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1. Scope of this Manual 
This manual is intended provide Covaris service personnel the necessary information to 

perform effective fault finding and corrective actions for the Covaris E/LE220-series 

sample preparation instruments, running SonoLab version 6.2. 

 

 
The following definitions apply in this manual: 

NOTE:               Inconvenience only if disregarded – no damage    or personal injury will result 

 

CAUTION:    Equipment damage may occur, but not personal injury. 

 

WARNING:    Personal injury may occur – DO NOT DISREGARD. 

 
2 Safety and EMC Compliance Information 

2.1General Instrument Safety 

2.1.1 Acoustic Safety 

The Covaris E-Series instruments generate a focused high-power 

acoustic field in the water bath.  Potentially hazardous acoustic 

energy exists in the water bath, including the entire sample vessel 

(above and below the water level).  Service personnel who run the 

instrument with the safety system defeated must not touch the 

water bath or the sample vessel. 
 

 

WARNING:  Service personnel who run the instrument with the safety system defeated 
must not touch the water bath or the sample vessel. 

 
 

2.1.2 Safety and Electromagnetic Compatibility (EMC) 

Standards 

Safety: Meets Low Voltage Directive 73/23/EEC with Amendment 

93/68/EEC. Tested to EN/UL/CSA 61010-1:2004 Safety 

Requirements for Electrical Equipment for Measurement, Control 

and Laboratory Use, Part 1: General Requirements  EMC: Meets 

EMC Directive 2004/108/EC.  Tested to EMI emissions 

requirements for Industrial Scientific or Medical (ISM) equipment 

EN55011:1998 + A2:2002 Class A Group1 and EMC requirements 

- Electrical Equipment for Measurement, Control, and Laboratory 

Use EN 61326-1:2005 Table 2,EN61000-3-2:2004 and EN61000-

3-3:1995 +A1:2001 
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3  Introduction 
The Covaris Adaptive Focused Acoustics process works by sending 

converging acoustic energy wave packets from a dish-shaped transducer to 

a small, localized area.  Mechanical energy is thus applied to the sample, 

without directly contacting the sample. At low energy intensities, gentle 

mixing is affected.  At high energy intensities, intense shock waves result 

in cell lysing or tissue disruption. The E-series accomplishes this via the 

following subsystems, under the control of the Covaris SonoLab software. 
 

 

3.1 Transducer 

The transducer converts an electrical signal into an acoustic signal.  

Specifically, a burst of electrical sine-waves is converted into a series 

of acoustic pressure waves.  The transducer is focused such that the 

pressure waves converge at a focal point inside the treatment vessel. 

The primary mechanism to process a sample or compound is the 

growth and collapse of cavitation bubbles within the acoustic focal 

zone, inside the sample vessel. The collapse of the bubbles results in 

an intense, localized jet of solute acting upon the sample.  

 

  

3.2 Interlock Subsystem 

Safety interlocks prevent motion and energizing of the transducer 

when doing so might result in damage to the transducer or injury to 

operators. 

 

 

3.3 Degassing System 

In order for the acoustic process to function properly, the level of 

dissolved gas in the water bath must be reduced. A positive-

displacement degassing pump pulls vacuum on an inlet tube 

submerged in the water bath. This inlet tube has 6 small holes through 

which the bath water enters. The sudden pressure drop inside the tube 

causes dissolved gasses to come out of solution and form bubbles. The 

water and the bubbles flow through the pump to the outlet tube before 

the gas can re-dissolve in the water.  The bubbles float to the surface 

and vent to the atmosphere.  

 

 

3.4 Motion Control System  

The Covaris E-series is designed to treat multiple samples placed in a 

tray, without further operator intervention once the run is started. The 

system automatically positions each sample at the transducer’s focal 

point. 

The motion of the tray is implemented by stepper motors driving three 

mechanical stages, one for each axis: x, y, and z. The x-axis is front to 

back motion, the y-axis is left to right, and the z-axis is up and down. 
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The x and y stages consist of a single assembly, which, if necessary, 

must be replaced as a unit. The z axis is a separate stage, bolted to the 

x and y assembly. An additional stage, z` (z-prime), raises and lowers 

the transducer assembly into and out of the water bath. 

The E-series robotic incorporates an additional shuttle stage and 

modified enclosure, allowing the sample tray to interface with a 

customer supplied sample handling robot. 

A Galil brand motion controller interfaces between the SonoLab 

software and the hardware stages. 

 

The E-series robotic option adds a Trinamic single axis stepper card, 

controlled via a digital I/O port on the Galil controller. This Trinamic 

board drives a stepper motor which positions the shuttle stage 

described above. 

 

 

 

 

 
Motion Control Electronics at Rear of Enclosure. 

 

 

 

3.5 Control Electronics System  

The control electronics are mounted at the top, rear of the instrument 

enclosure and connect to components located in the treatment area via 

bulkhead connectors. A 24 volt DC power supply provides power for 

the low voltage and digital components on the following assemblies: 

the RF Power Board, the RF Controller Board, the degassing pump, 

the cooling fan, the interior cabinet lamp, and the Galil motion 

controller.  Additional voltages are derived from the main 24 volt 
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supply. A single 48volt DC power supply in conjunction with a 

capacitor storage assembly provide power to the transducer, via the RF 

Power board.  See Figure below. 

 

The operation of the control electronics is detailed later in this manual. 

      
 

  

      

                             

     Boards and Power Supplies in Upper Rear Enclosure  

 

 

 

 

 

 

 

 

RF Power Board 

RF Controller Board 

Capacitor Board 
24 Volt Power Supply 

48 Volt Power Supply 

Matching Network 
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4. Maintenance and Repair 

4.1 Recommended Daily Maintenance 
 

WARNING:    The water bath is heavy when filled.  Use caution when moving it.  

 

At the start of each day, fill the water bath as follows:  

 

• Click the “Service Bath” button on the main screen. This will 

move the mechanics to the service position. 

 

• Fill the water bath tank with AFA grade distilled or deionized 

water only. 

 

• Slide the bath into position in the instrument. 

 

At the end of the day, the bath should be emptied as follows: 

 

• Click the “Change Bath” button on the main screen.  This will 

move the mechanics to the service position. 

 

• Slide the water bath out of the instrument and empty it. 
 

• Replace the empty water bath, and run the degas pump a few 

seconds to empty the pump lines. 

 

• Empty the bath, and wipe it down with a soft cloth. 

 

• Sponge off the transducer with a soft cloth or sponge, and 

allow it to dry. 
 

 The above steps can be changed from daily to monthly if customer 

uses a Covaris Water Conditioning System (WCS). 

 

4.2   Periodic Maintenance Procedures 

Periodic maintenance (PM) service involves cleaning, inspection, and testing of the various 

instrument subsystems.  Refer to Covaris document PN 440192 for the formal procedure.
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4.3 TROUBLESHOOTING 

System Trouble Analysis Chart  

  

SYMPTOM 
 

PROBABLE CAUSE 
 

POSSIBLE SOLUTION 
 

Error message “Unknown 
Instrument Type” 

Device Com ports were 
assigned incorrectly 

See Figure in Appendix B in 
this manual for COM Port 
assignment verification. 

Degassing system not 
generating bubbles. 

1. Degassing dip tube may be 
clogged 

2. Pump not working 

1. Remove and backflush 
under running water. Use 
fine wire to unclog holes. 

2. Replace pump.  

Incorrect positioning, 
inconsistent treatments 

1. Home position lost, system 
misalignment 

2. Wrong Well Plate Definition 
used 

1. Reinitialize system by 
clicking ‘Home’  on the Ctrl-
shift-F1 screen (SonoLab 6) 
or clicking ‘Home’ on the  
‘Run’ screen (SonoLab 7). 

2. Verify correct Well plate 
definition selected 

Safety interrupt 1. Water tank is misaligned 
2. Door is open. 
3. STOP button is depressed 
4. Door interlock is bypassed 

1. Check tank alignment 
2. Check door 
3. Check safety interlock 
4. Correct Door Interlock 

Homing/Initializing not 
completed successfully 

1. Stage limit switch failure 
2. Stage motor stalling 

1. See section on stage and 
limit switch service in this 
manual. 

2. Ensure nothing obstructs 
stage movement 

 

Values for Dithering and 
Vertical Sweep are different 
from the values that were 
entered 

Values entered are larger than 
the limits for a particular Well 
Plate  

Use lower values 
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4.4 Ineffective Treatment Topics 

Water Bath, Degassing, and Transducer Issues 

 

• Buzzing Noise   

   A loud buzzing noise indicates that cavitation is occurring 

on the outside of the treatment vessel rather than on the 

inside. Cavitation on the outside of the vessel prevents the 

acoustic energy from getting through the vessel to the 

sample. In order for the water bath to effectively conduct 

the energy to the sample it must be degassed and clean. 

 

• Degassing 

Degassing takes a minimum of 60 minutes in room 

temperature water; do not attempt to degas chilled water. 

The dissolved oxygen level should be 3.5 parts per million 

or less in room temperature water; it will be somewhat 

higher at temperatures below 10 degrees C.  While oxygen 

is not the only gas dissolved in the bath, it is not practical to 

measure them all. Covaris has determined that a dissolved 

oxygen reading of less than the described limits indicates 

that the total dissolved gas is sufficiently low to allow 

satisfactory operation of the acoustic process. 

 

Test the dissolved oxygen level with either a dissolved 

oxygen meter (see list of tools and equipment) or with 

Covaris’ Degas System Verification Kit, part number 

520143.   

 

      
 

Service Note 410076, included with the kit and available 

separately, describes the testing procedure. 
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 Sensors and inlet tubes mounted on transducer bracket 
 

 

If the pump is running, but there are no bubbles coming from 

the outlet tube, the small holes in the inlet tube may be 

clogged. Raise the transducer arm in the service position and 

slide out the inlet tube. Unblock the holes by rinsing, or, if 

necessary, by using a fine wire. 
 

 

  
 End of inlet tube 

 showing small openings. 
 

 

Once the tube is cleaned, slide it into the bracket, working it 

past the o-ring seal until it bottoms. A tube that is not seated 

properly will result in excessive bubbling. 

 

 

 

Water Level Sensor 

Degas Inlet Tube 

Degas Outlet Tube 
Temperature Sensor 
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 Contamination 

The water bath can become contaminated from the growth of 

biofilm in the tank or from debris on sample vessels. 

Contamination does not have to be visible to affect processing. 

If there is any doubt about the cleanliness of the water bath, it 

should be changed. Wipe down the inside of the tank and all 

submerged surfaces, including the transducer, with a soft, lint-

free cloth before refilling with distilled or de-ionized water. 

 

 Bath Temperature  

A chiller is required to remove heat from the acoustic treatment 

and the degassing system. For high-power operation, the bath 

temperature should be set according to the recommendations in 

Covaris Protocol section on the website.  Covaris can supply or 

specify an appropriate chiller. 

 

 Position of Treatment Vessel 

If the treatment appears to be missing the treatment vessel, 

make certain that you have selected the correct tray type in 

your process setup. If this is correct, and the treatment misses 

the vessel in all tray positions and all treatments, the motion 

system may have lost its position.  Reset the motion system by 

clicking the “Home” button on the “Run” screen (SonoLab 7) 

or the “Home Stage” button on the Ctrl-Sh-F1 screen (SonoLab 

6).   

 

 Water Level Errors 

If water level errors are not resolved by cleaning the sensor and 

eliminating any sources of stray ambient light, the sensor 

should be replaced. Raise the transducer bracket assembly to 

the service position. Referring to Figure 5 below, remove the 

water level sensor retaining screw and remove the sensor 

assembly from the transducer bracket. Disconnect the sensor’s 

cable at the bulkhead. Reverse the process to install the new 

sensor. Dress the sensor’s cable to the other cables using a 

cable tie  
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     Water level sensor assembly 

 
 

Testing Acoustic Power 

Follow the acoustic power test procedure described in Section 

6. 

 

Transducer 

If the software graphics indicate higher power than normal 

while the bath and sample vessel little activity, the transducer 

may be failing.  Perform the acoustic power checks described 

in Section 6, and replace the transducer if necessary. 

 

Interlock Errors 

The primary interlocks in the E-series are the magnetic sensor 

which verifies that the water tank is in place and the red lock 

securing the access door when acoustics are active.  If the door 

is closed, but the software indicates that it is not, the interlock 

may have been deactivated.  Re-activate the interlock using the 

special tool mounted to the rear of the instrument cabinet.  See 

the figure below. 

     
    Over-riding the door interlock 
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  Communication Errors 

In the event of communication errors, verify that the problem is not 

a defective USB cable. Verify that the internal USB cable is 

secure. 
 

 

4.5 Repair Procedures 

 

 Aligning Motion Stages 

 

Note: for SonoLab 7 instruments, refer to sections 9 through 

12 of document 440144, E_LE220 Alignment Procedure.  

Current motion parameters will be maintained in the 440144 

document.   The procedures are generally the same as described 

below, but include alignment of the E220 evolution. 

 

SonoLab 7 motion parameters are accessed through the SonoLab 7 

‘Motion’ tab, while SonoLab 6 motion is controlled from the 

‘Control-Shift-F1’ screen. Functionality is very similar, though 

some buttons will be named slightly differently.  For instance, the 

SonoLab 6 ‘Go to Center’ button is equivalent to the SonoLab 7 

‘Center Position’ button. Instructions below will refer generically 

to “the motion screen”, and assume that service personnel 

understand these small differences. 

 

Any time a motion stage, transducer bracket, or tray bracket is 

installed, crashed, or disturbed in some manner, the mechanical 

alignment must be checked, and corrected as necessary. Aligning 

the mechanics requires the calibration fixture set described in the 

appendix and/or appropriate well plates, depending on software 

version. See section, “Using the SonoLab Software to Control 

Motion”, elsewhere in this chapter, for specific instructions on 

operating the motion system. 
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Aligning the Sample Holder 

 

  
 Dial Indicator and Holding Fixture 

 

 

Potential Alignment Tools Required 

 

3/32 Hex Allen Wrench 

7/64 Hex Allen Wrench 

5/32 Hex Allen Wrench 

1/8 Hex Allen Wrench    

             Alignment Kit p/n 500313 

 Alignment Plate PN 900809 (E220 evolution only) 

 Height Gauge Plate PN 900810 (E220 evolution only) 

 

Use the arrow controls on the motion screen to move the plate 

holder and transducer assembly as required. Step sizes can be 

edited by clicking in the middle box and selecting from the step 

increments listed.  

 

 
 

Installing Dial Indicator  

 

Access the motion screen. 
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Using the Z arrow, move in steps of 10mm downward until there is 

clearance for the Alignment Bracket (PN 900067) and dial 

indicator (PN 900080). 

 

Attach the alignment bracket (PN 900067) to the transducer 

manifold using two pins to line up the fixture and tighten using the 

thumbscrews provided.   

 

Slide the dial indicator up through the Alignment Bracket until 

flush with top surface and adjust side screw to tighten in place.  

 

 
 Dial Indicator Mounted to Manifold 

 

NOTE: Step size will be the number of millimeters the stages 

travel in any given direction. You may have to change step 

numbers during this process. 

 

 

Leveling the Sample Holder  

Leveling the sample holder fore/aft 

Twist the dial indicator PN 900080 so the contact point is facing 

the top left edge of the sample holder (see figure below for 

orientation). 

 

Adjust the Step Size in SonoLab as needed and press the 

appropriate X or Y arrows until the far left corner of the well plate 

holder is aligned beneath the dial indicator actuating pin.  

 

Adjust the Step Size and slowly press Z ‘UP’ arrow to raise well 

plate holder so that it starts to approach contact with the dial 

indicator pin.  
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Adjust step size to 0.1 or 0.2 and then raise the plate holder until 

the indicator’s contact point is centered in its travel.    

The extent of travel for the dial indicator can result in one full 

revolution on the gage.  Ideally, the Z height should be adjusted 

such that the dial makes close to a half revolution (near the 15 tick 

mark if starting from 0).  

 

When the appropriate location is set, gently twist the dial indicator 

outer metallic ring clockwise so the dial pointer is now at ‘0’.  See 

images below.  

 

 
 

 

  
 

Dial Indicator before Well Plate 

Holder makes contact with actuating 

pin. 

Dial Indicator after contact with plate 

holder. “Z” Height for well plate holder is 

adjusted in SonoLab until actuator pin is 

centered in travel.  
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MEASUREMENT: Adjust X Axis step size to ‘10’ or ‘5’ and 

move plate holder away from you (X-UP Arrow) along the edge of 

the sample holder. Verify the deflection on the dial indicator is less 

than +/- 0.003”. 

 
 

If the deflection significantly exceeds +/-0.003”, adjust the sample 

holder to correct the issue.  

To raise the front of sample holder, tighten BOTTOM two set 

screws on mating block an equal number of turns using a 3/32” hex 

wrench.  

To lower the front of the sample holder, tighten the TOP two set 

screws on mating block.   

Sometimes, it may be necessary to loosen the four mounting bolts 

to perform the adjustment.  Be certain to retighten the mounting 

bolts after completing alignment and recheck alignment after 

securing the mounting bolts. 

 

Dial Indicator in same position as above; but 

outer metallic ring has been rotated so dial 

hand is now at ‘0’ reference position.  

Plate Holder Direction of 

Movement 
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X Axis Alignment Screws 

 

If adjustments are made, repeat the alignment measurement steps 

as needed to verify the plate holder now meets specification.   

 

Leveling the sample holder horizontally (Left-to-Right) 

Use the Z-Down arrow to slightly lower the plate holder enough to 

allow for adjustment of the dial indicator pin.  

 

Rotate the dial indicator about 90° clockwise so that it sits in the 

Alignment Bracket (PN 900067) as shown.  

 

 
 

Use the X and Y arrows in SonoLab as necessary to move the plate 

holder into position so that the left upper corner of the plate is 

again just under the dial indicator pin.  

 

Click on the Z-UP arrow in small step sizes until the dial indicator 

contact touches the sample holder on the top surface of the rear 

horizontal edge (as shown).   



   

410072 E/LE-series Service Manual Rev E 
CONFIDENTIAL FOR INTERNAL USE ONLY 

Page 19 of 66 

 

Make necessary adjustments to center the dial indicator pin (as 

described in previous section) and set to ‘0’.  

 

 
 

MEASUREMENT: Enter a step size of ‘10’ and click on the Y-

LEFT arrow to move the plate holder to the left. Upon moving the 

plate holder 50-75% across the length of the holder, verify that the 

dial indicator deflection does not exceed +/- .003”.   

 

If the deflection significantly exceeds +/-0.003”, adjust the sample 

holder to correct the issue.  

 

To rotate the plate holder Clockwise, tighten the left-most top set 

screw with 3/32” wrench. To rotate CCW, tighten the right-most 

top set screw. 

   

 
 Bolts for Leveling Y Axis 

 

If adjustments are made, repeat the alignment measurement steps 

as needed to verify the plate holder now meets specification.  

Important:  when adjustment is complete, to ensure that left-to-

Plate Holder Direction of 

Movement 
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right level is secure, verify that both set screws contact surface of 

support block below. 

 

Sample Holder Parallelism (with respect to manifold block) 

Drop the well plate holder using SonoLab arrows (Z-DOWN) so 

the dial indicator can once again be rotated in the Alignment 

Bracket (900067). 

 

When there is sufficient clearance, rotate the dial indicator in the 

Alignment Bracket in the orientation shown. Also adjust the pin 

angle so it is more vertical (and slightly angled toward the dial) as 

shown below.  

 

 
 

Use the X, Y and Z arrows in SonoLab as necessary to move the 

plate holder into position so that the pin is close to touching the 

outer edge of the left leg of the plate holder (at the end furthest 

from you).  

 
 

Click on the Y-LEFT arrow in small step sizes until the dial 

indicator contact touches the sample holder on the outer left 

surface.   

Plate Holder Direction of 

Movement 
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Make necessary adjustments to center the dial indicator pin (as 

described in previous section) and set to ‘0’.  

 

MEASUREMENT: Enter a step size of ‘10’ and click on the X-UP 

arrow to move the plate holder to the rear. Upon moving the plate 

holder 50-75% across the length of the holder, verify that the dial 

indicator deflection does not exceed +/- .003”.   

If the deflection significantly exceeds +/-0.003”, adjust the sample 

holder to correct the issue.  

 
Bolts for Leveling X Axis 

 

To rotate the plate holder Clockwise (if you are looking down on 

it), tighten the RIGHT-most of 2 set screws shown above. To 

rotate CCW, tighten the LEFT-most set screw.   

 

 

 

 

 

 

 

 

 

 

 

 

If adjustments are made, repeat the alignment measurement steps 

as needed to verify the plate holder now meets specification.  

 

Note 1:  if parallelism is severely out of range, it may be necessary 

to square the sample tray to the sample arm by loosening the two 
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bolts securing the tray to the arm, aligning the tray and the arm as 

squarely as possible, then retightening the two bolts. 

 

Note 2:  E220 evolution parallelism is checked with the dial 

indicator on the front edge of the sample tray, moving the stage left 

to right.  This is necessary because the tray is too short in the X 

direction to obtain a reading. 

 

Remove all tools from system when finished. 

 

 

Center Position  

 

Note:  E220 evolution center position is performed as below, but 

using the PN 900809 plate instead of the PN 900076 plate. 

   

 
 Tools and Fixtures for Center Position Alignment 

 

• Enter the motion screen. 

 

• Move to the ‘Center’ position. The Sample Plate Holder 

will move into position and will stop over the transducer.   

 

• Attach the alignment bracket (PN 900067) to the transducer 

manifold using two alignment pins and tighten using the 

thumbscrews provided.   

 

• Insert the Alignment Plate 900076 in the well plate holder 

with the notch located in the upper-right corner.  
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• Install Pointer into Alignment Bracket so that is hovering 

above the PN 900076 Plate.  

 

   
  Aligning Center Position 

 

• Gently push the pointer down so that it rests in the center 

hole.  If ‘Center Position’ is correct, pointer will rotate 

freely with very little friction from the plate.  If adjustment 

is necessary, raise pointer out of hole, and adjust plate 

holder position using the XY jog pad until the pointer 

rotates freely in the plate hole. Continue to remove and 

adjust the XY coordinates as necessary.  

 

DO NOT MOVE PLATE WHILE POINTER IS RESTING IN 

CENTER HOLE OF PLATE 

 

    
 

• When the pointer is centered, Press [SET AS CENTER].  

 

• Click [APPLY] to save this value in EEPROM.  

 

• Enter Level 1 and Level 2 passwords (SonoLab 6 only). 

 

• Remove all alignment tools from work area if completed.  
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Plate Holder Height Alignment 

 

Note:  Plate holder height of the E220 evolution is set in the same 

manner as the standard E220, but using the PN 900810 holder to 

mount the drop gauge. 

 

 
  Tools & Fixtures for Center Position Z Height 

 

• Place the Zero Gage Spacer (PN 900004) on a flat, smooth 

and level surface (or on top of PN 900000 transducer 

puck).  

 

• Turn on gage (ON/OFF button) and set units to ‘mm’.  

 

• Set the drop gauge down into the cylinder and verify that 

the readout on the drop gage is 0.00.  

If it is not, zero out the drop gauge by holding the ORIGIN 

button.  

 

  
Zeroing Z Height Drop Gauge 

 

• In SonoLab Motion Screen, Press [GO TO CENTER]. 



   

410072 E/LE-series Service Manual Rev E 
CONFIDENTIAL FOR INTERNAL USE ONLY 

Page 25 of 66 

 

• Place the Transducer Puck (PN 900000) on top of the 

transducer dish.  

 

• Place the Drop Gauge (PN 900084) into the well plate 

holder.  

If necessary, adjust the plate holder height via the Z-

UP/DOWN arrows in SonoLab until the gauge reads as 

close to 0.00 as possible.   

 

• When the appropriate ‘zero’ height has been reached, click 

on [SET AS CENTER].  Then click [APPLY]. 

 

• Enter Level 1 and 2 passwords to confirm change to Z Axis 

Center height (SonoLab 6 only).  

 

If completed, remove all tools from the instrument.  

 

 For LE (instruments with semi-cylindrical transducer): 

 

• Install the 900076 plate fixture. 

 

• Enter the motion screen.   

 

• Click the “Go to Center” button. 

 

• Install the pointer fixture as shown for E220 system above. 

 

• Jog the well plate, if necessary, until the pointer is aligned 

to the center hole.  Remove the pointer, its holder, and plate 

fixture. 

 

• Jog the tray forward 20.0mm and set the drop gauge to read 

in millimeters. 

 

• Set the drop gauge fixture onto the sample tray, with the 

drop gauge plunger resting on the flat, black of the 

transducer (not on the metal frame).  See the figure below. 
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    Drop Gauge Plunger Resting on Transducer Edge 

 

• Jog the Z axis up and down until the drop gauge reads 

4.1mm, plus or minus .1mm.  Note:  if drop gauge plunger 

runs out of travel before reaching 4mm, the “+/-“ button of 

drop gauge should be pressed to reverse direction of “+” 

and “-“ travel. 

 

• Remove the drop gauge fixture and jog the axis toward 

the rear 20mm.  This returns the tray to its X and Y axis 

center position determined above. 

 

• Click the “Set as Center” button. 

 

• Click the “Apply” button, and enter the passwords when 

prompted ( SonoLab 6 only). 

 

 

 Using the SonoLab Software to Control Motion 

With SonoLab running, enter the motion screen.  The motion 

control buttons are near the bottom of the screen.  Typical button 

display is shown below. 
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The left-hand array of arrows controls motion in the x and y 

directions.  The right-hand arrows are for the z and z` axes, or 

vertical motion.  Each mouse click on an arrow results in a single 

movement of the displayed step size.  Click on the number in the 

center of the arrow arrays to display the step size menu. 

 

CAUTION: Use care when operating the motion system from these controls, as it is 
possible to have collisions between the robot, transducer bracket, and test fixtures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step Size Drop-down Lists 
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Cabinet Disassembly 

 

Removing the upper housing  

 

• Disconnect the cables for the three motion stages from the 

bulkhead at the upper right rear of the enclosure.  See figure 

below. 

                                                             

 
  Location of Connectors Described in Steps Above 
 

• Disconnect the three interlock cables from the bulkhead at the 

upper right front of the enclosure.  See figure below. 

 

     
 

• Disconnect the water level sensor, temperature probe, and 

transducer cables from bulkhead at the upper left front of the 

enclosure.  See figure below. 
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• Disconnect the cable for the Z-prime stage from the bulkhead 

at the upper left rear of the enclosure.  See figure below. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   Transducer, Thermistor, Water Sensor & Z-prime Connectors 

 

• Remove the top of the upper enclosure by removing the 6 

flathead screws on the top and the 2 philips head screws at 

the rear.  Disconnect the rear panel fan and remove the rear 

panel by removing the three Philips head screws on each 

side, and two at the bottom edge. 

 

 

 
 Rear Panels 

 
 

Two screws securing top cover 
Upper Cover 

Lower Cover 

Transducer, Thermistor, and 

Water Level Sensor cables 

Z-prime Axis Cables 
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• Remove the six screws securing the lower rear cover.  

Remove the panel sufficiently to disconnect the fan and 

pump power cables from their jacks.  See figure below. 

 

 

 
 Lower Cover Removed Showing Fan & Pump Jacks 

 

 

 

• Disconnect the ground wire which comes from the lower 

enclosure, and push it through the grommet into the lower 

enclosure.  See figure below. 

 

 

 

 
Ground Wires at Power Entry 

 

Ground Wire from Lower Enclosure 

Fan and Pump Jacks 
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• Locate the 6 screws that secure the upper cabinet to the 

lower.  These are located on the flange between the two 

cabinets, 3 on each side.  The two forward screws on each 

side are accessed through the front door of the enclosure.  

The rear screw on each side is accessed from the rear of the 

enclosure. See figures below.   

 

 

 

 
 Upper Cabinet Removed to Show Screw Locations, Left Side 

 

 

 

 

    
   Upper Cabinet Removed to Show Screw Locations, Right Side 

 

 

 

Remove Two Screws by 

Reaching through Front Door 

Remove Two Screws by 

Reaching through Front Door 

Remove screw here, 

accessing from rear of unit. 

Remove screw here, 

accessing from rear of unit 
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• Open the front door and remove white nylon screws that 

secure the acrylic enclosure to the E sheet metal.  There are 

five screws on the right and nine on the left.  See figure. 

 

 

 
 Acrylic Housing and Nylon Screws 

 

 

• Slide the enclosure towards you until it clears the sheet 

metal, and lift it away. 

 

• Lift the upper enclosure away from the lower enclosure. 

Some of the nylon screws.  There 

are 9 on the left side and 5 on the 

right. 
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Servicing the X-Y, Z, & Z-prime Stage Assemblies 

 
Periodic Maintenance 

After approximately three years of service (sooner if need is 

indicated by motion problems), the lead screws of all stages should 

be lubricated using Covaris part number 330047. 

 

Run each axis to one limit of its travel, using the knob on the axis 

motor.  Add lubricant to exposed area of lead screw, and run axis 

to opposite limit of travel.  Lubricate opposite end of lead screw, 

which is now exposed.  Exercise the stage. 

 

Y, Z, and Z-prime stages may be lubricated in place.  The X axis 

lead screw is under the X/Y stage assembly, and this assembly 

must be removed from the instrument base to access the X lead 

screw.  It is not be necessary to remove the upper instrument 

housing or to remove the X-Y assembly from the enclosure, or 

disturb the X-Y and Z  cable installation.  Reference the 

appropriate following sections to remove the acrylic enclosure, the 

Z axis stage, and the X-Y stage assembly.  When the X-Y 

assembly is unbolted from the base, it may be raised to access the 

lead screw opening on the bottom. 

 

 
 

After lubricating, reassemble the stages leaving the mounting bolts 

loose.  Check the center position as described above and physically 

move the stages to obtain a good center position.  Secure the bolts 

and recheck the center position.  Finally, check the remaining 

Stage with upper portion of  lead screw 

accessible. 
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alignment parameters as described above.  This procedure should 

minimize any necessary realignment. 

 

 

 

Limit Switch Service 

Limit switch failure manifests itself in different ways, depending 

on the axis that fails.  Usually, the message “Last Method Not 

Found” following the homing process, followed by very erratic 

instrument operation, indicates a failure of the Z-prime axis. 

 

If the Z axis limit switch fails, the Z axis will move up to its hard 

stop, and the homing process appears to stall.  It is sometimes not 

easy to visually determine this is happening.  The best way to 

determine if an axis is causing this to occur is to home the 

instrument with the door interlock defeated.  When the homing 

operation appears to stall, rest a hand on each motor, starting with 

the Z axis.  The motor which is vibrating is the one with the failed 

sensor, running against its hard stop. 

 

SonoLab 7 contains a built-in limit switch test.  Execute this test 

by clicking the ‘Test Limit Switches’ button, on the right side of 

the ‘Motion’ screen.  This test only tests the switches used by 

SonoLab. 

 

Alternatively, use test application software part number 210040 

and Service Note 410062 to determine if a limit switch has failed.  

If using this application, note that SonoLab only uses one limit 

switch per axis.  X, Y, and Z use the switch toward the rear, the 

right side of the cabinet, and the up position respectively.  While 

the test application may show a failure of a limit at the opposite 

end of an axis’ travel, a failure of this nature will not affect 

instrument operation, and is not the cause of a homing problem. 

 

If a Z-prime limit switch fails, the Z-prime stage may be repaired 

using the Z-prime Axis Limit Sensor Repair Kit, part number 

500361.  The Z axis is repaired using the Z Axis Limit Sensor 

Repair Kit, part number 500360.  Service Note 410070, included 

with each kit and available separately, describes the repair 

procedure.  If a limit switch fails on the X/Y assembly, the entire 

stage assembly must be replaced, as described below.   
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Stage Replacement Procedures 
The sample plate holder must be removed before servicing the Z or X/Y stage 

assemblies. 

 

 
Z Stage Mounted to X-Y Stage 

 

 

Remove Sample Plate Holder 

• Move transducer assembly to a low position (i.e. standard 

treatment position) and raise plate holder assembly to allow 

for sufficient access.    

 

• Unscrew 4 large bolts securing sample plated holder base 

to Z Axis stage with 1/8 hex wrench.  
 

 

   
  Sample Tray Mounting Bolts 

 

Right side bracket securing Z stage 

to X/Y stage assembly.   

Bolts securing Z bracket to 

X/Y stage 
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When removing bolts from assembly, ensure 4 washers 

stay on the bolt shaft and remain in the same orientation (as 

shown).  

 

      
      Detail of Sample Tray Shoulder Bolt 

 

• Carefully remove sample plate holder from assembly and 

set aside with bolts (and washers).  

 

Z Stage Replacement 

Replacing the stage is a two part process, replacing the physical 

stage and realigning the motion system. 

 

Replacing the Z Stage 

• Disconnect both of the Z-Axis Stage cables either from the 

Stage itself or from the internal chassis connection.   

 

• Manually adjust the Z-Axis Stage with rotary knob upward 

to its maximum height so that two lower screws are visible.  

 

• Remove both lower screws from assembly with a 5/32 hex 

wrench.   

 

   
  Location of Z Axis Lower Mounting Bolts 
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• Manually adjust the Z-Axis Stage with rotary knob 

downward to the point where two upper screws are visible.  

Remove these screws with a 5/32 wrench while ensuring 

the loose Z Stage does not tip internally off of the XY 

Stage.   

 

 
  Location of Z Axis Upper Mounting Bolts 

 

If necessary, use wire cutters (or equivalent) to cut the tie-

wraps securing the cables to the rear of the Z-Axis stage 

and to the top of the XY Stage.  

 

• Remove Z-Axis Stage from instrument.  

 

• Install new Z stage into instrument using 4 hex screws. 

Secure with 5/32 wrench and manually move Z Axis stage 

up or down to expose screw slots as performed earlier.  

 

• Secure plate holder to Z Axis Stage using 4 bolts with 

washers still intact and in same orientation. 

 

• Reconnect Z Axis cables. If necessary, reapply tie wrap to 

secure the cables to the back of the vertical bracket on the 

XY stage or simply dress cables neatly as possible. 

 

Because the sample holder has been removed and re-installed, it is 

necessary to realign the system. Perform the alignment described 

in the Aligning Motion Stages section of this manual. 

 

 

X/Y Stage Replacement 

Replacing the stages is a two part process, replacing the physical 

stage and realigning the motion system. 
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X and Y Axes Stage Assembly 

 

 

Replacing the X/Y stage: 

 

• Remove the upper housing (optional) or disconnect the X, 

Y, and Z axes interface cables from the bulkhead at the 

right rear. 

 

• Remove the Z stage and its mounting brackets as an 

assembly, and set aside.  Refer to Z stage removal 

procedure above. 

   

• Move the X stage to the rear, by turning the motor knob, to 

expose the mounting bolts at the front of the stage.  

Remove the two bolts. 

 

• Move the X stage to the front to expose the bolts at the rear 

of the stage, and remove the two bolts.  If the upper 

enclosure is not removed, these bolts can be located by 

dragging the wrench over the stage base, directly behind 

the front bolts.   

 

• Lift the stage from the enclosure. 

    

• Reverse the steps to install the replacement stage. 

 

 

Shipping Brackets 

X Axis Motor 

Y Axis Motor 
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CAUTION:  Make certain to 

remove the shipping brackets 

shown in Figure  above.   

    

• Dress the cable harness using cable ties as shown below. 
    

• Reinstall the upper enclosure. 

    

• Align the motion stages using the procedure in described in the 

Aligning Motion Stages section of this manual. 
 

 

    
   Cables Dressed Over Y Axis Motor 
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Z-Prime Stage Replacement 

 

  
 Z-Prime Stage Assembled to Transducer and Manifold Assembly 

 

  Replacing the stage: 

 

• Remove the four bolts securing the manifold/transducer 

assembly to the Z prime stage.  The two upper bolts are 

shown in figure below. Lay the bracket down carefully to 

avoid damaging any components. 

 

• Run the stage down, by turning the motor clockwise, to 

expose the upper two bolts securing the stage, and remove 

the bolts.  See figure below. 

 

Note:  the two upper mounting holes are empty; the upper 

two bolts are in the second mounting hole pair.  Refer to 

figure below. 

 

• Run the stage up to expose the two lower mounting bolts.  

Disconnect the cables either at the motor or the bulkhead 

and lift the stage free. 

 

• Reverse the steps to install the replacement stage. 

 

• Perform motion system alignment procedure described in 

the Aligning Motion Stages section of this manual. 

 

Manifold / 

Transducer 

Assembly 

Z’ Stage 
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 Z-Prime Stage Showing Upper Mounting Bolts 

 

 

 Replacing the Transducer Assembly 

Refer to section Transducer & Match Network PCBA in 

Section 5 of this document, Diagnosing and Replacing Printed 

Circuit Boards. 

 

 

Motion Control board 

 

Replacing the Galil Motion Controller 
 

 

 
   Motion Control Circuit Board 

Unused Upper Bolt Holes 

Upper Mounting Bolts Exposed 

Upper Manifold Bolts 
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• Remove the upper rear cover. 

 

• Disconnect the four D connectors, the ribbon cable, the 

four square molex connectors, and the 24 VDC supply 

cable. 

 

• Remove the four mounting screws and lift out the board 

assembly. 

 

• Install new board set in reverse order. 
 

 

 

Degas Pump Replacement 

 

The degas pump is mounted on the lower rear access panel, behind the Z-

prime stage.   

 

 
 

 

The replacement pump kit, part number 500060, is packaged completely 

assembled, including replacement hoses and pump mounting bracket. 

 

Replacing the Degas Pump: 

• Purge the degas pump into the empty water bath to empty 

the degas hose lines. 

 

• Remove the hoses from the barbed fittings on the manifold 

assembly. 

 

Lower rear panel, viewed from inside, 

showing fan and degas pump. 
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• Remove the 4 Philips screws securing the pump bracket to 

the lower rear panel. 

 

 

 
 

• Remove the 6 Philips screws securing the lower rear cover.   

 

• Swing the left end of the cover to the right while keeping 

the right end in place.  Disconnect the fan cable and remove 

the panel. 

 

  

Inlet hose 

 

Return hose 

Screws securing degas pump bracket 
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• Disconnect the pump cable from its jack, and remove the 

pump, bracket, and hose assembly through the rear of the 

instrument. 

 

• Assemble the replacement pump to the rear panel. 
 

 

• Slide the panel assembly approximately into position, 

guiding the degas hoses toward the front of the instrument. 

 

• Reconnect the pump and fan cables and reassemble the 

lower panel to the instrument.  Note:  take care not to 

pinch fan wires between the rear panel and instrument. 
 

 

• Connect the degas inlet and return hoses to their respective 

barb fittings on the manifold assembly.  The inlet hose is on 

the inboard side of the pump, and connects to the rearmost 

barb fitting.  Dress/twist the hoses so that they lean to the 

left, away from the X, Y and Z stage assemblies. 

 

• Start the instrument and verify proper degassing operation. 

  

  

Fan and Pump Jacks at Lower Right of Enclosure 
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5.  Diagnosing & Replacing Circuit Boards: E/LE220 Series  

 
 

 

 

 

 

 
5.1 E/LE220 Circuit Board Theory of Operation and Service  

(Initial Cover Removal steps are common for all circuit boards) 

Ensure E/LE220 device is turned off. If possible, perform replacement 

in an ESD-Safe environment to avoid potential for static discharge 

damage on the PCBA.  

Remove the top cover by removing the eight flathead screws on the 

top and the two pan head screws (see figure below) at the top edge of 

the back side.   
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E220 Top Cover & RF Board Cooling Fan Removed 

 

 

 

Two screws securing top cover 

RF Power Board 

RF Controller Board 

Capacitor Board 

24 Volt Power Supply 

48 Volt Power Supply 

Matching Network 
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   E220 Series Motion Control Backplane 

 

 

RF Power Board 

The RF Power Board generates the controlled electrical signals that are 

converted into acoustic energy bursts by the E220 transducer.  Each 

RF Power Board contains unique Calibration Data that is created prior 

to installation into an E220 Unit. When installed in an instrument, the 

Transducer Impedance and Center Frequency are programmed into the 

flash memory of the RF Power Board at the factory.  The transducer is 

driven with acoustic bursts at a frequency near 500 KHz.   
 

 

CAUTION:  Do not switch RF Power Boards between instruments or 
install a new RF Power Board in an instrument without programming 
the appropriate transducer specifications (Serial Number, 
Impedance, Center Frequency) into flash memory.  

 
 

 

Main Circuit Subsections  

Watchdog Protection Circuit – In order to limit repeated high current 

conditions that could potentially damage the electronics and/or 

transducer, a Watchdog protection circuit is incorporated on the RF 

Power Board.  A current sense resistor (25mΩ) is used to generate a 

differential voltage corresponding to the output current delivered to the 

transducer.  This differential voltage is amplified (U31) and processed 

through a single-output Dual Schottky Diode where it is utilized as the 
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non-inverting input to a Slow Detect (U901B) and Fast Detect 

(U901A) comparator.  The Slow Detect comparator will trip when 

repetitive pulses exceed the 1.1V reference voltage (corresponding to 

14 Amps transducer current). The Fast Detect will trip when a single 

pulse exceeds the 1.24V reference voltage (corresponding to 23 Amps 

transducer current). If either watchdog comparator is tripped, the 

acoustic treatment may be stopped depending on the unit 

configuration.   

 
RF Drive Circuit – Transmission of RF electrical signals to the 

transducer occurs via use of an H-Bridge drive circuit configuration to 

achieve a signal frequency of ~ 500 KHz.  Each of the four sections of 

the bridge utilizes two Power MOSFETS in parallel (QA1, QB1 – 

QA4, QB4) for transmission of a user-controlled adjustable voltage 

(VADJ) to Transformer T1.  The value of VADJ is directly 

proportional to the value of Peak Incident Power selected in SonoLab.  

The frequency of MOSFET switching to achieve the 500 KHz drive 

during treatments is controlled by a CPLD (U51), based upon 

oscillation frequency (VCOout) provided by a Phase Locked Loop 

Device (U54).          

 
Diagnostic Monitoring - The RF Power Board utilizes several 

components for monitoring of power levels, temperature, and error 

conditions: 

 

Input Power, RF Output Power: Analog multiplier devices (U23, 

U32) are used to perform power calculations at the RF Power input 

and output. The power ‘product’ is calculated from a current sense 

(25mΩ resistor) and voltage dependant differential input (P=IV).  The 

Multiplier output is then low-pass filtered and processed back to the 

Main Microcontroller.   The RF Output Power is of particular 

significance as it is used by SonoLabTM software for reporting power 

levels to the user on the display screen.  
 

 

Over Temp: Temperature sensors U39 and U40 are located 

underneath heat sinks HS2 and HS5.  The sensors are intentionally 

placed in close proximity to the VADJ Regulator MOSFETS (Q1-Q4) 

and RF Drive Circuit MOSFETS (QA1, QB1 – QA4, QB4) which can 

heat significantly during operation.  An Over Temperature condition at 

either device will results in a low level output, which will be relayed to 

the Main Microcontroller and cause any acoustic treatment to be 

stopped.  

 

Fan Fail: The fan utilized for cooling of the drive circuitry also has a 

feedback line to the Microcontroller. An optocoupler device (U14) is 
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used as the logic level switching device used to change the state of the 

feedback provided to the Main Microcontroller.   
 

 

Connections:  

J2, DC Fan:  3 Pin Header Connection between RF Power Board and 
+12V Fan used for cooling of the RF Drive Circuit (where Heat Sinks 
HS1 – HS4 are located)  

 

J3, Controller Interface: 26 Pin Ribbon Cable Connection between RF 

Controller and RF Power Boards:   

+5V, +12V, and -12V supplies established on Controller Board are 

distributed to RF Power Board for low power applications and logic.    

Run_Treatment, Treatment Done, and RF Error signal line 

connections are made, which allow for enabling/disabling of acoustic 

power through communication between Main Microcontrollers on the 

RF Power Board (U2) and Controller Board (U1).  

CPU RX(+,-) and CPU TX(+,-) signal line connections are made for 

data transmission between the RF Power and RF Controller Board 

microcontrollers. Treatment parameters (Peak Incident Power, Duty 

Factor, etc.) are communicated to the RF Power via these connections, 

and diagnostic information (Power Level, Error Status, Temperature, 

etc.) is reported back to the Controller Board.  

 

J4, +48V Power Supply: 3 Pin Header Connection between RF Board 

and +48 Power Supply.  

 Pin 1 (Red Wire): +48V  

 Pin 2 (Black Wire): GND 

 Pin 3: NO CONNECTION   

 

J5, RF Out: BNC Connection between RF Board and Match Network 

PCBA.  Pulsed electrical signals generated by RF Drive Circuitry are 

transferred from the RF Board to the Transducer through the Match 

Network PCBA.  

 

Indicators:  

D8 (CPU OK): This green LED lights immediately upon power up, 

and will then begin to blink after 5-10 seconds indicating that proper 

communication has been made with the Controller Board.  If the LED 

is not blinking, RF power will not be delivered to the transducer. 

 

 D9 (RF ON): This orange LED light when a treatment is in process.   
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D7 (TEMP Fail):  This red LED will light when an over temperature 

condition has occurred. This error must be cleared before continuing 

with a treatment.  

 

D6 (FAN Fail): This red LED will light when the fan is disconnected 

or not operating correctly during a Treatment.  A fan fail failure will 

not necessarily stop a treatment from being performed, but loss of the 

fan could increase the likelihood of a over temperature condition.   

 

D5 (Watchdog Fail): This red LED will light when a high current 

condition has occurred on the RF Power.  This error must be cleared in 

SonoLAB prior to resuming an acoustic treatment.    
 

 

         
        RF Power Board Status Indicators 

 

RF Power Board Replacement:  

 

 
 

 

 

 

• Remove connectors from J2 (3-Pin Fan Connection), J3 

(Rainbow Ribbon Connector), J4 (3-Pin +48V Connection), 

and J5 (BNC) on the RF Power Board.   

 

• Remove 6 screws securing RF Power Board to the device 

chassis and remove RF Power Board from chassis.  

 

WARNING:   Ensure E220 is turned off prior to 
attempting replacement 
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• Remove 4 screws securing fan standoffs from bottom of RF 

Power Board.  

  

• Assemble fan and standoffs to new RF Power Board. 

  

• Secure new RF Power Board to chassis (6 screws) and 

reconnect J2 – J5.   

 

• Re-program transducer information in the SonoLAB > 

Maintenance > Transducer menu prior to performing an 

acoustic Method.  Applicable login information and 

instructions are provided in the Accessing Instrument 

Configuration Settings section of this manual.   
 

 

 
 
 
 
 
 

 

 

Controller Board: 
The Controller Board  serves as the interface between SonoLab user 

interface (laptop) and the RF Power Board. Additionally, the Degas Pump 

and Safety Interlock connections are controlled via the Controller Board.  

 

NOTE: Do not switch Controller Boards between instruments or install a 

new Controller Board in an instrument without programming the device 

Serial Number into the flash memory.  
 

Main Circuit Subsections 

Safety Interlock:  The E/LE220 system incorporates a number of 

safety controls, which disable use of acoustic power under certain 

conditions. External sensors are connected to the Controller Board via 

J4.   

Access Door: The E/LE220 front door is secured with a safety 

interlock that disables access to the interior of the instrument if the 

mechanical stages are in motion or if the acoustics are active.    

Water Tank: The water bath also includes embedded magnets 

(configured diagonally) toward the top of the tank which mate with a 

magnetic sensor located underneath the pivoting tube holder assembly.     

Water Level:  The tank must be adequately filled such that the water 

comes in contact with a sensor located behind the transducer fixture.    

CAUTION:  When a RF Power Board is 
replaced, vital Transducer specifications are 
lost. These values MUST be re-programmed 
onto the NEW RF Power Board via SonoLabTM.  
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Water Temperature: A thermistor is used to constantly monitor the 

water temperature within the tank. A temperature-dependant voltage is 

fed back to the main Microcontroller (U1).  If the tank temperature 

falls outside the user-specified range for a Method, the acoustic 

treatment will be stopped in SonoLab.  

Signal levels corresponding to these safety interlocks are processed 

through a digital logic gate, which will result in a treatment to be 

disabled if a fault condition is encountered.  

  

Degas Pump Control: The Degas Pump is connected to the Controller 

Board via 5-pin connector J7.  The pump is powered with 24V supply 

and SonoLab control of the pump occurs with voltage level change on 

Pin 3.  The pump frequency is controlled in the Controller Board 

firmware and can be monitored on J7 Pin 2 (Tachometer). The pump is 

generally operated at 60Hz frequency.   

 

Power Distribution: A +24V supply is brought on board through 

connector J5.  

Voltage supplies of +12V, -12V, +5V, and 3.3V are derived from the 

+24V source using DC-DC Converters. Voltage supplies are 

distributed to the RF Power Board through connector J2.   

 

 

USB Communication: The Controller Board communicates with the 

device laptop and SonoLab software via Host USB Connector P1 

(Type B interface on Controller Board).  Data packets (D+ and D-) are 

processed from SonoLab through P1 to an on-board USB hub 

controller chip U17.  An FTDI chip is used for conversion of U17 data 

from USB to Serial format.  Handshake data transmission between the 

Microcontroller (U1) and USB connection requires use of respective 

data enable (CPU_DSR/DTR) and transmission RS232 lines 

(CPU_RX0/TX0) via FTDI chip U16.  
 

 

Connections:  

J2, RF Power Interface:   26-Pin Ribbon Cable Connection between 

RF Controller and RF Power Boards  

+5V, +12V, and -12V supplies established on Controller Board are 

distributed to RF Power Board for low power applications and logic.    

Run_Treatment, Treatment Done, and RF Error signal line 

connections are made, which allow for enabling/disabling of acoustic 

power through communication between Main Microcontrollers on the 

RF Power Board (U2) and Controller Board (U1).  

CPU RX(+,-) and CPU TX(+,-) signal line connections are made for 

data transmission between the RF Power and RF Controller Board 
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microcontrollers. Treatment parameters (Peak Incident Power, Duty 

Factor, etc.) are communicated to the RF Power via these connections, 

and diagnostic information (Power Level, Error Status, Temperature, 

etc.) is reported back to the Controller Board.  
 

J4, Safety Interlock Cable:  30 Pin Cable Connection to Device 

Sensors 

Connections are made to magnetic switch sensors for Water Tank, the 

access door control solenoid, and interior convenience light. 

Water level sensor and thermistor are connected through cable for 

continuous CPU monitoring. 

 
J5, +24V Power Supply: 2-Pin Header Connection between RF 

Controller and +48 Power Supply  

 Pin 1 (Red Wire): +24V  

 Pin 2 (Black Wire): GND 

 

J7, Degas Pump: 5-Pin Locking Header connection to Front Connector 

Panel, which mates to Degas Pump connector 

 Pin 1: +24V Supply 

 Pin 2: Pump Tachometer (expected ~ 60Hz) 

Pin 3: Degas Pump Operation Control Line; Output of 2x Gain, Non-

Inverting Op-Amp (U14A) with input PUMP1_CNTRL from CPU.   

 Pin 4, 5: PGND 

 

J9, Motion Control: 10 pin header, ribbon cable to Galil motion 

controller. 

 

+24 Light:  jumper, located near heat sinks.  Enables enclosure 

courtesy light. 

 

P1, USB (B Style) Connection: Provides interface with laptop running 

SonoLab software  
   

 

 

Indicators: 

D1 (CPU): Yellow LED which blinks when Controller Board and RF 

Power Board are properly communicating. If light is ON but not 

blinking, communication has been lost and acoustic treatments will not 

run in SonoLab.  

 

D2 (Power): Green LED located underneath J7 Degas Pump connector 

which is lit when Power is applied to the Controller Board. If D2 is 

off, this indicates that +24V is not being applied to the board or one of 

the power regulators (3.3V or 5V) may be compromised.  
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D14-16, D18, D20-22, and D24 (P1GSTAT, P1ASTAT – P4GSTAT, 

P4ASTAT): Status LED’s aligned horizontally on the board which are 

pulsed by USB Hub Controller U17, indicating status of USB 

connections.   

 
D8 – D11, D17, D19, D21, and D23 (FTDI Status LED’s): LED’s 

aligned vertically on board which are pulsed by U16 and U25 FTDI 

Chips.  Blinking LED’s indicate data transmission is occurring  

 

 
            Controller Board LED Indicator locations 

 

 

 

Controller Board Replacement: 

 

 

 
 

 
 

IMPORTANT: The Controller Board contains all information related to 

the Degas Pump, Device Serial Number, and Device Configuration. When 

a board is replaced, this information must be reprogrammed onto the board 

in SonoLab.   

 
 

• Note the Serial Number of the replacement Controller Board to be 

installed. This will be located on the side of the voltage regulator 

case as shown.   
 

WARNING:   Ensure E220 is turned off prior to 
attempting replacement 
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        Serial Number label location on Controller Board 

 

• Remove connectors from J2 (Rainbow Ribbon Connector), J4 (30-

Pin Safety Interlock Cable), J5 (2-Pin +24V Connection), J7 (5-Pin 

Degas Pump Connection), and J9 (10-Pin connection to motion 

controller). 

 

• Remove +24 Light jumper from old Controller board and install on 

replacement Controller board (only if jumper not included with 

replacement board). 

 

• Remove 4 screws securing the Controller board to the device 

chassis and replace with NEW Controller PCBA. Reconnect cable 

connections to the Controller Board.  

 

• Re-program applicable unit information in the SonoLab 7 > 

Maintenance > Transducer menu prior to performing an acoustic 

Method.  Applicable login information and instructions are 

provided in the Accessing Instrument Configuration Settings 

section of this manual. 
 

 
 

 

 

 

 

 

Capacitor Reserve Board 

The Capacitor Reserve Board is an enhancement with the E/LE220 

Series which allows for more consistent power delivery during high 

intensity acoustic treatments.   Large value capacitors are used for 

charge storage which can be distributed to the RF Power Board when 

large current is demanded during a High Power treatment.    

CAUTION:  When a Controller Board is replaced, the Serial 
Numbers for Degas Pump, Controller Board, and the device 
itself are lost. These values MUST be re-programmed onto 
the NEW Controller Board via SonoLabTM.  
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Main Circuit Subsections 

Storage Capacitor Bank:  Three (3) 10,000uF electrolytic capacitors 

(C7-C9) are located on board to provide charge storage for the 48V 

supply to the RF Power Board.  These are the large cylindrical 

components on the connector side of the board.  

Bleed Circuit: This circuit is incorporated to properly discharge the 

large reserve capacitors (C7- C9) when power is removed from the 

unit.  A simple Op-Amp Comparator (U2) is used to activate a power 

MOSFET (Q2) when the inverting input (Pin 3) exceeds reference 

voltage at the non-inverting input (Pin 4). This condition occurs when 

power is removed from the unit. Stored charge is then conducted 

through Q2 to GND. The total “bleed time” is approximately 3-4 

seconds after the unit is powered off.   
 

Connections 

J1, +48V Input: 3 Pin Connection from 48V Power Supply to 

Capacitor Board  

 Pin 1 (Red Wire): +48V 

 Pin 2: No Connection 

 Pin 3 (Black Wire): RFGND   

 

J2, +48V Output:  2 Pin Connection from Capacitor Board to RF 

Power Board  

 Pin 1 (Red Wire): +48V  

 Pin 2 (Black Wire):  RFGND 
 

 

Indicators 

D1 (Power ON): Red LED which lights when +48V is properly 

distributed to Capacitor Reserve Board (should be when E/LE220 is 

turned on).  When powering down the E/LE220, the LED will slowly 

dim for ~ 3 seconds before turning off.  If the light stays on for 10 

seconds or more, there may be a problem with the Bleed Circuit 

described above. D1 is located near connector J2.   

 

 

Capacitor Reserve Board Replacement  
 

WARNING:   Ensure E220 is turned off prior 
to attempting replacement 

 

The Capacitor Reserve Board is located near the middle of the chassis’ 

electronics shelf, between the RF Power Board and the 48 volt power 

supply.  See figure above.  
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• Remove connectors J1 and J2 along with 4 pan head screws the 

board to the device chassis.  

  

• Remove board and reverse steps to install NEW Capacitor 

Reserve Board.  

Transducer &Match Network PCBA 

The transducer converts electrical energy from the E220 RF Power Board 

into controlled acoustic energy to treat biological samples.  The 

Transducer is paired with a dedicated Match Network PCBA. The Match 

Network PCBA contains components used to minimize reactive 

characteristics of the Transducer at the Center Frequency of ~ 500 kHz. 

This matching technique ensures the transducer appears mostly resistive, 

resulting in accurate power transmission to the sample.   

Connections  

  Match Network PCBA:  

 J1 (Driver): BNC Connection input from RF Power Board  

 J2 (Transducer): BNC Connection output to Transducer module  

 

    
   E220 Matching Network 

 

Transducer & Match Network PCBA Replacement 

 
 
 

The Match Network PCBA and Transducer must be replaced in tandem. 

The Match Network PCBA is affixed to chassis on the same side as the RF 

Power Board and Controller Board.  

WARNING:   Ensure instrument is turned off prior to 
attempting replacement 
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After replacing the transducer and match network, instrument 

configuration settings must be updated with the new transducer data, 

which is included with the replacement transducer kit.  The process is 

described at the end of this section. 

 

• Remove current board by unscrewing 2 bottom screws in 

standoffs to the left and right of J1.   

 

• Loosen and remove the nut and lock washer located next to the 

temperature and water level sensor connectors at the left front 

bulkhead, inside the instrument enclosure.  Retain these parts. 
 

• Place system in “Service Bath” position. Remove the 4 screws 

(2 on    each side) holding the Transducer to the 2 “L” shaped 

mounting brackets. For the LE220 there are 6 screws to remove 

(3 on each side). 
 

• Remove the tie wrap, and remove the BNC connector from 

Matching network male connector. 
 

• For E 220 only: Remove the 4 screws holding the Transducer 

assembly block together, then remove the 6 screws holding the 

base of the Transducer to the mounting base. 

 

 

 

 
 

                 E 220 Transducer 

 

 

 

 

 

Remove these 4 screws (2 

on each side of 

Transducer 

Remove these 4 screws to 

remove base plate, remove 

remaining 6 screws to remove 

transducer  from plate 
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 LE 220 Transducer 

 

• Reverse previous steps and install NEW Match Network PCBA 

(and transducer).  Ensure the lock washer and nut are tightly 

secured. Check that BNC cable connections to the RF Power 

Board (J1) and Transducer (J2) are properly mated.  

 

• Refer to the instructions in Accessing Instrument 

Configuration Settings enter the instrument setup. 
 

• Click on the Transducer tab (or select Transducer from the list 

at the right). 
 

• Enter the transducer serial number, center frequency, and 

impedance in their respective fields.  This information is 

included with the replacement transducer.  See image below. 
 

 

 

  
 

 

• Click the Save Configuration button when finished.   

Remove 6 screws (3 on each 

side)allowing transducer to be 

removed.  If replacement 

transducer is preassembled to 

brackets, remove transducer and 

brackets from the manifold as an 

assembly. 
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• Click the About SonoLab tab and verify that the data was 

correctly stored. 
 

• Return to Setup tab.  Uncheck User Authentication. 
 

• Exit SonoLab v7 by clicking the red “x” at the upper right. 
 

• Start SonoLab version 6 and test replacement transducer. 

 

 

5.2 Accessing Instrument Configuration Settings 

As of this printing, some E/LE220 instruments use SonoLab 6 with 

SonoLab 7 in the background, while newer instruments operate entirely 

under SonoLab 7.  For these newer instruments, ignore references to 

SonoLab 6. 

 
• Exit SonoLab version 6 software. 

 

• Start SonoLab version 7 by double-clicking the desktop icon (if there is no 
desktop icon, the SonoLab v7 application is located at C:\Program 
Files(x86)\Covaris\SonoLab) 

 

• Click on the Setup tab, then on the User Authentication tab.  See figure 
below. 

 

 
 

• Click on the User Authentication checkbox. 
 

• Click on the Login button at the upper right. 
 

• Enter the login name service and password Fld1Svc.  The login and 
password are case sensitive.  The Log In button changes to Log Out. 

 

 

SonoLab screen showing Setup tab, 

User Authentication tab & checkbox, 

and Login button 
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• Click on the Maintenance tab.  Instrument, power board, and transducer 
setup, and firmware updating are now accessible. 

 

 
 
 

• When finished, click on the Setup tab and uncheck the User Authentication 
box. 
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6 Power Calibration Check for E220 

The following is an example of a field power verification.  Since there is 

no field calibration, and calibration is not tube dependent, similar methods 

may be substituted. 

 

Create the following treatment method: 

• Duty factor: 20% 

• PIP:  250 

• Cycles/Burst:  50 

• Time: 60 seconds 

• Set the temperature limit to at least 20C. 

• Return to the main panel. 

 

6.1 Measure power 

 

• Obtain a 12 well rack Covaris p/n 500032. 

 

• Obtain 2 empty 20x125mm glass tubes and caps.  Ensure the 

caps are tight. 

 

• Place the both tubes in the rack. 

 

• Set the rack with tubes onto the well plate tray and close the 

door. 

 

• Start the method, 

 

• Verify that the power readings are between 40 watts and 60 

watts for each tube.   

 

There is no field calibration procedure for the E220 instrument.  If 

the above measurement is out of range, it may indicate a problem 

with the system electronics. 
  

6.2 Monitor Acoustic Activity 

 

• 6.2.1 Pipette 0.5ml deionized water into a 15x100mm 

culture tube.  Cap the tube and place in the instrument. 

 

• 6.2.2 Run the same treatment as programmed in section 

6.1. 

 

• 6.2.3 Observe fluid activity in the sample vessel.  

Turbulence in the vessel should be vigorous, entraining air 

from the headspace into the fluid volume. All liquid from 

the bottom to the top should have some level of activity. 
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7. Installing SonoLab Software 
 

Refer to instructions in the E/LE 220 User Manual for the latest software 

and driver installation instructions. 

 8. Tools and Fixtures 

Tools: 

  #1 Phillips driver 

  #2 Phillips driver 

  2 mm hex driver  

  Medium flat blade screwdriver 

Non-conductive miniature flat-blade screwdriver (for adjusting 

pump speed potentiometer) 

  Torque driver capable of reading 8 oz-inches 

  9/16” combination wrench 

  Diagonal cutters for cutting cable ties. 

  Multimeter with frequency measurement capability 

Hach p/n HQ30D53301000  (HQ30d Meter with LDO101 

Dissolved Oxygen Probe) (www.hach.com) 

   

 

 E/LE Series Alignment Fixture Package  p/n 530022 

   Dial indicator  p/n  900080 

   Pointer holding bracket p/n 900067 

   Holder for dial indicator p/n 900068 

   Centering Pointer  p/n 900069 

   Plate Fixture, p/n 900076 

   Plate Fixture 900105 plate fixture 

   Drop Gauge  p/n  900084 

   Puck, p/n 900000 

   Drop Gauge holding plate, p/n 900001 

   Drop Gauge clamp, p/n 900002 

   Calibrated Spacer, p/n 900004 

 

  Plate Fixture (E220 evolution)  p/n 900809 

  Drop Gauge holding assembly for E220 evolution p/n 900810 

 
 
  Acoustic Test Load, 40 Ohm  p/n 500399 
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9.  Appendix 
 

Spare Parts 

 

RF Power Board, E220     500254 

 

RF Controller Board, E220     500264 

 

RF Controller Board, E220x     500265 

 

RF Controller Board, LE220     500266 

 

Capacitor Reserve Board, E220    500258 

 

Degassing Pump Kit      500060 

 

Degassing inlet tube      500061 

 

Transducer kit, E220      500267 

 

Thermistor Assembly      500075 

 

Water Level Sensor Assembly    500076 

 

24 volt DC power supply     500079 

 

48 volt DC power supply, E220    500257 

 
LE 220 Transducer Repair Kit                                           500322 

 
Z Axis Limit Sensor Repair Kit    500360 

 

Z-Prime Axis Limit Sensor Repair Kit   500361 

 

X-Y Stage Repair Assembly     500364 

 

Z Stage Repair Assembly     500365 

 

Z-prime Stage Repair Assembly    500300 

 

Degas System Verification Kit    520143 
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Service Notes 
The following is a comprehensive list of service notes related to the E and LE 220 

Instruments.  These notes are typically included with the replacement parts to which 

they refer.  Much of the material in the notes is duplicated in this manual.  

 

Early E/LE220 24 VDC Power Distribution Cable  410052 

 

LE220 Transducer & Match Network Replacement  410053 

 

E/LE220 Electronics Plate Replacement   410054 

 

Thermal Bushing Field Retrofit E-Series   410060 

 

USB Driver Installation for 220 Series   410061 

 

Thermal Bushing Field Retrofit LE-Series   410063 

 

220 Series Limit Sensor Repair    410070 

 

Galil Motion Board Replacement    410073 

 

Z-prime Stage Replacement     410074 

 

Evaluate Degas System Performance    410076 

 

E/LE220 PreProgrammed Board Replacement  410078 

 

40 Ohm Test Load Kit     410082 

 

Installing Supplementary Cooling Kit   410083 

 

Replacing the WCS Hour Meter    410086 

 

Programming RF Board Values with TeraTerm  410093 

 

LE220+ PreProgrammed Board Replacement  410099 

 

Replace E-LE220 Series Sensors    410100 

 

CH04 to ultraCube Retrofit     410101 

 

Reprogramming Galil Motion Controller   410103 

 

Using CH05 Pressure-Flow Fixture    410104 

 

WCS UV Light Ballast Replacement    410105 
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AutoFill and RFID Retrofit     410107 

 

Replacing Degas Pump Head     410108  

        


