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The International Space Station
F
= Launched in 1998, Manned since November 2000
= Pressurized volume the size of a Boeing 747
= Can support up to 84 kilowatts, 120V
= Visited by 14 different countries
= The worlds greatest science fair
= Supported by:

||||| 1 I '.l.l-llllll:' '.!I\Q\n_

A,
e ==

M emi. © 2015 Microsemi Corporation. Company Proprietary. Power Matters.™ 3



A Typical Application

Isolated DC to DC
Converter

} { +28V

+120V
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A typical DC to DC converter used in Space

& Microsemi

Datasheet: SA50-120 Single Series

RADIATION HARDENED ISOLATED DC/DC CONVERTERS
SA50-120, 50 Watts Total Power, 120 V¢ - 28Vpeour ©F 15Voc out

Features

«  +120 VDC Satellite Input Interface

+ 100kRad (Si) TID; Single Event Effect rated
« Surface Mount Construction (non-hybrid)

«  50W total power, high efficiencies 85%+

« Patented Magnetic Feedback

+ Isolated Synchronization Input

« Adjustable Output

* Modules can be tied in Parallel

«  Primary referenced ON — OFF command

« Over-current Protection

« Input Under-voltage lockout

+  MIL-STD-1547B design de-rating criteria

+ 100% Space level Environmental Screening
« Standard Mounting 2.05” x 3.05" x 0.475”

+ Multiple Single Output Voltage Options

+ SEE > 80 MeV+-cm2 /mg Version Available

«  EMI Compliance to MIL-STD-461

DESCRIPTION

The SA series of DC-DC converters are designed for
the rigors of space, characterized for Total lonizing
Dose and Single Event Effects. Operating at a fixed

Microsemi Space & Power Management (SPM) has
achieved decades of flawless execution in harsh space
environments. PMG's heritage, producing complex cus-
tom (radiation hardened) switching power designs and
systems is now complimented with the “SA Series” Stan-
dard Radiation Hardened DC/DC converter modules. The
same rigorous design methodology employed for custom
designs has been applied to the SA Family of standard
products. These space grade inverters are ideal choices
for decades to come. Export license may be required for
foreign shipments.

Microsemi
SA50-120-28S-B-H-X1
+120V POWER SUPPLY _
CAGE CODE 56623 REMOTE SENSE 10
DATE CODE: :

28.0VRTN 1
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SA50-120 Family

=V, = 120V, (86V to 158V)
165V for 10 seconds

= Qutputs isolated from the
Inputs

= QOutputs isolated from each
other

= |solated chassis

= Space grade PWB (IPC-
2221 and IPC-2222)

* Trace to trace hi-pot test to
250V

= Built in EMI filter
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For a simple system

= Connect the input to the power bus
* A small capacitor can be placed across the input

= |f large step currents on the output, place a few hundred uF
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 V4, 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
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The ISS — A more complicated system

= 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
= |solation from the 120 volt supply a critical safety issue
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The ISS — the Designer must

= Design an Impedance matching Network
= Design for Inrush Current Limiting

= Add input protection circuitry
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Applicable Documents for ISS / Orion

=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 lonizing 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

C Microsemi. © 2015 Microsemi Corporation. Company Proprietary. Power Matters.™
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Impedance Matching Network

= The Source can be a significant distance from the load.
= The power cable is inductive
= The load impedance increases with frequency
= For stable operation Z, 5ap > ZsourcE
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Impedance Matching Network

= 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

VOLTAGE SOURCE ADDED EXTERNAL COMPONENTS INTERNAL TO SA50 POWER SUPPLY
SIMULATING VARIOUS dVv/dT | |
500p 500p
_I | |
[ 1
c53 cs4
10 10
— —
R64 R68
——  350m| ——  350m ——  100m ——  100m ——  100m
~N

S — A — % A
1 o R65 o R63 T R66 M R67 . R69
R2 MPP55290 MPP55290 MPP55235 MPP55235 MPP55235
L35 L34 10 L36 L37 L38
R71
Pulse(0 120 1m 45u 45u 998.9m 1)
ok
J_ 0.39u i 0.39u i 0.3%u J_ 0.39u _l 0.30u 0.39u 0.39

C49 C48 Ccar C4a6 T C52 Cb1 C50

& Microsemi
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Impedance Matching Network

= The Phase (current leads or lags the voltage) must be within
defined upper / lower limits
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Inrush Current Limiting

= 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

VOLTAGE SOURCE
SIMULATING VARIOUS dV/dT

ADDED EXTERNAL COMPONENTS | | INTERNAL TO SA50 POWER SUPPLY —|
500p 500p
_I | | |
[ 11
C53 cs4
10 10
— —
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——  350m | ——  350m ——  100m ——  100m ——  100m
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Inrush Current Limiting — Actual Example

Tek Prevu | f iif ] Tek stop | f ii ]
: : : : i : : : S 1@ —60.0mA : : : : X : : : : :
U LAY 7.84 H2 S S U A S ;
: : : _ T : : : ~ 1% Ch1RMS Ch1 RMS
- e R 82.0V R2.0V
Ch1|500\;a,'4 ....... M|200mS|A|Ch1_r?5g\f| I T T T T
T00AG 19 Nov 2012 chi| 50,0V & M20.0ms Al Chl 5 75.0V

i1[29.60 % 16:31:39 1.00 A Q8| 19 Nov 2012

Inrush Current at 100% Load Inrush Current at 100% load with additional
(Vin Rise =40mSec) External EMI Filter
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Inrush Current Limiting

= Simulated result for selected dv/dT
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Breadboard the solution
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Input Protection

= The power
converter must
operate in a hostile
environment

= 320V spike for 10
US

= External
suppression
circuitry is
necessary

& Microsemi
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Input Protection

= Transorbs limit input voltage spike —
maximum voltage = =

" R, limits current
Vin AN
n D1
O g
L i
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Testing at Johnson Space Center

Inrush Current

Inrush Current with RPCM ”°’:‘.::f.:':‘:.'::;::.:"'//"" \
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The result of insufficient protection

SN1001 As-Received 5 . Cracked & burned R20
after cover open accompanied with multiple |
l ‘ giant solder balls \

Cloudy colored CC around
R20 and surrounding
components
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Application note for the ISS

& Microsemi

Application Note 101: ISS Interface

The SA50-120 and the International Space Station

ISS Overview

The International Space Station has been
occupied since November of 2000. Bigger than a
football field, with a pressurized volumn as large
as a Boeing 747, it is capable of supporting an
electrical load of 84 kilowatts. The main power
bus on the 1SS is 120 VDCNOMINAL. Before a
vendor is allowed to connect to the power bus,
equipment intended for the 1SS must go through
a rigorous testing and certification process’.
While it is beyond the scope of this application
note to address all the issues involved in this
certification, the most common electrical
interface concerns will be addressed.

SA50-120 Overview

The SA50-120 is a family of 50 watt, fully isolated
DC to DC converters with single or triple outputs.
The input volt-age is typically 120V which is
ideally suited to the Interna-tional Space station.
The SA50-120 has a built in MIL-STD 461
compliant EMI filter. It is fabricated using
radiation hardened, hermetically sealed, fully
tested and burned-in semiconductor devices® and
space-grade passive devices assembled onto a
PWB-.

& Microsemi
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Remote Sense Function

For single or parallel operation, the Remote Sense
pin can provide accurate regulation at the point of
loading.

The remote sense terminals may remain
unconnected. For best output voltage regulation
however, the remote sense terminal of the SA50
should be connected to a single point, as close as
possible to the positive load terminal or point
where the voltage regulation is desired to be
maintained. For parallel operation, all remote
sense pins should be connected together and
tied to the remote point. In the same way, the
remote sense return terminal of each SA50
module should be connected to a single point, as
close as possible to the negative load terminal.

Parallel Operation
Up to five modules may be connected in parallel.

To insure current sharing, the Parallel terminal of
every Power Supply module must be connected
together to form a common bus. These
connections should be made relatively short, but
can be made in any configuration.

The expected current sharing accuracv is 10%

Power Matters.™

22



Customization Capabilities

= Typical Customizations:
* Input Voltage
* Output voltage

(combinations) | ®
* Package / Mounting 8 - %ﬁfgfﬁiﬁﬂ oo [
* Customer Marking | oo Ccroomesem
* Current / Power Limit congin NS
settings
* Power Up / Power Down
profiles

* Enhanced Traceability
— Custom material control

° SpeCiaI Process Control Standard Module First Prototype

— Assembly
— Screening
C Microsemi © 2015 Microsemi Corporation. Company Proprietary. Power Matters.™ 23



Why should you buy a Module, when you
can design yourlown?




Customization Capabilities

= 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

= QOur core business for the past 30+ years Is space grade
custom power supplies.
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Summary

= 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

= |f you want to modify or customize your
design:
* kent.brooten@microsemi.com
* +1 206 790-97/43
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Thank You

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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Microsemi makes no warranty, representation, or guarantee regarding the information contained herein or the suitability of its products and services for any particular

Power Matters ™ purpose, nor does Microsemi assume any liability whatsoever arising out of the application or use of any product or circuit. The products sold hereunder and any other
* products sold by Microsemi have been subject to limited testing and should not be used in conjunction with mission-critical equipment or applications. Any
performance specifications are believed to be reliable but are not verified, and Buyer must conduct and complete all performance and other testing of the products,

f H alone and together with, or installed in, any end-products. Buyer shall not rely on any data and performance specifications or parameters provided by Microsemi. Itis
Microsemi (_:Ol’po_rate Headquarters the Buyer’s responsibility to independently determine suitability of any products and to test and verify the same. The information provided by Microsemi hereunder is
One Enterprise, Aliso Viejo, CA 92656 USA  provided “as is, where is” and with all faults, and the entire risk associated with such information is entirely with the Buyer. Microsemi does not grant, explicitly or
Within the USA: +1 (800) 713-4113 implicitly, to any party any patent rights, licenses, or any other IP rights, whether with regard to such information itself or anything described by such information.
Outside the USA: +1 (949) 380-6100 Information provided in this document is proprietary to Microsemi, and Microsemi reserves the right to make any changes to the information in this document or to any

products and services at any time without notice.
Sales: +1 (949) 380-6136
Fax: +1 (949) 215-4996
email: sales.support@microsemi.com

©2015 Microsemi Corporation. All rights reserved. Microsemi and the Microsemi logo are registered trademarks of Microsemi Corporation. All other
trademarks and service marks are the property of their respective owners.
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