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     EXPERIMENTAL STATION:
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TYPICAL SVET SETUP
KEEP ALL POWER OFF FOR NOW! Choose a workplace (~ 35 sq. ft.) which is not in the main flow of personnel traffic or in close proximity to any large electro-mechanical laboratory equipment. You need room for the vibration isolation table (3’ x 3.5’) and a table (~ 4 sq. ft.) next to it for the PC and tabletop relay rack to hold the electronic equipment. You need power outlets (8 at least) for your electronic equipment. Filtered power strips are recommended. Separate the PC and video equipment from the detector electronics on separate power strips. 

POWER: Consult your resident electrician to insure that your primary AC main power has a good, solid ground connection at all outlets. Improper grounds are not only a safety hazard but they cause noise in your SVET system. Large laboratory items that have duty cycles such as autoclaves, pumps, refrigerators, air conditioners, heaters and so forth cause transients in your probe system through the AC power line. Ideally you want the "cleanest" power possible since your system is measuring nano Volts! 

SINGLE POINT GROUNDING: Use a single point grounding scheme for all equipment to be utilized in the experimental setup. Avoid any ground loops. These also create AC line noise. For those unfamiliar with single point grounding think of your ground connections as a "tree" coming from a single "solid" ground like the ground prong of the AC power outlet or the metal electrical conduit. All equipment in the system should ground to the same point. A simple ground buss is included with the system. The end (lug) should be connected to the ground post on the oscilloscope or the main power outlet ground. Place the ground buss at the center, rear of the vibration isolation table. Use the braided cable to ground steel tabletop. 
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INSTALLATION: Place the video zoom scope post such that the zoom scope will be situated above the center of the vibration table. Install the zoom scope on the zoom scope post using the following procedure. (Refer to typical SVET setup picture)
1. Attach post clamp to zoom scope mount post by sliding the clamp down the post using the hand               wheels to adjust the height, and clamp post in its fixed position.
2. Attach scope mounting rings to the scope ring holder. One ring has a small lip. This ring should be           positioned such that the lip if facing away from the other ring. 
3. Attach the linear translation stage to the post clamp so the motor is facing up. 
Note: The system components provide the user with the capability of doing many different orientations of the scanner and the sample placement. ASET software has controls to match virtually any configuration.
[image: image4.png]


   [image: image5.png]



4. Attach the scope ring holder to motorized translation stage so the ring with the lip is down.  
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5. Place the tube of the zoom scope in the scope mounting rings, then attach the ring caps making sure         the cap with the lip is positioned such that it mates up to the other half of the ring with the lip. 
  Note: The Video Zoom Scope can be mounted at any angle relative to an object of interest.
6. Place the sample holder manual X/Y stage with adjustable tilt ring (Picture 5) in the center of your              experimental table in front of the zoom scope. The sample ring should be centered in the field of view of     the microscope. 
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                                                               Picture 5
7. Mount the reference electrode cable (short, black BNC cable with a Teflon 2 pin connector) to the               small universal joint, steel post, post-holder and rail carrier. Mount the 3” rail to the top of the X/Y            sample holder (Picture 5) in such that the reference electrode has access to the experimental bath on          the sample holder assembly. This allows for manually placing the reference and ground wires in and          out of the experimental solution easily. 

8. Mount the 3D motor manipulator (vibrator assembly 2DITL) attached in such a way that all axes are at       mid-range of their travel. You can mount the 3DMM to the left or right of the microscope. The vibrator      assembly mounts on the optical rail attached Z stage. The 3DMM should be mounted so that the tip of       a probe connected to the 2DITL vibrator assembly is situated in the center of microscope field of view.
9. Mount the preamplifier box. It should be located at a point close to the vibrator assembly. Open the lid       and use the hole in the chassis to bolt the unit to the vibration isolation table, with access to switches.        Ground the case of preamplifier to the ground buss. Mount the preamplifier so there is some slack in         the reference cable, and the switches are facing you.  
10. Mount the manual 3D manipulator (KITE) to the opposite side of the microscope from the                           preamplifier. This holds the calibration electrode. Mount it in its mid-range travel positions on all              axes. Put an electrode of the type you will use to calibrate your system to the plastic electrode holder         as a guide for proper mounting. Mount it such that the tip of the calibration electrode is in the center          of the microscope field.

11. Set up your PC, VGA monitor and real time video monitor on a table with the relay rack. The rear of          the PC should be close enough for connections to the frame grabber board to CCD Camera, the AD           board to PSDA-2 rear panel and Motion Control Board to the rear of the CMC-4.

12. Mount the CCD to the microscope. Connect +12VDC power wires (power off) and connect the                   VIDEO OUT BNC (using a coaxial cable) to the real time video monitor. Connect another coax cable         from the video monitor (Video Out) to the frame grabber board inside your PC (rear panel). Put slack         in cables to avoid mechanical pickup of vibrations to the vibration isolation table. Let the video                 screen represent X and Y working domain and let the electrode move along the X, Y and Z axes                relative to the video. More details on this in the ASET software manual.
13. Mount the PSDA-2 and CMC-4 units and A/D interface box w/ cables in the relay rack. Mount them for easy access to the front panels when sitting in front of your experimental station. Connect all power cords to power strips. (Power off).
A/D Board cables     PSDA-2 (Rear Panel)
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       A/D CH 0                  X In-Phase

        A/D CH 1                  X Quadrature

       A/D CH 2                  Y In-Phase

       A/D CH 3                  Y Quadrature
14. Connect A/D cables from A/D interface to rear of PSDA-2

       as indicated. (Picture 6)
15. Put lamp supply for video microscope and the oscilloscope on the relay rack. Connect the fiber optic cable from the video zoom scope (VZS-1) to the lamp supply (adaptor provided). Plug power cords into power strips. (Keep Power off).
                                                                                                                                                                                                                         Picture 6

16. Connect the gray, 9 pin cable from the PSDA-2 to the preamp box (rear). Leave slack in the cable.
17. Connect the calibration cable (BNC one end, gold pin at the other) from the “CALIBRATE” BNC on PSDA-2 front panel to the KITE manual 3D manipulator. The pin connects to a calibration electrode.
18. Connect the 2DITL vibrator assembly cable (black cable, 4 pin to 5 pin) from the PSDA-2 front panel “DRIVERS” connector to the 2DITL assembly connector. (Leave slack in the cable) 
19. Connect a BNC to BNC coaxial cable from the PSDA-2 front panel “PROBE  SIGNAL” to channel 1 of the oscilloscope. 
POWER MUST BE OFF WHEN CONNECTING OR DISCONNECTING STEPPER MOTORS OR YOUR SYSTEM WILL BE DAMAGED! STEPPER MOTORS HAVE CURRENT APPLIED WHEN NOT MOVING. BREAKING THE CURRENT LOOP CAUSES INDUCTIVE "KICKBACK"!!!
20. Connect the four 9-pin D cables from the rear panel of the CMC-4 to the stepper motors on the 3D motorized manipulator and zoom scope focus motor. (Picture 7)
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                                                      Picture 7
CMC-4 MOTOR CONTROLLER               3D MOTORIZED MANIPULATOR
                      X                             
  
                    X

                      Y                               


        Y

                      Z                              


         Z

                     W                             

 Zoom scope focus motor
21. On rear of PC, connect the 68 pin cable to “MOTION   I/O” on the rear panel of the Motion Control Interface unit rear panel connector marked, “PC  MOTION CONTROL”
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22. On rear of Motion Control Interface, connect the 25 pin cable from connector marked, “Controller

     rear panel CMC-4 connector marked “COMPUTER I/O” 
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23. Connect the 37 pin D gray ribbon cable to rear panel of Motion Control Interface connector  marked ”MOTOR ENCODERS”. Connect the small, black 5 pin connectors to the 3D motion control and Zoom scope motor encoders as marked. Note that pin1 is the red wire.
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SYSTEM LINE NOISE CHECKOUT

Test your system with the test electrode connected to the preamplifier. Power up the system and monitor the PSDA-2 amplifier ("PROBE SIGNAL" BNC) on the oscilloscope use "line" sync with Time/Div on 5 m sec, channel 1 gain on 0.1 volts/div. This shows 3 cycles of line frequency if there is any interference (50/60 Hz). Turn off pieces of equipment one by one while observing the oscilloscope to find sources of line noise. High frequency noise is always present on the oscilloscope normally but the PSDA-2 filters out anything over 10 KHz. Typical systems shows about 100 mV peak to peak of noise on the oscilloscope with a good electrode (>2 nano Farads capacitance) vibrating in 50 mM NaCl solution. Note: Turn off video monitor to reduce high frequency noise on oscilloscope display. Note: the PSDA-2 filters out noise or frequencies over 10 KHz so the video monitors won’t affect the measurement electronics.

Note: Video and VGA monitors generate high frequency noise in the Mega Hertz range. Moving them away from your amplifiers often solves these noise problems since most of the noise is from the field radiating from their screens. The computer monitor (VGA) will almost always interact in close proximity to the video monitor displaying your video camera picture. The text will appear to "vibrate" on the screen. Your video monitor may also have some "vibrating" scan lines. Again, move them away from each other to eliminate this problem. Put the PC’s VGA monitor and the real time video monitor on a separate, filtered AC power strip from the measurement electronics.
Chapter 2 SIMPLE SYSTEM DESCRIPTION TC "Chapter 2
SIMPLE SYSTEM DESCRIPTION" \f C \l "1" 
EXPLANATION OF THE SCANNING VIBRATING ELECTRODE TECHNIQUE:
Refer to the papers listed at the end of this section for more detail if desired.
[image: image12.png]TwWO DIMENSIONAL. SCANNING VIBRATING ELECTRODE SYSTEM

VIDED SIGNAL

FRAME GRABBER BOARD

vioen
iR s
< CWc4 MOTIR
CONTROLLER VOTION CONTROL SIGALS|
ichoscope
e ¥ OSCILLATOR
e X OSCILLATOR
X ReF
e e
B ! I-PHASE
o x psp
DRIVEN SHIELD QUATRATLRE
sioua [ : :
PREAME : !
rererence| GAN 100
R ‘ = ‘
Ipuase
ColE SHIELD (GROUNDED INSTDE| REAPLFIER) | Y PSD | quarpatiee
PLATINN BLACK, PLATIUN VIRES T,






The vibrator linkage (2DITL) is driven by two different signals from two separate sine wave oscillators. This moves the vibrating probe in a lissajous motion (overall square pattern made with two different frequencies). The linkage vibrates in two planes, one vertical and one horizontal (Perpendicular to sample and parallel to sample). 


The vibrating electrode (probe) is electroplated with a Platinum Black tip. This plating makes the tip highly capacitive as a result of the large surface area created by the platinum black plating. Platinum deposits itself in hair-like strands whose ends are connected to the electrode tip. It is black due to those hair-like strands being smaller than the wavelength of visible light. If this tip is vibrated in an aqueous medium in the presence of an electric field and parallel to the field lines it detects a voltage drop across its vibration distance.  The platinum-blacked electrode is like a single plate of a capacitor made up of this plate and the sample surface as the other plate. The solution is the dielectric between these two plates. When one plate (probe) moves (vibrates) with respect to the other (metal sample) and current flows from the metal sample into the solution (dielectric) then charge distribution on these plates changes due to the change in distance between these plates.

Another analogy is to think of the corroding metal sample as a current source and the solution as a resistor. The electrode (probe) is like the wiper arm of a potentiometer. As the wiper arm (probe) moves back and forth (vibrates) along the resistive element, a change in voltage is sensed from one end of the movement to the other. That change occurs at the same rate as the motion of the wiper arm. Vibrating the probe is done with a sine wave, the signal on the probe, in the presence of an electrical field, is a sine wave of the same frequency as the driver signal. It is an AC signal developed by a DC voltage gradient in the solution. Vibration parallel to the electric field lines detects a voltage difference from one end of the excursion to the other.

The vibrating probe signal is amplified to a level that allows it to be processed electronically. The preamplifier is AC coupled to eliminate any DC drift or offset as a function of the probe. There is no DC current flowing through the probe. It has a F.E.T. (Field Effect Transistor) input stage to give it a high input resistance. The preamp amplifies the probe signal by a factor of 10 or 100. The signal is then fed into the PSDA-2 amplifier in the main chassis that filters out signals above 10 Kilo Hertz and amplifies it another factor of 2 or 20 depending on gain switch (50x or 500x) at the PROBE SIGNAL BNC connector.

The signal is then fed into the phase sensitive detectors (PSD) along with a reference signal from the oscillators driving the vibrating electrode. If the electrode signal is the same frequency as the reference signal then it is detected. The amplitude of the detected signal depends on the phase offset. The phase offset is mostly due to mechanical lags in the system along with small electronic phase shifts. The ASET software provides phase adjustments to compensate for these phase lags.

There are two phase sensitive detectors in the system. One marked X (typically horizontal current density) and the other Y (typically vertical current density). Both X and Y PSDs have an in-phase and quadrature output. The in-phase is intended to be that output that is at maximum, when properly phased, while detecting a real signal. The quadrature is intended to be zero or minimum output when a real signal is detected. This means that the quadrature should have little or no output when measuring a real current. The PSD signals are then fed to an interface board and output to the computer’s AD board.

The phase sensitive detectors convert the probe’s AC signal to a DC voltage that represents current density per unit area. Total system gain is selectable: 500, 5,000 or 50,000. Therefore, a 1 microvolt peak to peak AC signal at the probe tip will yield an output of 50 millivolts DC from the PSDA-2 at maximum gain (50,000).
Publications using SVET TC "Publications using SVET" \f C \l "2"  aka: Vibrating Probe: See also: www.applicableelectronics.com (publist). This list of publications are great references for the SVET technique and how to use it.
Corrosion of Electrogalvanized Steel in 0.1 M NaCl Studied by SVET. A.C. Bastos, A.M. Simoes, M.G. Ferriera, 2003, Portugaliae Electrochimica Acta 21, 371-387
The Electrochemical Response of Steel to Addition of Dissolved Cerium. Isaacs, H.S., Davenport, A.J.

and Shipley, A. 1991.J. Electrochem. Soc. 138: 390-393.
Two Approaches to Construction of a Vibrating Probe for Electric Current Measurement in Solution.
Scheffey, Carl., 1988, Review of Scientific Instruments, 59 787-793
Electric Fields and the Vibrating Probe for the Uninitiated. Scheffey, C., 1986 Ionic Currents in

Development,. pg. xxv-xxxviii, Alan R. Liss, Inc
Pitfalls of the Vibrating Probe Technique, and What to do About Them. Scheffey, C., 1986, Ionic

Currents in Development,. pg. 3-12  Alan R. Liss, Inc.
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PREAMPLIFIER CONTROLS TC "PREAMPLIFIER CONTROLS" \f C \l "2" : [image: image13.png]Input BNC Connectors Preamplifier Controls





SIGNAL - Input BNC is for the vibrating electrode signal cable (short white coaxial cable). It has a driven 

shield on the shell of the BNC. This eliminates cable capacitance.
REFERENCE – Input BNC is for the reference cable (short black coaxial cable). This has 2 pins to

connect your pt-blackened reference and ground wires.

*Note: These cables should be twisted together to reduce noise pick-up to the preamplifier!

MONITOR/NORMAL - This switch controls the shell of the REFERENCE input BNC connector. In
MONITOR position it connects a virtual ground circuit (I to E converter) to the BNC shell. This is used

when plating probes. It allows you to observe plating current on the PSDA-2 panel meter. In NORMAL
position it is grounded to circuit ground. This switch controls the wire connected to the pin at the notch on the 2 pin, white connector on the end of the short black cable connected to the REFERENCE input BNC.
GAIN – This switch changes the gain of the preamp to either 10X or 100X. Normally, X100. If change
gain, you must change the gain in the ASET software for correct data output to files. This is done in the

CDP CALIBRATION section of ASET. Normally set to 50,000 which is gain of the entire system.

For example: 10X on the preamp and 500x on the PSDA-2 would be 5,000 system gain. 
TEST/OFF/PLATE – This switch is for testing or plating the vibrating electrode tip. In TEST position, it

applies a triangle wave test signal to the electrode via a known capacitor in the preamplifier to test the tip

capacitance. In PLATE position it passes plating current via a 5 Mega ohm resistor (+/- 2 micro Amps

maximum) in the preamplifier via the CURRENT ADJUST on the PSDA-2 front panel. It should be in
OFF position for normal operation.
OUTPUT – This BNC connector is on the rear of the preamplifier box. This is the output of the preamp. It

is the vibrating electrode tip signal x10 or x100 depending on the preamplifier GAIN switch.  This is for

checking the preamplifier and some use it for LEIS work to connect to an FRA.
PSDA-2 CONTROLS TC "PSDA-2 CONTROLS" \f C \l "2" :

MONITOR Section:         
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ON/OFF – Main power to PSDA-2

Note:  Turning power ON or OFF with probe in solution may damage your preamplifier!
The PSDA-2 meter select switch selects what is displayed on the front panel +/- 2 volt meter as follows:

X - Frequency of X oscillator. (Hz / mV)

Y - Frequency of Y oscillator. (Hz / mV)
 
CURRENT - Calibration or Plating current (nano amps / mV).
CURRENT SOURCE CONTROLS  TC "CURRENT SOURCE CONTROLS " \f C \l "2" :
CURRENT ADJUST - There is a ten turn potentiometer and a +/OFF/- switch to provide DC

current. The potentiometer provides +/- 0 to 100 nano Amps to the CALIBRATE  BNC if the 
CALIBRATE/PLATE switch is in the CALIBRATE position, and +/- 0 to 10 Volts at the PLATE 
BNC output if in the PLATE position. In PLATE mode it provides 0 to +/- 2.0 microamps to the 
TEST/OFF/PLATE switch on the preamplifier. Plating current is monitored on the PSDA-2 front

panel meter with the Preamplifier MONITOR/NORMAL switch in the MONITOR  position and the

PSDA-2 front panel meter select switch in CURRENT position. This lets you plate electrodes and

provides a front panel PLATE BNC for platinum-blacking the pt reference and ground wires.
Note: Only the wire with negative (-) potential will be pt-blackened.
CALIBRATE/PLATE - This switch selects either CALIBRATE or PLATE mode. In the CALIBRATE position the potentiometer provides +/- 0.0 to 100.0 nanoamps through the CALIBRATE BNC for a calibration current source electrode. Current (nanoamps) can be read on the front panel meter in  the CURRENT position on the meter select switch. There is a current clamp circuit that will clamp current through the solution via the calibration current electrode to the ground electrode. If the meter drifts this indicates a bad calibration current electrode. In the PLATE position it provides +/- 0 to 10 VDC via the potentiometer to the PLATE BNC for blackening platinum ground and return wires. There is no current clamping in this mode. Current for plating wires is developed by dropping an adjustable voltage of +/- 0 to10VDC across a 200 ohm resistor. It also provides an adjustable voltage to drop across a 5 MEG ohm resistor (+/- 0 to 2 µA) in the Preamplifier unit for plating electrodes in place via the PLATE position of the TEST/OFF/PLATE switch.
Use only negative (-) current to plate electrodes and wires. A bare platinum wire must be

Used as a ground electrode. Connect a bare platinum wire to the 2 pin, white socket on the 

end of the small diameter, black Reference cable to the pin closest to the notch.

PSDA-2 X/Y VIBRATION CONTROLS TC "PSDA-2 X/Y VIBRATION CONTROLS" \f C \l "2" 
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X/Y-FREQUENCY - Adjusts frequency of vibration.

X/Y-AMPLITUDE - Adjusts amplitude of vibration.

XY-ON/OFF  -  drivers (vibration) on or off.
X/Y SINE/COSINE BNC outputs have oscillator signals of 20 Volts peak to peak
FILTER/AMP CONTROLS TC "FILTER/AMP CONTROLS" \f C \l "2" :
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PROBE(TEST)/OFF/PSD(TEST) -  In PROBE(TEST) position, this switch passes a 50 milliVolt peak to peak triangle wave signal via a 100 pF capacitor to the SIGNAL input of the Preamp unit to test the vibrating electrode tip capacitance. The TEST/OFF/PLATE switch on the Preamplifier must be in the TEST position to check capacitance of the electrode. It should be in the OFF position for normal operation. In the PSD (TEST) position, it connects the PSD INPUT BNC to the phase sensitive detectors for testing their operation. (See adjustment procedures)
GAIN – In 50 position the PSDA-2 amplifier gain is 50X in 500 position the gain is 500X. Note: This

changes the hardware gain. You must change gain in ASET software Calibration to match it!
Chapter 4  PREPARATION AND PLATINIZATION OF VIBRATING

ELECTRODES TC "Chapter 4
PREPARATION AND PLATINIZATION OF VIBRATING ELECTRODES" \f C \l "1" 

The vibrating electrodes (vibrating probes) used in SVET systems are pre‑insulated wires which are electrically arced at the tips to expose a few micrometers of bare metal at the tip. Prior to insulating, the wires are first etched in acid to taper and sharpen them. They are then coated with parylene and then the tips are electrically arced to expose bare metal. The two types of wire electrodes currently in use in SVET systems are platinum/iridium alloy and stainless steel type.

The Platinum/Iridium wires are 20% Platinum and 80% Iridium alloy. These wires are for small probe diameters down to 5 µm. They are about three times the cost of Stainless Steel. This is due to the cost of the metals as well as a different etching process. With proper care, they can last for a long time.


Stainless Steel wire electrodes are the least expensive. They are stock with a regular taper and exposure as well as a fine taper with minimum exposure. The regular stainless steel wires are typically used for finished probe tip diameters of >10 µm. The fine taper wires are for probe diameters of 5‑6 µm in diameter. 


The wire electrodes used as SVET probes are electroplated with a Platinum Chloride solution in order to produce a small diameter ball of platinum black on their exposed tips. Platinum black is used since it has a very high capacitance per unit area which is ideal for vibrating probes.


Stainless steel electrodes require gold plating prior to platinum blacking due to its properties. Platinum/Iridium electrodes do not need any gold plating which reduces the size of the final tip diameter.


The following pages will explain how to prepare and platinize these wires. 
Note: You can also order pre-cut metal microelectrodes to avoid cutting, scraping and mounting electrodes as described in the following sections. We now ship systems with the MPI female pin connector glued to the plastic vibrator beam to allow for easy microelectrode replacement. If you have an older SVET, you can simply change connectors (female pin to replace R-30 pin is taped to the outside of MPI microelectrode plastic shipping boxes)
VIBRATING ELECTRODE PREPARATION AND PLATINIZATION
PLATINUM/IRIDIUM AND STAINLESS STEEL ELECTRODE PREPARATION TC "VIBRATING ELECTRODE PREPARATION AND PLATINIZATION" \f C \l "2" 
1. Gather the tools needed to make electrodes.
a. Wire cutters
b. Exacto knife or scalpel

c. Insulated pliers (shrink tubing on the tips are fine)

d. Connector Pins (Vector R‑30 are best)

e. Electrode Holder (IC chip sockets work great)

f. Phosphoric acid (or silver epoxy).

g. Ruler

NOTE: BE CAREFUL NOT TO TOUCH THE ELECTRODE TIPS!

2. With insulated pliers, carefully remove an electrode from its container. Hold the electrode between your index finger and thumb with the tip towards your palm. 

3. Cut the electrode with wire cutters to a length of 1.5 to 2.0 cm. Then press it against a flat surface like a tabletop with the tip hanging over the edge. Scrape about 2.0 mm of insulation from the wire at the cut end as shown in. Roll the electrode while you scrape to ensure the removal of the insulation all around the wire. You will see the insulation peel away. Note the end of the electrode must be held as shown when cutting to prevent damage to tip.
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4. Place scraped, cut end of electrode into R-30 pin as shown
5. Apply heat and solder quickly.
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SETUP:
1. A new electrode should be mounted on the 2DITL vibrator assembly and positioned to allow viewing of the vibrating probe tip in the microscope at highest magnification.

2. Connect a bare Platinum wire soldered to a Vector R-30 pin to the short, black REFERENCE cable of the Preamp using connector marked by the notch on the 2-pin white teflon socket.

3. Place PSDA-2 amplifier PLATE/CALIBRATE switch to PLATE position and meter select switch to CURRENT position.

4. Place Preamplifier PLATE/OFF/TEST switch to PLATE position and the NORMAL/MONITOR switch to MONITOR.

PLATINIZATION PROCEDURES FOR PLATINUM/IRIDIUM ELECTRODES TC "PLATINIZATION PROCEDURES FOR PLATINUM/IRIDIUM ELECTRODES" \f C \l "2" 

Preparing Platinum/Iridium is easy to do. They are able to be soldered into their connectors with regular electronic type solder. Just remember to minimize heating the electrode. It is best to insert the prepared electrode into an R-30 pin then apply heat and solder.
Platinizing:
Platinum Chloride plating solution: 

18.0 mL distilled water
0.2 mL 1% Lead Acetate solution

2.0 mL 10% Platinum Chloride (H2PtCl66H2O)


Solution containers should be kept covered when not in use. Replace solutions when their color changes, a fine precipitate forms, or electrodes stop plating in them.

1. Immerse electrode tip and ground wire (bare pt wire) in plating solution.  Adjust current potentiometer for -200 nanoamps on meter and let plate 3 minutes.

2. Slowly increase current and plate until the desired tip diameter is ~80% of final desired diame​ter. Then turn current off.

3. Increase the current to 6.0 on the dial without turning it on, then give 0.5 second shots (use +/OFF/- switch) of this high current until the final diameter is reached. 

4. Check electrode capacitance with PLATE/NORMAL/TEST switch on Preamp in TEST and main chassis switch in TEST position as follows: 

                      Tip Capacitance (in nano Farads)  =   GAIN / SIGNAL


Where GAIN is 10.0 (or 1.0 or 0.1 depending on system gain) and SIGNAL is the peak to peak signal Volts at the PROBE SIGNAL  BNC on PSDA-2 front panel (connected to oscilloscope). A good electrode has at least 2.0 nF of capacitance.

PREPARATION OF STAINLESS STEEL ELECTRODES TC "PREPARATION OF STAINLESS STEEL ELECTRODES" \f C \l "2" 

Stainless steel cannot be soldered by conventional means. However, the scraped end of the wire electrode can be dipped into Phosphoric acid then soldered. (You may also use silver epoxy and an oven at 65 deg.C) 

Follow the instructions and pictures for mounting cutting/scraping and mounting electrodes in the procedure for pt/ir electrodes in the previous section.
PLATINIZATION PROCEDURES FOR STAINLESS STEEL ELECTRODES TC "PLATINIZATION PROCEDURES FOR STAINLESS STEEL ELECTRODES" \f C \l "2" 

You need to observe and measure the electrode tip while plating it so that you can control its final size. You can use an eyepiece reticule. Small plastic petrie dishes for plating solu​tions and a timer (10 minute, with 1 minute gradations) will also be handy.

Solutions: Acetone: For cleaning 

Gold Plating solution: 0.04g AuKCN in 20 mL D.W.  (or AuCl)

Plating solution: 

18.0 mL D.W.

0.2 mL 1% Lead Acetate solution

2.0 mL 10% Platinum Chloride (H2PtCl66H2O)


Solution containers should be kept covered when not in use. Keep stock solutions refrigerated. Replace solutions when their color changes, a fine precipitate forms, or electrodes stop plating in them.
SETUP:

1. A new electrode should be mounted on your vibrator assembly and positioned to allow viewing of the vibrating probe tip in the microscope.

2. Connect a bare Platinum wire soldered to a Vector R-30 pin to the short, black REFERENCE cable using the pin marked by the notch on the 2-pin white teflon socket.

3. Place PSDA-2 amplifier PLATE/CALIBRATE switch to PLATE position and meter select switch to CURRENT position.

4. Place Preamplifier PLATE/OFF/TEST switch to PLATE position and the NORMAL/MONITOR switch to MONITOR.

 * REMEMBER TO USE NEGATIVE CURRENT TO PLATE ELECTRODES!
Gold Plating:

1. Put electrode and bare Platinum ground wire in gold solution and adjust CURRENT ADJUST potentiometer on PSDA-2 to 0.0 on the dial. Turn current on (‑ / OFF/+ switch). Turn CURRENT ADJUST control for -2.0  nanoamps on the PSDA-2 meter (-002) (meter reads 1mV/nA). Let it plate for 5 minutes.

2. Increase CURRENT ADJUST to 200nanoamps on PSDA-2 meter and leave for 1 minute. If bubbles form at the tip, lower the current and tap bubble off tip to insure that no bubbling is occurring. Let plate for 1 minute. Turn off current and replace AuKCn solution with ptCl solution.

Platinizing:

3. Immerse electrode tip and ground wire (bare pt wire) in platinum Chloride solution.  Turn current on and turn CURRENT ADJUST for -200 nanoamps on meter and let plate 3 minutes.

4. Slowly increase current and plate until the desired tip diameter is ~80% of final desired diame​ter. Turn current off.

5. Increase the current to 6.0 on the dial without turning it on, then give 0.5 second shots of this high current until the final diameter is reached. (use -/OFF/+
6. Check electrode capacitance with "PLATE/NORMAL/TEST" switch on Preamp in "TEST" and main chassis switch in "TEST" position as follows: 

            
Tip Capacitance (nano Farads)  =   GAIN / SIGNAL


Where GAIN is 10.0 (or 1.0 or 0.1 depending on system gain) and SIGNAL is the peak to peak signal Volts at the PROBE SIGNAL  BNC on PSDA-2 front panel. A good electrode has at least 2nF of capacitance.

PLATINUM-BLACKING OF PLATINUM REFERENCE AND GROUND WIRES
 TC "PLATINUM-BLACKING OF PLATINUM GROUND WIRES (BATH GROUNDS)" \f C \l "2" 

The SVET system requires both a ground electrode and a reference electrode.  When using the SVET in Open Circuit Condition (OCP) both of these electrodes should be platinum-blacked, platinum wires since the vibrating probe tip is also platinum blacked. To make these electrodes you need two clean (using 600 grit sandpaper) platinum wires, same Pt Chloride solution used for plating probes and the PLATE BNC output on the PSDA-2 amplifier. 
   On the PSDA-2 amplifier, connect a BNC to twin alligator clip cable to PLATE BNC. Put the PLATE/ CALIBRATE switch to PLATE position. Set CURRENT potentiometer to maximum (10.0 on dial). The electrode to be blackened must be connected to the negative terminal of the battery. The ground electrode must be a clean platinum wire. You can also blacken wires using a 9 V battery and some alligator clip leads.
1. Connect a bare Platinum wire to ground lead of cable from PLATE BNC and immerse in PtCl solution. (The shield of the PLATE BNC connector is ground).

2. Connect the clean platinum wire to be blacked to the center conductor of the cable from PLATE BNC.

3. Turn on current source using -/OFF/+ switch on PSDA-2 amplifier (-) and observe the wires. One will turn black and the other will not.

4. When the wire is very black remove it. This usually takes a few tens of seconds.

5. Wires can be abraided and re‑blackened repeatedly. Be sure not to touch the black or it will rub off.
Well made pt-black wires can last for months if you are careful with them.


RETURN SWITCHES ON PSDA-2 CHASSIS BACK TO NORMAL!


Chapter 5
 SYSTEM SETUP AND CALIBRATION TC "Chapter 5
SYSTEM SETUP AND CALIBRATION" \f C \l "1" 
SETTING UP VIBRATION TC "SETTING UP VIBRATION" \f C \l "2" : 
         These are explicit instructions for attaching a plated wire microelectrode (vibrating probe) to the vibrator assembly and making it vibrate properly. This procedure assumes that you have a surface reflecting mirror mounted at a 45 degree angle under the electrode. If you do not have one, simply rotate the probe assembly 90 degrees to adjust the probe vibration and rotate back when ready to use. Follow the instructions below accordingly.

     Check to be sure that the vibrator assembly (2DITL) is grounded with a separate wire to the ground buss on your experimental table area. ALWAYS USE SINGLE POINT GROUNDING SCHEMES!
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1. Verify that the vibrator assembly is oriented so that vibration is parallel to the horizontal plane for X and perpendicular to the horizontal plane for Y. (see diagram of vibrator)

2. Make sure that both X and Y vibration AMPLITUDE controls are set to mid‑range (5.0 on dials), and both X/Y ON/OFF switches are OFF.  (PSDA-2 front panel)
3. If you need to bend the probe then hold the probe by its gold connector between the thumb and forefinger of one hand and bend it at the connector. Be careful not to touch the tip of the probe! 
4. Carefully insert the probe into the gold connector pin glued to the plastic beam on the vibrator assembly. It is delicate! Use the aluminum beam on the vibrator assembly as a firm point for your hand while holding the plastic beam. 
5. In the vertical plane, the probe should vibrate primarily up and down (along the vertical, Z axis), and should not have any horizontal component.   

6. Using the 3-D manipulator, orient the tip of the probe in the center of the microscope’s field of view.  Place the 45 degree mirror on the sample X/Y positioner and bring carefully toward the probe while viewing the microscope image. Adjust until you see two probe images. One is true, the other for vertical adjust and is only a reflection. You’ll adjust vertical vibration by looking at the reflection of the probe in the Z axis. It will vibrate vertically as you view the reflection image. 
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                         45 deg. mirror positioned such that the Y(Z) axis motion can be viewed.
7. The goal at this point is to locate a driving frequency (not a multiple of 60 Hz or 50Hz) that gives the probe tip a stable excursion of vibration along the Z axis. To do this, turn on the Y vibration driver and observe tip motion through the scope. Slowly adjust the FREQUENCY control and look for a bimorph resonance. You can recognize resonance when the probe vibration distance is large at a particular frequency, and much smaller for frequencies to either side of it. Finally, move away from resonance and adjust for proper direction of probe vibration excursion. Add more amplitude to drive the probe, say at least 2.0 on the AMPLITUDE dial and finally adjust the vibration distance to one probe diameter with the amplitude and frequency controls. 70-90 Hz is best for vertical (Y) vibration.  

8. Once you locate a resonance, check the direction of probe vibration. Motion should be in a straight line (rather than, for instance, a figure 8), and should be no more than 20 degrees away from true axis. If the vibration is not correct in the axis then adjust FREQUENCY so that the excursion occurs along the proper axis. You may need to add more AMPLITUDE at some frequencies.  

9. When a good frequency is established in the Y(Z) direction, turn off the Y vibration and tune for horizontal motion with the X driver. Repeat steps 8 through 10 for horizontal motion keeping in mind that you do not want any vertical component.
* Resonant frequencies are suggested starting points for setting up proper probe vibrations. Resonant frequencies are not the best and are not necessary for system operation. An AMPLITUDE setting on the dials of more than 2.0 is best because it drives with more energy than a resonant frequency would. If you use a resonant frequency the depth of the solution dampens the vibration which attenuates the measured signal at different depths. The probe should be driven at frequencies where there is little or no change in the amplitude of vibration as the input frequency is changed. 
SYSTEM CALIBRATION TC "SYSTEM CALIBRATION" \f C \l "2" : 
Calibration should be done at high magnification. (Zoom Scope: 7X w/2X lens attached)

We recommend 10 mM NaCl for calibration purposes. That gives a very nice signal to calibrate the SVET. There is a RESISTIVITY variable in ASET that must be used to enter the calibration solution resistivity value. After calibration is complete then the RESISTIVITY variable must be changed to the experimental solution value. 
1. Start ASET software and select CDP mode and CALIBRATION under TECHNIQUE menu.

   a. Place the calibration electrode, vibrating probe and ground wires in the solution.

   b. Put vibrating probe and calibration electrode tips in the center of the microscope field of view 

         c. Place the vibrating probe and calibration electrode tips at least 75 microns apart, not any closer, in               such a way that the calibration electrode tip is along the same line of vibration of the probe. 
         d. Make certain that both electrode tips are in the same focal plane! Both tips should be in focus to                    begin. Start by focusing on the calibration electrode tip with the W axis control. Then use the Z                     axis control to focus the vibrating probe tip. (See picture next page)
Note: The probe should be deep in the solution (>1mm) to calibrate. Avoid being too close to the surface            of the solution to avoid noise and artifacts in your signal. 
2. Insure that you have a good calibration electrode. Pass current and check it out. On the PSDA-2 amplifier put the meter select switch to CURRENT and the CALIBRATE/ PLATE switch to CALIBRATE position. If the calibration electrode is good, you will see a stable reading on the panel meter when passing a set current. If the dial reads 6.0 the PSDA-2 front panel meter should read a stable 60
3. In ASET software CALIBRATION window ignore the Y In-Phase and Quadrature display values and concentrate on the X IN-Phase and Quadrature number values.
4. With the probe vibrating, pass a current of +60 nA (6.0 on dial and 060 on the panel meter) and observe the X in-phase and quadrature signals at the bottom of the calibration window.
5. Take a REFERENCE reading with current off and the probe vibrating.
6. Pass current (+60 nA) and observe the X channels for signal strength.
7. The In-Phase channel should read more than the Quadrature channel, but sometimes the Quadrature is the strongest signal (this is normal and frequency dependant). Whichever is the strongest, observe that signal while moving the vibrating probe up and down in the Z axis with the PC keyboard 20 µm at a time (20 µm/keystroke setting for motion control). Take a few seconds between steps to see average change in signal. You are looking for the point where the signal is strongest, which is the correct plane for the vibrating probe to be in to calibrate the X (horizontal) PSD. Reduce to10 µm/keystroke then 5 µm/keystroke to be more exact about the plane of measure. You may need to increase SAMPLING (Watch @ xxx seconds on ASET calibration screen bottom left) 
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Note: For most electrodes, if you begin with both electrode tips in focus at high magnification, you are very       close to the same plane if they are not bent. (This probe is bent, but OK to use)
8. When you are at the point where the signal is strongest, increase the distance (in the horizontal plane) between the electrode tips to 150 µm. Turn off current and take a REFERENCE. In ASET reset the Z and W axis position values on the left side of screen.
9. Pass current and SAMPLE X in ASET. 
10. Move vibrating probe up in the Z plane 150 µm and move 150 µm in the Y plane to bring the vibrating probe directly over the calibration electrode tip. (or: you can click on GO box to automatically position the probe for Y calibration position if Z plane was set to 0 in step 8). 
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11. Turn off current and take another REFERENCE reading. Then turn on current and SAMPLE Y. This completes calibration. The ASET software stores it until replaced by another calibration.
Note: Calibration is not necessary if your replacement vibrating probes are the same size tip and length.              The system will report currents more accurately if you calibrate each probe.
ASET software data reports current density in units of µA/cm2. 
Current distribution: I / 4pi r²

      Where (I) is current passed (+60nA) and (r) is the distance (150µm) from center of probe vibration to

the tip of the calibration source (remember to convert micrometers to centimeters). A 60nA point source of

current measured at a distance of 150µm (.015 cm) away has a current density of  21.2 µA/cm2.

Chapter 6   PROBLEMS AND TROUBLESHOOTING TC "Chapter 6
PROBLEMS AND SUGGESTIONS" \f C \l "1" 

MECHANICAL TC "MECHANICAL" \f C \l "2" :
1. The most common problem is the signal wire and vibrating probe. The simplest way to know is simply look at the system noise with vibration off. If it is only noisy with vibration on check the following: 
a. Is the electrode’s white signal wire tightly connected?

b. Is the signal wire soldered well?

c. Is the electrode loose in the vibrator socket?

d. Is the electrode loose in its mounting socket?

e. Is the electrode capacitance good?

f. Is the plastic vibrating beam touching the vibrator assembly’s metal case?
g. Is the probe excursion too much?

h. Is the vibrator case grounded properly?

2. If large transients happen when people open and close lab doors, jump around or when certain equipment is on that produces mechanical vibrations, then you may need to adjust your vibration isolation table.
a.  Make sure the table is floating on all 4 legs.

b.  Check that cables are not too tight coming from the vibration table coupling                                 mechanical energy.
ELECTRICAL TC "ELECTRICAL" \f C \l "2" : (Main AC Power Line 50/60 Hz)

1. Transients or noise not of a mechanical nature are probably of an electrical nature. You may power line        problems. These kinds of problems are always present, whether vibrating or not. 
a. Do not vibrate at a frequency that is a multiple of 50/60 Hz
b. Use a power line filter or power conditioner.  

c. If using a UPS, ONLY THE PC SHOULD BE ON BATTERY BACKUP!
d. Check for ground loops
e. Check that equipment is grounded properly? :

    1.Microscope
                           2.Light source
             3.Video equipment
             4.Vibrator case
             5.Vibration tabletop.
f. Check platinum ground wires are properly blackened.
g. Check the vibrating probe.
1. Static pickup of noise is the worst problem to remedy. It is difficult to find and remove. A properly grounded system in an average lab environment, however, is all that is required to use the system. Always check the probe first. Probes with low capacitance (high impedance) are very noisy. Make sure your platinum-blacked ground and return wires are good (re-plate if not black).

 Here are some hints to help:
a. Is noise gone when you connect the test electrode to the preamplifier?

b. Is the probe sensitive to the proximity to your body?

c. Does shielding your prep area with a grounded piece of metal or tin foil help?
d. If your answer is yes to one or more of the above try grounding (single point) all                     devices in close proximity to the probe. Shut off auxiliary equipment, one piece at a               time, to localize it. Avoid using any equipment having a two prong plug (no ground                lead) or replace the cord with a three prong type grounded to the equipment chassis                (if metal). 

THERMAL TC "THERMAL" \f C \l "2" : 

If heating or solution is evaporating too quick, put a thin layer of mineral oil on the top of the solution. It is optically clear, electri​cally and thermally insulating and biologi​cally inert. It prevents evaporation of solution which will change the resistivity (conductivity). If you change solutions the oil layer can be removed by a pipette on the surface or by using a suction device. 50% humidity or more is best. You can enclose the entire experimental table in a plastic tent and use a humidifier under the vibration table to maintain a local humidity.

If your microscope fogs up blow air across it with an aquarium pump or use some anti-fog for windshields. DC offsets with temperature is normal for the probe. Wait until the reference stabilizes to insure a stable thermal environment when measuring with the SVET. Keep temperature stable to within 1 degree C.

Note: ALWAYS USE INFRARED ABSORBTION FILTERS ON LIGHT SOURCES! 
 Chapter 7 HINTS AND SUGGESTIONS WHEN USING THE SVET

 TC "Chapter 7 HINTS AND SUGGESTIONS WHEN USING THE SVET" \f C \l "1" 
     Typically the probe is vibrated over a distance of one probe diameter. This means that if you have a

probe tip 20µm in diameter your vibration excursion should be 40µm. This is done by adjusting your

vibration until you see two probe tips just touching one another. You can, however, use three or four times

the diameter. This increases the output of your PSDA-2 proportionately. (Doubling the vibration distance,

doubles the signal output of the PSDA-2.) Be aware of how far from the sample the probe is. Your

oscilloscope will show you if you touch. You will see spikes that are the same frequency as your oscillator.

ASET will show a deflection of both the in-phase and quadra​ture outputs.

     When you use a new probe or you are using one for the first time of the day, you may experience increased noise and artifacts. If the probe capacitance is good then just let the probe vibrate in solution for a few minutes and it should quiet down. After thirty minutes, if the electrode is still the same, re-plate or replace the probe. 
     Resistivity (conductivity) changes in the experimental solution cause calibration changes. If you change solutions during SVET experiments ASET has a RESISTIVITY variable to correct the current densities recorded by ASET. Read the ASET help file regarding this variable. Basically, a 10 fold increase in conductivity will report currents that are 0.1x the calibrated values if you don’t compensate for the solution change. For example, if you calibrated with a solution that was 50 mM NaCl and you later changed to 0.5 Molar NaCl , ASET will report ten times smaller current densities for the same current measured in the weaker solution. 

     Do not change the Frequency or Amplitude controls on the front panel of the PSDA-2 amplifier after

calibration or your data will have errors. You can use either a 3 Molar KCl filled glass electrode or a stock pt wire electrode to calibrate your system. Glass electrodes pass negative current more efficiently and can last weeks, if kelp from drying out.. Metal electrodes pass positive current more efficiently. The wire electrode will change over a period of time. Change the calibration electrode if you have trouble calibrating the system and you know the vibrating electrode is OK. Note: Bad calibration wire electrodes can be platinized and used as vibrating probes.
     You can also mount a second CCD camera to your system. Some users have an upright view and also a side mounted zoom scope and CCD for a side view. This provides for much more precise control of the probe distance from sample and well as aspects of biological specimens that provide a means to see probe distance form a membrane easily. The NI-1411 framegrabber board has an S-Video input. A CCD camera with an S-Video output is best, but a simple S-Video cable can be used as follows:

S-Video Connector pinout
[image: image23.png]


(At the peripheral)

4 PIN MINI-DIN FEMALE connector at the peripheral. 

	Pin
	Name
	Description

	1
	GND
	Ground (Y)

	2
	GND
	Ground (C)

	3
	Y
	Intensity (Luminance)

	4
	C
	Color (Chrominance)
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If you put a BNC on the 'Y' Intensity input you should get a B/W image.  
 

For color, the signal needs to be encoded in Y/C format. You can buy converters, but generally the best thing is to use a camera with a direct S-Video output.  
 

NOTE: This is the connector that the plug/cable fits into. The cable will have male pins and possibly 4 wires (red, black, white, shield wire) Black is typically ground and red is typically Y intensity [luminance]
Electrodes can be plated and stored dry with no problem. It is OK to leave probes in the vibrator assembly  in air for days at a time. Upon starting your equipment wait about 1/2 hour while you vibrate it in solution to "wet" the probe. “Popcorn” noise happens with dry probes. Covering your rig with plastic to keep dust away is recommended when not in use.
1. NEVER energize or de‑energize equipment with the probe in the bath or a current surge may result that will damage your preamplifier input stage!!! It has an F.E.T. input stage that is also sensitive to static.
2. Check the probe capacitance periodically. Probes should have at least 2 nano Farads of capacitance.

3. If an electrode doesn't look physically damaged, but has a very low capacitance, often a shot or two of current in plating solution will bring it back to life. You can re-plate the probe need of re-calibration..
4. If an electrode accumulates debris on it you can often clean it by vibrating it, at a large excursion, in 60% Perchloric acid for a few minutes. This often does the job. You may have to re‑plate electrode.

5. Electrodes that won't re‑plate can be cleaned by use of a sonic cleaner with Acetone or Ethanol. You must do plating procedure after using this method. Hold the probe to avoid crashing the tip in the sonic cleaner.

6. Probes will be noisier with vibration if the electrode is loose in its holder. Checking noise with vibration off will indicate this. If pin is loose you can expand the male end a little squeezing with flat nose pliers.

7. As long as your probes are not physically damaged, they can last for months if you are careful..

8. Check the pt-blacked reference and ground wires occasionally to insure they are clean and black. If dirty or not black they will be noisy.

9. Plating solutions can be used for many elec​trodes (20 mL) so keep them clean. If your electrodes spontaneously go bad, often, then its time to change solutions.

10. Probes that read a very high capacitance, but are not sensitive to current, usually have holes in their insulation. Throw them out.  

You can cut off the tips of the used electrodes and re-plate them. This gives a larger diameter probe tip, but it is a good use of electrodes for qualitative measures. Remember: The bigger the probe, less noise.

Chapter 8 USING A POTENTIOSTAT WITH THE SVET SYSTEM
 TC "Chapter 8 USING A POTENTIOSTAT WITH THE SVET SYSTEM" \f C \l "1" 

The SVET can easily incorporate a potentiostat into the system to provide simultaneous global monitoring and control of the voltage and current of the metal sample. The proper grounding of this system is done by using the metal sample as the common ground (Working Electrode). The SVET ground pt-blacked wire (at the notch of the 2 pin ref cable connector) must be removed from the solution when using a potentiostat to prevent a ground loop which causes AC line noise in the SVET. The other pt-black wire is the SVET reference wire. It must be in the solution to reference the SVET to the metal sample (WE). The Reference Electrode (RE) of the potentiostat is placed in the solution at the edge of the chamber out of the way of the SVET electrode path. A small diameter (1-2 mm) AgAgCl half-cell ref electrode is recommended for potentiostatic mode of operation. Note: In galvanostat mode a larger surface area reference may be needed to provide a stable current sync. The Counter Electrode (CE) can be a clean platinum wire placed out of the way of the SVET electrode’s path. Bend the end of the pt wire like an “L” to provide more surface area. The best symmetry is to make a ring out of the pt wire and put it surrounding the outer edge of the sample chamber. When you are using a potentiostat to control the sample, the CE becomes the cathode to the sample that is an anode. SVET measures local current density on the surface of the sample at different locations. A small pt wire (CE) profile makes an electrical current flow pattern in the solution between the metal sample’s surface and the CE to be “focused” at the CE due to the different surface area of the conductors. SVET scans far above the sample could be underestimated. Note: When scanning with SVET, remember to take ASET reference readings above an insulated plane with the potentiostat in open circuit. Otherwise, you will shift the baseline of your SVET measurements.
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Diagram of potentiostat connections: Note only one pt-black wire (ref) from the SVET is used.


The SVET system’s PSDA-2 amplifier uses 4 A/D channels to convert the amplifier’s in-phase and Quadrature outputs to current density per unit area. There are 4 remaining A/D channels with 16 bit resolution to allow recording up to four additional signals inside the ASET data collection program environment. The ASET software is an open data collection system to provide the customer with a number of additional features. ASET software will record  I (current) and E (Voltage) outputs of a potentiostat. (See chapter 9 for connecting samples to potentiostats)
 Localized Electrochemical Impedance Measurements:
Scanning Localized Electrochemical Impedance Spectroscopy (SLEIS) can measure below the 1.0 kHz range (typically 10-100 Hz). The microelectrode (non-vibrating) scans the sample being stimulated by a sinewave via the external input to a potentiostat and records data from a lock-in amplifier or FRA (Frequency Response Analyzer).
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Note: Both diagrams show 2-electrode SLEIS configuration.

These features provide the user with a wide-open system allowing integration of a variety of alternative techniques and integration of other manufacturers’ equipment. Using a potentiostat with the SVET system greatly enhances the user’s ability to conduct detailed research of localized corrosion events.

         Another mode is available as well to allow one PSD (Y) to measure as an SVET and the other PSD (X) measure as an LEIS simultaneously while scanning the probe over a sample under potentiostatic control. These methods of measurement provide the user with high sensitivity and a spatial resolution limited by the electrode tip, typically 5-50 µm diameter.
Publications using SVET for LEIS experiments

A High-resolution Probe for Localized Electrochemical Impedance Spectroscopy Measurements. J. Zou,

F., Thierry, D., Isaacs, H.S. 1997. Electrochem. Soc., 144, 6, 1957-1965. 
Localized Electrochemical Impedance Spectroscopy for Studying the Degradation of Organic Coatings.

Zou, F., Thierry, D. 1997. Electrochimica Acta., 42, 20-22, 3293-3301. 
A Novel Way of Measuring Local Electrochemical Impedance Using a Single Vibrating Probe. Bayet, E. 
Huet, F., Keddam, M., Ogle, K. and Takenouti H. 1997.  J. Electrochem. Soc., 144, 4, L87-L90. 

A Novel Method for Generating Quantitative Local Electrochemical Impedance Spectroscopy.  Lillard,

R.S., Morgan, P. J., Isaacs, H. S., 1992. J. Electrochem. Soc., 139, 4, 1007-1012. 
Determination of Surface Inhomogeneities Using a Scanning Impedance Technique. Isaacs, H.S. 

Kendig, M. W. 1980. NACE Vol. 36, No 6, June 269-274
Chapter 9 PREPARING SAMPLES

Preparation: 


Generally, metal samples are mounted in resin to imbed the sample with the side to be tested exposed. A wire is attached to the bottom of the sample and molded into resin.  This allows hookup to a potentiostat working electrode (WE). Very thin tape (3M polyester type 5 electrical tape #3224-1) with a hole cut out (razor knife under stereoscope) or brush-on lacquer coating is used to mask off defined areas of the sample that are not to be exposed to solution. It is important to note that crevices can be formed by too thick a tape or lacquer coating the sample. Finally the sample needs a well made around it (tape or shrink tubing) to hold solution. The SVET microelectrode has a certain depth and area it can scan on a sample due to its length and angle of entry into the sample area. Make sure there is sufficient clearance to avoid hitting the vibrating microelectrode on anything as it scans.


It is recommended that you prepare the metal samples in such a way that the entire exposed area of the sample is observable with the system. This way, the camera will show any areas that may be active within the field of view. Otherwise, you could be scanning an area that is inactive and other corrosion activity is going on outside your field of view. If you make a 1cm x 1 cm exposed area, it will make calculations easier for those who want to quantify results.

The Area scanned is an important issue for you to decide. Larger areas take longer times to scan. The number of points in the scan will also increase accuracy but also increase scan time. Also, the larger the sample, the more active features, like pits and crevices, will be involved in the area to be scanned. Correlation with a potentiostat measuring total current of the sample will be a closer match with the sum of the local currents measured with the SVET on the sample surface. A bubble level on the sample assists in adjusting level of the sample to be scanned. The X/Y sample mount is for 1.5” diameter samples and provides mechanical controls to level the sample.
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Different samples and ways to attach them to a potentiostat.

   
The sample is the working electrode (WE) when a potentiostat is connected to the SVET system. Here are some examples of sample connections. The yellow sample is coated aluminum (back is exposed aluminum) with conductive copper tape (3M #1181 2343-18) to connect as a working electrode. The well is a plexiglass ring cut from a tube and the ring is hot glued onto the sample. The oblong stainless steel sample has a weld in the middle. An O-ring forms the well and a peelable coating applied to seal it. An alligator clip attaches to a potentiostat. Samples imbedded in resin are most common. Wells to hold solution can be made using tape or hot glue. Tape can also be used to mask off areas to study so that the entire sample is viewable in the video scope during SVET scanning. A bare pt wire encircling the exposed sample area in solution is the best geometry for a counter electrode to avoid a symmetry where the currents in and out of the sample (large area) are focused at a single wire in one part of the bath (Small area). Small diameter (2mm) AgAgCl electrodes make good ref electrodes for the potentiostat and fit nicely into the geometry with the SVET electrodes.

To save time and to insure repeatability in experiments, we recommend that you design the kind(s) of sample mounts or chambers you will need to handle a given protocol. Various gravity feed/drain systems are easy to make and adapt to your system for situations where different solutions are used in an experiment or perfusion is necessary. 

[image: image32.emf]


Block for cutting windows in tape.
 1” x 1” x 4” plastic block with graph paper 1 mm divisions can be affixed to the block with polyester tape on one side of the block. If you apply a very thin layer of silicone grease to the tape by applying a small amount then wiping it off thoroughly with a tissue. This allows you to place new tape gently on the surface (don’t press in place) and remove it when done cutting out squares of desired size in the tape and peeling the windows off under microscopic view. Gently remove the tape slowly at right angles to the cut corners of the windows in the tape. Care should be taken to avoid pulling the tape off along the line of cuts which will easily rip the tape.
Chapter 10 PLOTTING SVET DATA 
[image: image39.jpg]FILTER / AMP

PROBE [TEST]

- y/ =
OFF (@‘ ©
PSD [TE
SD [TEST] iy
INPUT ‘:
50 ‘
GAIN @
500

AEE

www.applicableelectronics.com

o 4

PROBE SIGNAL PREAMP





Plotting vectors on images in ASET.  Laser weld on carbon steel
1. Start ASET and open a .vpo document to review (you can also do this procedure after a new scan if you want to see it quickly)

2. Double click on the scan file that you want to plot. This displays the data columns on the screen.

3. Select ANALYSIS menu then DISPLAY.

4. Then select the way you want things plotted. Default settings give red vectors. 2D vector (or just Y density) then click HEAD LENGTH to give vectors heads. Tail is typical origin, but you can change that too.

5. Hit OK and vectors will plot on a blank screen.

6. Click LAYER then NEW then IMAGE.

7. INSERT .bmp image file directory and name (blue line inside the scan file you displayed shoes .bmp file name/location)

8. Click OK then you can move the data or image layers up and down using the LAYER menu.

     The upper right menu shows the magnification scale. This must be what it was when the data was collected. Distance on the display is relative to the ORIGIN point (default X0,Y0 center of video image). 


ASET data can be converted to .txt file using the ANALYSIS menu and text Export function. All text files are tab-delimited and will easily import to most commercial spreadsheet or plotting programs.
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Plotting SVET data in EXCEl

The following assumes that data was collected in Flyback (data rows collected left to right only) mode of grid scanning. If data was taken in Zig Zag  (data collected left to right and return path right to left) it must be entered as serpentine rows of data.

1. Start ASET and open the .vpo file where the scan files are located.

2. Double click on the red scan file line of interest to view the data columns on the computer screen.

3. Select ANALYZE menu then SURFACE EXPORT

4. Click MATRIX and Y current Density then OK

5. Minimize ASET window.

6. Start EXCEL program

7. FILE menu, OPEN text file you created (C:\ASET\expo000.txt)

8. Click FINISH

9. You may have to delete first row of data on spreadsheet (only 1 cell filled)

10. Select entire spreadsheet.

11. Select plot icon

12. Select SURFACE plot

13. Click finish

14. Click scale lines on plot axes to edit them. X and Y are probe position in micrometers (from Origin point). Z data is Y Current density.

15. INSERT menu for importing picture data

16. Rotate image to match data (first grid scan point: top left of image, last grid scan point: lower right.) 
Details regarding the computation of current densities from the SVET
    Most corrosion labs plot their SVET data in surface plots. X and Y axis are the probe position and Z is the current (Y) going into and out of the sample surface. The X and Y positions are in micrometers from the ASET ORIGIN point as programmed in ASET. (Main menu, VIDEO, Show Origin, Zero Origin). The default ASET setting is 0,0 (X,Y) at the center of the video image from the framegrabber that is displayed on the VGA monitor. At the left column on ASET main menu iare the X,Y.Z and W coordinates reported in micrometers from Origin point as well. The Z axis of the plot is the Y current density at the scan points. This is the vertical current perpendicular to the metal sample surface that is measured by the vibrating electrode in 1D. 

The calculation of Y current density (Z or vertical current) follows a method similar to what is described in the following papers:

Scheffey, C. 1988. Two approaches to construction of vibrating probes for electrical current measurement in solution. Rev. Sci. Instrum. 59: 787-792.

Scheffey, C. 1986. Electric fields and the vibrating probe, for the uninitiated. In Ionic Currents in Development. (R. Nuccitelli, Ed.). Alan Liss, New York, pp. xxv-xxxvii. 

Scheffey, C. 1986. Pitfalls of the vibrating probe technique and what to do about them. In Ionic Currents in Development. (R. Nuccitelli, Ed.). Alan Liss, New York, pp. 3-12. 

     For a 2D observation, ASET records measurements of four DC voltages from the X and Y PSDs: XsinA, XcosA, YsinB, YcosB, at two known points with known current densities (chosen along the coordinate axes of vibration for simplicity). As an example consider a 1D case for a Z axis calibration made using the Y PSD. The phase angle B is determined from the relative amplitude of the signals in the sin and cos channels, B = arctan( Yqd-z / Yip-z ) where Yip-z is the in phase channel voltage and Yqd-z is the quadrature channel voltage for the sample taken at a Z coordinate offset from a point source. Assuming the phase angle stays constant (a good assumption if you have a well made probe and properly operating linkage and calibrate near the same depth you will measure at) then you can determine a proportionality constant K relating the measured voltages to the actual current density. In the 1D case, if you measure a pair of voltages Yip and Yqd then you can calculate the Z current density Jz = Kz * ( Yip cos B + Yqd sin B ).  The calibration procedure determines B and Kz, and during scans or sampling the computer reads Yip and Yqd from the lockin outputs and uses those measurements to calculate Jz in uA/sq.cm.  The 2D case involves a calibration matrix that is designed to take into consideration the possibility of non-perpendicular axes of vibration. The mathematical statement is more complex than the 1D case but the principle is the same. 
Chapter 11
CHECKOUT AND ADJUSTMENT PROCEDURES TC "Chapter 9
CHECKOUT AND ADJUSTMENT PROCEDURES" \f C \l "1" 
CAUTION: AVOID CONTACT WITH MAIN AC POWER INPUT TO CHASSIS AND THE POWER SUPPLIES! ALWAYS USE A NON‑CONDUCTING ADJUSTMENT TOOL WHEN MAKING ANY ADJUSTMENTS TO THE EQUIPMENT.

PREAMPLIFIER UNIT TC "PREAMPLIFIER UNIT" \f C \l "2"  

Refer to PREAMPLIFIER schematic and layout drawings.

1. Connect a sine wave signal of 50mV peak‑to‑peak to the SIGNAL input. Do not exceed 100mV peak‑to‑peak! Do not ground the shield of the test cable! You can use the oscillator signal from the PSDA-2 as long as you do not connect the shield of the cable you use to the shield of the SIGNAL BNC receptacle.

2. Ground the REFERENCE input. (BNC - connect inside conductor to shell)
3. [image: image40.jpg]


Monitor the OUTPUT BNC (rear of preamp) on an oscilloscope. Insure the GAIN is 100X the test signal (5V peak-to-peak). Switch GAIN to 10X and see it change 10X. Insure DC offset is within 50mV of 0VDC. If either is wrong then proceed to steps 4 & 5. If correct, restore equipment to normal operation. 
4. Remove lid of preamp. Adjust TRIM1 pot for a gain of 100.  
5. Adjust TRIM2 for 0VDC plus or minus 10mVDC.

 TC "FILTER/AMPLIFIER" \f C \l "2" [image: image34.jpg]Filter / Amp Board
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Refer to FILTER/AMPLIFIER schematic and layout drawings.

FILTER/AMPLIFIER

1. Turn off PSDA-2 main AC power, remove cover of PSDA-2 and disconnect the PREAMP input cable (9 pin gray cable).

2. Connect the small blue attenuator box with potentiometer on it (input side) to the X SINE BNC. Connect a BNC cable from the output BNC on the attenuator box to the PSD TEST BNC. (ON/OFF) switch turns signal on or off at X SINE output BNC.

3. Put PROBE(TEST) / OFF / PSD(TEST) switch to PSD(TEST).

4. Set GAIN switch to x500

5. Turn on main power. Monitor the junction of the two white wires on the rear of the PROBE (TEST) / OFF / PSD(TEST) switch.

6. Put X ON/OFF switch to ON and adjust X AMPLITUDE (and attenuator box) to give a signal of 10 mV peak to peak on oscilloscope.

7. Monitor PROBE SIGNAL output BNC with oscilloscope. The signal should be 200 mV peak to peak (or 20 mV peak to peak if gain 50). If not, adjust (R-1).

8. Monitor the DC offsets on pin 6 of each LF356N chips (U2 and U3) can be adjusted using their trimpots R-2 thru  R-4.

9. Monitor Pin 6 of  LF356N chip (U5) on the FILTER/AMPLIFIER board. It should be 10 Volts peak to peak. If not, adjust gain R-5.

10. Check the DC offset of the signal. It should be 0VDC plus or minus 10 mVDC. If not, adjust offset trimpot (R-4). 

* Note: The DC offsets should be adjusted at high gain (GAIN switch x500). There will be a DC offset when the gain is reduce (GAIN x 50) but that is not a problem if it is less than +/- 100 mV.

 For less gain that switches allow, you can adjust R-5 to reduce gain further. Any gain changes should be entered into ASET Calibration menu.

PSD OUTPUT AND DC OFFSET CHECK: 

The Phase Sensitive Detector boards in the PSDA-2 amplifier have adjustable DC offsets. The Circuit 

board contains two PSDs, one for in-phase and the other quadrature. Refer to schematic and board picture.

This procedure assumes you performed the Filter/Amplifier check and the attenuator box is still connected

with the X SINE signal.
1. On PSDA-2, put PROBE (TEST)/OFF PSD (TEST) switch to OFF.

2. Monitor the X IN‑PHASE BNC (rear panel PSDA-2) on the oscillo​scope.

3. The signal should be at or near 0.0 volts DC. If not adjust the offset trimpot on the PSD board for the In-phase channel.

4. Put PROBE (TEST)/OFF PSD (TEST) switch to PSD (TEST) position.

5. X IN-PHASE BNC should be 5.0 VDC. X QUADRATURE BNC should be 0.0 VDC.

6. Connect the X COSINE signal (using attenuator) to the PSD INPUT BNC.

7. X QUADRATURE output should be 5.0 VDC and X In-Phase should be 0.0 VDC. 

8. Repeat steps 3 through 5 for the Y PSD.
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 TC "CHECKOUT AND ADJUSTMENT PROCEDURES" \f C \l "2" TEST BOARD: (Contains 3 circuits) 
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FREQUENCY TO VOLTAGE CONVERTER CHECK TC "FREQUENCY TO VOLTAGE CONVERTER CHECK" \f C \l "2" : 

Connect a frequency counter to X-SINE BNC on PSDA-2. 
On PSDA-2, place meter select switch to X position and X - ON/OFF switch to ON
Verify that front panel meter reads the same as frequency counter. If not, adjust the gain pot, R3 (2 MEG) on the TEST board.
CURRENT CLAMP CIRCUIT CHECK TC "CURRENT CLAMP CIRCUIT CHECK" \f C \l "2" :

1. On PSDA-2 front panel put +/OFF/‑ switch to OFF, meter select switch to CURRENT. and CALIBRATE/PLATE switch to CALIBRATE and the  +/ OFF/‑  switch to OFF.
2. Connect oscilloscope to CALIBRATE  BNC (on front panel PSDA-2).
3. Put PSDA-2 CURRENT ADJUST potentiometer to 0.0 on dial (fully ccw).

4. The front panel meter should read 0VDC. If not, adjust T1
5. Put CURRENT ADJUST  to 5.0 (5 turns cw) and +/ OFF/‑ switch to + position. Oscilloscope should read +50mVDC. If not, adjust T2. (Near U3)

6. The front panel DVM should read +50. If not, adjust T4.  

TRIANGLE WAVE CIRCUIT CHECK TC "TRIANGLE WAVE CIRCUIT CHECK" \f C \l "2" : 

1. Monitor orange wire on rear of PROBE (TEST)/OFF/PSD(TEST) switch with oscilloscope. Put switch in PROBE (TEST) position. Signal should be a symmetrical triangle wave. If not, adjust T1. (Near U1)
2. Amplitude of triangle wave should be 50mV peak to peak. If not, adjust G1.
CURRENT TO VOLTAGE CONVERTER OFFSET ADJUST:

1. Place Preamplifier MONITOR/NORMAL  switch to MONITOR
2. Place CALIBRATE/PLATE switch on main chassis to PLATE. And meter select switch to CURRENT.
3. Front panel meter should read 000. If not adjust R2 on TEST board to zero meter.
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You can change the frequency range of the oscillators by changing the value of the frequency range capacitors. Matched capacitors of high quality should be used. Polystyrene or polyester is recommended.
PINOUT FOR PLUGS AND CABLES ON PSDA-2 AMPLIFIER CHASSIS TC "PINOUT FOR PLUGS AND CABLES ON MAIN AMPLIFIER CHASSIS" \f C \l "2"  
PREAMPLIFIER   9-Pin Hex female on PSDA-2 front panel

PIN      Color    
To

A    
Orange   
PROBE (TEST) Switch

B    
White    
Filter/Amplifier board input (+), also PSD (TEST) switch

C    
Gray   
            Filter/Amplifier board input (-), also (PSD TEST) switch

D    
Blue    
 PLATE/CALIBRATE switch (via) Current potentiometer front panel    

E    
    

Not Connected

F    
Red      
+24VDC power for Preamplifier unit

H    
Black   
 -24VDC power for Preamplifier unit

J    
Brown    
(I to E) circuit in preamplifier (plating current to meter)      

K    
Green             Circuit ground for Preamplifier unit         
“DRIVER” 5 Pin Hex Female connector on PSDA-2 front Panel

 PIN  
Color    
 To

 A         Not used
 B         Not used
 H        Green 
 Ground 
 D   
White    
 X Oscillator signal to vibrator  

 E   
Yellow    
 Y Oscillator signal to vibrator
2DITL Vibrator CABLE (4 Pin male to 5 Pin male)

 PIN             

To

 A             

Ground

 B            

X - Piezoelectric element
 D                              Y - Piezoelectric element

VENDOR LIST OF PARTS TC "VENDOR LIST OF PARTS" \f C \l "1" 
For changing electrodes:

PART
     NUMBER
MANUFACTUR​ER
Gold pins (short)
     R‑30
      Vector


Gold pins (long)
     R‑31
      Vector

SS Electrodes (fine/long)      SS300302A
Micro Probe Inc. http://www.microprobes.com/


SS electrodes (reg/long)
     SS300305A
615 Frederick Ave.


Pt/Ir electrodes(fine/long)    PI200302A                      Gaithersburg, MD. 20877 

                                         
                                               Fax: 301-330-9667
Pt/Ir electrodes(fine/short)  PI2cm0036.0A10

Pt/Ir electrodes(fine/long)    PI2.5cm0036.0A10

 

SS electrodes (reg/short)      SS2cm0037.0A10

SS electrodes (reg/short)      SS2.5cm0037.0A10

 

SS electrodes (fine/short)      SS2cm00312.0A10

SS electrodes (fine/short)      SS2.5cm00312.0A10
PtCl Solution
10% H2PtCl66H(2O
      Aldrich Chemical       

                       
10 mL 
      Phone: 1-800-558-9160

AuKCN                 
1 gm #379867     
      Aldrich Chemical      



      Phone: 1-800-558-9160
Signal wire
AS 155‑34
      Cooner Wire Co.

(electrode)

      9186 Independence Ave..

 
                                                    Chatsworth, CA. 91311



      Phone: 1-213‑882‑8311

For mounting metal samples: 
PART                             NUMBER
                MANUFACTUR​ER
Resin                              185-10020                                                Allied High-Tech Products

                                         2 lb. powder                                             2376 E. Pacifica Pl, PO Box 4608
                                                                                                           Rancho Dominguez, CA 90220

Hardener                       185-10025                                                 PH: 800-675-1118                                    
                                       2 oz. Liquid                                          http://www.alliedhightech.com

Mounting cup               197-10005

                                       1.25” Dia 
3M Electrical Tape – Polyester #5, clear  3M # 3224-1        Ted Pella, Inc.

                                                                                                    PO Box 492477

Copper conductive tape Part# 1602  (6.3 mm x 16.4 m)         Redding, CA 96049

                                                                                                    PH: 800-237-3526

PREAMPLIFIER PARTS LIST TC "PREAMPLIFIER PARTS LIST" \f C \l "2" 
QTY
   PART#
DESCRIPTION
MANUFACTURER
1 ea  
78L15        
+15VDC Regulator
Various      

1 ea  
79L15        
-15VDC Regulator
Various 
2 ea  
3299X-1-103  
10K Trimpot 
Bourns

1 ea  
U401         
Dual N-Channel JFET
Siliconix

2 ea  
OPA27FZ      
Operational Amplifier           
Burr Brown

1 ea  
LF353N       
Dual Operational Amplifier
National

2 ea  
LF356N       
Operational Amplifier
National

1 ea  
LM329DZ      
Voltage Reference               National

1 ea  
49.9 ohm  
Metal Film Resistor             
IRC

1 ea  
200  ohm 
Metal Film Resistor             
IRC

1 ea  
3.01K ohm 
Metal Film Resistor             
IRC

2 ea  
10.2K ohm
Metal Film Resistor             
IRC

4 ea  
12K    ohm
Metal Film Resistor             
IRC

2 ea  
49.9K ohm
Metal Film Resistor             
IRC

2 ea  
1MEG ohm
Metal Film Resistor             
IRC

1 ea  
5MEG  ohm
Metal Oxide Resistor            
Victoreen

2 ea  
100MEG ohm
Metal Oxide Resistor            
Victoreen

1 ea  
20 pF        
Polystyrene Capacitor
Various

1 ea  
100 pF       
Polystyrene Capacitor 
Various

4 ea  
10 uF        
Tantalum Capacitor
Various

4 ea  .
1 uF        
Ceramic Capacitor
Various

3 ea  
31-10        
Isolated BNC Connector            Amphenol

1 ea               
DPDT ON/OFF/ON 
Toggle Switch   
Alcoswitch

2 ea               
DPDT ON/NONE/ON 
Toggle Switch   
Alcoswitch
1 ea  
4903         
Chassis Box (Blue enamel)
Pomona

1 ea 
126-198      
9 PIN Connector                        Wire-Pro Inc.

FILTER/AMPLIFIER BOARD PARTS LIST TC "FILTER/AMPLIFIER BOARD PARTS LIST" \f C \l "2" 
QTY
PART#         
DESCRIPTION                    MANUFACTURER
1 ea  
78L15       
+15VDC Regulator
Various      

1 ea  
79L15      
 -15VDC Regulator
Various 
1 ea 
 3299X-1-104  
10K Trimpot                     
Bourns

1 ea  
3299X-1-253  
25K Trimpot                     
Bourns

1 ea  
1NA101AG     
Instrument Amplifier            
Burr Brown

3 ea  
LF356N       
Operational Amplifier
National

2 ea  
 49.9 ohm  
Metal Film Resistor             
IRC

1 ea  
1K   ohm 
Metal Film Resistor             
IRC

1 ea  
2.2K  ohm
Metal Film Resistor             
IRC

1 ea                                  4.75K ohm 
Metal Film Resistor             
IRC

1 ea  
4.99K ohm 
Metal Film Resistor             
IRC

1 ea  
9.09K ohm 
Metal Film Resistor             
IRC

2 ea                                  12K ohm   
Metal Film Resistor             
IRC

2 ea  
1 MEG ohm 
Metal Film Resistor             
IRC
1 ea  
2 MEG ohm
Metal Oxide Resistor            
Victoreen

1 ea  
20 pF        
Polystyrene Capacitor 
Various

2 ea  
5 nF         
Polystyrene Capacitor  
Various

1 ea  
15 nF        
Polystyrene Capacitor                Various

4 ea  
10 uF        
Tantalum Capacitor
Various

2 ea  
.1 uF        
Ceramic Capacitor
Various

2 ea  
.1 uF        
Mylar Capacitor                 
Various

PHASE SENSITIVE DETECTOR BOARD PARTS LIST TC "PHASE SENSITIVE DETECTOR BOARD PARTS LIST" \f C \l "2" 
2 Circuit Boards Per System

QTY
PART#         
DESCRIPTION                    MANUFACTURER
1 ea  
78L15       
 +15VDC Regulator             
Various      

1 ea  
79L15       
 -15VDC Regulator             
Various
2 ea  
3299X-1-253  
25K Trimpot                     
Bourns

4 ea  
AD633JN     
4 Quadrant Multiplier           
Analog Devices

2 ea  
LF353N       
Dual Operational Amplifier
National

4 ea  
LF356N       
Operational Amplifier   
National
2 ea  
49.9 ohm  
Metal Film Resistor             
IRC

2 ea  
1K  ohm 
Metal Film Resistor             
IRC

4 ea                  
10K ohm  
Metal Film Resistor             
IRC

2 ea  
249K ohm  
Metal Film Resistor  
IRC

2 ea  
499K ohm 
Metal Film Resistor             
IRC

2 ea  
20 pF        
Polystyrene Capacitor
Various

4 ea  
10 uF        
Tantalum Capacitor
Various

2 ea  
.1 uF        
Ceramic Capacitor
Various

2 ea  
.1 uF        
Mylar Capacitor
Various

2 ea 
.22 uF        
Mylar Capacitor
Various
OSCILLATOR BOARD PARTS LIST TC "OSCILLATOR BOARD PARTS LIST" \f C \l "2" 
2 Circuit Boards Per System

QTY
PART#
DESCRIPTION
MANUFACTURER
1 ea  
78L15        
+15VDC Regulator               
Various      

1 ea  
79L15       
 -15VDC Regulator               
Various
1 ea  
4423-P         
Sine/Cosine Oscillator               Burr Brown

3 ea  
AD633JN      
4 Quadrant Multiplier           
Analog Devices

1 ea  
LF353N       
Dual Operational Amplifier
National

2 ea  
LF356N       
Operational Amplifier           
National

2 ea  
49.9 ohm  
Metal Film Resistor             
IRC

1 ea  
3.01K ohm 
Metal Film Resistor             
IRC

5 ea  
10K   ohm
Metal Film Resistor             
IRC

2 ea  
47 nF        
Polystyrene Capacitor       
Various

4 ea  
10 uF        
Tantalum Capacitor             
Various

2 ea  
1 uF        
Ceramic Capacitor 
Various

1 ea 
33 pF        
Ceramic Capacitor               
Various

TEST BOARD PARTS LIST TC "TEST BOARD PARTS LIST" \f C \l "2" 
QTY
PART#
DESCRIPTION
MANUFACTURER
1 ea  
78L15        
+15VDC Regulator        
Various      

1 ea  
79L15        
-15VDC Regulator   
Various
5 ea  
3299X-1-253  
25K Trimpot                     
Bourns

1 ea  
3299X-1-104  
100K Trimpot            
Bourns

6 ea  
LF356N       
Dual Operational Amplifier
National

1 ea  
HA7-5137-5   
Operational Amplifier
Harris

1 ea
8038CP
Function Generator
Exar
1 ea  
ADVFC32KN    
Freq. to Volt converter
Analog Devices

1 ea
H11L1        
Opto Coupler
General Electric

1 ea  
49.9 ohm 
Metal Film Resistor             
IRC

4 ea  
1K  ohm 
Metal Film Resistor             
IRC

1 ea  
2.21K ohm  
Metal Film Resistor             
IRC

4 ea  
10K  ohm 
Metal Film Resistor             
IRC

5 ea  
100K ohm   
Metal Film Resistor             
IRC

1 ea  
49.9K ohm
Metal Film Resistor             
IRC

3 ea  
1MEG ohm  
Metal Film Resistor             
IRC

1 ea  
5Meg ohm    
Metal Oxide Resistor
Victoreen

1 ea  
100M ohm 
Metal Oxide Resistor                 Victoreen

2 ea  
47 nF        
Polyester Capacitor
Various

1 ea  
.01 uF       
Polyester Capacitor
Various

4 ea  
10 uF        
Tantalum Capacitor 
Various

2 ea  
.1 uF        
Ceramic Capacitor
Various
1 ea  
1 Watt       
5 Volt Zener Diode 
Various

6 ea  
3299W-1-253  
25K Trimpot                     
Bourns

1 ea                                  3299W-1-104                    100K Trimpot                             Bourns

1 ea  
3299W-1-205  
2 MEG Trimpot                   
Bourns
2 ea 
5 nF         
Polystyrene Capacitor
Various

1 ea  
.01 uF       
Polyester Capacitor             
Various

4 ea  
10 uF        
Tantalum Capacitor
Various

3 ea  
.1 uF        
Ceramic Capacitor 
Various

WARRANTY INFORMATION
 TC "WARRANTY INFORMATION" \f C \l "1" 

APPLICABLE ELECTRONICS, INC.
POSTAL Address: P.O. Box 589                          DHL/FEDEX/UPS Address: 22 Buckingham Dr.
                                 Forestdale, MA 02644                                                       Sandwich, MA 02563
                                                                                                                              Tel: 508-833-5042


                                          FAX: 508-833-1544
     Applicable Electronics, Inc. will pay for repair parts and labor on its systems for a period of one calendar year from the date of delivery under normal system use.

     Applicable Electronics, Inc. assumes no responsibility for incorrect use, user modifications or 

damage done by input AC line power or incorrect application.. 

Free EMAIL assistance: amshipley@capecod.net  www.applicableelectronics.com 
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