop Yolume [ul] 3.891 e 233
Pressure [Pa 0 Step 4 | 25 707
Step B [ 25 07
= CASOURCEAFTADATANMISCASURFAL -~ 15LA Step B |28 293
ket i Step 7o | 25 293
.= Data Results Step 8 28 =707
Surface Tenzion [miAm) Step 3 |25 - 707
5.T. Surface Area [mm2) Step10: | 2.5 253 ¥
5.T. Drop Yolume [ul] Step11: |0 0
Pressure [Fa) Step12 [ D 0 I%
F
Repeat Times (1..1000): |10 Loops ta go |
After Firgt Loop, Start &3 | 3 hot
Stepper Motor Delay [2): [0 -
Dizpenze walume for this step [+, 0 skipz step)
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The sine wave program is setup to mimic the square wave. It will have a 20 second cycle. The
sine wave is synthesized by a piecewise linear approximation in steps 3-10. There are more
efficient approximations, but this oneis easiest to understand and does well in practice. We use
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egual timedivisions (8 x 2.5s = 20s). Each time division represents 360/ 8 = 45°. The sine of
45° = .707. For simplicity, we set the peak amplitude of the sine wave = 1 and the peak-to-peak
=2ul. Sothevolumeat 45° is.707ul. Sincethe peak is 1pl., theincrementsare 1 -.707 =
.293ul. and .707pl.

Because we are starting at the minimum volume in Step 3, the increment for Step 3 is +.293pl.
The minimum volume occurs at 270°, wherethe sine = -1. Step 3 corresponds to 270°.

Step 1. expand initial drop, as before.
Step 2. wait for stabilization, if desired.
Step 3. startsat 270°, sine =-1. Increment towards 270 + 45 = 315° where sine =-.707.

Step 4. startsat 315°, sine=-.707. Increment towards 315 + 45 = 360 = 0° where sine = 0.
This getsusto 4 (initial volume) + 1 = 5pl.

Steps 5-8. covers 0 to 180°.

Steps 9-10. covers 180 to 270°, the beginning at sine = -1.

Understanding this, you can see that Steps 4 and 5 and Steps 8 and 9 could be combined into
+1.414 and -1.414ul's, respectively, over 5 seconds each, for asimpler and smoother running
program.

Triangle Wave

Asyou desireto run faster, you will find that atriangle wave is a satisfactory approximation to a
sine wave when fluid viscosity starts to "smooth" the flows. The triangle that would correspond

to the above exampleis

3 10s  2ul
4: 10s -2ul

Noticeit has only two steps. Thisrunsfast because the pump is not being reprogrammed as
often (each reprogramming takes some fraction of a second, hence some dead time).

Finally, since we measure the actual drop volume and surface area, any imperfectionsin the
excitation do not really hurt us.
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