
ULRASONIC GENERATOR 
POWER CIRCUITRY

Will it fit on PC board



MAJOR COMPONENTS

• HIGH POWER FACTOR RECTIFIER
– RECTIFIES POWER LINE

• RAIL SUPPLY
– SETS VOLTAGE AMPLITUDE

• INVERTER
– INVERTS RAIL VOLTAGE

• FILTER
– FILTERS HARMONICS



WHY HAVE A HIGH POWER 
FACTOR RECTIFIER

• TO COMPLY WITH IEC
– IEC 60601-1-2 MEDICAL ELECTRICAL 

EQUIPMENT, TABLE 201
– IEC-61000-3-2 HARMONIC EMISSIONS

• EFFECTS OF HARMONIC CURRENTS
– POWER LINE POWER CAPACITY
– MOTOR VIBRATION
– EQUIPMENT BURN OUT



PRIMARY CAUSE OF HARMONIC 
CURRENTS

• CAPACITOR INPUT 
FILTERS
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CRITICAL CONDUCTION MODE



LIMITATIONS CRM

• LIMITED TO 200 WATTS
– LARGE CONDUCTION LOSSES
– INDUCTOR CURRENT EXCURSIONS

• HIGH EMI
– RF CURRENT AMPLITUDE



ADVANTAGES

• VERY SIMPLE CONTROLLER
• LOW LOSSES AT LOW POWER

– TRANSISTOR TURNS ON WHEN DIODE 
CURRENT IS ZERO

• NO DIODE CHARGE
• NO CURRENT IN TRANSISTOR WHEN IT 

TURNS ON



CONTINUOUS CURRENT MODE



ADVANTAGES

• LESS HIGH FREQUENCY RIPPLE
• MUCH SMALLER INDUCTOR CURRENT 

EXCURSIONS
• SMALLER CONDUCTION LOSSES



AMPLITUDE CONVERTER
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BUCK CONVERTER

• OUTPUT VOLTAGE EQUALS INPUT 
VOLTAGE TIMES DUTY CYCLE

• POWER IN EQUALS POWER OUT
– OUTPUT CURRENT EQUALS 1/DUTY 

CYCLE TIMES INPUT CURRENT
• ALWAYS STEP DOWN
• DYNAMIC RANGE GREATER THAN 20 

TO 1



PUSH PULL INVERTER
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PUSH PULL INVERTER

• ADVANTAGES
– TWO TRANSISTORS VERSUS 4 FOR FULL 

BRIDGE
– GATE DRIVES ARE REFERENCED TO 

GROUND



POWER

• INPUT POWER TO GENERATOR IS 
POWER INTO THE TRANSDUCER PLUS 
LOSSES 

• EVEN THOUGH FILTER PRESENTS A 
LARGE VOLT-AMP LOAD
– LOW POWER FACTOR

• POWER INTO BUCK REGULATOR 
EQUALS TRANSDUCER POWER 



SEMICONDUCTOR LOSSES

• DIODE FORWARD VOLTAGE DROP
• MOSFET CONDUCTION LOSSES
• MOSFET SWITCHING LOSSES

– TURN-ON TURN-OFF
– DIODE STORED CHARGE
– CAPACITOR STORED ENERGY



CONDUCTION LOSSES

• LOSS IN CHANNEL RESISTANCE
– I SQUARED TIMES R
– SILICON RESISTANCE INCREASES WITH 

TEMPERATURE
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BOARD MOUNTED HEAT SINKS

• DEPENDS UPON EFFECTIVE AREA AND AIR 
STREAM VELOCITY

• WAKEFIELD 657
– TO-220, T0-247
– 1.65 BY 1 INCH, 2 INCHES HIGH
– 5.3 DEG C PER WATT
– 2.9 DEG C WITH 200 LINEAR FT PER MINUTE
– 5.5 DEG C PER WATT JUNCTION TO AMBIENT



LOSSES BUCK CONVERTER
8 WATT

• CONDUCTION WITH 1.2 AMPS
– 1.3 WATTS (DUTY CYCLE 0.8)

• SWITCHING 
– 1.9 WATTS

• DIODE
– 4 WATT

• CAP 
– 0.8 WATT



BOOST CONVERTER

• REQUIRES TWO TRANSISTORS AT 85 
VOLTS (TO-247)
– FOR 500 VA CURRENT IS 5.9 AMPS RMS
– INDUCTIVELY CLAMPED EACH 

TRANSISTOR 12.5 WATT
– TEMPERATURE RISE 62.5



EMI

• CONFINED TO BOX
• INTERFERENCE BETWEEN CIRCUITS
• GUIDELINES

– PWM CHIPS ON GROUND PLANE
– MINIMIZE AREA WITH HIGH CURRENT
– MINIMIZE WIRE RUNS AT VOLTAGE 

NODES WITH HIGH DV/DT
– MINIMIZE WIRING DRAIN, SOURCE AND 

GATE



PC BOARD SURFACE AREA

• HEAT SINKS
– 5 WITH 1/4 BOARDER 16 SQUARE INCHES
– 2 DIODES 6 SQUARE INCHES
– MAGNETICS 3 @ 2 INCHES SQUARE = 8
– OTHER CIRCUITRY

• CONNECTORS, IC, PASSIVES INCLUDING 
CAPACITORS,    


