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Overview

= Space, Defense and Avionics Group

= Space Qualified Crystal Oscillators

= SGR Product Updates

= AAHS298B Channel Driver Details

= RTG4 Updates

= MVR MSR Series Product Introduction

= MRH I2Mos™ Radiation Hardened Mosfets
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Space, Defense and Avionics (SDA)

= SDA group located in Beverly, MA and focuses
on providing precision frequency references for
military and space applications
* Group formed in 2003 to serve unique

requirements of space and military oscillators and
atomic clocks

* Based on > 44 years of heritage
* More than 800 Space Qualified Crystal Oscillators
and 72 Space Qualified Cesium Clocks
= Dedicated manufacturing capability focused on

additional environmental controls and
enhanced process tolerances

= Stand-alone program management,
engineering, and manufacturing dedicated to
meeting program goals

= Strong technical skills in quartz oscillators,
ruggedized atomic clocks, frequency and time
sub-systems

= EXxperience in radiation hardening and test for
natural and manmade environments
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Space Qualified Crystal Oscillators

Model Characteristics
9500B «+ 5-500MHz (OCXO0)
- World-class Phase Noise and Allan Deviation
performance < le-13
- High resolution Frequency Control
« 1 Pulse Per Second KAS-2 Kalman Steering
- Integrated mechanical shock isolation
9600 « 5-25 MHz (OCXO)
9700 - Compact form-factor with ruggedized construction
- Exceptional low-noise/high stability
9600QT « 5MHz and 10 MHz OCXO (STD)
- Compact form-factor
- Short lead times
< 4weeks (Engr. Model), <12weeks (Flight Model)
9800 + 50-200 MHz OCXO
9960/ +10-600 MHz (TCXO/VCXO)
9940 - Through hole or surface mount options
« Hybrid space qualified oscillators
CMicmsemi © 2014 Microsemi Corporation.
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Microsemi 9500 Ultra Stable Oscillator

= Highest Performance available oscillator
* Temperature Stability < 3 x 1012/ °C( with option for 1 x 1012/ °C)
* Frequency Stabilities < 1 x 10-13 for t=1-100 seconds

= Key Programs

* GPS Illl — Navigation Payload Master Reference Oscillator
* SBIRS High — Master Reference Oscillator

* Lunar Reconnaissance Orbiter

 EOS-AM

e Platform Timing Module for Government Programs

Typical Performance

FREQUENCY STABILITY

9512 sn1004

1012

1

T=1 second 1.1x1013
T=10 seconds 1.3x 1013
T=100 seconds 1.5x 1013
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9600,9700 and 9800 Ovenized Crystal Osclillators

= High Stability and Low Phase Noise
= Allan Deviation of < 1 x 1012 1-10 seconds ( 5 MHz)
= Phase Noise < -110 dBc/Hz @ 1 Hz ( 5 MHz)

= Frequency Range of 1 MHz to 200 MHz

= Level 1 or 2 EEE Parts

= Class K hybrid circuit for size reduction
= 1.3W @ 25°C in thermal vacuum , e

= 300+ oscillators delivered for space missions ik C
= Survivability to high levels of Random Vibration and Pyroshock

= Volume of 2.25 in2
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Microsemi 9900 Hybrid Oscillators

= 10 MHz to 1.2 GHz XO, VCX0Os and TCXOs

3 or 51" overtone AT Cut packaged and unpackaged crystals

Experienced hybrid oscillator Design Engineers

Thick Film Construction

Assembled at Class K Certified Company

Crystal options
* TO-5 vacuum package
* Low profile ceramic package
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Model 4410 CAFS — Cesium Atomic Clock

GPS Block IlIF

Parameter

Output Frequency

Output Power

Adjustment Range
Adjustment Resolution
Accuracy

Reproducibility

Stability

Temperature Sensitivity
Voltage Sensitivity

Magnetic Field Sensitivity
Operating Temperature Range
Functional Temperature Range

Size
Weight
Power
& Microsemi

Value

10.23 MHz (nominal in-orbit)
+18 dBm +£1.5 dB
+1x10°

1x10-15

+1x1011

+2x1012

2X 10'11’5'1/2
<5x1014/°C
<1.3x1013/Volt
<1x1012/Gauss

0° to 50°C

-29° to 66°C

6.25” x 7.70” x 16.50”
30 Ibs

29Watts
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The SGR Product Line

= Qur Industry Standard ICs have been a trusted solution for 30+ years (originally
Silicon General)

Still active and fully supported. Functions include:
* PWM Controllers, Linear Voltage Regulators, Arrays, Op Amps

To address requirement for both Extended Low Dose Radiation (ELDR) and Total
lonization Dose (TID) guaranteed performance, we have launched the SGR
Product Family- In production and sampling now

* Minimum Total lonization Dose (TID) tolerance of 100kRad
*  Minimum Extended Low Dose Radiation (ELDR) tolerance of 50kRad
* Single Event Latch-up (SEL) immunity

Fit-form-function enhancement of SG part. Process change ONLY

Manufactured per QML-V flow. Certification in process
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SG1846 ELDRS vs. SGR1846
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= STD process failed 10 Krad = New process passed 50 Krad
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AAHS298B — 8 Channel Source Driver

LX7710 — 125V Octal Series Diode Pairs Array %%

AAHS298B
= 700mA per output source current

= Fully isolated channels with DI process
= 100krad TID, 50krad ELDRS, and SEL immune

= 80V minimum output breakdown

= Low quiescent current consumption
= |nternal ground clamp diodes

= Internal thermal shutdown

= TTL, 5V, and 12V logic compatible

LX7710

= Redundant diode pair

= 125V working voltage per diode

= Forward current

= Low leakage current

= |nternal ESD protection

= Zener supports inductive kickback

& Microsemi
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RTG4 — Next-Gen Radiation Tolerant FPGAS

= Flexible, non-volatile, and reprogrammable
* Low power 65nm Flash process
* Family of three parts

= High density, high speed signal processing
* Up to 200,000 logic cells, with 4-input LUT and TMR flip flop
* Up to 5.0Mbits of embedded SRAM

* Up to 492 Mathblocks with 18x18
multiply and accumulate

* Up to 32 lanes of SERDES, up to 3.125 Ghbit/sec
* Up to 300 MHz in-system performance

= Radiation tolerant
100 Krad TID
* Immune to single-event latch-up
* Immune to configuration upsets
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RTG4 Product Availability

= RT devices for space flight applications
* Initial device: RT4G150
* Early SW access: NOW
* Sample RT4G150 silicon: 2015
e 883B flight units: 2016
* QML qualification: 2016

= Non-RT SmartFusion2 and Igloo2 for emulation and development
* Software general availability: NOW
* Commercial device availability: NOW
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MVR MSR Series Product Introduction
MRH I12Mos™ Radiation Hardened Mosfets
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Radiation Hardness Assured (SR) Level Row

MSR™ SERIES
JANS (R ) LEVEL RADIATION HARDNESS ASSURED
BI-POLAR JUNCTION TRANSISTORS (BJT)

~

BENEFITS & TARGET MARKET @

J ELDR (enhanced low dose rate) guarantee- 1000Gy(Si)/100Krad(Si)
Targeted at all commercial communication satellites, military and critical space
Compliant to NASA GSFC EEE-INST-002 requirements for space flight

Meets all level 1 requirements for missions of (5+) year missions per EEE

100% wafer lot radiation hardness assurance with radiation validation test reporting

MSR series product are guaranteed to full compliance of MIL-PRF-19500 specification
JANS( R ) Radiation level and are also guaranteed to meet or exceed ESCC 22900
specifications (General specifications) for radiation performance requirements

Eliminates customers costly man-power/documentation/test verification hours in
attempt validate RHA performance of non rated product

AN N NN

<
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Radiation Hardness Assured (TXVR) level Qe

MVR™ SERIES
JANTXV (R ) LEVEL RADIATION HARDNESS ASSURED
BI-POLAR JUNCTION TRANSISTORS (BJT) E

BENEFITS & TARGET MARKET @

J ELDR (enhanced low dose rate) guarantee- 1000Gy(Si)/100Krad(Si)
Targeted at earth science, observation and commercial space applications

Compliant to NASA GSFC EEE-INST-002 requirements for space flight

Meets all level 2 requirements for missions of one (1) to (5) year missions per EEE
100% wafer lot radiation hardness assurance with radiation validation test reporting

MVR series product are guaranteed to full compliance of MIL-PRF-19500 specification
JANTXV( R ) radiation level and are also guaranteed to meet or exceed ESCC 22900
specifications (General specifications) for radiation performance requirements

Eliminates customers costly man-power/documentation/test verification hours in
attempt validate RHA performance of non rated product

AN N N NI

<
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MVR™-MSR™ Radiation Validation Testing

= ALL product lots are tested according to

 ESCC basic specification 22900, with minimum of 21 samples per diffusion lot and 10
samples per wafer. One sample being kept as unirradiated sample, all of them being fully
compliant with the applicable ESCC generic and/or detailed specification.

* Microsemi performs testing of 10 pieces by wafer, 10 biased at least 80% of V(BR)CEO,
10 unbiased* and 1 kept for reference, Irradiation at 0.1 rad (Si)/s, Acceptance criteria of
each individual wafer if as 100 krad guaranteed if all 20 samples comply with the post
radiation electrical characteristics provided. This testing exceeds standard protocol.

* ELDRS testing is conducted onsite at Microsemi HRG Lawrence Massachusetts facilities
utilizing our JL Shepherd Co-60 source, dual hemisphere capable of

* Dose rates of: 0.10 Rad(s)/sec. Standard,*

/7

** 0.01 Rad(s)/ sec. option available
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Radiation Validation Testing Facilities

= | ocation — Microsemi Lawrence Massachusetts

= Dual-Hemisphere Cobalt-60 Low-Dose-Rate gamma irradiator with simultaneous
10mRAD/s and 100mRAD/s capability. Capacity is 288 components (MOSFET,
BJT, Diodes, etc. in any package combination) in the 100mRAD/s Hemisphere
plus... 288 components in the 10mRAD/s Hemisphere (576 total) with up to 24
simultaneous and independent bias settings per Hemisphere (48 total) with each
individual bias voltage being continuously variable from 0V to +/-800V or card
configurable to +/-1200V

= All Low Dose Rate on all discrete RAD-Hard lots and to meet the rated RHA level
with ELDR testing done in-house

C Microsemi. © 2014 Microsemi Corporation. Power Matters™ 19



Bias Levels =48
Positions = 576 Total

"FATBOY" Our ELDR's System  tors == ol
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Irradiator Test Boards for Every Occasion
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& Microsemi

© 2014 Microsemi Corporation.

A Portion of the
MVR™/MSR™
automatically generated
irradiator report

Start times and stop
times automatically track
the age of the source
plus the height of the
package and socket
plus bias conditions

A copy of the report is
recorded electronically
plus another copy is
printed out to be
attached to the traveler
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I’MOS™ MOS FET Development

I’MOS ™ s equivalent+ to IR R6, N- Channel
with improved radiation performance.

= 100V
* Engineering Design Units: Available June 2014
* JANSR2N7587U3 /746, Qual: End Q3 2014

150V size 3 die.
* Engineering Design Units: Available June 2014
* JANSR2N7589U3 /746, Qual: Q3-Q4 2014

200V size 3 die
* Engineering Design Units: Available Now
* JANSR2N7591U3 /746, Qual: Q3-Q4 2014

250V size 3 die
* Engineering Design Units: Available August 2014 TO-39
* JANSR2N7593U3 /746, Qual: Q3-Q4 2014
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SEE Performance
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I’MOS™ portfolio- N- Channel, Size 3

Bvdss RDS(on) Channel JEDEC Industry RH2 Base MSC Package
\Y Q Number Equivalent p/n 9
100 0.042 N 2N7587U3 IRHNJ67130 MRH10N22U3 SMD-0.5 746
150 0.088 N 2N7589U3 IRHNJ67134 MRH15N19U3 SMD-0.5 746
200 0.13 N 2N7591U3 IRHNJ67230 MRH20N16U3 SMD-0.5 746
200 0.13 N IRHF67230 MRH20N12T2 TO- 39
200 0.13 N IRHYB67230CM | MRH20N12T3 TO-257
250 0.21 N 2N7593U3 IRHNJ67234 MRH25N16U3 SMD-0.5 746
250 0.22 N 2N7494T3 | IRHYS67234CM | MRH25N12T3 | TO-257AA 755
CMicmsemi © 2014 Microsemi Corporation. Power Matters.™
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IZMOS™ MQOS P/N Structure

BVDSS/10 Channel

(V)

Microsemi 20= 200V

Rad- Hard 10= 100V

MOSFET 13=130V
06= 60V

03=30V

& Microsemi

=

I2D5c Package Screening RAD LEVEL special features
(A)
U3=SMDO0.5 S=JANS  R= 100K TBD

T2=TO-39 V=JANTXV F=300K

T3=TO- 257

U5= LCC-18

C=die
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Key Contacts

= SGR LINE (ICs)
Dorian Johnson, Senior Product Marketing Engineer
949-356-1030
Dorian.Johnson@microsemi.com

= FPGA (RTAX ProAsic)®
Minh Nguyen, Marketing Manager, Space FPGAs
408-643-6283
Minh.U.Nguyen@microsemi.com

= Low Drop Out/ Point of Loads / Hybrids

Jim Larrauri, Director Bus & Dev RH Projects Al Ortega, Product Line Manager
941- 740-1909 978-620-2600
Jim.Larrauri@microsemi.com al.ortega@microsemi.com

= |solated POL DC/DC Converters (SB30)

Patrick Franks, Director of Engineering Kent Brooten, National Sales Manager
714-994-6500 714-994-6500
Patrick.Franks@microsemi.com Kent.Brooten@microsemi.com
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Thank You!
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