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1. Experimental appraratus and characteristics

The transverse-rliow 302 laser is s
Figure 1. It consists of an electrical dis
cumping system, a heat exchanger, and the return Jlcw zirs. The

electrical discharge chamber is rectangular in shage with its

throat (beight 40 mm) as the discharge and chamber regions. 7The
upstream area 1s the compressed area while the downstream area
is the expansion area. An axial pump 1is placed in the vzcuum 1

th

e A er o N w T LAt -
Jstam rowered ty 2 +0C Hz electric mozor.

e

s designed to have high heat exchange capability,
e

ture, light weight ana good durability. T

Q
<t O

approximately 10,000 kcal/hour at a cooling wa

y

1500 kg/hour. The return flow tube consists mainly of the two
cemi-circular tubes which connect the discharge chamber, the heat
exchanger, and the pump into a closed loop (external dimensions

1.25m x 2.25 m x 1.25 m). The system uses "O" ring seals and a

vacuum of 10°%

3

about 1 m”. The volumetric flow rate is 1.3 m3/sec. The working

mm Hg can be obtained. The volume of the laser is

pressure 1s 46 mm Hz. The working gas consists of 002: N2: He at

a ratio of 1:7:14.5. The mass transport rate in is 43 g/sec
measured with a piltot tube.

rigure 1. Schematic diagram
of a transverse flow CO2 laser.

1) semi-circular tube; 2) dis-
charge chamber; 3) base; U4)
resonance chamber; 5) pump;

£) heat exchanger

The resonance chamber 1s a single passage chamber 1.25 meter

in length. The window 1s coated with a £lat coating cf Gads wicth

* Paper received Cctober 12, 1979.




a 20% transmittance. The reflective mirror is made of gold
coated ¢70 quartz. The radius of curvature is 2.2 meters.

The maximumr output of the DC power supply 1is 50 kW. With

an input current of about 12 amperes, the output is about 2 kW.

The optical spots at the unit =z shown in Figure 2.

Figure 2. Optical spots
at the exlt at 2 W

IT. Electrode structure

The electrode structure is schematically shown in Figure
3 [1]. Tbe cathode is located upstream near the top of the dis-
charge chamber. The anode is placed downstream from the cathode.
The anode 1s tied to the bottom plate of the discharge chamber,
forming the same plane. The rear of the copper tube cathode 1s
lined up with the front of the copper strip anode. A set of
triggering pins is evenly placed upstream from the cathcde. The
actual parameters are as follows:

tubular cathodes: ¢10 water cocled polished coprer tube.
strip anodes : U5 copper strips, 15 mm wide and 40 mm

long, U4 mm apart and electrically
insulated from each other.
triggering electrodes: ¢1 copper wire located pstream
of the cathode about 5-6 mm and evenly i
distrituted. i
limlting resistors: each anude strip 1is connected to a i
i

~

proper limiting resistor Rbrancb and then

connected to a common resistor R

main t I 2 uW trut) 12 tetal’
a current I ... (2 XW outrut) 12 ampere

working pressure (46 mm Hg)--1200 volts

triggering current sum 100 mA




Figure 3. Electrode
ctructure

Key: 1) triggering power scurce; 2) triggering electrode; 3)
cathode; 4) chamber plate; 5) conducting plate; €) main gcwer
supply; 7) anode; 8) R

branch?’
Experimental results Indicate that the dizmater of the
cathecde tube directly affects the “crmatisn o “he
magnitude of the E/p ratio, and the cutpu: power. This is due <o
the cathode) 1s heavily idependent on the radius r [2]. The
smaller r 1s, tpe higher the field strength near the conductor
which is more advantageous in maintaining the stability of the

the fact that the electric field strength near a conductor {area under

discharge and reducing the gas resistance. EHowever, we have zlso
to consider that a well defined cathode area 1s needed in order
to ensure electrical power input. The dimensicns of the anode
strip must be matciied with the reguirements of the rescnarnce
chamber. The filling and spacing must take gas dirffusions and
heat evolution into consideration [31.

The distance between the anode and the cathode should be
carefully selected. The power output is lowered if the dlstance
is too sheort; on the other hand, the stability is hampered if the
distance 1s too far. Our experimental results showed that the

distance should be 29.5 mm for op<imel rperfecrmance (sce Figure 3).

III. Discharge and cutput characteristics

1. The effect of DC power supply on the waveform of the

-cutput beam




when the output of a DC power supply ccntains sizgnificant
AC components, 1t means that in addition tc the DC excictaticn

- \ - -2 : . - e d - «r o~ N
an Ac compenent with continucusly varying vooTiaze 2
e

in the excitation. Such an AC comprcnent arffects the discharge
stability and the 2lectricity-tco-lichs 2onversisn 2080izieoncy z2iz-
nificantly. The =ITec¢ct can be ci=arly siocwn In the lzser Z.Tiws

cower level. For example, under rully rectifying and semi-rec-
tifying conditions the former provided an 8

'O @)

the latter only £00 watts at the same 5 am

The eliminaticn ¢ the AC componer.t 1o the ZC LCuWer SUZE_y,
<he 1mprovement 1n the stability of the power surply and ¢the In-
crease in the output level of the pcwer supply are extremely
important in the optimization of laser gower output.

2. The effect of limiting resistcrs on the power cutpus

and efficiency

In order to simultanecusly light up all the anodes, a limit-
ing resistor of a fixed resistance (600 obm) 1s required for each
electrode. Another common resistance R must also be 2on

total
nected 1n series on the return line to the maln power suprly.

cxperimental results indicated that the value of Rtotal ff=2cts
the discharge stability and the laser power cutput significant-
ly. It becomes more prcnounced with increasing current. In order

to ensure stability under large current discharge conditions,

Rtotal should be not less than 250 ohm (see Figure 1).

TABLE 1. The effect of Rtotal on the stablility of
discharge and laser power cutput

1| Ta=082i8, Iu=110 &%, TrEE ¥ 46 2 %)

| Sg(xm) 0 96 180 180 240 | 260 300
2r. (W) 30 1460 1590 1700 1760 1760 | 1736
In e w Anenxy, (Spaxn, (mema, (7ea (f 8 9 m Oan

L. ] xR E £ R xR xR zn xR

(Key >n next page.)




), = Dla 1
Key to Table 1: 1) Rtotal
stability; 4) not stable, no arc; 5) not stablie, arc; ©) slizhtly

(obm); 2) P. (watt); 3) discharge

more stable, arc; 7) slightly more stable, no arc; 8) stable, no

arc; 9) stable, no arc; 10) stable, no arc; 1l1) (Imaiﬂ=9 armpere,
Itrigger=llo mA, working pressure=46 mm Hg)

3. The affect of friggering current

The triggering electrodes are placed upstream of the
cathodes. When the working pressure is at 40 mm Hg, the <rizger-
ing mechanism does net function. The penetrating vcltage of the
main power supply is 2.4 WTwithout the triggsring systerm. wWizth
a tiny triggering current, the penetrating volvage drops to 1.1

kV (similar to the malntalning voltage). When the pressure
increased to 46 mm Hg, the laser wculd not light up without trig-

gering.

We used a multi-pin triggefing mechanism powered by an ex-
ternal DC power supply at a current level of about 100 mA. This
arrangement makes it possible to improve the discharge stability
when larger main discharge current (above 10 ampere) is used.

It is interesting to point out that the =ffect of the mag-
nitude of the triggering current on the laser power output is
rather insignificant when the main DC power supply delivers good
DC signals. However, it becomes extremely important 1f the DC
signal from the main. power supply 1s rather poor (see Figure 9).
We concluded that the larger triggering current formed an =2lec-

t

tronic current which might have compensated the =ffect of the

pulsing DC power supply in the latter case.

L, The effect of working pressure on discharge stability

and power cutput

Since the possible injection electric power and the cutrut
laser power are all proportional to the mass transpcrt rate m,

ittt




1. I (amrere)
nain
2 (
’ total )
3. P. (waczt)
a-d

Ly |
Figure 4. The variaticn of power output P, efficiency = and
n as a function of I I __. . .=10C mA
‘total maln ( triggering )
’ Figure £, The effect o7
[] I ~ no "
(. e . triggering cn the power
‘:I output Pp
1 )

Key: 1. 7 (watzc
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main 5 P
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[ . .
; (a) goed DC pewer supply
m+ P =46 torr.
. (b) poor DC power sucply
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TABLE 2. Laser power Pp, discharge sta

12 an
. . =1 7. . = o1 =400
(Coz.Nz.He 1:7:14.5; Itrigger 100 mA; R otal 42¢ ohm, R

500 ohm, Imain=lo'5 amp) . -
("UE PR R 47.7 47 46 “ 42 40 35 30 20
g Pe (W) 2090 2073 2040 2023 1854 16868 1484 1230 674 -
Saxax |[$pea SEA [( XA |[TEX [P XX [7EX JOXRX [/j 4% |LER
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ey to Table 2: 1) pressure p (mm Hg); 2) Pp (watt ;3) arc 2or
no arcy 4) easily arc; 3) no arc; ©) no arc; 7) nc arc; 3) no
ar2; 9) no arc; 10) nc arc; 11) arc; 12) arc

when the pressurs is tco S is
order to imprcve the discharge, we adopted a groo
larger He content (CO 5% :N.:He=1:7:14.5) an r

cressure of 46 mm Hg.

Ixperimental results shcwed thzt under no arcing condizicns
the cutput power level increases linearly with

the same main input current value. When the pre

30 or 20 mm Hg, arcing occurred because the

was drastically decreased while the input current sti
at 10.5 ampere.

5. Localized effect due to non-uniform electric fie

the selection of chamber position and transmittance of

the window

o

Due to the fact that the surface of a conductor i1s always =zt
the same potential, the electric field E at any point then Is
directed perpendicular to the surface of the conduc . Ccnsider-

ing that charge density in the ionization region is zerc and neg-
lecting the variation of electric field strength due to wind sreed
(2], the electric field E in <he laser discharge'region can T2
aprroximated using a mirror-image method. The curr

be treated as if it existed 1n the center axis
cathode. Apparently, both positive and negative ¢
migrate towards region D of the cathcde and region
(see Figure 3). Calculation indicates the Z/P val
(coordinates 5, 15), B(coordinates 25, 15) and C (
differ significantly. Assuming the electric fle

1
EA’ then EBQBEA/ll and EckEA/ll. It is easy to figure o

dilhdodmnied




the =/P value at goint A 1s szbous 3.7 V/em=torr wnich iIs almess
ideal for the selective excitation of N, and T0,. AT rcint B
{acoreximately 2t Tr2 centar of <Th2 ra23cnarce chanmisr) and

point C (further downstream) the Z/P wvalues are sizniflcantly
less. Conseguently, the current denzity n_ 1s lcowrad., 7Tn <is
Qther nanld, tThe rslazxztion Time o7 :CZ ﬂolélu;cs In the excizzz
states is about 1 msec [5]. The Ilow speed in the discharge
region 1s about Mxlo3 m/sec. Therefo some of the excized
molecules not involved in the laser process may drift downstresm
oy 4 cm,which effectively snlarces She dizt»ibuticn oI the sx2litzaid

dissipaticn silect excited mclecules can rezch The uratrezm o7
the lasing region alsc, contributing to the laser pcwer cutpuc.
Despite the nonuniform distribution of these benefits, the cutpu:

beam still remains pretty much uniform since the magniitude cf
these beneficial =ffects are derendent upon the light intensity
(saturation affect) and the reaction of the resonance chamber

(common half focus chamber) effect {(see Figure 2).

We used a single path resonance chamber to deliver the laser
power. Experiments showed that the axis of the rescnance chamber
should be placed in the middle (or slightly lower toward the anode)
between the axis of the tubular cathode and the bottom plate as
indicated in Figure 3 as the J'Q line. It was found that the her-

(=]

izontai position of the resonance chamber should be rlaced in the

middle of the anode strips or at about 3 mm upstream Icr best

results. The former prrcvided a longer light spot in the horizon-
tal position. Figure U4 showed the results cbtained at 3 mm ug-

stream with the light spots shown in Figure 2.

A sransverse-flow 002 laser, despite 1ts higher rower output
level, does nct have significantly higher beneficial effects over z
diffusion type longitudinal CO2 laser. 1Its saturaticn parameter, .
hewever, is considerably larger,especlally using a2 single path
resonance chamber. The transmittance of the window should te kerpt
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Abstract

The dombination of a closed-oyele, transverse-flow 2KW CW CO, laser is described with v
emphasis on the arcless elecrode construction and glow discharge characteristics. By means of a 1
multi-pin trigger, the glow discharge stability is appreciably increased at more intense input current.
The direct current ontput characteristics of the main supply and the selection of the ballast resistor
greatly affect the glow discharge stability and the output power.

When the gas Aow velocity in the discharge region is 40 m/s, the gas mixture pressure is 46
mmHg, thy length of active region is 86 cm, 8 CW multimode output power of mors than 2 KW
and an electro-optic efficiency of aboat 15%; are achieved.
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