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Abstract 

The trend of scaling of 

microelectronic provides certain 

advantages for space components, as 

well as some challenges. It enables 

implementing highly integrated and 

high performance ASICs, reducing 

power, area and weight. Scaling also 

improves the immunity to TID and SEL 

in most cases, but increases soft error 

rate significantly. 

Ramon Chips adopted the 65nm 

technology for implementing RC64 

[1,2], a 64 core DSP for space 

applications, and for making other 

future products. The 65nm process node 

is widely used, very mature, and 

supported by wide range of IP 

providers. Thus the need for full custom 

design of cores and IPs is minimized, 

and radiation hardening is achievable 

by mitigating the radiation effects on 

the available IPs, and developing 

proprietary IPs only for complementing 

the available IPs. 

The RadSafe_65TM technology 

includes hardened standard cells and 

I/O libraries, methods for mitigation of 

radiation effects in COTS IP cores 

(SRAM, PLL, SERDES, DDR2/3 

interface) and adding unique cores for 

monitoring radiation effects and 

junction temperature. 

We had developed RADIC6, a 

technology development vehicle, for 

verification of all hard cores and 

verification of the methodologies and 

design flow required for RC64. 

RADIC6 includes the test structures for 

characterizing the IP cores for 

immunity to all radiation effects. 

This paper describes the main 

elements and IP cores of 

RadSafe_65TM, as well as the contents 

of RADIC6 test chip. 

Introduction 

The 65nm process was selected by 

Ramon Chips for its next generation 

processors and ASICs since it provides 

high performance, high maturity of 

process and IP cores, at affordable 

prices. The wide range of IP offering 

simplifies the design process, and 

reduces the development risk.  

Next generation processors, such as 

RC64, require high-speed operation. 

RadSafeTM technology was employed 

and qualified for GR712RC and JPIC 

SoCs, using 0.18µm, operating at clock 

rate range of 100MHz [3]. The lessons 

learned from these products, and the 

potential of technology scaling, are 

implemented in Ramon Chips' next 

generation libraries [4].  

The use of 65nm is expected to 

significantly enhance the immunity to 

TID and SEL. However, a significant 

increase in soft error rate is expected, 

due to reduction of node capacitance 

which correlates to critical charge, 

forcing the need for more effective 

techniques for mitigating these effects. 

These techniques include the use of 

special flip-flop circuits with different 

levels of tradeoff between area & power 

vs. immunity to SEU, and the need for 

more complex mitigation techniques for 

SEU in SRAMs.  

The need for high frequency clocking 

dictates the need for clock multiplying 

PLL. A PLL was selected among the 

available IP cores based on its 

capability of mitigating the majority of 

radiation effects by proper 

configurations. 
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DDR3 SDRAM is the emerging 

standard for off-chip memories for 

space systems, providing significant 

improvement over previous generation 

SDRAMs. The DDR core can be 

configured to both DDR2 or DDR3 

standards and its embedded SSTL 

buffers can be used either as SSTL18 or 

SSTL15.  

Transferring data at high rate with a 

limited number of signals and package 

pins calls for high data rate SerDes 

solutions. The RadSafeTM SerDes is 

compatible with the space-oriented 

standard SpaceFibre or RapidIO 

protocols.  To overcome the signal 

integrity limitations of the package and 

interconnect signal traces, the SerDes 

includes configurable equalizers and 

pre-emphasis capabilities. 

Standard cell library 

We developed the RadSafe_65TM 

library to be very immune to TID and 

SEL effects. Special attention was paid 

to SEU sensitive cells, such as the flip-

flops. Several proprietary flip flop 

architectures were developed. They will 

be analyzed in the test chip by radiation 

for immunity to SEU and SET.   

I/O library 

Our future application requires a 

wide variety of optional IO 

configurations per pin. The options 

include: LVDS input and output, 

including on-die-termination for speeds 

up to 800Mbps; and CMOS input and 

output, powered at 1.8/2.5/3.3V with 

optional pull-up/pull-down/hysteresis. 

A custom IO buffer, named 

CMOSLVDSIO, was developed and 

described in Figure 1. It enables all 

required functions, selectable by 

configuration controls. The layout is 

compatible with other IO cells in the IO 

library, and with the packaging 

constrains. For enabling IO data rate 

that is double the reference clock, the 

buffer embeds SDR2DDR and 

DDR2SDR logic. 

 

Figure 1: CMOSLVDSIO cell description 

 

SRAM libraries 
Two SRAM compilers are evaluated, 

one for large arrays and one for small 

arrays. The compilation parameters 

consider the physical distance between 

bits of the same word, for complete 

mitigation of MBU.  

The cell size of 0.525µ2 makes the 

bits of the same word being fairly close. 

Increasing the bit multiplexing ratio is 

insufficient. It is necessary to split the 

word to several sub-words using bit 

interleaving, and protect each sub-word 

by independent ECC and EDAC logic. 

This technique mitigates MBU farther 

more. Figure 2 demonstrate the 

implementation of 2X interleaving.  
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Figure 2: Implementation of SEU 

protected SRAM with 2X interleaving 
 

Large SRAMs, where the distance 

between adjacent substrate contacts 

inside the array is large, might be 

sensitive to latchup in extreme 

conditions and configurations. The 

common remedy is to add deep Nwell 

to the core. This technique is being 

evaluated in the test chip. 

DDR2/3 core 

The DDR core can be configured and 

powered for operation either as DDR2 

or DDR3 interfaces. The vendor and 

configuration was selected after layout 

review. The use of high data rate core at 

lower data rates provides margins for 

proper operation even with non 

optimized signal integrity or 

degradation due to aging or TID. The 

embedded BIST enables intensive 

testing, even in orbit. 

SerDes core 

6Gbps SerDes core is included in 

RadSafe_65TM technology. It is 

featured with several "eye opening" 

techniques, like equalizer and de-

emphasis, which are more essential in 

space qualified packages. The core is 

also featured by advanced BIST, that 

can be activated even in orbit. 

RCMON radiation monitor 

The RCMON is a synthesized digital 

circuit that enables monitoring TID 

related degradation, or SET. It is usable 

either during radiation tests or in orbit. 

It contains a ring oscillator for detecting 

degradation of speed due to stress or 

TID, and readable counter that counts 

the SET events in its logic gates. 

PTAT temperature sensor 

Monitoring junction temperature is 

an important feature, especially in high 

power devices operating in vacuum. It 

enables temperature monitoring during 

testing or stressing, and real time 

temperature control.  

A dedicated IO cell, implementing a 

rad-hard PTAT (proportional to 

absolute temperature) circuit, enables 

off chip measurement of chip 

temperature, in the -60÷150oC range. 

RADIC6 test chip 

The RADIC6 test chip was 

developed for evaluating the hard IP 

cores planned to be used in RC64 chip. 

It is planned to be tested for all relevant 

radiation effects. 

The chip contains the following test 

structures: 

 Individual transistors and ring 

oscillators for monitoring TID 

related degradation 

 Shift registers for monitoring the 

immunity of various flip flop cells 

to SEU and SET 

 SRAMs, with and without deep 

Nwell, with capability of detecting 

SBU and MBU  

 CMOSLVDSIO buffers 

 PLL for monitoring SET 

 DDR3/2 interface for monitoring 

BER 

 6Gbps SerDes for monitoring BER 

 RCMON  

 PTAT circuit 

Figure 3 is a plot of the RADIC6 chip. 
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Figure 3: Plot of RADIC6 chip 

Summary 

We developed an infrastructure of 

libraries, IP cores and design 

methodologies required for 

implementing advanced SoCs, like 

RC64. A test chip was developed for 

characterizing the cells performance 

and immunity to radiation effects.  
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