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infineon
Infineon & IR HiRel: trusted supplier for space applications p

» Solution provider for memories, RF and
power electronics for tough applications

» Long history of providing power
management electronics to the space
community

» Reputation of providing the highest quality
and reliable products depends upon
radiation-hardened designs and
manufacturing process controls

» Users of our products can count on an
excellent level of service from technical
pre-sales engineering, through post-sales
quality support
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Satellite trends: more digital loads need power

» Increased need for on-board data processing and
storage elements

— Satellites designs are fully digital for modularity

— Software defined radio (SDR) architectures to
support multiple band frequencies

— Capable of in-orbit reconfigurability

» Changes in the distributed voltages of the
power system

— Reduces wire size and system mass
— Increases efficiency in the power system
— May need different converter topologies
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» Intermediate bus converters (IBCs) remain the backbone

6 I » Inherently heavier
. ) ion?
@ I > Requ|re isolation Future trend, Isolation?

28V, 70V
100V, 120V

» More expensive

» Less efficient
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PMAD example: digital processing unit with 50 W requirement

Block diagram System power

Component Rail Voltage (V) Current Power (W)
VCCINT 0.99 30 29.70
T o VCCBRAM 0.356 0.334 0.12
: . ; Radiation Tolerant
IR HiRel | 5 Kintex Ultra Scale VCCAUX 1.812 0.736 1.33
FRGA Power Solufion | XQRKU060 VCCAUX_IO 1813 0.44 0.80
1 2@%‘2?18:;.(1 i Vccil;l,g\sl::,:?;g E‘ Rad Tc\eranE RIC70021 - ’ ’ ’
e Genihellzn i 2% DC, 2% AC CORE & MEMORY .;F-Rl'ﬁ‘“é:(ﬁf’eﬁ‘im Dﬁ:ld &aF%L VCCO 1.522 0.914 1.39
RIC70013 DDR3/VCCO KU060
TEVIIA Rad Hard VMGTVCCAUX 1.805 0.064 0.12
2% DC, 2% AC | F-RAM Memory
12V Input coaux PLATFORM (Data Logger
g = Dg_w A 3ger) Rio7512 VMGTAVCC 1.01 1.509 1.52
Vingiavoo RN VMGTAVTT 1.213 0.677 0.82
Rad Hard 3A POL 1.0V /3A
< 10mVpk-pk, 2% DC | VCCADC 1.833 0.02 0.04
RIC70847 5V RIC70513 Vmgtavit |
ad Har ad Har { SERDES ad Har
ot I (ggiﬁ: Sei?fo'ﬁi-) — VREFP 1.25 0.01 0.01
VMGTAVCCAUX - =
e — Rad Hard 3ALDO RT MCU VDDA/VDDD 1.8 0.046 0.08
< 10mVpk-pk, 2% DC 3 . QDRI+ SRAM
VCC0_2v5 (Cache Memory)
o CERIPUERAL F-RAM MEMORY VDD 33 0.02 0.07
veeo ava | VOLTAGES 5120 NOR Flash Rad Hard HSADC3.2GHz  VAND 2 2.4 4.80
E Rad Hard 3A LDO 1A, 5% 'T‘ (Boot Config) Dual 1A POL
e ee e oo ememeeomemmemmeeemeesemmememeeemeeeemmeemnesemeemeeamns HS ADC 3.2 GHz VA/ND 2 2.4 4.80
CACHE MEMORY VDD 1.8 1.275 2.30
VDDQ 1.8 0.05 0.09
CACHE MEMORY VDD 1.8 1.275 2.30
VDDQ 1.8 0.05 0.09

TOTAL POWER | 50.37
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Infineon & IR HiRel rad hard MOSFETSs &-/
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License-free, based on Infineon CoolMOS™ technology

N-channel
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Designed for low voltage POL designs
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Designed for logic level gate drives

30V
Best performance for mid to high-voltage designs

20V

Optimized performance for low to mid-voltage designs

All purpose MOSFET, legacy design with extensive space heritage
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Why superjunction (SJ) technology for space applications?

» SJ over planar MOSFETSs for space

— Electrical advantage
— Planar technology drawback: As Vg increases the drift layer becomes thicker and the R pg,,, increases

— SJ technology: Vertical pn junction results in low R pg),,

— Radiation robustness
— Structure of SJ technology “kills” the parasitic bipolar reducing the possibility of SEB

— Incorporate our experience with planar technology on the gate for better SEE response

— Structured for modularity
— Voltage rating can scale up or down with the number of implants during fabrication

Planar MOSFET vs. Superjunction Standard
MOSFET

p——

CoolMOS
Superjunction

600 650 700 750

D
Standard MOSFET Superjunction MOSFET R
Blocking Voltage [V]
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Superjunction: more robust destructive SEE performance
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R6
100V, N-channel MOSFET (SMD-0.5)

< ¢ --Kr, LET=36.3,

54.6um, 451MeV

—e—Xe, LET=59.2,
46.7um, 808MeV

—&—-Au, LET=89.2,
86.1um,
1598MeV

VGS (V)

Single-Event-Effects — Worst Case Beam Conditions
Typical Response — IRHxx671x0

R9
100V, N-channel MOSFET (SMD-0.5)

) @ @ ® -@-Kr, LET=36.3,
50.6um,

417MeV

-@-Xe, LET=59.8,
60.7um,
753MeV

—A-Au, LET=89.8,
82.1um,
10 ] ) 1515MeV

VGS (V)

Single-Event-Effects — Worst Case Beam Conditions
Typical Response — IRHxx9A7130
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Superjunction expands the envelope for DC safe operating area
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Superjunction MOSFETs boost your system performance

Higher power density,
improved thermal Smaller solution size
response

Higher current capability
(Up to 80% increase)

Lower Rpg(on) and

lower gate-charge
(Up to 35% reduction)

Higher efficiency,
smaller form factor
power supplies

Faster t, Enables higher
(Up to 40% faster) switching frequency

Higher system
performance

Reduced Q,,
(Up to 70% reduction)

Improved SEE D S . .
Increases reliability Minimizes mission risk
performance
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Rad hard high voltage (>400 V) N-channel comparison &—/

» Key features of 650 V rad hard PowerMOS family
— Benchmark products for high voltage 650V RH PowerMOS Performance
rad hard MOSFETS
— Best in class R pg),, and figure of merit
(Rpsyn "Qg); >10x lower than 600 V R6 devices
— Internal coating to meet vacuum requirements
» Radiation hardness
— Total lonization Dose TID 100krad
— Single Event Effect (SEE)

%\g‘ﬁ I I
\w{ ~] & -
Range BVDSS R6 R4 R4 CS

600V 400V 500V 650V

122 pm (Pb) -10 V 650 V
62 73 um (Xe) 15V 650 V

R psjon Max; 25°C m Vpss | Package | ESA QPL

BUYB5CS08J-01  5205/032/01 450 mQ 650 V Yes

BUY65CS28A-01 5205/032/02 150 mQ 28 A 650V Yes

*Devices also available as qualified bare die (chip) Esgg\‘,‘ifgied
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R9 rad hard MOSFET technology platform
Features
» Increase power density » Increased | capability
» Higher efficiency » Lower Rpgon)
» Drop-in replacement for existing MOSFET » TID levels — 100 krad and 300 krad
» Improved SEE performance » SEE tolerant to LET 90 MeV-cm?/mg
> Smaller footprint with innovative packaging » Best Figure of Merit (FOM = Rpgon)* Qg)

N-channel platform P-channel platform

Size \ Size \
Volt 60V 100V 250V Volt 60V 100V 200V

6 v v o 6 ® o [

Direct-to-PCB packaging solutions

3 v v v 3 v v v
v v o

® ® v SupIR-SMD™ SMD-0.5e SMD-0.2e
/ released v development ® planned Size 6 die Size 3 die Size 2 die
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R9 offers more choices for designers to optimize

Smaller size with better performance 2 Same size with better performance

» Better performance in smaller package » Better efficiency
» Higher power density

umm
0.81 SMD-0.5
R5 N 60 1.35 30 45 22 SMD-0.5
SMD-0.5 3 Reduce BoM
SMD-0.2

> Use a higher voltage rating, reducing
number of unique part numbers on BoM

Qg Id
8 mm /
10.2 mm 7 5 mm

RDSon Qg

0.93

R5 N

5.7 mm 1.63 SMD-0.5

R5 N 60 1.35 30 45 22 SMD-0.5
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echnologies

Comparing performance across MOSFET
technologies
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RIC7S113 | 400 V high & low side MOSFET gate driver
» Key features Half bridge configuration diagram

— 400 V bus voltage . | 400V

- VDD logic supply =5V to 20 V > = 1

- VCC gate drive =10V to 20 V o
— Low propagation delays 12v .
—ton = 120 ns | toee = 100 ns nnn-
—tyatcy =9 Ns il RIC7S113 To

Load

> Radiation hardness
— TID = 100 krad(Si)
— SEE characterized to 50.4 MeV-cm?/mg

IRRH
FET

» Benefits 1L 1
— Reduce size by eliminating bulky magnetics i i
— Increase reliability over opto-coupler based designs RIC7S113 package options
— Compatible with all rad hard PWM controllers 14-lead flatpack MO-036AB Lec1

— 50 V/ns transient immunity for robust high-speed switching o %
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R9 vs. previous generation
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Measured efficiency between R9, R6 and RS

> Open loop half bridge power stage with modified
RIC7S113EVAL1 PCB

» Fixed frequency operation, duty cycle adjusted to
maintain 12 V output

» Power stage identical, only change FET Q1, Q2

» Snubber added and R adjusted between FET to
maintain peak Vg, overshoot around 50 V

BV I R
IR
IRHNJ9A7130

R6 IRHNJ67130 100 22 42
R5 IRHNJS57130 100 22 60

RIC7S113EVAL1
r H 28V
RIC7S113 i
VB
i 56nF ol 2700F |
i [28ns T 3 P 10%047pF | !
i 20T H>HN HO WA ﬁ eoF T |
0.5V : Ron 3x10nF : 22pH
p i 1 XAL1510-223
I O—L LIN Vs v i
I %- US1J-E361T sw ) 12V
1 f 1 e |
: SD S 30 = H I
E b3 10nF | 3x10pF == E-Load lh_oAD
0.068uF
1
o : VDD vee Q2 : 10nF :
: L = FKW = '
; vss Lo W a !
1 Ron 1
i i
. coM
15V I e
1
:
_______________________________________________________________________

Modifications to RIC7S113EVAL1 shown in red
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R9 shows significant efficiency improvement over prior generation

96%

94%

92%

90%

Efficiency

88%

86%

84%
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28 Vto 12V at 100 kHz » R9 has 1.7% efficiency improvement over

R6, 4.3% efficiency improvement over RS

» Efficiency includes power stage loss and
gate drive

» Peak overshoot for all three device
around 50 V

R9: IRHNJ9A3130 _ | | | N
Full load (120 W) Peak overshoot
53 V .
R9: IRHNJ9A7130 (RON=12Q) f }
R6: IRHNJ67130 (RON=OQ) g”*‘ﬂ“ R
—R5: IRHNJ57130 (RON=0Q)
1
| Vsw | |
30 60 90 1 20 e ms e l”",t“”*"*""""'"
Output Power (W) i b o - e e
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Latest gen rad hard power solutions improve PMAD system efficiency

-

> Next generation MOSFET die and
packaging enable improvements with
minimal design risk
— Minimize IBC size and power dissipation
— Improve efficiency for greater current
output at PoL levels

» Superjunction MOSFET technology enables
— Better electrical performance which leads
to higher efficiency and power density
— Increased radiation robustness to SEGR

and SEB
— Technology modularity enables rapid
voltage scalability

www.infineon.com/r9
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Questions?

Oscar Mansilla
oscar.mansilla@infineon.com
Product Marketing Director, Space Discretes & ICs

www.infineon.com/r9

2022-03-07 Copyright © International Rectifier HiRel Products, Inc. 2022. Published by The Aerospace Corporation with permission.


mailto:oscar.mansilla@infineon.com
http://www.irf.com/ir-hirel/r9-rad-hard-mosfets?utm_source=slides&utm_medium=spw2022&utm_campaign=onehirel

T<2R HiRel

An Infineon Technologies Company

www.infineon.com/r9


http://www.irf.com/ir-hirel/r9-rad-hard-mosfets?utm_source=slides&utm_medium=spw2022&utm_campaign=onehirel

	Improve satellite system efficiency with �superjunction rad hard FETs
	Representing IR HiRel
	Infineon & IR HiRel: trusted supplier for space applications
	Satellite trends: more digital loads need power
	Satellite power architecture 
	PMAD example: digital processing unit with 50 W requirement
	Infineon & IR HiRel rad hard MOSFETs
	Why superjunction (SJ) technology for space applications?
	Superjunction: more robust destructive SEE performance
	Superjunction expands the envelope for DC safe operating area
	Superjunction MOSFETs boost your system performance 
	Rad hard high voltage (>400 V) N-channel comparison 
	�R9 rad hard MOSFET technology platform
	R9 offers more choices for designers to optimize
	Comparing performance across MOSFET technologies
	RIC7S113 | 400 V high & low side MOSFET gate driver
	R9 vs. previous generation
	R9 shows significant efficiency improvement over prior generation
	Latest gen rad hard power solutions improve PMAD system efficiency
	Questions?
	Slide Number 21

