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Satellite Signal Processing Congestion 

1. Radiation-Hardened ASICs 

X High speed, high density, low power 

W Large NRE, relatively low volumes 

W Long development time,  
long fabrication cycle time 

W High risk of schedule and cost over-runs  

2. SRAM FPGAs 

X Easy prototyping, reprogrammable 

W Configuration SEU effects require 
cumbersome mitigation  

W Increases Size, Weight and Power 
 

 

ÁSensor resolution increasing faster than downlink bandwidth 

ÁSatellites required to perform more on-board processing 

ÁRequires high-density, high-performance payload processing electronics 

Existing solutions for satellite on-board processing have high risks 
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Introducing RTG4 High-Speed RT FPGAs 

Frequency of 

Operation 

Logic  

Density 

150 KLE 

20 KLE 

9 KLE 

2 KLE 
RTSX-SU 

RT ProASIC3 

RTAX-S / DSP 

Command and Control 

Medium Speed Processing 

High-Speed Signal Processing 

Å300 MHz 

Å150 KLE 

Å5 Mbit SRAM 

Å462 Multipliers 

Å24 x 3.125 Gb/sec SERDES 

ÅTID > 100 Krad 

ÅSEL immune 

 
 

TM 

RTG4 mitigates risks of ASICs and SRAM FPGAs, and has  

20X improvement in signal processing throughput 
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ÁMore flexible than an RH ASIC 

ÅReprogrammable, no NRE, no cost and schedule risk  

ÁMore signal-processing features than any other RT FPGA 

ÅMore registers, combinatorial logic, multiply blocks, and transceivers 

ÅLower power, live at power-up, no external boot memory needed 

ÁRadiation enhanced for Geosynchronous Earth Orbit and deep space 

ÅRTG4 65nm Flash has complete immunity to configuration upsets (SEU) 

ÅTotal ionizing dose (TID) and single event effects (SEE) hardened by design 

Why RTG4 is Compelling 

RTG4 offers groundbreaking features for satellite applications 
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RTG4 Radiation-Mitigated Architecture  

Comprehensive radiation-mitigated architecture  

for signal processing applications 

 

ÁTotal-dose hardening of Flash cells 

ÁSingle-event hardening of registers, SRAM, multipliers, PLLs 
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ÁRT4G150 is available now in Engineering Samples 

ÁPossible CQFP package ï engineering investigation in progress now 

RTG4 Resources 

Resources  RT4G150 

Logic Elements (TMR Register + 4-Input C Logic) 151,824 

18x18 Multiply-Accumulate Blocks 462 

RAM Mbits (1.5 Kbit and 24 Kbit Blocks, with ECC) 5.2 

UPROM Kbits 381 

DDR2/3 SDRAM Controller (with ECC) 2x32 

PCI Express Endpoints 2 

Globals 24 

PLLs (Rad Tolerant) 8 

SpaceWire Clock & Data Recovery Circuits 16 

User IO (excluding SERDES) 720 

SERDES lanes (3.125 Gbit/sec) 24 

Hermetic, Ceramic Column-Grid Packages   

CG1657 (Six Sigma Columns) V 
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ÁRadiation hardening by design 
ÅTotal ionizing dose (TID) immune to > 125 kRAD 

ÅSingle event latch-up and configuration upset immune 

ïTested to 103 MeV-cm2/mg (facility limit) at 100°C 

ÅSingle event upsets in fabric < 1x10-11 errors/bit/day 

ÅSingle event transient mitigation in logic can be enabled/disabled 
globally or individually for higher performance  

RTG4 Radiation Mitigation 

Geosynchronous 

Earth Orbit 

Deep Space Highly Elliptical 

Earth Orbit 

Mid Earth Orbit 

Low Earth Orbit 
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ÁRTG4 TID-tolerant interconnect 
ÅRTG4 FPGAs functional after TID > 125 Krad 

ÅChange in propagation delay ~ 0% after TID > 125 Krad 

ÅPass transistor is indirectly coupled to floating gate devices 

ÅVT changes in Flash cells donôt change pass transistor prop. delay 

TID Mitigation in RTG4 Flash FPGAs 

P-Channel 

N-Channel 

Pass 

Transistor 

-1

0

1

2

3

4

5

0 25 50 75 100 125

P
ro

p
a

g
a
ti
o

n
 D

e
la

y
 C

h
a

n
g
e

 (
%

)

Total Dose (krad)



Power Matters.TM 9 © 2015 Microsemi Corporation. Company Proprietary. 

ÁDedicated register with efficient triple module redundant (TMR) hardening 

ÁSingle event transient (SET) filter mitigates radiation glitches from comb. logic 

ÁHierarchical routing architecture enables >95% module utilization 

RTG4 Logic Element Radiation Mitigation  

TMR 

Protected 

Register 
LUT4 

SET 

FILTER 

A 
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C 
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CIN 

LUT_BYP 

EN 

SYNC_SR 

CLK 
RST 

EN 

SL 

CO 
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RTG4 Logic Element (LE)  

Combinatorial 

Logic 
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X

D

EN

>> 17C[43:0] SHIFT17

SEL_CASC

SN[43:0]

OVFL / CO

ADD_SUBA[17:0]

B[17:0] +

SN-1[43:0]

D[43:0]

D

EN

D

EN

D

EN

D

EN

Á18 x 18 multiplier with advanced accumulate 

ÁHigh performance for signal processing throughput 

ÁOptional SEU-protected registers on inputs and outputs (including C input) 

RTG4 Mathblock 
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ÁRadiation Tolerant 

ÅResistant to multi-bit upset  

ÅBuilt-in optional EDAC (SECDED)  

 

ÁLSRAM ï up to 24 KBit 

ÅDual-port and two-port options 

ÅHigh performance synchronous operation 

ÅExample usage 

ïLarge FFT memory 

 

ÁuRAM ï up to 1.5 KBit 

ÅThree Port Memory  

ïSynchronous Write Port 

ïTwo Asynchronous or Synchronous Read Ports 

ÅExample usage 

ïFolded FIR filters and FFT twiddle factors 

RTG4 Memory Blocks 

RAM24K

CLKA

ADDRA[ ]

WDATAA[17:0]

WENA

CLKB

ADDRB[ ]

WDATAB[17:0]

WENB

RDATAA[17:0]

RDATAB[17:0]

ECC_STATA

ECC_STATB

uRAM1.5K

WCLK

WADDR[ ]

WDATA[17:0]

WEN

RCLKA

RADDRA[ ]

RENA

RDATAA[17:0]

RDATAB[17:0]

ECC_STATA

ECC_STATB

RCLKB

RADDRB[ ]

RENB
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ÁSingle ended standards 
ÅLVCMOS from 1.2V to 3.3V 

ÅLVTTL 

ÅPCI 

 

ÁVoltage reference standards (600+ Mbps) 
ÅIncludes on-chip termination 

ÅSSTL2, SSTL18 and SSTL15 

ïFor DDR2/DDR3 SDRAM memories 

ÅHSTL18 and HSTL15 

ïFor SRAM memories 

 

ÁDifferential I/O standards 
ÅIncludes on-chip termination 

ÅMini-LVDS, M-LVDS, RSDS, LVPECL 

 

RTG4 General Purpose IO 



Power Matters.TM 13 © 2015 Microsemi Corporation. Company Proprietary. 

RTG4 Radiation-Tolerant PLL 

ÁRadiation-Tolerant PLLs are used in CCC, SERDES and DDR blocks  
 

ÁTriple module redundant (TMR) PLL in internal feedback mode 

ÅReference clock is fed back to all 3 sub-PLLs independently 

ÅSub-PLL is SEL immune 
 

ÁSingle PLL in external feedback mode  

ÅPLL output travels through clock network and is fed back to PLL 

ÅCommon mode used for clock network delay compensation 

ÅOnly 1 sub-PLL is enabled in this mode 

ÅSub-PLL is SEL immune 

 

RT PLL 

÷ Q ÷ F 

÷ R Lock 

PLL Out 

(8 Phases) 

Internal Feedback 

Reference 

Clock 

External 

Feedback 
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ÁSpaceWire interface used for  
command-and-control and data 
Å Data and Strobe are XORed  

to recover SpaceWire clock 

ÅHardwired and SET protected 

ÅDelay compensation available  
to align data and SpaceWire clock 

Å16 SpaceWire Clock Recovery  
circuits on each RTG4 

Hardened SpaceWire Clock Recovery 

Delay 

Compensation 

SET 

Filter 

  

  

Data 

Strobe   

Clock Conditioning Circuit (CCC) IOD Block 

SpaceWire 

Clock 

SpaceWire 

Clock 

Strobe 

Data 

Unique Microsemi RTG4 Feature 
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3.125 Gb/sec SERDES 

PCI Express 

Protocol 

x1, x2, x4 

TXDn 

FPGA Fabric 

8B/10B  

Encoding / 

Decoding 

4 x16 Pipe 

Up To  

3.125 Gb/sec 

Up To 

156MHz 

SRIO or 

Custom 

Protocol 

64-bit  

AXI / AHB 

XAUI 

Bridge 

PMA Based on PCIe Gen 1 PHY 

Performance 1 to 3.125 Gb/sec 

Up to 6 blocks with 4 lanes 

802.3 or 

Custom 

Protocol 

PCS PCS  PCS 
PCS 

PMA PMA PMA PMA 

4 x 20-bit 

EPCS 

XGMII 

RXDn 
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ÁFPGA logic 
Å250 MHz system performance with SET mitigation 

Å300 MHz system performance without SET mitigation 

 

ÁDSP mathblock 
Å250 MHz pipelined performance with SET mitigation 

Å300 MHz pipelined performance without SET mitigation 

 

ÁLSRAM24K and uRAM1.5K  
Å> 300 MHz 

 

ÁIO 
Å> 600 Mb/sec LVDS and 667 Mb/sec DDR2/3 SDRAM data 

ÅSERDES > 3.125 Gb/sec 

RTG4 Performance 
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ÁHermetically sealed, ceramic packages 
ÅEmbedded decoupling capacitors 

ïFlight models will have 
Precious Metal Electrode  
(PME) capacitors 

ÅColumn Grid Array, 
Ball Grid Array, 
Land Grid Array 

RTG4 Packaging 
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RTG4 Design Ecosystem  

ÁLibero SoC Design Suite 
ÅSynplify Pro® synthesis  

ÅModelSim® simulation 

ÅPower-driven place-and-route 

ÅSmartPower power analysis 

ÅSmartTime timing analysis 

ÅSmartDebug in-circuit FPGA 
debug 

 

ÁEase of Design Focus 
ÅPush button flow - Proceed 

from synthesis to programming 
in one click 

ÅReduced learning curve 

ÅRich IP library & user block 
support facilitates design reuse 

ÅWorking with IP partners to 
expand the RTG4 Ecosystem  

 

ModelSim® 

Synplify Pro® 

Synphony Model Compiler  

MATLAB® 

Simulink® 
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RTG4 Development Kit 


