
In the third installment of OPN’s column
on the development of lasers, scientist
Steven Jarrett describes his experiences as
a co-founder of Coherent Inc. at a time
when the company was working to develop
carbon-dioxide and ion lasers.

I recently visited a Raman spectroscopy
laboratory at the University of

California-Berkeley chemistry depart-
ment to do an experiment with a modern
diode-pumped solid-state (DPSS) laser.
A striking feature of the lab was the 
number of different lasers present.
Predominant were ion lasers of different
size, age and manufacturer. They took up
almost all the table space.

I asked a graduate student what he
thought of the DPSS laser. He said he was
impressed with its small size, ease of use
and beam quality. However, he said that
he would not use it in his work. He said
he preferred ion lasers over DPSS lasers

because ion lasers had multiple lines
available at powers he needed. In addi-
tion, he said, ion lasers gave him no prob-
lems in use.

As I drove from the campus with the
DPSS laser taking up less than 10 percent
of the space in the back of my small sta-
tion wagon, I still could not believe what 
I had just heard about ion lasers. Where
was the concern for the three-phase
power, the low level of efficiency, the sig-
nificant size of the system and the peri-
odic need to replace the plasma tubes?

I realized that my opinions had been
shaped by my early career working on ion
laser plasma tube development. I still
thought of those years and had a healthy
respect for the difficulties I encountered
then.

I saw my first laser when I was a grad-
uate student in the physics department at
the University of Michigan. At that time
my thesis professor, Peter Franken, and

his group were carrying out their first
nonlinear optics experiments. My thesis
was in optical pumping by means of
alkali vapor lamps. Fascinated by these
early laser studies, I became determined
to work in the field.

After receiving my doctoral degree in
early 1963, I was hired by TRG Inc. in
New York and went to work for Gordon
Gould, who had been a classmate of
Franken’s at Columbia University. TRG
employed a group of bright physicists. It
had an academic atmosphere and, as a
military contractor, was well funded. Our
goal was the development of new laser
systems, principally gas lasers in the visi-
ble. We worked on various gas laser
structures, almost all of which were the
products of Gould’s ideas.

In 1964, we had a great shock when
Earl Bell, a self-taught scientist working
at Spectra-Physics, discovered the visible
mercury-helium laser. It displayed a red
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and a green laser line in the afterglow of
a pulsed discharge in the gas mixture.
Shortly thereafter, Bill Bridges at Hughes
Research Laboratories discovered the
blue-green argon ion laser, also in a
pulsed discharge. Bill Bennett of Yale,
a frequent technical advisor to TRG,
achieved a near-simultaneous discovery.

Again, these were all short-pulse
lasers. The dream was a continuous wave
(cw), high-power, visible laser. Jim
LaTourette of TRG quickly built a micro-
second-type argon ion
laser. Gould assigned
me to build a “long
pulse” system,
with pulses lasting
perhaps milliseconds. At that
point, the laser excitation mechanisms
for cw and pulsed excitation were not
well understood, certainly by me. My suc-
cess at building a millisecond pulsed laser
was zero.

Then Dick Daly, our department
manager, a hard-nosed scientist and engi-
neer, took an interest in my experiment.
Daly had detected, in fact, a possible
waste of time and money: he looked at
my experimental setup and predicted
that nothing would lase. After spending
an hour pacing around the TRG parking
lot, I borrowed LaTourette’s power sup-
ply, hooked it up to the plasma tube in
my “suspicious” optical cavity, and got
instant lasing.

This proved to be the end of my exper-
iment. It was obvious that there was much
to be learned about ion lasers; TRG, how-
ever, had no proprietary interest in the
technology. For the next two years, I
worked on infrared (IR) laser systems, the
most interesting of which was a 30-W
carbon-dioxide laser. Unfortunately, TRG
did not have a proprietary interest in the
carbon-dioxide laser technology either.

The founding of Coherent
In the spring of 1966, I ran into Jim
Hobart at a laser conference in Phoenix.
Jim and I had been graduate students
together under Franken. He and Gene
Watson had left Spectra-Physics to form a
new laser company, then called Coherent
Radiation Laboratories. The investor, the
DuPont Co., wanted a second physicist. I
was not Hobart and Watson’s first choice,
but they offered me a job anyway as co-

founder. Since I had always thought of
Jim as the most talented of Franken’s stu-
dents, I accepted. I was the only one of
the founding group of six not living in
the San Francisco Bay area.

Coherent’s (as it became known later)
first product development was a 50-W cw
carbon-dioxide laser and associated
power meter. Engineering operations
commenced in May 1966, and the first
products were demonstrated at the 1966
OSA Annual Meeting in San Francisco
that fall.

Since I had arrived in California that
May, my experience at TRG had been put
to good use on the carbon-dioxide effort.
But there was a new development that
first summer. Holotron, a subsidiary of
DuPont, approached Coherent about
building a “white light” cw krypton ion
laser. A krypton ion laser was known to
have red, green and blue emission that
yielded a white-looking laser beam.
Holotron had a patent position in the
new field of laser-based holography and
felt that a white-light laser would be
important to exploit it.

With new funding from Holotron, my
duties at Coherent changed. I was moved
from carbon-dioxide laser work and
asked to begin developing the krypton
ion laser. By this time at Coherent, I had a

part-time machinist, glassblower and
technician to assist me. To my great for-
tune, laser engineer Gerry Barker joined
the project a few months later as a new
hire.

During the two years that had passed
since the discovery of the pulsed ion 
laser, the cw ion laser had come into
being through the work of E. F. Labuda,
E. I. Gordon and W. B. Bridges. Bridges
and A.S. Halsted did much development
of cw systems at Hughes, and their 
R&D reports became the “bible” of the

new field.
The first successful plasma tubes

had been made of an insulator mate-
rial, fused quartz. Labuda, Gordon

and R.C. Miller made the first
segmented, metallic-wall
plasma tube at Bell Labs.
Although reports of
graphite plasma tubes
existed, the results were

mixed. Since graphite is also a conductor,
the plasma tubes had to have segmented
walls so the discharge was not shorted. At
this juncture, there were two commercial
ion laser products, both with fused-
quartz tubes: a direct-current (DC) tube
from Raytheon and a radio-frequency
(RF) tube from Spectra-Physics.

RF versus DC
Why is it so hard to build an ion laser
plasma tube? And how did researchers in
the mid-1960s conceive of the challenge?
An ion laser is extraordinarily inefficient
in converting electrical energy to light,
only 0.05 percent. Very large amounts of
electrical power are needed to make 
multiwatt lasers.

A typical ion laser has a 2-3 mm 
discharge channel with a 5-6 V per cen-
timeter axial voltage drop, conducting
30-40 A. The tube dissipates 200 W per
centimeter of discharge. Associated with
the axial voltage drop is a radial voltage
drop several times as large as the axial
voltage drop. Twenty to 30 V ions are
continuously bombarding the plasma
tube wall, causing the walls to be sput-
tered—or “eroded”—away. Little was
known at that time about low-voltage
sputtering yields of this type.

Electrodes were an additional problem
as far as development of the DC tubes
was concerned. This was particularly true
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Figure 2. Graphite
bore held in stable structure used
in the first production ion lasers.

After spending an hour
pacing around the TRG
parking lot, I borrowed

LaTourette’s power 
supply, hooked it up to
the plasma tube in my

“suspicious” optical cavity,
and got instant lasing.
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for the cathode, which provided the pri-
mary electrons for the discharge. The dis-
charge tube had to be a high vacuum
structure and it had to be filled with a
noble gas, a consumable that requires
periodic replenishment. A gas-return
path was also needed. In the DC dis-
charge there was ion drift to the cathode
and both gas and ion motion to the
anode through momentum transfer from
electron collisions.

In these early
tubes, the pressure
would rise at the
anode; the return
path controlled the pres-
sure difference between the anode and
cathode ends of the tube. The optical exit
of the tube was a pair of fused-silica
Brewster angle windows, affixed to the
end of the tube with “vacuum compati-
ble” epoxy. Laser mirrors of the time were
primitive by today’s standards; this was
particularly true of the “white light” mir-
rors that allowed lasing simultaneously in
the red, green and blue.

From where did the RF versus DC
plasma tube choice originate? W. E. (Earl)
Bell wished to investigate different gases
and vapors for ion laser emission. He
knew that there was a technological prob-
lem: the oxide-coated cathodes required
for high-current experiments would
“poison” easily if he investigated sulphur,
for example. To circumvent the problem,
he built a pulsed, RF discharge tube in a
ring geometry.

J. P. Goldsborough, E. B. Hodges and
Bell achieved cw operation by RF-induc-
tion excitation. Their research became
the basis for a 2-W argon ion laser. The
view at Coherent was mixed. Spectra-
Physics seemed to have the most success-
ful commercial product, so I ordered a
high power, RF supply and decided to
investigate a fused-quartz plasma tube.

From the beginning, however, I felt
very uneasy. The power supply was
expensive and had a long delivery time.
Bob Rorden, a Coherent co-founder and
our electrical engineer, was even more
concerned than I about the power supply.
We also wondered whether a fused-
quartz plasma tube would survive an RF
discharge better than a DC discharge.
There was no evidence that the plasma
conditions were different. And the laser

power was the same. The only advantage
might be the absence of electrode prob-
lems. Jim Hobart suggested a visit to
Labuda at Bell Labs. He was very helpful
and encouraged us to pursue a DC tube. I
came away convinced that we should
build a segmented graphite bore for our
krypton laser.

A segmented graphite 
plasma tube
To make the plasma tube, I estimated the
bore diameter and length and assumed
the limiting aperture was the tube itself.
This allowed me to order the white-light
mirrors. The first sets, which were high
reflectors and partial transmitters to work
from 476 to 647 nm, took a year to arrive.
Other mirrors were used for argon and
almost-white-light krypton lasers.

Why the decision to use graphite?
There were some positive sounding
reports. It was easy to machine and could
operate at high temperatures to radiate
away, as a blackbody, the 200 W per cen-
timeter of discharge power. A series of
thick graphite disks separated by ceramic
spacers contained in a fused-quartz tube
with a water jacket constituted the plasma
tube structure. Many small through-holes
in the graphite disks surrounding the
bore provided the gas return from anode

to cathode. Many more holes were
required for krypton than for argon
because of the larger atomic mass.
Internal holes were important because to
run efficiently, ion laser plasma tubes
require an axial magnetic field provided
by a solenoid. An external gas return,
although sometimes used, represents a
mechanical complication.

We began building tubes and then
tore them apart to examine them for bore
erosion. Figure 1 shows one of the first
tubes made. The results were very bad.

There were signs of erosion and
graphite powder every-
where: the disks looked like
nothing so much as burned
barbecue briquettes. Soon,
we realized that what we were
seeing was actually the results

of the burning of the disks at high tem-
perature because we had not properly
degassed them.

Our first attempt at a solution was to
run the discharge and pump out the gas
repeatedly as we raised the power level.
Although this helped, the real solution
came when the high-power RF supply
(originally intended as the laser power
supply) arrived. Then we could degas the
graphite structure in high vacuum by
induction heating. The bore erosion
problem soon disappeared.

At this point we had a usable structure
but we also had another problem: the
capture of the graphite disks in the
quartz jacket. Our initial tubes did not
adequately hold the graphite disks in
place. How could we keep the laser bore
straight? 

This problem was solved by Wayne
Mefferd, a mechanical engineer and
another Coherent co-founder. His solu-
tion relied on the difference in thermal
expansion between graphite and fused
quartz. The stack of graphite disks, held
on a mandrel for straightness, was placed
inside the quartz jacket. The whole
assembly was placed in a glass lathe and
rotated, and the structure was pumped
on either end. Next, the entire structure
was heated and the graphite disks
expanded into the softened quartz wall.
There were now circumferential dimples
between each disk. These remained as the
structure cooled. Each disk was locked in
place and the whole structure was stable.
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Figure 3. Directly heated 
tungsten dispenser cathode. The laser 
beam passes through the center of the helix.

We realized that what 
we were seeing was 

actually the results of 
the burning of the disks

at high temperature
because we had not 

properly degassed them.
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The laser bore was straight because the
mandrel was in place during the whole
operation. Figure 2 shows a composite
graphite-quartz structure made by means
of this method.

Cathodes
The massive, vertical appendage that can
be seen in Fig. 1 is the cathode. This
oxide-coated cathode was fragile, formed
arc spots and flaked particles continually.
We did not believe that such a device
could be used in a commercial product.
In fact, it was almost impossible to use in
our lab! Shipment seemed out of the
question.

Gene Watson introduced me to a
friend of his, Leo Cronin, who had a
small firm, called Spectra-Mat, in
Watsonville, Calif. The company made
tungsten dispenser cathodes, among
other things. A dispenser cathode is made
from a porous body infiltrated with low-
work-function material. This material,
barium, is continuously dispensed to a
hot tungsten surface, where it acts as a
thermionic emitter of electrons to the
discharge. As the barium is evaporated
and sputtered away, the surface is contin-
uously replenished from the virtually
inexhaustible supply of the porous body.
The body itself is machined from sintered
tungsten.

Ron Reaves, the Spectra-Mat engineer-
ing manager, supplied us with a variety of
designs which we evaluated in plasma
tubes. We settled on a directly heated
tungsten helix, in which the laser beam
itself passed through the center of the
helix. This resulted in a compact cathode
end of the tube. It is a design still used
today. The cathode is shown in Fig. 3.

There was one amusing long-term
failure mechanism encountered in those
early days. After several thousand hours
of operation, the cathodes would sag into
the laser beam. The customers would
restore life to the laser by inverting the
tube and reversing the sag.

The window problem
After a year-long struggle to make reli-
able, segmented graphite plasma tubes,
we ran into a vexing, laser-related prob-
lem of fundamental importance. We
called it the “window” problem. It had to
do with the two epoxied, fused-silica

Brewster angle windows that sealed the
end of the tube. The problem manifested
itself in several ways: the low gain lines
would quickly die, the high gain lines
would lose power and the laser mode
would go from fundamental to donut
and then become very distorted. The
time for this to occur could be as little as
tens of hours.

If you looked at the window through a
filter that blocked the laser radiation, you
could see fluorescence within the
Brewster window and on the side of the
window inside the tube. This interior flu-
orescence, which was caused by contami-
nation, progressively worsened. To
decrease contamination, the tube pro-
cessing station was refitted with oil-free
high-vacuum pumps (at that time, ion
pumps). Processing was also attempted
with magnetically moveable window
shields. Some of these measures helped.
However, the most effective method to
reduce the contamination was to run
auxiliary, DC glow discharges with a
small anode near both windows. These
discharges, called “stingers” were an enor-
mous help. Without them, the laser
would have been doomed to fail.
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Over the years, many other window
problems were also overcome. Because of
persistent optical damage, it was neces-
sary to change the Brewster window
material. Epoxy was eliminated thanks to
the advent of a series of “hard seal” meth-
ods to vacuum seal the window to the
tube. And modern vacuum pumps took
over. Twenty-five years of work was
required for these changes to occur. To
this day, I can remember watching the
beautiful red line of a krypton white laser
die in a few hours as the beam became a
sickening yellow when a competing 
yellow line began to lase. Figure 4 shows
one of the early white-light lasers.

After my work on ion lasers ended in
the late 1960s, I did not return to plasma
tube design until the 1980s, when I had
the chance to work with cold-disk ion
lasers, the technology in use today for
high-power, water-cooled systems and
beryllium-oxide tubes for low-power, air-
cooled systems.

Graphite disk tubes are history, a very
personal history for me.

Steven M. Jarrett is a co-founder of Coherent. He
works there today in the manufacturing engineering
department on DPSS lasers.

Figure 4. White-light krypton ion laser operated by Dave Johnson, Coherent’s first service 
engineer.
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