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 ISS Overview 

 Impedance Matching 

 Inrush Current Limiting 

 Protection Circuits 
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 Customizing your project 
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The International Space Station 

 Launched in 1998, Manned since November 2000 

 Pressurized volume the size of a Boeing 747 

 Can support up to 84 kilowatts, 120VDC 

 Visited by 14 different countries 

 The worlds greatest science fair 

 Supported by: 
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A Typical Application 
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A typical DC to DC converter used in Space 
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 VIN = 120VDC (86V to 158V) 
• 165V for 10 seconds 

 Outputs isolated from the 
inputs 

 Outputs isolated from each 
other 

 Isolated chassis 

 Space grade PWB (IPC-
2221 and IPC-2222) 
• Trace to trace hi-pot test to 

250V 

 Built in EMI filter 

 
 

SA50-120 Family  
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 Connect the input to the power bus 
• A small capacitor can be placed across the input 

 If large step currents on the output, place a few hundred µF 
across the output(s) 

 Use remote sense if load is a distance from the output of the 
SA50 

 Use trim (on single output version) if VOUT adjustment of up 
to +/- 10% is required 

 Parallel two or more modules for increased output power 

 All of the converter analysis and testing is done for you 

 Pretty Simple implementation 

For a simple system 
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 Dual 120V buses 

 Power source may be a distance from the DC to DC 
converter 

 Long cables to the System Power supply 

 Solar storms can cause spikes in the power supply 

 There are many other loads connected to the same bus 

 Isolation from the 120 volt supply a critical safety issue 

 

The ISS – A more complicated system  
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 Design an Impedance matching Network 

 

 Design for Inrush Current Limiting 

 

 Add input protection circuitry  

 

The ISS – the Designer must  
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SSP 30237 Revision F: Space Station Electromagnetic Emission and Susceptibility Requirements 

SSP 30238 Revision D: Space Station Electromagnetic Techniques 

SSP 30240 Revision D: Space Station Grounding Requirements 

SSP 30243 Revision G: Space Station Requirements for Electromagnetic Compatibility 

SSP 30312, Revision H: Electrical, Electronic, and Electromechanical (EEE) and Mechanical Parts Management 
and Implementation Plan for Space Station Program 

SSP 30425 Revision B: Space Station Program Natural Environment Definition for Design 

SSP 30482 Volume 1, Revision C:  Electric Power Specifications and Standards Volume 1 - EPS Electrical 
Performance Specifications 

SSP 30482 Volume 2, Revision A:  ELECTRIC POWER SPECIFICATIONS AND STANDARDS: VOLUME 2 - 
CONSUMER CONSTRAINTS 

SSP 30512 Revision C: Space Station Ionizing Radiation Design Environment 

SSP 41172 Revision U:  Qualification and Acceptance  /  Environmental Test Requirements 

SSP 41173 Revision C: Space Station Quality Assurance Requirements 

SSP 42004, Part 2, Revision A:  Mobile Servicing System to User (Generic) Interface Control Document 

SSP 52051 Vol. 1: User Electric Power Specifications and Standards - 120Volt DC Loads 

NASA-STD-4003A:  ELECTRICAL BONDING FOR NASA LAUNCH VEHICLES, SPACECRAFT, PAYLOADS, AND 

FLIGHT EQUIPMENT 

 

Applicable Documents for ISS / Orion 
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 The Source can be a significant distance from the load. 

 The power cable is inductive 

 The load impedance increases with frequency 

 For stable operation ZLOAD > ZSOURCE 

Impedance Matching Network 
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 The Impedance presented to  the source is higher than the 
required source impedance curve. 

 The impedance matching network should present an 
inductive impedance. 

 A passive network is typically used for this function 

Impedance Matching Network 
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 The Phase (current leads or lags the voltage) must be within 
defined upper / lower limits 

Impedance Matching Network 
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 When a remote device is turned on, the system may place 
limits on how much instantaneous current is allowed at the 
load 

 The input current dramatically increases if the inductors 
saturate 

 The input filter elements limit the current into the capacitors 

Inrush Current Limiting 
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Inrush Current Limiting – Actual Example 

Inrush Current at 100% Load  

(Vin Rise ≈40mSec) 

Inrush Current at 100% load with additional 

External EMI Filter 
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 Simulated result for selected dV/dT 

Inrush Current Limiting 
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Breadboard the solution 
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 The power 
converter must 
operate in a hostile 
environment 

 320V spike for 10 
µS 

 External 
suppression 
circuitry is 
necessary 

Input Protection  



Power Matters.TM 19 © 2015 Microsemi Corporation. Company Proprietary. 

 Transorbs limit input voltage spike 
maximum voltage 

 Rvin limits current 

Input Protection 
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Testing at Johnson Space Center 

Inrush Current 

Inrush Current with RPCM 

compatibility 

Surge Current 

Impedance 

Large Signal Stability 

Over and Under Voltage Transient 

Envelope 

Fault Clearing & Protection 
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Non-normal Voltage 
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The result of insufficient protection 
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Application note for the ISS 
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Customization Capabilities 

 Typical Customizations: 
• Input Voltage 

• Output voltage 
(combinations) 

• Package / Mounting 

• Customer Marking 

• Current / Power Limit 
settings 

• Power Up / Power Down 
profiles 

• Enhanced Traceability 
– Custom material control 

• Special Process Control 
– Assembly 

– Screening 

 

 

Standard Module First Prototype 
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Why should you buy a Module, when you 
can design your own? 
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 Microsemi PMG in Garden Grove, CA can support your 
needs with a design that includes Impedance Matching, 
Inrush Current Limiting and Input Protection circuitry in one 
package. 

 From a few watts to thousands of watts 

 Time and cost are dependent on the complexity 

 Our core business for the past 30+ years is space grade 
custom power supplies. 

Customization Capabilities 
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 DC to DC converters may need additional 
circuitry depending on the application 

 Read the specs to understand the 
environment 

 Use AN 101 as a guide 

 If you want to modify or customize your 
design: 
•  kent.brooten@microsemi.com 

• +1 206 790-9743 

 

 

Summary 

mailto:kent.brooten@microsemi.com
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Microsemi Corporation (MSCC) offers a comprehensive portfolio of semiconductor and system solutions for 

communications, defense & security, aerospace and industrial markets. Products include high-performance and radiation-

hardened analog mixed-signal integrated circuits, FPGAs, SoCs and ASICs; power management products; timing and 

synchronization devices and precise time solutions, setting the world's standard for time; voice processing devices; RF 

solutions; discrete components; security technologies and scalable anti-tamper products; Ethernet solutions; Power-over-

Ethernet ICs and midspans; as well as custom design capabilities and services. Microsemi is headquartered in Aliso 

Viejo, Calif., and has approximately 3,600 employees globally. Learn more at www.microsemi.com. 
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