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UNIVERSAL PRECAUTIONS
 
Universal Precautions should be followed on all specimen samples, regardless of whether a sample is known to contain 
an infectious agent.  Laboratories handling specimen samples are advised to comply with applicable parts of the following 
governmental and clinical standards, or their equivalent in the country of use: 

• Centers for Disease Control (CDC), Universal Precautions for Prevention of Transmission of HIV and Other 
Bloodborne Infections, published 1987, updated 1996 

• Clinical and Laboratory Standards Institute (CLSI), GP17-A2 Clinical Laboratory Safety; Approved Guideline - 
Second Edition, published 2004, ISBN 1-56238-530-5 

• Clinical and Laboratory Standards Institute (CLSI), M29-A3 Protection of Laboratory Workers from 
Occupationally Acquired Infections; Approved Guideline, Third Edition, published 2005, ISBN 1-56238-5674 

• Occupational Safety and Health Administration (OSHA), 29 CFR 1910.1030 Bloodborne Pathogens 
• International Standards Organization (ISO) 15190:2003, Medical Laboratories – Requirements for Safety 
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Warnings  

  
For safety of operating personnel: 

 
Make sure that the equipment is properly grounded.  DO NOT operate if it is not properly grounded. 
The unit is equipped with a power plug appropriate for the destination country.  DO NOT, under any 
circumstances, remove the grounding prong from the power cord. 
DO NOT attempt to operate the equipment with the Acoustic Assembly and sample cover in the 
open position the acoustic system will not work.    If there is any indication that the Safety System is 
not functioning properly, DO NOT operate the equipment and contact Covaris immediately. 
If the equipment is used in a manner not specified by the manufacturer, the protection provided by 
the equipment may be impaired. 
 
 
To prevent damage to the equipment: 
The instruments are designed to operate in ambient laboratory conditions e.g., 15 to 32°C (60 to 
90°F).  DO NOT operate the instrument in a cold room environment; the system is designed to 
operate with a water bath and heater/chiller apparatus to control sample temperature. 
NEVER run a method without a water bath; this could damage the transducer.  The instrument is 
equipped with a water level sensor to protect the transducer.  The system will not allow the acoustic 
wave treatment to start unless an adequate volume of water is detected. 
Covaris AFA water should be used to fill the water bath.   
Empty the water bath and wipe it dry EVERY day with a lint-free cloth.  DO NOT leave water in the 
instrument for an extended time as there is no water filtration or water cleaning system with the 
apparatus. 
Do not employ isopropyl alcohol, ammonia-based or abrasive cleaners on the instrument, as these 
will damage the acrylic surfaces. 
 
DO NOT load third party software onto the system without consulting with Covaris. 
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1 Scope of This Manual 
 
This manual is intended to provide Covaris service personnel the necessary information to 
perform effective fault finding and corrective actions for the Covaris M220 Sample Preparation 
instruments. The M220 Series instrument is a third generation design that incorporates upgraded 
electronic circuit boards and more user-friendly SonoLab software.  
 
The following definitions apply in this manual: 

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

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

 

WARNING:    Personal injury may occur – DO NOT DISREGARD. 

 

2 Safety and EMC Compliance Information 

2.1 General Instrument Safety 

2.1.1 Acoustic Safety 
The Covaris M-Series instruments generate a focused high-power acoustic field in the 
water bath.  Potentially hazardous acoustic energy exists in the water bath, the entire 
sample vessel (above and below the water level) and in the sample vessel cap.  Service 
personnel who run the instrument with the safety system defeated must not touch the 
water bath, the sample vessel or the sample vessel cap.  

 
 

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 flat 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 DNA shearing. The M220 accomplishes 
this via the following subsystems, under the control of the Covaris SonoLab 
software. 
 

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 micro streaming acting upon the 
sample.  

Interlock Subsystem 
Safety interlocks prevent energizing of the transducer when doing so might 
result in damage to the transducer or injury to operators. 

Control Electronics System 
The control electronics are mounted at the rear of the instrument enclosure, 
and connect to components located in the treatment area via bulkhead 
connectors. The M220 has a 24 volt DC power supply for low voltage and 
digital components of the RF Controller, RF Power, and Thermo-Electric 
(TE) circuit boards.  A  48 volt DC supply powers the transducer via the RF 
Power board. 
The operation of the control electronics is detailed later in this manual. 
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4 Maintenance and Repair 

Recommended Daily Maintenance 
At the start of each day, fill the acoustic block as follows:  

• Fill the acoustic block with Covaris AFA grade water only. 

• At the end of the day, the bath should be emptied using the 500299 
Fill and Drain Kit.  Wipe down the bath and transducer with 500298 
Swab Cleaning Kit or a soft cloth or sponge. 

Troubleshooting 
The following table summarizes problems and their solutions.  Refer to the 
text following the table for detailed discussion of the corrective actions. 

  
Symptom Possible Cause Check / Corrective Action 

No power to instrument 
(indicator light fails to come 
on) 

Line cord missing or blown 
Fuse in line entry module 
24 volt power supply 

Verify line cord is connected. 
Replace fuse 
Check 24v supply output 
Check Green D2 on 
Controller Board 

Ineffective treatment, 
possibly with loud buzzing 
noise 

Bath temperature too high 
Contaminated bath 
 
Insufficient acoustic power 

Verify TE module operation. 
Clean bath, change water, 
 
Run acoustic power test (see 
Section 5). 

Temperature will not regulate 
message,Temp too low,Temp 
too high,Temp not at 
setpoint, Temp not regulated 
that do not correct within a 
few minutes. 

TE Fan not running 
Peltier Board problem 
Safety Fault 2nd thermistor 
problems (you can check TE 
module status by viewing 
LED status lights on TE 
board) see figure 10 

Verify TE Fan running 
TE board LED’s (command 
side and delivery side) Blue 
on both sides “on”- cooling 
Amber on both sides ”on”- 
heating 
Red “on” on command side – 
Safety fault(open/shorted 
thermistor),or out of 
temperature range(2°C -55°C) 
 

Water level error Insufficient bath water 
Contaminated level sensor 
faulty sensor 

Fill bath  
Clean bath and level sensor. 
Replace sensor. 

Door Interlock Error Bath interlock problem Verify sample door closed 
Communication Error Corrupted USB drivers 

 
Defective USB cable 
USB cable too long 
 
 
 
Controller Board Failure 

Verify connection status 
under “Ports” in Device 
Manager 
Reload drivers 
Replace USB cable. 
 
 
Verify operation 

 
Table 1, Troubleshooting 
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Diagnosis 

Contamination 
The water bath can become contaminated from the growth of bio-film in 
the acoustic block 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 bath and all submerged surfaces, including the transducer, 
with a soft, lint-free cloth before refilling with Covaris AFA-grade water. 

Bath Temperature  
Bath temperature is controlled by Thermo-Electric (TE) control board. 
The board is set to control temperature within +/- 2 °C. Temperature 
values are set by user within the Method. The temperature is controlled 
by a linear PID algorithm inside the controller. Default temperature will be 
20 °C if not set by method. Heating and cooling is performed by a Peltier 
thermo-electric device with a fan running continuously on the Peltier heat 
sink to remove heat or cold as necessary. The operating temperature 
range is 4-42°C (with 6-40°C set temperature).  The bath temperature 
can be adjusted by editing the method in SonoLab.  
 
 
 

 
 
Bath Temperature Setpoint and Range in Method Editor 
 

Position of Treatment Vessel 
Check to ensure the proper waveguide fixture is being used with correct 
tube. Insert waveguide fixture so notch is in bottom left corner when 
inserting into treatment block. 
  

Water Level Errors 
If water level errors are not resolved by cleaning the sensor, the sensor 
should be replaced. Follow the procedure provided in this manual.  
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Acoustic Power Issues 
If acoustic activity is not observed in the sample vessel, follow the 
acoustic power test procedure described at the end of Section 4 to verify 
that acoustic components are operating properly and also check 48v 
power supply output. 
 

Transducer:  A mechanical or electrical failure of the transducer 
may cause weak acoustic output.  If the on-screen power meter 
deviates more than +/- 20% from the nominal specified power 
(Peak Incident Power x Duty Factor), the transducer may be 
damaged. 
 
RF Power Board:  As with the transducer, if the on-screen 
power meter deviates more than +/- 20% from nominal, the RF 
Power board may be damaged. 

 
Calibration Data Missing or Incorrect:  Calibration for the 
M220 Series is performed on each RF Board prior to installation 
in a device. Calibration values can be reviewed in SonoLab by 
accessing the Maintenance > RF Power Board menu location. 
Calibration data should be visible in a grid format. If calibration 
values are not visible within this menu, Covaris Technical 
Support should be contacted.  
 

 

Interlock Errors 
There is one interlock on the M220 associated with the sample door. The 
door must be closed and magnet/switch combination satisfied to allow 
acoustic processing.    
 

Communication Errors 
In the event of communication errors, verify that the problem is not a 
defective USB cable. Also use Windows Device Manager to verify that 
Windows is recognizing the M220 and that the device drivers are 
properly installed. 
 

Other Indicators 
Normal processor functioning is indicated by the blinking yellow 
LED(approximately 1 blink per second) on the RF controller and by the 
blinking green led(approximately 1 blink every ½ second) on the  RF 
power board  (see Figures 14 and 15 later in this document). 
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Repair Procedures  

General Procedures 

Removing the outer Covers 

• Open the front acrylic cover and lift it off the hinge pins on the left 
side. 

 
• Remove six 2mm button head screws around the base, and lift off 

the white, cosmetic cover. 
 

Removing the Electronics Drawer from Chassis 
• Remove the outer covers as described above. 

 
• Disconnect the cables attached at J3, J4, J5, J6, and the transducer 

cable from the connectors on the front of the bulkhead.  
 
• Access the rear of the chassis and remove the ten screws shown 

below. 
 

 
 

• Slide the electronics drawer out of the chassis. 
 

• Reverse the procedure to reinstall the drawer. 
 

 
Accessing Instrument Configuration Settings 
• Power on the M220 and start the SonoLab software 

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

figure below. 

Remove 10 Philips screws to 
remove electronics tray from 
chassis. 
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• 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. 
 

 
 

 
• 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. 

 

SonoLab screen showing Setup 
tab, User Authentication tab & 
checkbox, and Login button 
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Replacing the Transducer Assembly 
Replacing the transducer includes replacing the matching network and entering 
the new transducer data to instrument firmware.  Note:  the thermal block 
assembly should not be removed from the M220 when servicing the 
transducer. 
 

• Remove covers and invert instrument (alternatively, instrument may 
be placed at the edge of the bench, with the transducer assembly 
overhanging the edge, allowing access from below). 

 
• Disconnect the transducer cable from the BNC connector on the 

bulkhead. 
 
• Remove the clamp securing the transducer cable to the instrument 

body. 
 
 

 
 
 
 
 

• Remove the four screws which secure the two transducer retaining 
clamps to the thermal block.  Remove the clamps and transducer. 

 
 

Transducer cable retaining 
clamp and screws. 
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• Verify that the replacement transducer includes a new orange O-ring.  

Do not reuse the O-ring from existing transducer. 
 

 
 
 

• Reverse the above steps to install the replacement transducer, but 
do not connect the cable to the bulkhead BNC connector at this time. 

 
• Set the instrument upright, and remove the electronics tray from the 

chassis, as described in General Procedures at the start of this 
section. 

 
• Locate the transducer matching network mounted to the bulkhead 

behind the transducer cable BNC connector.  See figure below. 
 

 
 
 

Clamps 

Transducer viewed from bottom (with 
thermal block removed for demonstration 
purposes). 

O-ring installed 
onto transducer 
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• Disconnect the cable between the matching network to the RF 
Power board from the matching network. 

 
• Remove the two screws securing the matching network to the 

chassis, and the nut securing the BNC connector to the bulkhead.  
Remove the matching network. 

 
• Reverse the above two steps to install the new matching network. 
 
• Reinstall the electronics tray into the chassis. 
 
• Reinstall covers, connect to power and start SonoLab software. 
 

 
The following steps describe how to update the instrument configuration settings 
with the new transducer specifications.  These specifications are included with 
the replacement transducer kit. 

 
• Start the SonoLab software and access the instrument configuration 

settings as described in the General Procedures section above. 
 

• Click on the Transducer tab (or select Transducer from the list at the 
left of the Maintenance window). 

 
• Enter new transducer’s Serial Number, Impedance, and Center 

Frequency into their respective screen fields.  See figure below. 
 

 
 

Matching network mounted to 
electronics tray. 

Cable to RF Power board 
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Caution:  prior to saving, review impedance and frequency 
values.  Typical values for impedance are 35 to 45 ohms, for 
Center Frequency 490 to 510 KHz. Values substantially outside 
this range may damage the electronics and/or transducer. 

 
• Click the Save Configuration button at the bottom of the screen. 
 
• Click the About SonoLab tab, and verify that the new values are 

correctly displayed. 
 
• Disable User Authentication by unchecking the box, and test 

operation of new transducer. 
 

 

Replacing the Water Level & Temperature Sensor Assembly 
The water level sensing device changed after serial number 2172.  The current 
replacement water level and temperature sensor assembly, part number 500324, 
includes a replacement 200425 cable assembly, second generation cover, and 
other hardware required to convert from the original water sensor to the current 
version.   
 

 Tools Required: 2.5 mm Hex Wrenches, straight-slotted screwdriver 
capable of measuring 14in-oz Torque. 
 

TE Cable Harness Replacement 
The first time the water level sensor is changed on an M220 prior to serial 
number 2172, the pn 200425 cable must be installed in place of the existing 
200407 cable.  The following section describes updating this cable harness on 
instruments prior to serial number 2172. 
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• Remove the the (6) M3 x 6mm button head screws that secure the 
cosmetic cover.  Remove the cover and set aside. 

• Remove the clear plastic safety door and set aside. 

• Disconnect the transducer cable from the BNC feed-through.  See 
photo below. 

• Disconnect cables from J3, J4, J5, & J6, as shown below. 

• Cut the tie wrap from the tie mount to free the cables. 

 

• From behind the unit, remove the (7) M3 x 8mm Phillips screws and 
the (3) M3 x 8mm pan head screws securing the electronics bay. 
 

• Remove the electronics bay by sliding straight back.  See photo 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transducer Cable J3 J5 
J4 

J6 
Cable Tie Point 
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• Remove connectors P1, P2, P3, P8 and P11 from the TE Controller 

board shown below.   

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

• Remove the (4) M3 x 8 mm Pan hd screws securing the TE 
controller board.  Remove the board and place it in an anti-static bag 
or on a static mat.  

 
• Remove Cable Assembly 200407 Rev C. by disconnecting P4 from 

the RF Controller BD, and removing J5 and J6 from the feed through 
panel.  Remove the grounding nut from the grounding stud and 
disconnect the Ring Lug for Cable Assembly 200407.  In newer 
M220’s the Grounding lug and nut has been relocated adjacent to 
J3. (See image below) 

 
• Discard Cable assembly 200407. 

  
  

  

  

  

  

  

  

  

  

  

P4 Connector 

J5, J6, and Ground Lug 

P3 

P1 

P8 

P2 

P11 
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• Install cable assembly 200425 included with the 500324 kit by 
inserting J5 and J6 into the feed through panel, attaching the ground 
terminal.   Connect P4 and P6B to the RF Controller board.  P6B 
connects to J6, at opposite end of board from J4.  

 
 

  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Reinstall the TE Controller board and reconnect P1, P2, P3, P8, and 
P11. 

 
• Reinstall the electronics drawer to chassis. 

 
 

Replacing the Water Level /Temperature Sensor Assembly 
Note that all pictures below reference second generation sensor assembly. 

• Lay the M220 on its left side, so that the water level sensor assembly 
is facing up. 

 
• Remove 3 screws securing the water sensor cover (2 screws on first 

generation cover) and remove the cover.  See photo below. 

J5 

J6 

Ground Ring Cable Assembly 200425 

P6B

P4
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• Remove the two Philips screws securing the capacitive unit to the 
water level sensor. This step is not necessary on old sensor 
assembly. 

 

 
 
 
 

Remove screws securing water 
level sensor Gen 2 cover.  Two 
screws on top, one next to wire on 

Remove two Philips screws 
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• Lay the capacitive unit aside, taking care to not damage the wires securing 
the capacitive unit to the printed circuit board. 

 

 

• Remove the three nylon screws and lift the sensor assembly off the 
transducer housing.  These screws are stainless steel on the old sensor 
assembly. 

• Remove the gasket and clean the mating surface of the transducer 
housing. 

 
 

     
 

 

Remove 3 Nylon Screws 

Cleaned Gasket Mating Surface 

Holes for Water Level/ 
Temperature Sensor Thermistors 
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Inspect the thermistors which extend out the back of the water level sensor 
assembly.  Only the tear-shaped ends should extend beyond the Teflon sleeving, 
and the ends must not be bent over.  See pictures below of good and bad 
thermistors. 

 
 

 

 
 
 
 

 
 
 
 
 

 
• Mate the Water Level / Temperature Assembly to the Transducer Housing Assembly. Line up 

the Thermistors on the Water Level / Temperature Assembly with the thermistor holes in the 
Transducer Housing Assembly, while simultaneously lining up the through holes on the Water 

Thermistors correctly seated in 
Teflon sleeving.  Only tear-
shaped ends extending out 

Incorrect.  Thermistors extend 
to far outside Teflon sleeving. 

Incorrect.  Thermistor 
ends folded over. 
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Level/ Temperature Assembly with the mounting holes in the Transducer Housing Assembly. 
Gently work the Thermistors and the Teflon Sleeve into the Thermistor holes in the 
Transducer Housing while not disturbing the location of the Water Level Gasket. The 
Thermistors should slide in easily. Check to ensure that the Water Level Gasket has not 
moved and that the holes for the Nylon Screws line up.  

 

•  Install the (3) Nylon Water Level / Temperature Assembly Mounting Screws (3) M3 x .5 x 
12M Slotted Nylon (PN310613).   Torque the Nylon Water Level Mounting Screws to a force 
of 14 inch – ounces. Perform this operation in 2 - 3 steps to ensure uniform compression of 
the Water Level Gasket.  
Note:  When installing the current sensor in place of the earlier model, you must use the 
nylon screws included with the kit to mount the sensor to the block.  Do not use the metal 
screws that secured the old style sensor. 

 

  
• Install the Capacitive Water Level Sensing Unit onto the Water Level Base. Note that the side 

of the unit with the “Circle and Cross Hairs” faces down against the Water Level Base. Note 

Water Level Gasket 

Guide thermistor leads 
into holes 

Torque to 14 inch-ounces 
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the orientation of the wires. Secure with (2) M2.5 x 8 Phil, Flat HD, SS screws. (PN310593) 
See the (2) photos below.  

  

  
  
  

  
 
• Replace the Water Level Cover using (3) M3 x 6mm Button HD SS Screws. 

 
• Route the water level sensor cable through the opening in the in the top of the front bezel, 

and reconnect the RF Out, J3, J4, J5, and J6 connectors.  Install tie-wrap to secure cables to 
tie point.  See photo below. 

    
  

     

Circle and Cross-hairs face 
down, against base plate. 

Capacitive sensor properly 
installed.  Note routing of the 
wires. 
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• Install cover onto base. Secure using 6 M3 x 6 screws. 

• Replace front plastic cover. 

• Power on the M220 and start SonoLab.  Verify proper operation of 
the replacement water level sensor and temperature sensor. 

  

 

 

 
 

Diagnosing and Replacing Printed Circuit Boards:   
All printed circuit boards and power supplies are accessed by removing the 
electronics drawer from the main chassis, as described in the General 
Procedures section of this manual. 

Route Water Level/ Temperature 
Sensor cable through opening in 
bezel here. 

Secure cable bundle to tie point 
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RF Power Board 
The RF Power Board generates the controlled electrical signals that are 
converted into acoustic energy bursts by the M220 transducer.  Each RF Power 
Board contains unique Calibration Data that is created prior to installation into an 
M220 unit. When installed in an M220 device, the transducer impedance and 
center frequency are programmed into the flash memory of the RF Power Board.  
For the M220 device, the transducer is driven with acoustic bursts at a frequency 
near 500 KHz.   

 

Main Circuit Subsections:  

Power Supply Verification 
Voltage regulator circuit component failure:  Voltage may be pinned high 

(48V) or low (0V). This voltage can be measured at Pin 1 of HDR3 
on the RF board.  This can result in higher than expected power or 
no power.     

 
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.   

 
Diagnostic Monitoring - The RF Power Board monitors power levels, 

component temperatures, and power related error conditions. 
 
 
 
 

 
 
SonoLab reported power level derived from RF Output Power 
diagnostic circuit  
 

 
• Over Temp: D7 over temp condition light (RED) Temperature 

sensors are located underneath the circuit board heat sinks.  The 
sensors are intentionally placed in close proximity to components 
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 opto-coupler device is 
used as the logic level switching device used to change the state 
of the feedback provided to the Main Microcontroller. D6 detects 
Fan failure light (RED) led.   
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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 Connections 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.   
 
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 an over temperature condition.   

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

has occurred on the RF Power Board. This error must be cleared 
in SonoLab prior to resuming an acoustic treatment.   
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 RF Power Board Replacement:  

 
• Remove covers from instrument and electronics drawer from chassis 

as described in the General Procedures section. 
 

• Remove fan box assembly from top of the RF Power Board by 
unscrewing 6 pan head screws at the rear of the device with a 
Philips-head Screwdriver.  
 

 
Fan Box Assembly location 
 

• Remove connectors from J2 (3-Pin Fan Connection), J3 (Rainbow 
Ribbon Connector), J4 (3-Pin +48V Connection), and J5 (Match 
Network BNC) on the RF Power Board.  
 

• Remove 6 screws securing RF Power Board to the device chassis.   
 
 

• Reverse procedure and secure NEW RF Power Board to chassis (6 
screws), reconnect J2 – J5, and install Fan Box Assembly.   
 

• Re-program transducer information in the SonoLab > Maintenance > 
Transducer menu prior to performing an acoustic Method.  
Applicable login information and instructions are provided in 
Accessing Instrument Configuration Settings in the General 
Procedures section of this document.   

 
 

 
 

WARNING:   Ensure M 220 is turned off prior to attempting replacement 

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 SonoLab.  
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Controller Board: 
The Controller Board serves as the interface between SonoLab Software (laptop) 
and the RF Power Board.  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 M220 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.   

Sample Door: The M220 safety door contains an embedded magnet, 
which must be in close proximity to a magnetic sensor inside the door 
(shut closed) for treatments to be enabled.    

Water Level:  The Sample Block must be adequately filled such that the 
water triggers a sensor located beside the transducer fixture.    

Water Temperature: A control thermistor is used to constantly monitor 
the water temperature within the transducer vessel. A temperature-
dependent voltage is fed back to the main Microcontroller (U1).  If the 
vessel 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 disabled treatment if a 
fault condition is encountered.  
  
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 

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 
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 
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power through communication between Main Microcontrollers (U2) on 
the RF Power Board on the RF power board and Controller Board.  

• 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, Safety Interlock Cable:  30 Pin Cable Connection to Device Sensors 
• Connections are made to magnetic switch sensors for acoustic block 

and front Cover 
• 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 +24v Power Supply  
• Pin 1 (Red Wire): +24V  
• Pin 2 (Black Wire): GND 

 

J8, Fountain Pump Port: 5-pin header connects to the J8 connector on 
the TE board, providing 24V and signal lines to TE board.   

 
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.  

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, and D23 and D25 (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. 
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 Controller Board connector locations 

 

Controller board LED indications 

 

 

Controller Board Replacement: 

 
 

 
 

• Note the Serial Number of the replacement Controller Board.. This 
will be located on the side of the voltage regulator case. See figure 
below.  

 

WARNING:   Ensure M220 is turned off prior to attempting replacement 

J1 
J2 

J8 J5 
J4 
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•  Remove Electronics drawer from M220 main chassis using 10 
screws at the rear, as described in General Procedures section. 
 

• Remove connectors from J2 (Rainbow Ribbon Connector), J4 (30-
Pin Safety Interlock Cable), J5 (2-Pin +24V Connection), and J8 5 
pin connection to TE PCB. Remove 4 screws securing the Controller 
board to the device chassis and replace with NEW Controller PCBA. 
Reconnect all cable connections to the Controller Board.  See figure 
with connector locations on preceding page. 

 
• Re-program applicable unit information in the SonoLab > 

Maintenance > Instrument Information menu prior to performing an 
acoustic Method.  Applicable login information and instructions are 
provided in the Accessing Instrument Configuration Settings in the 
General Procedures section of this document.  

 
 

 
 
  

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

Serial Number, on 
tag on heatsink 
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Thermo-Electric (TE) Controller Board 

The Thermo-Electric (TE) board is the electronic drive unit for the Peltier device 
which heats and cools the water bath.  The RF Controller board monitors the 
bath temperature and operates as the temperature controller.  It provides a 
reference voltage to the TE board via the unused fountain pump output.  This 
voltage is interpreted by the TE board to drive the Peltier device into either 
heating or cooling.  

In conjunction with a thermistor in the thermal block, the TE board also provides 
a failsafe circuit for the Peltier device, preventing the water bath from overheating 
or freezing. 

The TE board is mounted on stand-offs above the RF controller board on the 
upper shelf of the electronics drawer assembly. 

 

Connections: 

P1, Expansion Port Connector: 26 pin ribbon cable connecting to the 
expansion port on the RF Controller board. 

 P2, +48V Power Supply:  3-pin header connection between TE board 
and +48 volt supply. 

P3, Peltier Device Interface: 6-pin header connector provides drive 
voltage to the Peltier heating/cooling device.   

P8, Fountain Pump Port: 5-pin header connects to the fountain pump 
port on the RF controller card, providing 24V and signal lines to TE 
board.   

P11, Hardware Safety Circuit: 6-pin header connector to failsafe 
thermistor in thermal block assembly. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 
   TE Board with connectors labeled 

 
 
 

P1 

P3   P2 

P8 P11 
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Indicators: 
 D2:  Amber LED indicates Peltier device is in heating mode. 
 D3:  Blue LED indicates Peltier device is in cooling mode. 

D16:  Red LED indicates hardware safety fault, thermal block 
temperature below                        minimum or above maximum. 
Voltage Indicators:  green LEDs, one each, indicating +5 volts, +12 volts, 
-12 volts, +24 volts, and +48 volts. 
 
 

 
 
 
 
 
 

 
TE Board Replacement 

• Remove instrument covers and remove electronics drawer from 
chassis as described in General Procedures section. 

 
• Disconnect cables at P1, P2, P3, P8, and P11. 
 
• Remove Philips screws from the four corners and remove TE board. 
 
• Reverse above steps to install replacement TE board. 
 
• Power on the M220, start SonoLab software, and verify functionality 

of replacement TE board. 
 
 
 
 

TE Board blue cooling indicator 
and red temperature fault 
indicator viewed through rear 
panel 
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Capacitor Reserve Board 

The Capacitor Reserve Board employs large value capacitors for charge storage.  
This is distributed to the RF Power Board when large current is demanded during 
a High Power treatment.  M220 units manufactured prior to February 2013 
employ this board, but those built after February 2013 do not, as it is 
unnecessary at M220 power levels. 

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.  
Total “bleed time” is approximately 3-4 seconds after the unit is 
powered off. (see Figure 16)  

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 on when M220 is 
turned on).  When powering down the M220, 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.   

 

 
       D1 LED (Red) lit during operation  
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Capacitor Reserve Board Replacement (NOTE:  Removed from design Feb 
2013) 

The Capacitor Reserve Board is located on the bottom forward section of the 
electronics drawer. 
 

WARNING:   Ensure M220 is turned off and RED led not illuminated prior 
to attempting replacement 

 
• Remove instrument covers and remove the electronics drawer from 

chassis as described in the General Procedures section. 
 

• Disconnect J2 and J4 from the RF Power Board.  Remove J5 from 
the RF Controller Board, and remove J2 from the TE Board. 
 

• Remove 4 Philips screws at the corners and remove electronics 
drawer top shelf assembly.  See figure below. 

 
 

 
 

 
• Remove connectors J1 and J2 from Capacitor Reserve board. 

 
• Remove 4 pan head screws securing the board, and remove board. 

 
 
 

Electronics drawer showing 
removal of top shelf 

Remove 2 screws here and at 
opposite end of shelf. 
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Capacitor Reserve Board in lower electronics drawer 
 

• Reverse steps to install new Capacitor Reserve Board.  
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Power Supplies 

24 Volt Supply 

A 24 Volt DC power supply provides power for the low voltage and digital 
components on the following assemblies: the RF Controller Board, RF Power 
Board, and power supply cooling fan.  Additional 12 Volt, 5 Volt and 3.3 Volt DC 
supplies are derived from the main 24 Volt supply.  

To verify proper voltage output, use DMM to probe the terminal posts as shown 
below, with “+” lead on the post furthest to right (red wire) and “-“ lead on post 
directly to the left of it (black wire). The DMM should indicate ~ +24VDC.            
 
 

 
24v power supply measuring location 

 

48 Volt Supply 

 A single 48 Volt Power Supply connected to the RF Power Board (via connector 
J4 and the TE module on J2) provides the DC supply for the RF Drive circuit, 
which energizes the transducer, and for the H-Bridge that powers the Peltier 
temperature control device.  The 48V supply is directly connected to the 
Capacitor Reserve Board (only on systems built prior to February 2013), which 
provides a charge reservoir to maintain a constant 48V even when higher 
current levels are demanded from the 48V Supply.   

 To verify proper voltage output, use DMM to probe terminal posts as shown 
below, with “+” lead on the post furthest to the left (red wire connection) and “-“ 
lead on post directly to the right of it (black wire connection). The DMM should 
indicate ~+48VDC.  

 
                  

Measure 24 volts 
here. 
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48V Supply Measurement Location  

 
 
Power Supply Replacement:  

24 Volt Supply: 
• Remove instrument covers and remove electronics drawer from 

chassis as described in the General Procedures section. 
 

• Disconnect J2 and J4 from the RF Power Board.  Remove J5 from 
the RF Controller Board, and remove J2 from the TE Board. 
 

• Remove 4 Philips screws at the corners and remove electronics 
drawer top shelf assembly.  See figure below. 

 
 

Measure 48 volt 
supply here. 
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• Remove wire connections to 24V Supply terminal blocks.  The 24 V 

supply is mounted above the 48V supply.  See image below. 
 

• Remove 2 screws securing supply to sheet metal (see below) and 
remove power supply. 
 

 
  24v power supply (top) and 48v power supply (bottom)   

  
 

• Reverse above steps to install replacement power supply.  See 
figure below for details of wires and terminal blocks. 

 
 
 
 
 

Electronics drawer showing 
removal of top shelf 

Remove 2 screws here and at 
opposite end of shelf. 

Screws securing 24 
volt supply accessed 
from this side of 
sheet metal. 

24 Volt Supply 
48 Volt Supply 
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24V and 48V Power Supply Wiring Connections.  All cables have part number tags. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cable# 200406 

Cable # 200402 

Cable # 200343 

Cable # 200412 

Cable # 200406 Cable #200405

Cable # 200402 

Cable # 200331 

Cable # 200404
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48 Volt Power Supply:  

• Remove instrument covers and remove electronics drawer from 
chassis as described in the General Procedures section. 
 

• Disconnect J2 and J4 from the RF Power Board.  Remove J5 from 
the RF Controller Board, and remove J2 from the TE Board. 
 

• Remove 4 Philips screws at the corners and remove electronics 
drawer top shelf assembly.  See figure below. 

 
 

 
 
 

• Remove wire connections from 48 volt supply terminal blocks.  The 
48 volt supply is mounted below the 24 volt supply.  See images in 
24 volt supply section above. 

 
• Remove 2 mounting screws through the bottom of the sheet metal 

and remove power supply.  It may be necessary to loosen or remove 
screws securing 24 volt supply to more easily remove the 48 volt 
supply. 

 
• Reverse above steps to install replacement power supply. 

 
                
 
 

Electronics drawer showing 
removal of top shelf 

Remove 2 screws here and at 
opposite end of shelf. 
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Acoustic Power Testing Procedure 
 

Measure Power 

• Create a method with the following parameters: Peak incident Power 
50, Duty Factor 40, Cycles/Burst 50 and Duration 60 seconds. 

• Place the micro tube (p/n  520045 filled with water) into the 

holder(500301) and secure it into sample block. 

• Close sample door. 

• Specify the above treatment parameters. 

• Click on the “RUN” button to begin the Method. 

A treatment will run, with an average power of 16-24watts. 

 If the average power does not fall within specified limits for the treatment, 
restart the method. 

If the average power is still outside specifications, this may indicate a 
problem with the transducer or RF Power Board. 

 

5 Tools and Fixtures 
 Tools: 

• #1 Phillips driver 
• #2 Phillips driver 
• Metric Hex Driver Set 
• Medium flat blade screwdriver 
• 9/16” combination wrench 
• Diagonal cutters for cutting cable ties. 
• Multi meter  

6 M220 Series: SonoLab 7 
PROCEDURE FOR A NEW INSTALL OF USB DRIVERS AND COVARIS SONOLAB 
7SOFTWARE ON A WINDOWS XP or 7 COMPUTER 
 

1. Begin with the USB cable disconnected and the instrument powered off. 
 
2. Load the INSTALL CD onto the Laptop’s CD-Drive.   

 
3. Click setup.exe in the SonoLab 7 folder of the software CD to launch the software setup process, 

follow the installation wizard step by step until the installation is finished. For Windows 7: Right 
click on exe. and select ‘Run as Administrator’. 
 

4. When installation is complete, leave the CD in the CD-Drive.  Turn on the instrument and plug the 
USB cable into a USB port on the computer.   
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For Windows XP: The Windows hardware Install Wizard will start. Choose “No, not this time” 
when queried about connecting to Windows Update, and then choose Automatic installation. If 
Hardware Installation warnings appear, click “Continue Anyway” to proceed with the installation. 

 
For Windows 7: Click on the Start menu\ Control Panel\Hardware and Sound. Under Devices 
and Printer, click on Device Manager. The Device manager window will appear. Under Other 
devices, right click device and select Update Driver Software. The Update Driver Software 
window will appear. Click on Browse my computer for driver software. Browse to CD image 
D:\CDM 2.08.02 WHQL Certified. Repeat these steps for a total of eight times. 
 

5. When the driver installation is complete, the system should be ready to use. 
 

6. For Windows XP: Double click on the shortcut to start SonoLab 7. For Windows 7: Right click on 
executable file in the C:\Program Files\Covaris\SonoLab, right click on SonoLab.exe and choose 
“Run As Administrator”.  NOTE: As soon as SonoLab is launched from the first run, quit SonoLab 
and then restart normally from the desktop icon. 
 

7. If the instrument does not perform as expected, please contact Covaris Technical Support: 
Technical Support – On-going assistance with the operation or application of the equipment 
and/or troubleshooting is provided via: 

• Telephone (+1 781 932 3959) during the hours of 9:00am to 4:00pm, Monday through 
Friday,  

o United States, Eastern Standard Time (EST)    

o Greenwich Mean Time (GMT-05:00) 

• E-mail queries to techsupport@covarisinc.com 

 

 
  

NOTE: The hardware install Wizard will run eight times. 

NOTE:  Laptop standby and hibernate modes should be avoided while operating the SonoLAB 7 
software.  To ensure this, from the start menu, open Control Panel, then Power Options.  Select a Power 
Scheme that sets System standby and System hibernate times to Never.  If standby and hibernate modes 
remain enabled, then the SonoLAB software should be closed and the system powered down whenever 
the system is not in use. 

NOTE:  SonoLab 7.1 software was not tested with other application software and therefore we 
recommend that no additional application software is loaded.  Wireless Network Connections on the Laptop 
should be disabled to avoid loading of any unwanted software.  Go to Network Connections in the Control 
Panel.  Highlight the Wireless Network Connection and select “disable this network device”. 
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7 Appendix A 
 
Spare Parts 
 
 
All Series:  
 
Fan 60mm Repair Kit   500357  
 
Water Level /Temperature Assembly                                        500324   
       
48v 7A power supply                                                                      500257 
 
24v 3.2a power supply                                                                   500256 
 
RF Power assembly                                                                       500254 
 
RF Control Assembly                                                                     500342 
 
Capacitor Reserve Board                                                               500258  
  
M-Series Safety Cover repair Kit                                                   500366 
 
Transducer Kit, M220      500355  
 
M220 Interlock & Accent light Repair Kit 500356 
 
 

 
 

 
 



 
 

8 System Wiring Diagram 
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