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Introduction: In this presentation, we describe 
work to develop the novel laser subsystem of the 
CODEX Chemistry, Organics and Dating EXperiment 
envisioned for landed lunar and Mars missions [see 
abstract How to Acquire a Successful In-Situ Date: 
CODEX Mission Design]. The CODEX instrument is 
designed to measure the age of rocks on the lunar sur-
face by the Rubidium-Strontium (Rb-Sr) geochronolo-
gy system, and in the future, the Pb-Pb isotope method 
[see abstract Multianalytical Science with the CODEX 
In-situ Dating Spectrometer]. The instrument design 
[see abstract CDEX/CODEX Instrumentation for In-
situ Dating on the Moon and Mars] is relatively ma-
ture, comprised of high-TRL Command and Data Han-
dling (C&DH), electronics, sample handling, mass 
spectrometer, and mid-TRL laser system (Fig. 1).  

Instrument: The laser sub-system relies on seven 
independent lasers producing six different and distinct 
wavelengths intersecting at or near the surface of a 
lunar rock sample (Fig. 2). First, a 266-nm pulse ab-
lates the rock surface. The resulting plume is crossed 
by three lasers which resonantly ionize Sr atoms using 
461-, 496-, and 1064-nm light. These Sr ions are then 
extracted to a time-of-flight mass spectrometer (TOF-
MS) for isotope analysis. After a brief time delay (typ-
ically ~1 µs), three more lasers are used to resonantly 
ionize only Rb atoms (using 780-, 776-, and 1064-nm 
light). The time delay between selective ionization of 
Sr and Rb provides isobaric separation in the TOF-MS. 

Required pulse energy is lower than many spaceflight 
laser systems, ranging from ~200 µJ to 1 mJ in ~5 ns 
pulses. Typically hundreds of locations are measured 
on a sample, and at each location, 10,000 shots are 
acquired, including cleaning, elemental abundance, 
organics, and isotopic measurements. The lasers run at 
10 kHz, enabling assessment of a rock sample to be 
made in a few hours, including sample handling, ob-
taining elemental context measurements, assessing 
organic content, and dating. 

Development: Five of the seven lasers are being 
matured from a TRL of 2-3 to a TRL of 6 under NASA 
MatISSE funding. All seven lasers slated for the 
CODEX instrument consist of high pulse energy fiber-
based Master Oscillator Power Amplifier (MOPA) 
designs. As a backup to this approach, we have previ-
ously developed a solid-state free-space set of minia-
ture lasers for ablation and resonance ionization of Rb 
and Sr under NASA PIDDP funding. The current effort 
focuses on building, co-packaging and environmental-
ly testing the 1064 nm ionization laser, 266 nm abla-
tion laser, and two resonant Sr ionization lasers. 

Challenges: While fiber lasers provide many at-
tractive attributes for this application, including small 
numbers of exposed optical surfaces, robust tolerance 
to mechanical vibrations, high electrical to optical effi-
ciency and excellent thermal management properties, 
significant challenges of this set of laser designs arise 
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Figure 1: The CODEX instrument consists of 
Command and Data Handling (C&DH)/power supply 
boards, a mass spectrometer, and 7 MOPA lasers 
arranged in slices in a 20”x20”x20” box.

Figure 2: Schematic of CODEX lasers and mass 
spectrometer. Five of the seven lasers are being 
developed under MatISSE; 776- and 780-nm lasers are 
simpler, and will be developed later.
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due to the high peak powers and narrow frequency 
bandwidths required. These conditions are difficult to 
achieve with fiber lasers due to their sensitivity to non-
linear phenomena which limits power output and low-
ers damage thresholds.  Fig. 3 shows the type of fiber 
manufacturing defects that are occasionally encoun-
tered and for which the fibers must be prescreened.  
Additionally, packaging this many lasers in a volume 
nearly six times smaller than previously achieved pre-
sented significant optical, mechanical, electrical, and 
thermal engineering challenges.  

Progress: Despite these challenges, we have de-
veloped a block diagram, electronics design, thermal 
design, physical layout consistent with spaceflight, and 
met or modeled performance requirements to meet the 
CODEX design. 

The specifics of each of the MOPA lasers are sig-
nificantly different and unique. Three of the lasers 
(266-nm ablation, and the two 1064-nm ionization 
lasers) are based upon MOPAs utilizing silica fibers 

doped with Yb. Fig. 4 shows a schematic layout of the 
basic 1064 nm fiber-MOPA laser as built and tested. 
The ablation laser is a quadrupled variant of the ioniza-
tion lasers. The 1064-nm lasers for Sr ionization and 
ablation are complete and meet performance require-
ments. The 1064-nm ionization laser for Rb is identical 
to that used for Sr, and only a copy needs to be pro-
duced. 

The other four lasers, used for Sr and Rb resonance 
excitation, utilize custom designed and produced ger-
manate glass fibers doped with Tm. To achieve the 
required wavelength and power, the 461-nm laser sys-
tems use four stages to produce ~750 µJ of ~1843-nm 
light, which is then quadrupled to ~461-nm. Figure 5 
shows the large core diameter, single mode Tm-doped 
germanate fiber from final amplifier stage that enables 
high peak and average power amplification. The design 
is on track to exceed performance requirements by 
February, 2017, and will be shown at LPSC. The 496-
nm laser has a similar design. Finally, the Rb lasers are 
expected to be considerably simpler to develop, as they 
require fewer non-linear mixing crystals, and are at a 
more optimal wavelength.

Figure 3: Early version of the 1064 nm ionization 
laser.  Note the imperfection (hot-spot, center right) in 
the fiber was found and replaced during development.
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Figure 4: Schematic of as built 1064 nm fiber-MOPA ionization laser configuration.

Figure 5: (Top) Custom Tm-doped germanate fiber 
used to produce high peak power. Numbers indicate 
diameter of internal structures.  
(Bottom) Photomicrograph of  
actual structures in  
custom doped and  
drawn fiber.
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