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Breaking Down the Barriers to the Best Technology

The Apollo spacecraft was, in its day, a marvel of efficiency, miniaturization, 
and reliability. It was the very best technology available, far in advance of 
common industrial and consumer technology.

However, in the four decades that have elapsed since that development, other 
areas of technology have made enormous strides, improving by many orders of 
magnitude. In contrast, we have not advanced space technology nearly so much. As  
a result, we are no longer the leaders we imagine we should be, and in many 
cases we are no longer using the best technology available.

We have high ambitions for future space endeavors, and these will require that 
we adopt the best technology. That requires innovation. But often, the 
technological innovation has already happened: you can have have the fruits 
delivered overnight by FedEx. So, I'll talk about the innovation needed to break  
down the cultural, institutional, and managerial barriers that are keeping our 
best technologies out of space.
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At the IMDC, 2001

¥ GoddardÕs Integrated Mission Design Center
‣ ÒDedicated to innovationÓ

¥ Costing downlink operations
‣ Established parametric methodology
‣ Space-based TDRSS is big $, no surprise!
‣ Ground-based is bigger $$, huh?

¥ Compare with existing system - HETE-2
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$30,000,000/year for this? (!)
¥ HETE-2 Ground Network

¥ <$100,000/year in actual budget
‣ Maybe 2-3x that if spacecraft ops team time included

¥ <1% the parametric estimate!
‣ And the usual excuses donÕt apply.

¥ Automation!
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Parametric Cost Estimation
¥ ItÕs simply broken!

‣ Based on decades of experience: could you cost a laptop that way?
¥ ÒExperience baseÓ is circular: based on missions and processes selected using 

parametric cost estimation!
¥ Ratchets up when thereÕs an overrun.

¥ Adjusted for ÒinflationÓ as real tech costs drop.

‣ Cannot cope with technological innovation.

‣ Denies the possibility of process innovation. 
¥ Proposers must have compatible costing to be ÒcredibleÓ.

¥ A powerful suppressor of technological innovation.
‣ A major reason we are not using the best technology.

¥ Innovation needed!
‣ Can we find better ways to assess credibility?

‣ A bad method is worse than no method.

‣ Markets work in other high tech areas.

4



April 21, 2008                                                                    John Doty, PhD, Noqsi Aerospace, ltd

2N930JANTXV versus BCX70K

sloppy specs tight ✓
high mass low ✓
high capacitance low ✓
low shock resistance high ✓
yes cavity no ✓

manual production automated ✓
long lead availability off the shelf ✓

high ✓ steam resistance low 

approved ✓ culture disapproved

A tale of two transistors
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 TECHNICAL DATA 
 

NPN LOW POWER SILICON TRANSISTOR 
Qualified per MIL-PRF-19500 / 253 
 

Devices  Qualified Level 

2N930  

 
 
 
 

JAN 
JANTX 

JANTXV 

  

 

MAXIMUM RATINGS 

Ratings Symbol Value Units 
Collector-Emitter Voltage VCEO 45 Vdc 
Collector-Base Voltage VCBO 60 Vdc 
Emitter-Base Voltage VEBO 6.0 Vdc 
Collector Current  IC 30 mAdc 
Total Power Dissipation  @ TA = +250C(1) 

                                       @ TC = +250C(2) PT 
300 
600 

mW 

Operating & Storage Junction Temperature Range TJ, Tstg -55 to +200 0C 

THERMAL CHARACTERISTICS   
Characteristics Symbol Max. Unit 

Thermal Resistance, Junction-to-Case R! JC 97 0C/W 

1) Derate linearly 2.0 mW/0C above TA = +250C  
2) Derate linearly 4.0 mW/0C above TC  = +250C 

 
 
 

 
 
 
TO- 18* 

(TO-206AA) 

 

 *See appendix A for 
package outline 

 
ELECTRICAL CHARACTERISTICS (TC = +25

0
C unless otherwise noted) 

Characteristics  Symbol Min. Max. Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
   IC = 10 mAdc  

V(BR)CEO 45  
Vdc 

Collector-Base Cutoff Current   
   VCB = 60 Vdc 
   VCB = 45 Vdc   

ICBO  
 

10 
10 

µAdc 
" Adc 

Emitter-Base Cutoff Current  
   VEB = 6.0 Vdc 
   VEB = 5.0 Vdc 

IEBO 
 

10 
5.0 

µAdc 
" Adc 

Collector-Emitter Cutoff Current   
   VCE = 45 Vdc   

ICES  
 2.0 

" Adc 

Collector-Base Cutoff Current   
   VCE = 5.0 Vdc   

ICEO  
 2.0 

" Adc 
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NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings Ta=25¡C unless otherwise noted 

¥ Refer to KST3904 for graphs

Electrical Characteristics Ta=25¡C unless otherwise noted 

Symbol Parameter Value Units

  VCBO Collector-Base Voltage 45 V

  VCEO Collector-Emitter Voltage 45 V

  VEBO Emitter-Base Voltage 5 V

  IC Collector Current 200 mA

  PC Collector Power Dissipation 350 mW

  TSTG Storage Temperature -55 ~ 150 ¡C

Symbol Parameter Test Condition Min. Max. Units

BVCEO Collector-Emitter Breakdown Voltage IC=2.0mA, IB=0 45 V

BVEBO Emitter-Base Breakdown Voltage IE=1.0µA, IC=0 5 V

ICES Collector Cut-off Current VCE=32V, VBE=0 20 nA

IEBO Emitter Cut-off Current VEB=4V, IC=0 20 nA

hFE DC Current Gain                VCE=5V, IC=10µA

VCE=5V, IC=2.0mA

VCE=1V, IC=50mA

100

380

100

630

VCE (sat) Collector-Emitter Saturation Voltage IC=10mA, IB=0.25mA

IC=50mA, IB=1.25mA

0.35

0.55

V

V

VBE (sat) Base-Emitter Saturation Voltage IC=10mA, IB=0.25mA

IC=50mA, IB=1.25mA

0.6

0.7

0.85

1.05

V

V

VBE (on) Base-Emitter On Voltage IC=2.0mA, VCE=5V 0.55 0.75 V

fT Current Gain Bandwidth Product IC=10mA, VCE=5V, f=100MHz 125 MHz

Cob Output Capacitance VCB=10V, IE=0, f=1MHz 4.5 pF

NF Noise Figure VCE=5V, IC=0.2mA

RS=2K!, f=1KHz

6 dB

tON Turn On Time IC=10mA, IB1=1.0mA 150 ns

tOFF Turn Off Time VBB=3.6V, IB2=1.0mA

R1=R2=5K!, RL=990!

800 ns

BCX70K

General Purpose Transistor

AK

Marking

SOT-23

1. Base  2. Emitter  3. Collector 

1

2
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Parts-based QA?
¥ ItÕs nice to have reliable parts, but...

‣ Space qualification largely based on ancient, irrelevant criteria.
¥ Suppression of existing innovation.

‣ In other areas of tech, parts reliability tied to high-volume automated 
production.

¥ Robots much better at doing the same thing over and over than humans.
¥ Low cost, high availability.

¥ Reliability is a system problem.
‣ Poor match of parts to system requirements blights design.

‣ Can have BIG margins with the right parts.

¥ Space is not an environment or application.
‣ Many different environments, many kinds of applications, diverse 

requirements.

‣ Best engineering practice bases QA on the mission requirements.
¥ Encourages innovation and adoption of best technology.
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The Bugaboo of Radiation
¥ Real issues that demand rational attention.

¥ Different missions have wildly different requirements.
‣ One good approach to dose is to choose a low dose orbit if you can!

¥ More a system issue than a parts issue.
‣ Treating it as a parts issue often prevents use of best technology.

‣ Trade margin for tolerance.

‣ Parts testing expensive, subsystem testing not so bad.
¥ Build plenty of prototypes!

‣ Upset and latchup consequences vary.
¥ Design to system requirements.
¥ DonÕt waste resources preventing upsets when you can easily recover.

¥ Design for easy recovery when possible.
¥ Current limits and circuit breakers are a good idea anyway.

¥ Keep the issue in perspective: few technologies are as 
susceptible to dose as humans.
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The Review Process
¥ I have never seen a NASA PDR or CDR correctly identify a real 

design problem.
‣ Frightening!

¥ Experienced hands spot problems?
‣ More likely, canÕt understand unfamiliar approaches.

¥ More suppression of innovation.

‣ Review by students is more effective.
¥ Approach system on its terms.

¥ Educational!

¥ Students get inspired, come up with better ideas. Innovation!

¥ NASA projects revolve around reviews.
‣ Documentation becomes a sales pitch.

¥ Process innovation needed here: review is important!
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An alternative
¥ In Japan, at ISAS, projects revolve around integrated system 

tests.
‣ Reality-based.

‣ Start with breadboards.
¥ Building more prototypes saves time, money.

‣ Drives early release of detailed technical documentation.
¥ Not a sales pitch.

¥ Focus on what and how to test is very productive.
¥ Better documentation.

‣ Review is a constant background activity.
¥ Schedule milestones are tests, not reviews.
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We have no program
¥ NASA missions are isolated stunts.

¥ Innovations, if needed, usually prevent mission approval.

¥ Innovations, if not needed, usually will not be flown.

¥ Contrast ISAS, again:
‣ Fly mix of old and new.

‣ Minimum mission requirements served by old.

‣ Maximum mission objectives served by new.

‣ Future mission objectives served by new.

¥ X-ray CCD imaging spectrometer (ACIS) acceptable for 
NASAÕs Chandra mission because of success on ASCA 
mission.
‣ Broke Chandra out of suspended animation.

‣ Want to fly innovative American technology? Take it to Japan!

¥ Management innovation needed: can we have a real program?
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Smaller-faster-cheaper-better
¥ From where I was, it was a spectacular success.

‣ HETE-2 science, especially GRB030329, was one of Science 
magazineÕs ÒTop 10 breakthroughsÓ of 2003.

¥ A few ingredients for success:
‣ Choose the best technology to meet mission requirements.

‣ Operations experience is a big plus.

‣ Change your processes as needed.

¥ A few ingredients for failure:
‣ Lack of experience.

‣ Narrow experience.

‣ Traditional technology choices.

‣ Traditional processes.

¥ You canÕt lose weight by putting on smaller clothes!
‣ Lifestyle change is needed.
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Access to space
¥ Everyone wants to design the best launch vehicle

‣ But Henry Ford showed that itÕs the process that matters

¥ Our processes are extremely labor intensive
‣ Expensive

‣ Error prone

¥ 21st century technology offers a solution: automate the flow
‣ Requires large investment

‣ Change of mindset: lots of early tests, tolerate early failures

¥ The process technology exists
‣ Design vehicle to the flow

¥ Innovation needed!
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An end to exceptionalism
¥ In 1969, I saw an LM computer at Draper Lab.

‣ It didnÕt fill a room.

‣ Considered reliable enough to trust two lives to it.

¥ In those days we needed, and deployed, exceptional custom 
technology.

¥ Since then, other technologies have made enormous strides.
‣ Better than our custom technologies.

‣ For our future ambitions, we need this stuff.

¥ Innovation needed: retrain our institutions to be able to 
effectively import technology from other areas into space.
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Innovation is risky
¥ But only in the short term.

‣ Other high tech shows innovation leads to more reliable technology.

¥ Our institutions, however, are devoted to suppressing that 
short-term risk.
‣ Need innovation in process and organization.

¥ Automation is key to reducing risk and cost together.
‣ But we are no longer leaders here.

¥ CubeSats are good news.
‣ Much promising technology is very small.

‣ Scaling suggests many technologies should improve with 
miniaturization.

‣ Adapt, innovate, and train the new generation at the same time.
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The golden age is ending, unless...

¥ The last 35 years have been a golden age for space 
astrophysics. Space-based telescopes have revealed more 
than we imagined they would.

¥ Our technological base is under great strain. Missions take 
decades to implement.

¥ The old generation of scientists and engineers who knew how 
to work together are retiring.
‣ Not being replaced.

¥ WeÕve been able to get along on our base of obsolete 
technology because the advantages of just being in space are 
enormous.
‣ And Japan has helped us push forward a bit.

¥ WeÕve come to the end of this road. We need innovation.

15



April 21, 2008                                                                    John Doty, PhD, Noqsi Aerospace, ltd

Innovation needed!
¥ Our most critical innovation need is for better processes.

‣ Much of the innovative technology we need is already available.

‣ Our failure to use the best technology available puts an enormous ÒtaxÓ 
on our efforts, limiting our achievements.

‣ The innovations in space technology that excite us demand the best 
support technology, but our processes prevent us from using it.

¥ The nature of 21st century technology is that the best solution 
is often a large number of small things.
‣ An alien concept to our processes and institutions.

16


