
Considerations for IC and Component 

Outline 
Semiconductors: The Evolution of ICs 
- Availability and Technology 

IC Selection Requirements - three fields of 

- Technical - "The Good" 
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The Growth in IC Availability 4q 
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 drives features 

The Changes in Device Technology 
' 1 

Besides increased availability, many changes have taken 
place in 
- Base technology, 
- Device features, and, 

I - Packaging 

features Cache memory embedded memory 
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The Challenge for Selecting ICs for Space 

Considerations since 
the "old days" A DCs? SerDes? 

SDRAM? 
- High reliability (and Processor? ASICs? 

radiation tolerant) 
devices Flash? DSPs FPGAs? 

IC Selection Requirements 

To begin the discussion, we shall review IC 
selection from three distinct and often contrary 
perspectives 
- Performance, 
- Programmatic, and, 
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Performance Requirements 

- Trying to meet science, surveillance, or 
other performance requirements 

Personnel involved 

Programmatic Requirements and 
Considerations 

- Trying to keep a program on schedule 
and within 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 

An Example "Ad hoc" Battle 
Mission requirement: High resolution image 
- Flowdown requirement: 14-bit 100 Msps ADC 

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

Searches for a radiation hardened ADCs that 
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Traditional Risk Matrix - AFTER 

Reliability "versus" Radiation: 
Basic Electronics Reliability 

Reliability of electronics is viewed traditionally using a 
"bathtub" curve view of mean time to failure (MTTF) 
- This looks at both intrinsic (wearout) and extrinsic (infant 

mortality) failure modes 

The Bathtub Curve 
Hypothet~cal Failure Rate versus Time 

End of L ~ f e  Wear-Out 
Increasing Fa~lure Rate 

Normal Life (Useful L ~ f e )  
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Radiation Effects and Reliability 

Radiation reliability is viewed differently than a 
normal reliability (bathtub) consideration 
- It is a mix of a MTTF (or Time to First Failure - TTFF) 

condition known as Total Ionizing Dose (TID) or 
Displacement Damage (DD) and a Mean Time Between 
Failures (MTBF) condition known as Single Event 
Effects (SEE). 

Radiation and Traditional IC Reliability: 
Are the two related? 

The short answer is yes 
- Radiation MTTF conditions can accelerate reliability 

wearout mechanisms either by eroding electrical signal 
margins or material damage 

- Radiation MTBF conditions also can impact long-term 
reliability 

A single energetic particle, for example, can cause device 
failure instantanepusly (such as with a gate rupture) or at a 
later time due to material damage. 

The methods of coupling the radiation-induced impacts 
into reliability calculations are limited 
- NEPP Program has a new effort to explore this coupling on 

stateof-the-art commercial Flash memories that are highly 
sought by flight programs 

Latent damage from 8 single particle 
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Flight Program: 

I Typical Radiation Hardness Assurance (RHA) Flow I 

Environment in 

Radiation Perspective on IC Selection 
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) 

- Historical ground-based radiation data 
Lot acceptance criteria 

- Historical flight usane 
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"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 
- Radiation qualification usually is performed on either 

Qualification test vehicle, 
Device type or family member, or 

I Lot qualification 
- Some vendors sell "guaranteed" radiation tolerant devices 

by "cherry-picking" commercial devices coupled w~th 
mitigation approaches external to the die 

The devices themselves can be hardened via 
- Process or material (RHBP or RHBM), 
- Design (RHBD), or 
- Serendipity (RHBS) 

Most radiation tolerant foundries use a 
mix of hardening approaches L--+ 

Reviewing existing ground radiation test data on a IC and 
it's application has been discussed previously 
- For example. Christian Poivey at NSREC Short Course in 2002 
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flight heritage and no ground 
data for new mission? 
Similar flow to using archival 

IC's with no Guarantee or Heritage 
Radiation testing is required in 
the vast majority of cases 
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Is Testing Always Required? =I I Exceptions for testing may include I 
- Operational 

Ex., The device is only powered on once per orbit and the 
sensitive time window for a single event effect is minimal 

Understanding Risk 
Risk for a mission falls in to the same topic areas as parts 
selection 
- 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 
on an object 

Programmatic risks 
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The Risk Trade Space - 
Considerations for Device Selection (Incomplete) 

Cost and Schedule Design Environment and 
- Procurement Tools 

- Existing infrastructure and 
heritage 

- Maintenance - Simulation tools 
- Qualification and test 

Systems Engineering and Risk 
The determination of acceptability for 
device usage is a complex trade space 
- There is often more than one answer that's 

acceptable 
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Example: Considerations for Selecting a 
"Custom" Device -~ - 

Three basic device type options 
- Custom ASlC (CA) 

Also called standard cell or just ASlC 
Essentially a fully-custom design IC 

- Structured ASlC (SA) 
Newer device that is a semicustom desi n using built-in 
functional blocks that are interconnecteffor a user's design 
by the device manufacturer 

- ~ i e l d  Programmable Gate Array (FPGA) 
One-time or reprogrammable interconnecting of logic 

rformed by the user or can be done in-circuit 
Kprogrammab~e options) 

These class of devices now have so much 
functionality that they can be classified as system 
on a chip (SOC) 
We will use the three discussed selection criteria for 
this example. 

D d C ~ ~ l o r ~ ~ - ~ ~ K ~ A . ~  )6 

Sample System Implementation for 
the Three Styles of FPGAs 

Increasing 
System 

Complexity 

I 
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The Trade Space Curve for Performance 
Application-specific trade-offs are often made based on the 
design complexity of the application requirements. 
- Note: FPGAs and SAs are moving to the right as 

semiconductor processes scale to smaller transistor feature 

High Comptexlty 
MldCompkxl(y ?r)deme R*CB" 

I 
yajorlty of NASA needs Source: Mtp:lhwvw.fpgajoumd.c~m 
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Programmatics: 
Development Schedule 
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Programmatics: 
What if the first design is incorrect? 

As digital devices pack more bits into the same physical 
space (i.e., technology feature size is shrinking), more 
designs require a "second passyy or re-spin. 
Even worse, the time it takes for this re-spin has increased 

Programmatics: Development Cost 
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.a 
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 
- What is known of the process radiation tolerance? 

Was processldevice radiation qualification sufficient for 
planned design or application? 
- Library? Cells? Speed? Etc ... 

Is the process reliable and achieving good yield? 
- High-volume commercial fab vs. low-volume niche fab? 

Are there lot-specific or application-specific concerns? 
- Is there a specific performance requirement such as 

reconfigurability or ultra-low power that forces a non- 
radiation tolerant device selection? 

How does a fault-tolerant system architecture enter the 
equation? 

- Qow testable is the designldevke? 
As has become more evident, trade spaces are 
much more complex than "just" an tC 

Current Radiation Hardening Consideration 
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Related SOC Radiation and Reliability 
Considerations 

/ New Connectors I 
-higher-speed, lower noise 
-seriaNparaHel 1 1 New Board Material 1 I 

-thermal coefficients 
material interfaces 

Summary of Generalized Features - @ 
ASlCs versus FPGAs 

I NRE I Low I Low I Med I High I 
Production Cost High High Med High 

Risk Low Low Med High 
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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 also noted a specific type of example, that of 
custom to semi-custom devices 
As seen below, every decision type may have a process. 
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