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Some historical information

1947

Fathers of modern transistors:

John Bardeen 1908-1991

William Shockley 1910-1989

Walter Brattain 1902-1987
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Robert Noyce & John Kilby

1927-1990 1923-2005
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Kilby’s first IC
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Robert Widlar

1937-1991
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Hans Kamenzind

1934-2012
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Electronic systems in 

nano/microsatellites typically perform:

• Power control 

• Collection, processing and storing data

• Communication 

• Auxiliary functions, providing specific 

needs
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POWER SYSTEMS
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Primary power sources

• Solar batteries

• Chemical sources:
 Batteries;

 Accumulators;

 Fuel cells

• Thermo elements
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Solar battery structure
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Connection of the batteries
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Cubesat circuit
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Aalto-1 solar panel
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Current-voltage curve of solar battery
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Power circuit without voltage 

control



16

Circuit with voltage regulation
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CONVERTERS
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Chopper (buck converter)

Booster

Inverter

Simple DC/DC Converters
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Charge phase
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Discharge phase
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SEPIC Converter
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Combined Solutions
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Low voltage & high power



26

Modules
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Modules
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Survey of MPPT capable integrated circuits 

(AVNET, 2011; Linear, 2012; STM, 2012)
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CHEMICAL POWER SOURCES
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Accumulators 

(rechargeable batteries)
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Accumulators 

(rechargeable batteries)
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Battery

http://swisscube.epfl.ch/
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Lithium accumulator charging
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Battery charger with power-path control



37

Sharing of the currents
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Assemblies
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Battery thermal considerations
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Data collecting and processing
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Main concept
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Sampling
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Sampling frequency effect
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ADC types

• SAR ADC

• Pipelined ADC

• Sigma-Delta ADC
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Typical structure
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Voltage reference
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Selection example
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Jitter effect
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Analog signal conditioning

Main purposes:

1. Amplification

2. Impedance matching

3. Filtering

Main requirements:

1. Low noise

2. Good linearity

3. High accuracy



59

Antialiasing filter
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Operational amplifiers
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Rail-to-rail amplifier’s basics
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Instrumentation amplifiers
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Interference
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Surge protection
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Surge protection
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PCB topology effect
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Electrostatic Discharge (ESD)
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ESD impact
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ESD impact
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Common wire
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Printed circuit boards
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Return current
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Which topology is better ?
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SHIELDING
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Shield currents

No connection 

to ground
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Shielding options
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PASSIVE COMPONENTS
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Thank you for your attention !


