
IC and Component Selection for Space 

Semiconductors: The Evolution of ICs 
- Availability and Technology 

IC Selection Requirements -three fields of 
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The Growth in IC Availability 

The semiconductor industry has seen an explosion in the 
types and complexity of devices that are available over the 
last several decades 
- The commercial market has driven items such as 

Besides increased availability, many changes have taken 

- Base technology, 
- Device features, and, 

selected changes 

circa 2007 
S CMOS with strained Si or SO1 

P or LCC - 40 pins 
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The Challenge for Selecting ICs for Space 
The selection of devices 
has become more 
daunting in that 
considerations have 

IC Selection Requirements 

To begin the discussion, we shall review IC 
selection from three distinct and often contrary 

- Performance, 
- Programmatic, and, 
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Performance Requirements 

Rationale 
- Trying to meet science, 

surveillance, or other performance 
requirements 

Personnel involved 

Rationale 
- Trying to keep a program on 

schedule and under budget 
Personnel involved 
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Risk Requirements 
Rationale 
- Trying to ensure mission parameters such as reliability, availability, operate- 

through, and lifetime are met 

Personnel involved 
- Radiation engineer, reliability engineer, parts engineer 

Usual method of requirements 
- Flowdown from mission requirements for parameter space 

1.e.. SEU rate for system derived from system availability specification 

An Example "Ad hoc" Battle 
Mission requirement: High resolution 

- Flowdown requirement: 14-bit 100 

Usually more detalled requirements 
are used such as ENOB or INL or DNL 
as well 

- Searches for ava~lable radiatton 
D a i l W h  a d d  

cumm heogno irsarcas 
hardened ADCs that meet the canbewk~edl~hd~lud 
requirement im~rwemrlEto~i~aQnd 
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From the radiation perspective, ICs can be viewed 
as one of four categories. 
- Guaranteed hardness 

Radiation-hardened by process (RHBP) 
Radiation-hardened by design (RHBD) 

"Guaranteed" Radiation Tolerance 
A limited number of semiconductor manufacturers, either with fabs 
or fabless, will guarantee radiation performance of devices 
- Examples: 

ATMEL, Honeywell, BAE Systems, Aeroflex 
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Ground-based Data 
Reviewing existing ground radiation test data and it's 
application has been discussed previously 
- For example. Christian Poivey at NSREC Short Course in 2002 

In general, the flow is shown below 

Flight Heritage 
Many parts have flown in previous space 

- Can we make use of these parts for new 
mission? 

Similar questions to using archival 
ground data exist 
- Are the parts the s 

Lot date codes, 

To be presented by Kenneth LaBel at 9th European Conference Radiation and Its Effects on Components 
and Systems (RADECS07) - Short Course Session, Monday, September 10,2007 - Deauville, France. 



IC's with no Guarantee or Heritage 
"Abandon all hope, ye' who enter here" 
- Radiation testing is required in the vast 

majority of cases 
Testing complexities and challenges are 
discussed elsewhere (e.g., Swift during this 
short course, LaBel during the conference) 
The true challenge is to gather sufficient 
data in a cost and schedule effective 

Understanding Risk 
Risk for a mission falls in to the same topic areas as parts 

- Technical, programmatic, and reliability 
Technical risks 
- Relate to the circuit designs not being able to meet mission 

criteria such as jitter related to a long dwell time of a telescope 
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ironment and Tools 
- Procurement infrastructure and 

- Maintenance 

Systems Engineering and Risk 
As is clear from the earlier discussion, the determination of 
acceptability for device usage is a complex trade space 
- Every engineer will "solve" a problem differently 

Approaches such as sychnronous design may be the same, but 
exact implementations are never the same 

A more omnidirectional approach is taken weighing the 
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Selection criteri li vary for different programs 
but the following metrics will, in general, be used: 

- Time to market or program schedule 

Logic Architecture History 
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The Trade Space Curve for "Custom" Designs 

Application-specific trade-offs are often made. 
- These trade-offs can impose widely varying requirements 

High Predictability 

Medium NRE 

Structured ASlCs 

bow Predictabi 

Low Complexity High Comglexlty 

Time to Market Example ASlCs and re-spin: a schedule risk 

- 90nm technology 
- < 1 Mgate device 
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Selection Criteria: Development Cost 
Standard cell ASIC costs are growing rapidly as feature size 

- S-ASIC will outperform an FPGA 
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- Balanced logic array 
delivers 80+% the density 
of standard cell 

Unclassified 
Narrowing Gap between ASlCs and FPGAs 

- The data suggests that as technology scales the density difference between custom 
designs and programmable technologies will converge 

I Density vs. Process Theoretical Max I 
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Selection Criteria: Radiation and Reliability 

While there is no "generic" answer for radiation tolerance 
and reliability levels in the trade, there are numerous 
considerations such as 
- Is the process radiation tolerant? Was processldevice 

radiation qualification sufficient for planned design or 

Radiation Hardening Considerations 
Custom ASlC 
- Unconstrained RHBD andlor RHBP approach to "tune" to 

required RH level 
- Issues with "Hard" macros and IP in general WRT radiation 

- General issues WRT rad testing and characterization 

tructured ASlC 
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Sample System Complexity for Three Types of 
FPGA Architectures 

SRAM Programmable FPGA technology 
- These devices require significant 

support circuitry including low 
voltage regulators and SDRAM for 
configurat~on storage 
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Related Radiation ad Reliability Concerns 

-higher-speed, lower noise 

-thermal coefficients 

Summary of Generalized Features 
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Conclusions 
In this talk, we have presented considerations for selection 
of ICs for space systems 
- Technical, programmatic, and risk-oriented 

As noted, every mission may view the relative priorities between 
the considerations differently 

We have a 
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