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e Drivers for Terahertz Space Applications
e Terahertz Space Missions:
Past, Present and Future
e Terahertz Source Requirements
Examples of some JPL instruments
e Case Study for Flight Deliverable:

THz Local Oscillators for ESA’s
Herschel Space Telescope
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Mivaﬁons Jp‘_

LAY TRADITIONAL

e ASTROPHYSICS: Molecular Spectroscopy,
Continuum Black Body, Cosmic Background

e« EARTH: Water, ozone, pollutants, aerosols, ice
e PLANETS: Atmospheric composition, winds

NEW

e« ASTROPHYSICS: Extra Solar Planets (5-10 THz)
e EARTH: Meteorology/Climate (mm/submm)
e PLANETS: Thermal mapping, Astrobiology (submm)
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THz is the primary freq. for line and continuum radiation from cool (5-100K)
gas (atoms and molecules) and dust.

Half the luminosity and 98% of the photons released since the Big Bang fall

THz Space Science Drivers | = I

into the Submillimeter and Far IR regions
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30K blackbody, interstellar dust and key molecular
line emissions
(from Tom Phillips, IEEE Proc., 80, no. 11,1992).
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power is emitted at THz frequencies!
(From Dave Leisawitz, SPIE Proc., 4013, Mar 2000)
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F’/\Neﬂ\SBsfz\elfcience Missions JpL

Despite large funding cuts in core technology & the shift to
human exploration at the expense of many NASA science
missions, THz remote sensing instruments still occupy
prominent places in several mission queues. These include:

CAMEO: A comprehensive Earth/weather sounder (mission of
opportunity, including potential NOAA queue)

Vesper: A Venus orbiter for atmospheric limb scanning
(Discovery class)

Marvel/Signal: A Mars sounder looking for volcanic and bio
sighatures as well as performing atmospheric chemistry (Scout
Mission or Mars Express class)

TOAM: Titan orbiter & balloon borne probe (Observatory class)
TRACE: New active radar spectrometer for Europa (Obs. Class)

SAFIR and SAFIR lead-ins: Observatory class astrophysics
instrument for full millimeter-to-infrared coverage

TIP: A new terrestrial planet finder concept using far-IR
interferometer and direct detection techniques (Obs. Class)
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Types of THz Space Sensors P
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e Direct Detection
— Broadband, high sensitivity, low spectral res.

— Typical technologies (100 GHz-10 microns):

e Spectrophotometers, cooled bolometers (.001-4K),
photoconductors (100 GHz to 10 microns)

e Heterodyne Detection
— Narrow band, mid-to-high sensitivity, high res.
— Typical technologies (100-5000 GHz):

e Schottky diode mixers, hot electron bolometers (4K),
superconducting tunnel junctions (4K)
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mwent Parameters JpL

W TYPICAL REQUIREMENTS for SPACE APPLICATIONS

e FREQUENCY RANGE: 100 GHz-5 THz (most spectral lines)

e FREQUENCY RESOLUTION: 100kHz-10MHz & 2-20GHz for continuum
e RF FREQUENCY COVERAGE: 10-100 GHz (greater if possible)

e RECEIVER SENSITIVITY: 1-100X Quantum Limit (hv/2k—0.05K/GHz)
e SOURCE POWER: 0.1-10mW for heterodyning, 10-1000mW for radar
e ANTENNA DIMENSIONS: 50 cm-to-30 meters plus interferometry

e COOLING REQUIREMENTS: 1millikelvin—to-Earth Ambient

e POWER/MASS/VOLUME: 20-150W / 5-50kg / 1x1x1m

e RADIATION HARDNESS: 10-100 kRad (1 MegaRad some cases)

e THERMAL/VIBRATION: -55C to +70C/14g’s 20-2000Hz, 1000g shock
e LIFETIME IN SPACE: 2-15 years

e TECHNOLOGY READINESS LEVEL: 5to 9

e OTHERS: Completely autonomous, failsafe operation, low data rates
and minimal data storage/compression (kb/s max), extreme thermal
environments, complete performance traceability, unimaginable
oversight & documentation!
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Technology Readiness

=L

NASA's Technology Readiness Level Index

Stage TRL |Hardware Status
Basic Technology 1 Observe and report basic principles or new results
Research that are more fundamental in nature.
Feasibility Research 2 Formulate concept or application.
3 Prove the concept through analysis or experiment.
Technology Validate the concept using components or
Development breadboards in the laboratory
Technology 5 Validate the component or breadboards in a relevant
Demonstration environment.
6 Demonstrate a model or prototype in the relevant
environment, ground or space.
System/Subsystem 7 Demonstrate a prototype in the space environment.
Development
System Test, Launch 8 "Flight qualification" of the actual system through
and Operations ground or space test.
9 "Flight proven" through successful mission
operations.

AGED: Feb. 28t 2007
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Survey of Space Instruments 1 JPL

Completed THz Space Instruments

Mission or | Launch | Agency or S Frequency Instrument
Instrument Year Country Application Coverage Description Status
Mariner 2 1962 NASA Venus Flyby |15.8/22.2 GHz |Earliest pwave observations | Complete
Cosmos 243 1968 Soviet Water vapor and
Cosmos 384 | 1970 Union | Earth 3-37 GHz temperature sounding Complete
: Water vapor, temperature
Nimbus 5 1972 NOAA Earth 22-60 GHz profiling, ice/snow Complete
Soviet  |Earth and ~300 GHzto | st Earth & space IR
Cosmos 669 1974 Union Astrophysics | <60 um [)noc-?grsnuggpsents using cooled [Complete
Soviet . ~200 GHz to Space station telescope with
Salyut 6 1978 : Astrophysics active 4K cooler and Complete
/ Union Py <20 ym bolometric detectors g
- Heli & cooled
IRAS 1983 NASA  |Astrophysics |8-120 um bg&‘fﬂgﬁ%&:‘na coole Complete
. 30 GHz-3 THz Cosmic background and IR
COBE 1989 NASA Astrophysics mapper with high resolution |Complete
Py and 1-240 ym interferometer & photometer P
1st heterodyne receivers for
UARS-MLS 1991 NASA Earth 63,183,205GHz |high resolution spectroscopy | Complete
of stratospheric
SSM/T-2 1991 NOAA/DoD |Earth 91,150,183GHz | Heterodyne for water vapor | Complete
Superfluid He, Fabry Perot,
ISO 1995 ESA Astrophysics |2-240 ym photometers and Complete
photoconducting detectors
AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS 9
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Survey of Space Instruments 2 JPL

Operational THz Space Instruments

Mission or

Launch

Agency or

Frequency

Instrument Year Country Application Coverage Instrument Description Status
1st submillimeter wave
SWAS 1998 NASA Astrophysics (490,550 GHz |heterodyne instrument: Completed
water, O2 and CO
: Astrophysics |[118, 490-500, |Heterodyne space & Earth .
Odin 2001 Sweden & Earth 540-580 GHz |sounder with Sterling cooler Operational
: Cosmic background ,
WMAP 2001 NASA Astrophysics |90 GHz WMMIC's Operational
Cooled telescope,
Spitzer 2003 NASA Astrophysics |5-140 ym multiband photometers & Operational
spectrograph
1st submm-) heterodyne Operational
MIRO 2004 ESA Comet 188, 560 GHz |planetary mission. Rendezvous
H,0,CO,NH;, CH;0OH in 2014
118, 180, 240, |1 THz heterodyne mission: :
Aura MLS 2004 NASA Earth 640, 2520 GHz | ozone & climate change Operational
AKARI 2006 JAXA  |Astrophysics |1-180 um cryogen plus active cooler | o ational
6K telescope, all sky survey
AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS 10




Survey of Space Instruments 3 JPL

LAY Future THz Space Instruments
Mission or | Launch| Agency or Application Frequency Instrument Description Status
Instrument | Year Country Coverage
Heterodyne & direct
Herschel 2008 ESA Astrophysics 480-1900 GHz detect, cooled telescope, In :
and 60-200 um . Construction
multiple instruments
. 30-70 GHz, Cosmic background with |In
Planck 2008 ESA Astrophysics 100-850 GHz |high & low freq. channels | Construction
1st superconducting Completed,
SMILES 20087 JAXA Earth 625-650 GHz [heterodyne system for awaiting
Earth observations launch
Vesper 2012+ |  NASA |Venus 460-560 GHz | 9N res. spectroscopy | Approved
for clouds and winds Concept
Submilli- 201572 Russia |Astrophysics |150-1500 GHz Ir?t. Space Station, cooled | Approved
metron dish, He bolometers Concept
Future . SAFIR, SPIRIT, SPECS, |Proposal
Astronomy >2015 | NASA/ESA | Astrophysics | mm-to-IR ESPRIT, STO, TIP... Concepts
Future Earth | >2012 | NASA/ESA |Earth mm-submm | CAMEO, ACECHEM, | Proposal
meteorological interfer. Concepts
Future >2015 | NASA/ESA |Planets mm-submm Mars, Titan, Europa ... Proposal
Planets Concepts

AGED: Feb. 28t 2007
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Earth Remote Sensing for Climate and OzonerL

CAMEQ: Composition of the Atmosphere from Mid Earth Orbit:
Pollution Monitoring, Ozone monitoring, Tropospheric chemistry,
Water distribution, Cloud ice size and distribution, Radiation
Balance through LIMB SCANNING

3 Instruments: (1) Submillimeter Limb Scanner — Superconducting
Heterodyne Radiometers at 100, 200, 600 GHz, (2) AIRS -
broadband thermal IR imaging spectrometers from 3-15um, (3)
TROPI - UV, visible and near IR grating spectrometers




AGE

Heterodyne Remote Sensing: Life, Volcanism,

Chem. Composition, Wind, Temp., Pressure JPL

Mars Volcanic Emission and Life Scout

SIGNAL Measurement suite and sensitivity for 15sec
integration, 10 MHz BW, 5000K SSB noise temperature:

Molecule Frequency SIGNAL Sensitivity (pptv)
Nadir Limb grazing
HCN 531.716388 1400 5
HNO3 531.761329 419600 1399
oCs 534.7278 119900 400
N20 552.487036 863300 2878
H20 556.936002 5000 17
SO 560.178331 16700 56
H2CO 561.899318 12100 40
03 566.293689 681500 2272
NH3 572.498068 23900 80
co 576.267931 781000 2603
H2S 579.799042 112900 376
H202 582.05595 33600 112
HO2NO2 587.816003 3215700 10719
S02 589.271422 118100 394

Vesper: Venus Sounder

— Constituent Detection Above Clouds
— Direct Wind Velocity Measurements

— Temperature/Pressure Altitude Profile
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and possibly for atmospheric insertion JPL
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New THz Radar Application for Planets JPL

TRACE: THz Radar Astrobiology and Chemistry Experiment
(EUROPA)

Radar

-F.-_ spectrometer
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Future Astrophysics Driver for Technology
Development JPL

Jet Propulsion Laboratory and Goddard Space Flight Center + View the
California Institute of Technology MNASA Portal

| JrLHOME | EARTH |  SOLARSYSTEM STARS & GALAXIES TECHNOLOGY

" 'SINGLE APERTURE FAR-INFRARED OBSERVATORY

- " i —— -«
I i

HOME SITEMAP

Tie Single Aperture Far-iitfrared Observatory (SAFIR) is a large cryogemnic space
tefescope envisioned as a follow-on to the Spitzer Space Telescope (Spitzer) amd the
Herschel Space Observatory. SAFIR will provide unprecedeftted sensithvity in the
impaortant ramnge betwean infrared wavelengths probed with the fames Webb Space
Tefescope, amnd the microwave wavelengthrs observable with telescopes on the
groumd. SAFIR will explore the formation of the first stars amd galades in the
umiversa's distant past and will pierce the veils of obscuring dust to reveal planretary
system formation it our own Galaxy.

The SAFIR mission is currently being stidied by NASA in a colfaboration between
AGED: Feb. 28th, 2007 the Jet Propufsion Laboratory (JPL) and Goddard Space Flight Center (GSFC). 16



Planet Finding & Search for LiferL

W TIP: Terahertz
Interferometer Contrast between STAR and PLANET vs. Wavelength
for Planets S —s —
1.E-04 - | *
1.E-05 - 3 ———
Take advantage of blackbody i Sy
emission curve (Rayleigh-Jeans ~ 1.E-06 F-=———--—-———"""""" PSR 2 ) G S S S S e
regime) to dramatically reduce £ ., | K ‘ e Mercuy [
contrast between hot star and % | —a—Venus
possible orbiting planetary ¢ 1.E-08 | i Earth :
bodies ;g, 1.E-09 i Mars ~
@ i i —x— Jupiter
1.E-10 - l —e— Saturn -
- i ——Uranus
1.E-11 ik dal i — Neptune |
E MZ ,,,,,,,,,,,,,,,,,,,, SR —e—TPF-IBand| _
| ; —o—TIP Band
1.E-13 1 :
1 10 100 1,000

Wavelength (um)
Interferometric techniques needed to cancel
out star radiance, and VERY large apertures

’ (30m) needed to achieve desired S/N at

frequencies from 1-5 THz.
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Mce Needs JpL
i

e Heterodyne Systems: Passive
— Superconducting: 1-100 uW/pixel
— Semiconducting: 1-10mW/pixel

e Heterodyne Systems: Active
— 1-1000mW transmit plus above requirements

e Direct Detection Systems: Active
— 1-1000W transmit: semiconducting
— 1-100mW transmit: superconducting

e High purity, phase stable, (f/Af=107-108)

AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS 18



THz Source Performance Jp'_

Room temperature
Schottky multiplier
chains

AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS




2.5 THz Receiver for EOS-MLS JPL

Diol V-IF Amp
iplexer A AR
~ H-Receiver :/ Mixer y
: : it
Mounting Plate : & &5,

JPL 2 .5 THz mixer chip in waveguide mount Input Input
Two channel receiver for 2.5 THz flight application

12_III|IllxllII|III|III|III|III|III|I12
% X JPL OH-38 mixer @ 2.5 THz |4
" x 4/3/00 ]

11 X wafer 039E-BL, OH-2 block | 11
o Iz R4C4, reticle 7,9 ]
“A % 150 7 xformer, 0.7|5dmil bshrt |4
x <3 mW LO couple ]

10 MU A  84GHzIF 110
M § & 128GHzIF ]

9 oA X 204GHzIF ] 9

8 Required
, LO power

T 6-8 mW
6
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[oe]
|||||||||||||I||||I|||||||||||||
.
0::’:?
3
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(
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Noise Temp (x 1000 K, DSB)

00 02 04 06 08 10 12 14 16

Current (mA)
Receiver performance vs. LO Power at 2.5 THz
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Azimuth, Degrees

Beam pattern of 2.5 THz dual mode horn



N@g{lmor for 2.5 THz JPL

Compact 2.5 THz gas laser system: RF power>20mW, DC power~100W
’W«M Built by Coherent DEOS for JPL

PA Cell Off-Axis Ellipse RF Power Supply

RF §
Out §

FIR PZT FIR Laser CO, Pump Laser

| ~ 1 meter |

AGED: Feb. 28t, 2007 THz Sources for Space Applications: PHS 21



lier Based LO’s for Herschel JPL

W Recent JPL Flight Amp/Multiplier Performance
*  Power Amps: 400mW at 94GHz; 200mW 90-105 GHz; 40mW 65-
145GHz; 15mW with 85-90 GHz VCO, 20mW 145-170 GHz (HRL)
Multipliers: 30mW @200 GHz (X2) & 6mW at 400 GHz (X2X2);
2 mW @ 800 GHz (X2 X2)
250pW @ 1200 GHz (X2X2X3)
« 100 yW @ 1600 GHz (X2 X2 X3)
« 40 uW at 1900 GHz (X2 X3 X3)
« 0.1 p\W @ 2500 GHz (tripler)

GOB7 20KV ¥BO@ 16K WD1S

SEM photograph of the anode area
for a balanced 1500 GHz doubler chip

Work by SWAT LO Team: Imran Mehdi, Frank Maiwald, Alain Maestrini, Erich Schlecht, Goutam Chattopadhyay, Dave Pukala,
Ray Tsang, John Gill, Suzi Martin, William Chun, Brad Finamore, Lorene Samoska and HRL (VCO), TRW (power amps)

THz Sources for Space Applications: PHS

E...— e — d #1 =
Drop-In Substrateless 200 GHz Balanced 1500 GHz Tripler with integrated
Doubler Circuit in waveguide split-block output feed horn

AGED: Feb. 28th, 2007 22



Millimeter-Wave Power Amps for Herschel 'pl

W Power Amplifier Output Power & Frequency

Bands for Herschel Power Combining
800 for =400 mW Output
L ‘ 1 \ .
E 80-92 ]
700 Band 1a,2a 42 g 106 | ] o o g
— B < . ! 1 I ' e 9 I'
o e Band57a 77777777777 e - AR AR
% 600 : 71 79 | = | Fererga) . g F
£, : | 88—99 : | | EEasea el s
g 200 - Band 2b4b6a 1064125 Iy 5 A j’?; .
2 400 S = AR Band7b
al § 1 | - ]
§_ 300 | \ ST \VARY U - g DA1 PA1
3 200 /| N\ N inS N -~ :
100 e S LN i
O : | | ; | | i | | ; | | ; | | : DA2 PA2
70 80 90 100 110 120 .
* With TRW

Frequency[GHZ]

JPL & NGST. Work by L. Samoska, A. Peralta, T. Gaier, M. Wells (JPL), Rich Lai et.al. NGST
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Vacuum Tube Sources for THz? JPL

Emission Performance to date: 16A/cm?2 at 20 uA/V unfocussed
S 1 14 Work by Harish Manohara

| Reflector V Silicon host wafer - top Shaped Repeller

EEEEENE
Bunching grids
EEN

= BeamV
+ Output waveguide —»
and transformer

Resonator cavity

—

il H N N N N :
I Silicon wafer - bottom Integral grid Dielectric seal

10 pm
— Cold Cathode

Vacuum sealed split block

Jr..
|

|
.MJinb mL..._____
(gate eléctrode)
Sio2
Si

EHT = 10.00 kV Signal A = SE2 Date 28 Oct 2003
WD= 12mm Photo No. = 267 Time :10:5052

8868 20KUQ\

Silicon micromachined cavity (JPL) High density carbon nanotube bundles CNT Bundles with emission and focusing grid
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Case Study: THz Sources for Herschel HIFIJPL

W Herschel Space Telescope with Heterodyne Instrument for the Far
Infrared (HIFI). HIFI: All Solid state electronically tunable sources
and superconducting heterodyne receivers from 400 GHz to 1.9 THz

_ Herschel Instrument Concept
1 in development since 1985!!!

Literally hundreds of
scientists, technologists and
managers have been
involved over the years.

Many thousands of pages of
proposal documents and
concept papers went into this
~$2 Billion mission.

AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS 25



k’/\lz%%l\wmlier Based Source JPL
Top Level Flight Requirements/Deliverables
W Low Frequency THz Band Only
e Bandwidth: Two separate modules
— Band 5a: 1127-1178 GHz continuous,
— Band 5b: 1192-1242 GHz continuous
e Output Power

— 37PdW into a linearly polarized fundamental Gaussian beam
e Interfaces

— Mechanical: envelope, support for assembly in subsystem
— Thermal: power dissipation of 6Watts @120K
— Optical: z: +/- 100um, Xx,y: +/- 50um, Diagonal Horn
— RF: K-band waveguide flange
— Electrical: bias/DC for power amp and multiplier modules
e Power Leveling Via Power amplifier and Multiplier bias
e Deliverables 3 Flight Models, 3 Mounting plates, flight

release component & interface drawings,
performance verification documents
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1200 GHz Multiplier Based Source JPL

W Specification Matrix: 1 of 12 pages!

Band 5 Specification Document
JPL D-20525revVA, Issue 3, 30 July, 2002

Calibrated
RF Verification Conditions| 3.2 100 | 120 | 150 (K temperature sensor M | done [Cryo test bench, test log
Cryo test bench RF input power
level +0.6 dBm to +3.0 dBm at
vaccum, WR-10 band, power amplifier
pressure gauge M | done [saturated
Calorimeter or
RF range Band 5a LO 3.2.1 | 1127 1178 |GHz |Keating Meter M | done [Band 5 LO chain
Calorimeter or
RF range Band 5b LO 3.2.1 | 1192 1242 |GHz |Keating Meter M | done [Band 5 LO chain
Calorimeter or operation temperature @120K,
RF power 3.2.2 37 uW |Keating Meter M | done [linearly polarized Gaussian beam
Calorimeter or three frequencies @295K for
>18 uW |Keating Meter M | done |beam measurements

RF Output Power
Adjustment
Optical Performance

Location of Output Beam
Polarizaton

Polarization purity

M = |Measurement
D = |Design
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1200 GHz Multiplier Based Source JPL

Schedule: 2 Year delivery (1 of 5)

2 [Qtr3 2002 |Qtr4,2002 |Qtr1,2003 |Qtr2,2003 |Qtr3,2003 |Qir4,2003 |Qtr1,2004 |Qtr2,2004 |Qtr3,2004 |Qtr4, 2004 |Qtr 1
ID | Task Name Jun| Jul| Aug| Sep| Oct| NoV Dec| Jan| Feb| Mar| Apr| May| Jun| Jul [ Aug| Sep Oct| Nov| Dec| Jan| Feb| Mar| Apr| May| Jun| Jul[ Aug| Sep| Oct| Nov| Dec| Jan
1 |HIFI BAND 5 LO SCHEDULE (DRAFT) |
| 6 |Delivery Band 5b chain to CalTech | 104
[ 7] Device Fabrication _—
| 19 |Milestone Delivery HF2 g1
20 | Milestone Delivery LF3 R
[21] Receivables —
| 29 | Delivery Flight Power Amplifier g 425
| 30 | Delivery Spare Flight Power Amplifier g 1024
31 | Solving technical issues T
32 RF-stress test on 200GHz T —
36 RF beam measurement e
39 Reliability measurement P ——
43 Qualifications —
| 46 |LF3 design for band 5? I
49 | Decission: LF3 B 424
50 | Drawings/Release for flight hardware e
61 | <1THz block machining o |
| 66 |Machined 200GHz and 400GHz blocks m 109
| 67 |THz block machining I
| 72 | Machined 1200GHz block R
| 73 |184-212 GHz doubler assy and test |
| 153|368-424 GHz doubler assy and test P
| 233|1200 GHz tripler assy and test I —
| 314 | Readyness of first Band 5 LO chain (only mu B 527
| 315| Readyness last Band 5 LO chain (only multi B 822
| 316 | machine mounting hardware e
| 321] Delivery of mounting hardware W 12/27
| 322 | Shipping container e
| 327 | Delivery of shipping container W 2/25
['328| QM chain Band 5 [
| 340 | QA chain tested B 9B
| 341| 5a and 5b flight chains [ ——
| 350 | Delivery of flight chains B 24
| 351 |spare flight chains T
| 362 Delivery of spare flight chains g 813
AGED: Feb. 28th, 2007 THz Sources for Space Applications: PHS 29




1200 GHz Multiplier Based Source JPL

Hardware Delivery Review HRCR (150 pages!)

Hardware Requirements Certification Review — HIFI Element JPL D-31542
| Assembly/Subsystom | PEM | Phone | Section Date |

HSO-Planck, HIFI { John Pearson 46822 3850 14 March 2005
Drawing/ Part No Dwg. Nomenclature Serial No.s Final IR No. Mass (grams)

Rev. As Meas. | Req.
10215890 c Band 5 Local Oscillator SN 100 925905 446+/-15g/626g
Check applicable answer and give necessary explanation in Y N Remarks Data Attachments Signalurs Approval
remarks column [} !

$ A

1. Are all drawings and specifications complete, approved,
released and frozen?

£l

2. Do the released drawings and specifications reflect al
approved changes?

3. Is hardware identical to other hardware delivered? If no,
provide difierence st

4 Does the hamdware meet the requirement of its functional
requirements, specifications, waivers andior ICDs 7 If no, provide
diffierence list

5. Have all IR discrepancies and MRBs been dispositioned and
agreed to by Engineering/ QA 7

6. |s complete as-built list information included in the build book?

7. Have all required environmental tests & analyses been
completed?

8. Is all required assembly andfor subsystem level functional
testing completed ?

9. Have &l piece parts, processes and materials been approved
by JPL?

10. Does this hardware meet all contamination control
requirements?

11. Are all required shipping containers, shipping procedures,
and special handling procedures ready?

12. |s additional work required o bring this hardware to fight
readingss?

13. Is this hardware acceptable for flight 7

This unit is being delivered to assist in test of the flight HIFI

Instrument prior to the Local Oscillator Subsystem delivery.

It is being delivered as a potential flight spare, with the
knowledge that another fully tested spare is available.

This unit has not been fully characterized as would be
required for a flight unit. It cannot be concluded that all
specifications are met without completing the tests.

This unit has not seen the required three thermal cycles in
test yet. It has passed acceptance vibration.

Unit is not characterized at 120K.

Characterization tests should be completed before unit is
flown.

See previous comment.

14. Latest Top Assembly Drawings

CogE

7t (/ﬁzl/om,e,

(& Attached [ None
15. List of open ECRs |'I
.f' n /| | k

[J Attached [X] None !”r 4 ! \— S5
16. Waivers %W ; !
[ Attached [ None L.r' 4 3alfos”
17. Open MRBs tssion Assurance Mgr. .

y NOOD 305
[ Attached [ None \} — Q& !
18. Open PiFRs on this HW Envirunmentsmelnahnlrty

A) — WO 3/n{[os

[J Attached [ None

19. Open P/FRs on similar HW
Ol Attached  [® None

EEE Parts
4§=¢ L 2alesS

20. Handiing Document

B Attached [ None

e

Project

”%ﬁ&»}f

3ierd s

21, Shortage List
Attached [ Mone

22. Requirements Verification Matrix

Attached [ None
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1200 GHz Multiplier Based Source JPL

Some of the Documents Required/Produced for 1 Source Chain!
W (approximately 75% of total)
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k’/\lz%%l\\/lﬁiciplier Based Source JPL

MypM Completed 1200 GHz (upper) & 1900 GHz
(lower) Flight Assemblies!
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M mary JPL

We are in a Space Terahertz Renaissance
il (Someone please let NASA know this!)

e Significant space flight experience is already in hand
from missions dating back to the 1970’s

e Lots of new programs are being proposed in Earth,
planetary and Astrophysics arenas

e However almost no RF components are off-the-shelf

e More component vendors are desired to reduce costs
and increase range of available RF parts

e Sources need major improvements in power and
bandwidth as well as efficiency (array applications)

e Higher TRL levels are desired for mission insertion

e Custom work must continue within NASA facilities to
meet rigorous flight requirements and environments

e Flight development, components and instruments
have synergy and spin-off with DoD requirements
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