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“The“The explorationexploration ofof spacespace willwill gogo ahead,ahead, whetherwhether wewe joinjoin itit oror not,not,
andand itit isis oneone ofof thethe greatestgreatest adventuresadventures ofof allall time,time, andand nono nationnation
whichwhich expectsexpects toto bebe thethe leaderleader ofof otherother nationsnations cancan expectexpect toto staystay

“The“The explorationexploration ofof spacespace willwill gogo ahead,ahead, whetherwhether wewe joinjoin itit oror not,not,
andand itit isis oneone ofof thethe greatestgreatest adventuresadventures ofof allall time,time, andand nono nationnation
whichwhich expectsexpects toto bebe thethe leaderleader ofof otherother nationsnations cancan expectexpect toto staystaypp pp yy
behindbehind inin thisthis racerace forfor spacespace……

WeWe setset sailsail onon thisthis newnew seasea becausebecause therethere isis newnew knowledgeknowledge toto bebe
gainedgained andand newnew rightsrights toto bebe wonwon andand theythey mustmust bebe wonwon andand usedused

pp pp yy
behindbehind inin thisthis racerace forfor spacespace……

WeWe setset sailsail onon thisthis newnew seasea becausebecause therethere isis newnew knowledgeknowledge toto bebe
gainedgained andand newnew rightsrights toto bebe wonwon andand theythey mustmust bebe wonwon andand usedusedgainedgained andand newnew rightsrights toto bebe won,won, andand theythey mustmust bebe wonwon andand usedused
forfor allall peoplepeople……

WeWe choosechoose toto gogo toto thethe moonmoon.. WeWe choosechoose toto gogo toto thethe moonmoon inin

gainedgained andand newnew rightsrights toto bebe won,won, andand theythey mustmust bebe wonwon andand usedused
forfor allall peoplepeople……

WeWe choosechoose toto gogo toto thethe moonmoon.. WeWe choosechoose toto gogo toto thethe moonmoon inin
thisthis decadedecade andand dodo thethe otherother thingsthings,, notnot becausebecause theythey areare easy,easy,
butbut becausebecause theythey areare hardhard,, becausebecause thethe goalgoal willwill serveserve toto organizeorganize
andand measuremeasure thethe bestbest ofof ourour energiesenergies andand skillsskills……””

thisthis decadedecade andand dodo thethe otherother thingsthings,, notnot becausebecause theythey areare easy,easy,
butbut becausebecause theythey areare hardhard,, becausebecause thethe goalgoal willwill serveserve toto organizeorganize
andand measuremeasure thethe bestbest ofof ourour energiesenergies andand skillsskills……””

President John F. KennedyPresident John F. Kennedy
Address at Rice University on the Nation’s Space EffortAddress at Rice University on the Nation’s Space Effort

September 12, 1962September 12, 1962

President John F. KennedyPresident John F. Kennedy
Address at Rice University on the Nation’s Space EffortAddress at Rice University on the Nation’s Space Effort

September 12, 1962September 12, 1962

Copyright 2010 California Institute of Technology. Government sponsorship acknowledged. 3Copyright 2010 California Institute of Technology. Government sponsorship acknowledged. 



We choose to go to the moon and do other things 
because they are hard…

• At the outset, our leaders knew that the Space exploration 
would be hard, requiring individuals with special skills, q g p

• Space presents an unforgiving, harsh environment

• The deep space missions NASA /JPL develops are simply  
non-repairable; can’t send a repairman up therenon-repairable; can t send a repairman up there

• MARS at night gets very cold

• Above all, there is never enough money to do everything 
i ld likscience would like 

• In spite of these challenges, the global space community                
has had notable successes

• As an example of how we assemble a spacecraft from a 
mission assurance perspective, this talk will address 
the selection and qualification of analog-to-digital 
converter devices (A/Ds) General information on NASA EEE
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converter devices (A/Ds). General information on NASA EEE      
Parts Assurance Group (NEPAG) will be provided as well.
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Jet Propulsion Laboratory (JPL)
www.jpl.nasa.gov
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NASA/JPL Mission – Mars RoversNASA/JPL Mission – Mars Rovers

Roving Mars surfaceRoving Mars surface
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January 2010:  6th Anniversary – Twin rovers land on Mars
and continue to return major science
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A/Ds Selection/Qualification

• A/Ds are one of the critical components engineers seek when 
designing electronic hardware for space flight projects. Their 
performance requirements cover a wide spectrum.  

• The three main features are bit resolution power and speedThe three main features are bit resolution, power and speed. 
In addition, each project levies radiation and reliability 
requirements the selected A/D must meet.  

• The number of flight worthy suppliers is dwindling
ff f• Investigate investigate commercial-off-the-shelf products 

• “Selection and qualification” as applied here means the process of 
considering the requirements from the design group and delivering a 
space flight worthy product.space flight worthy product. 

• Standard parts - product that meets the required specifications 
regarding radiation, temperature and life.  

• Non-standard parts – product that require additional testing to 
b fli ht th A it ti ld b kibecome flight worthy.  A worse-case situation could be working 
with a manufacturer to develop a brand new product that can not 
only be used on our project but also marketed by the 
manufacturer to others. 

Copyright 2010 California Institute of Technology. Government sponsorship acknowledged. 8

• Both standard and non-standard parts undergo “selection 
and qualification”:



Standard and Non-standard A/Ds

• Standard parts are sold by manufacturers as space quality with 
specified radiation characteristics for single event latch up (SEL) and 
total dose hardness.  Examples of standard A/Ds include: Analog 
Devices 12-bit AD9042 National Semiconductor 8-bit ADC08D1520Devices 12 bit AD9042, National Semiconductor 8 bit ADC08D1520, 
Honeywell 12-bit RH9225, ST Micro 12 bit RHF1201, e2v (formerly 
Atmel) 8-bit TS8388.

/• Non-standard Parts require additional reliability and/or radiation testing.  
Below are several examples of non-standard A/Ds that required 
additional work to become flight worthy:

• The Cassini Project needed a 12-bit low power A/D. Tested The Cassini Project needed a 12 bit low power A/D. Tested 
several parts and found Maxim MX7672 was a potential 
candidate as it had acceptable single event latch up characteristics.  
However, it showed poor total dose hardness.  NASA/JPL learned 
th t t t S El t i I (SEI) hi hthat a new start up company, Space Electronics, Inc. (SEI), which 
was an off shoot of SAIC (Science Applications International 
Corporation), had patented a package shielding technique, 
RADPAK, that increases total dose radiation hardness for electronic 
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,
parts. NASA/JPL worked with SEI to develop a space level 7672RP 
that had Maxim die packaged in a RADPAK flat-pack package.



Non-standard A/Ds (Contd.)

• Non-standard A/Ds (contd.):

• TES project needed a 16-bit low power A/D converter. The Burr-
Brown (now TI) 7809 met performance requirements but it was aBrown (now TI) 7809 met performance requirements, but it was a 
commercial part with low total-dose radiation levels.  Fortunately, 
it exhibited non-destructive single event latch-up.  Under a 
research program, SEI developed a reset circuit to provide 

fprotection against single event latch up. The discrete version of 
the circuit was then built as an ASIC providing a two-die solution 
for parts like the 7809 (7809 die and the LPT ASIC die). LPT = 
Latch-up Protection Technology. In order to enhance total-doseLatch up Protection Technology.  In order to enhance total dose 
performance, the 7809 and the LPT ASIC dies were packaged in 
a RADPAK package. 

OCO d d 16 bit i l l A/D t A l• OCO needed a 16-bit serial low power A/D converter.  Analog 
Devices AD977A met the performance criteria, was tested for 
radiation and found to have acceptable latch-up and total-dose 
characteristics, but required up-screening to meet the project’s 
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, q p g p j
reliability requirements.



• Non-standard A/Ds (contd.):
Non-standard A/Ds (Contd.)

• GALEX, CloudSat and other projects needed a 14-bit low power 
A/D converter.  Linear Technology LTC1419A met the performance 
criteria with acceptable single-event and total-dose characteristics. p g
But, the part was available only as commercial in a plastic package 
(PEM).  Because it is risky to use PEMs on a non-repairable space 
mission, an up-screen flow developed for PEMs must identify and 
mitigate those risks. Testing may include the following:g g y g

• Measure glass transition temperature Tg, the temperature at 
which a substance changes from a hard, glassy material to a 
softer rubbery one.  A margin should be allowed for measuring 
Tg and the resultant temperature should not be exceeded duringTg and the resultant temperature should not be exceeded during 
screening or flight operation.

• X-rays looking for any bond wire related issues, such as wire 
sweep, crossing wires, etc.

• CSAM screen for delamination• CSAM screen for delamination. 
• Electrical tests ensure parts work over the intended temperature 

range.  Read and record data.
• Burn-in temperature and time should be adjusted based on the 

glass temperature measurement
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glass temperature measurement.
• Qualification tests including life-test, temperature cycling and 

others to satisfy mission requirements.



Non-standard A/Ds (Contd.)

• Non-standard A/Ds (contd.):

• MRO, SDO and other NASA projects needed a 16-bit low power 
A/D The Linear Tech LTC1604A met the performanceA/D. The Linear Tech LTC1604A met the performance 
requirement had acceptable single event latch up and total dose 
characteristics and was tested for radiation, but it was available 
only in a plastic package. It required up-screening to meet project 
reliability requirements. In this particular case, Linear Tech up-
screened the parts to a flow jointly developed with them.
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Table I Example of Standard A/D Converters

Example of Standard A/Ds
Table I. Example of Standard A/D Converters

Manufacturer ADI Honeywell e2v National ST Micro

Part No. 9042 RH9225 TS8388 ADC08D1520 RHF1201

Process Bipolar/SOI CMOS/SOI Bipolar CMOS CMOS

Power Supply +5V +5V +5V -5V +2V 2 5VPower Supply +5V +5V +5V, 5V +2V 2.5V
Power Dissipation 595mW 240mW 3.4W 2W 100mW

Analog Input Voltage 2.4V 4v p-p 500mV diff/single 2V 2v p-p

Di it l I t f P ll l P ll l P ll l P ll l P ll l

Pa
rt

 In
fo

rm
at

io
n

Digital Interface Parallel Parallel Parallel Parallel Parallel

Conversion rate/time 41Msps 20Msps 1Gsps 1.5Gsps 50Msps

NASA/JPL Usage Yes Yes Yes Std Part Yes
Availability Yes Yes Yes Yes Yes
Construction Analysis / DPA Acceptable Acceptable Acceptable - Acceptabley p p p p

Single Event Latchup Acceptable Acceptable Acceptable Acceptable Acceptable

T t l I i i D A t bl A t bl A t bl A t bl A t bles
ul

ts

Total Ionizing Dose Acceptable Acceptable Acceptable Acceptable Acceptable

Reliability QMLV QMLV Space flow QMLV QMLV

Te
st

 R
e
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Other Flatpack Flatpack Flatpack Flatpack Flatpack



Table II. Example of Non-standard A/D Converters

Example of Non-standard A/Ds
Table II. Example of Non standard A/D Converters

n

Manufacturer Linear Tech ADI
(SEI) 

Maxwell Linear Tech
SEI 

(Maxwell)
Part No. LTC1419/A AD977A 7672RP LTC1604A 7809LPTRP

Process CMOS BiCMOS CMOS CMOS CMOS1

Pa
rt

 In
fo

rm
at

io
n Power Supply +5V, -5V +5V +5V, -12V +5V, -5V +5V

Power Dissipation 150mW 100mW 110 mW 220mW 150mW      

Analog Input Voltage +/- 2.5V several +5V, +10V, +/-2.5V Several

+/-5V
Di it l I t f P ll l S i l P ll l P ll l S i lDigital Interface Parallel Serial Parallel Parallel Serial

Conversion rate/time 800 ksps 200ksps 5 us 333ksps 100ksps

NASA/JPL Usage Yes Yes Yes Yes Yes
Availability Yes Yes Yes Yes Yes
Construction Analysis / DPA Acceptable Acceptable Acceptable Acceptable Acceptable

es
t R

es
ul

ts

Single Event Latchup Acceptable Acceptable Acceptable Acceptable LPT

Total Ionizing Dose Acceptable Acceptable RADPAK Acceptable RADPAK

Reliability Upscreen Upscreen Space flow Screened by 
Manufacturer

Space flow

T Other PEM Ceramic Maxim die, 
flatpack

PEM TI (BB) die, 

LPT ASIC die
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Supplier Selection

• Space missions are global in nature
• So are the parts: fabricated in Taiwan; assembled in Thailand; 

t t d i Si t t th USA f ltested in Singapore; sent to the USA for sale
• Supplier selection for space flight programs

• QML suppliers are preferred
C t f i i i t b i• Country of origin is not a barrier 

• Some Examples 
• Began about 25 years ago, what was then known as Marconi 

(located in Lincoln, England) was listed as a source for HCS 
logic used on Cassini project.

• Currently we are evaluating 24 bit A/Ds from three suppliers, 
one of them is a European manufacturerone of them is a European manufacturer.
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What is NEPAG?

• NEPAG is the acronym for NASA EEE (Electrical, 
Electronic, Electro-mechanical) Parts Assurance Group.  ) p

• It is a forum for the exchange of information on EEE parts 
across NASA (OneNASA) and the world-wide space 
community (OneSpace)community (OneSpace).

• Our Charter is to exchange EEE Parts information of 
mutual interest on the subjects of quality, reliability, 

di ti il bilit d t h l d i fli htradiation, availability, and technology used in space flight.  
We also, through consensus, control the necessary 
industry specifications, coordinate Military Specifications,  
mitigate vendor issues, resolve on-going problems, and g , g g p ,
support DLA Land and Maritime (formerly DSCC) audits to 
ensure reliable hardware. 
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Space Parts World
A Vanishingly Small Part of the Commercial Parts World
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NEPAG is actively involved with the procurement process - parts users and standards organizations 
join hands to ensure timely delivery of reliable parts from suppliers.

17



NASA/JPL NEPAG Activities
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EEE Parts Bulletins

A project engineer wrote, “Thanks, important EEE parts issues in a Bulletin 
format is a wonderful sight to see Great information!”
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format is a wonderful sight to see. Great information!  
B. Hughitt wrote that the JPL/NEPAG EEE Parts bulletins are outstanding. He 
asked that they be distributed to all QLF (Quality Leadership Forum) members.



NEPAG – OneSpace Community
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Summary

• NASA/JPL’s approach to select and qualify 
Analog-to-Digital converter parts for spaceAnalog to Digital converter parts for space 
flight application was presented from a 
product assurance perspective.

• An overview of NEPAG was provided. It is 
like a big component engineering group 
representing the world wide space 
community. Together, we are working to 
improve the quality of EEE parts, including 
the A/D converters, used on space flight 
h d ESA i l d t f NEPAGhardware. ESA is a valued partner of NEPAG.
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