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22  
The  isotope Ne ( r e f e r  t o  page 6) was  used  with good r e s u l t s .  

As expected, much lower p r e s s u r e s  of hc l ium were  r equ i r ed  to m a t c h  

the  l ine cen te r  of the  gain c u r v e  t o  the mt?tliane l ine cen te r .  

resu l ted  in  good low noise  p e r f o r m a n c e  over a wider  r ange  of opera t ing  

p a r a m e t e r s  than tha t  of the  Ne isotope.  

This  

20 

As was noted in our  conclusion. t he  coincidence of l ine c e n t e r s  of 

the e m i s s i o n  prof i le  and me thane ,  while maintaining good noise  p e r f o r m -  

ance ,  was only sl ightly achievable  with 

s i z e s  used .  

4. 7 t o r r  He,  and a small r ange  of d i scha rge  c u r r e n t s .  With Ne,  

however ,  good low noise  p e r f o r m a n c e  and  coincident l ine c e n t e r s  was 

possible  with approximate ly  1. 1 to  1. 3 t o r r  He,  . 05 t o  . 2 t o r r  N e ,  

and a wide r ange  of d i scha rge  c u r r e n t s  (typically for  2 m A  to  7 mA) .  

The  capi l la ry  used  was  of inner  d i a m e t e r  3 .5  m m ,  but s i m i l a r  r e s u l t s  

a r e  expected f o r  the  2 .9  mm and 4.0 mm cap i l l a r i e s .  

20 
N e  for  the t h r e e  capi l la ry  

Th i s  l imi ted  r ange  was between , 1 to . 2 torr 20Ne, -4. 6 to  
22 

22 
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Ab s t  r a c t  

The  pe r fo rmance  of the  3. 3 9 - p m  He-Ne l a s e r  i s  invest i -  

In p a r -  
gated a s  a function of p a r t i a l  p r e s s u r e  fillings of t he  respec t ive  
gases  and of the  inne r  d i ame te r  of the  cap i l l a ry  tube.  
t i cu l a r ,  th i s  exper iment  studied the  l a s e r  oscil lation th re sho ld ,  
the  th re sho ld  of coherent  output fluctuations,  and the  threshold  
of excess ive  noise  a s  functions of t hese  p a r a m e t e r s .  
exper imenta l  se tup  i s  desc r ibed  in  some  detail .  
a r e  s ta ted  with no a t tempt  a t  t heo ry .  

The  
The  r e s u l t s  

Key Words: Amplitude noise;  Helium neon l a s e r ;  L a s e r s ;  
Methane- stabil ized l a s e r .  

INTRODUCTION 

The p e r f o r m a n c e  of the 3. 39 -pm He-Ne l a s e r  depends on the  

p a r t i a l  p r e s s u r e  fi l l ings of the respec t ive  gases  and on the  inner  

d i ame te r  of the  capi l la ry  tube. The pe r fo rmance  i s  a l so  a function of 

s e v e r a l  additional p a r a m e t e r s ,  but this  pape r  t r e a t s  in some  detail  only 

the  operat ional  dependence on the above-mentioned p a r a m e t e r s .  

the  au tho r s '  knowledge t h e r e  has  been l i t t le o r  no documented data in  

th i s  a r e a .  

T o  

The immedia t e  concern  in  the  p re sen t  exper iment  i s  our  continuing 

invest igat ion into the  pe r fo rmance  of CH -s tab i l ized  He-Ne l a s e r s  [ 1 1 .  

It i s  v e r y  des i r ab le  in  t h e s e  invest igat ions that  the noise  contribution of 

the  l a s e r  signal be  l e s s  than the  r ece ive r  noise .*  This  faci l i ta tes  the  

4 

*Noise d i scussed  i s  typically (ampli tude)  noise  in 1 MHz bandwidth. 



design and operat ion of the locking e lec t ronics .  

for  a c c u r a c y  and stabil i ty r e a s o n s ,  that  the l ine center  of the  emiss ion  

profile of the gain c e l l  c o r r e s p o n d s  a s  c losely a s  possible to  the l ine 

center  of methane.  Unfortunately, in  p r e s s u r e  shifting the gain c u r v e  

in o r d e r  to  achieve th i s  coincidence of the l ine c e n t e r s ,  it i s  difficult to  

achieve low noise  p e r f o r m a n c e  of the l a s e r .  

"Ne had been p r e s s u r e  shifted with 4. 65 t o r r  of 3He in o r d e r  to 

place the center  of the l a s e r  gain profile a t  the methane sa tura ted  

absorpt ion resonance.  As mentioned, t h e s e  par t ia l  p r e s s u r e  fi l l ings 

w e r e  not always completely sa t i s fac tory  because noise  leve ls  s o m e t i m e s  

exceeded eight percent  of total  l a s e r  power at  s o m e  of the d e s i r e d  d i s -  

charge  c u r r e n t  sett ings.  T h u s ,  we investigated the noise  per formance  

a s  a function of p a r t i a l  p r e s s u r e  fi l l ings and capi l la ry  s i z e s  while at the 

s a m e  t i m e  monitor ing the  relat ive s i z e  of the methane absorpt ion peak 

and the relat ive offset  of the  center  of the  s ingle-mode l a s e r  emiss ion  

profile f r o m  the methane  absorpt ion.  Our intent was to  p r e s s u r e  shift 

as  much as possible  toward the conditions quoted above while still 

maintaining good noise  per formance .  

It is a l s o  d e s i r a b l e ,  

Typically,  0 .  2 t o r r  of 

EXPERIMENTS 

In f igures  1 and 2 ,  the  m e a s u r e m e n t  setup and the l a s e r  device 

a r e  depicted.  The capi l la ry  of each  gain ce l l  was  18 c m  long, and inner  

d i a m e t e r s  of 2 . 9 ,  3 . 5 ,  and 4 . 0  mm w e r e  used. The  l a s e r s  w e r e  

init ially "baked in" when made:  a f t e r  they had been at tached t o  the  

pumping-filling station, the e n t i r e  s y s t e m  was heated to  reduce out- 

gassing as m u c h  as possible .  

t o r r  before  filling. 

buffered against  vibration. 

of a piezoelectr ic  t r a n s d u c e r  dr iven at 60 Hz with sufficient ampli tude to  

continually o b s e r v e  the methane peak and emiss ion  profile.  

- 7  The  s y s t e m  was then pumped t o  2 X 10 

The  s y s t e m  was mounted on a s t e e l  plate par t ia l ly  

The  l a s e r  f requency was  modulated by m e a n s  

2 



DC excitation was  used  for  the l a s e r  d i scha rge .  

of the constant  voltage power supply was l e s s  than one mil l ivol t  r m s  

with a l ine  regulat ion of be t te r  than * O .  1 pe rcen t  with 10  percent  l ine  

voltage change. 

no load to  full  load. 

l a s e r .  The cathode and anode w e r e  2 c m  in d i ame te r  and 5 cn i  lonq 

and both located in  concent r ic  posit ions a t  the end of the d i scha rge  

capi l la ry .  T h e  n i i  r r o 1 - 5  

cons is tcd  of one with 95 pe rccn t  ref lect ivi ty ,  thc  second u j t h  08. 5 per- 

cent  ref lect ivi ty ,  with approximate ly  one-  anti two-me te r  radi i  

respect ively . Most m e a s u r e m e n t s  w e r e  made immedia te ly  ai t e  r fi l l ing.  

HoLsVever we did not o b s e r v e  any significant change in l a s c r  p c r f o r m a n c c  

a f t e r  marly hour s  of operat ion.  

The r ipp le  and noise  

The  load regulation was be t te r  than 0 . 0 5  percent  f rom 

A 30O-kCl r e s i s t o r  was  placed in  s e r i e s  u i t h  the 

The e l ec t rodes  w e r e  made  of pure a luminum.  

20 3 The s y s t e m  was fi l led sys temat ica l ly  with N e  and € I ( > .  Ah 

noted in f igure  1 ,  only one gain ce l l  was moni tored  through a methane 

absorp t ion  ce l l ;  the  second l a s e r  was moni tored  for  the  purpose  of a 

cons is tency  check as it had the  s a m e  d imens ions  and p r e s s u r e s  (both 

l a s e r s  w e r e  connected by a common l ine to  the filling s ta t ion) .  The 

pe r fo rmance  of the  l a s e r  for  each  p r e s s u r e  filling and cap i l l a ry  S I L C  

was subdivided into t h r e e  a r e a s  of considerat ion:  (1 )  l a s e r  osci l la t ion 

( 2 )  l a s e r  osci l la t ion with coherent  output f luctuat ions,  and ( 3 )  l a s e r  

osci l la t ion with significant (> 8 % )  ampli tude noise .  

c u r r e n t  at the  threshold  of each  of the  above a r e a s  was m e a s u r e d  and 

noted. 

into the respec t ive  regions of l a s e r  osci l la t ion,  cohercnt  output 

f luctuat ions,  and noise .  The d i scha rge  c u r r e n t  was m e a s u r e d  and i t s  

f luctuat ions w e r e  displayed on a mult ichannel  osci l loscope in conjunL-tion 

with the  l a s e r  s igna ls .  It was obse rved  tha t  f luctuations in the d i scha rge  

c u r r e n t  co r re sponded  to  c o r r e l a t e d  fluctuations in the l a s e r  output. 

The  d i scha rge  

With inc reas ing  d i scha rge  c u r r e n t  the th re sho lds  w e r e  c r o s s e d  

3 



This  would imply that  a constant c u r r e n t  supply could be of possible 

benefit in  a t tempting to  quiet the l a s e r  discharge.  

observed  two types of amplitude fluctuations,  one was a coherent  

fluctuation with frequencies  of the o r d e r  of 100 kHz,  the other  was a 

fluctuation with the c h a r a c t e r i s t i c s  of white noise .  

It is  noted that w5.'c 

We found that  the d ischarge  c u r r e n t  for  all cap i l la ry  s i z e s  

(1 )  for  threshold of las ing  action ( r e f e r  to f ig s .  3 - 5 ) :  

a )  i n c r e a s e d  for  increas ing  He p r e s s u r e s  a t  
constant Ne p r e s s u r e  

d e c r e a s e d  for  increas ing  Ne p r e s s u r e s  at  
constant  He p r e s s u r e  

b )  

( 2 )  for  threshold of coherent  output fluctuations ( f i g .  6): 

general ly  d e c r e a s e d  f o r  increas ing  He p r e s s u r e  
at constant Ne p r e s s u r e  

general ly  d e c r e a s e d  f o r  increas ing  Ne p r e s s u r e  
at  constant He p r e s s u r e  

a )  

b )  

( 3 )  for  noise  threshold (fig. 7 ) :  

a )  d e c r e a s e d  for  increas ing  He p r e s s u r e  a t  
constant  Ne p r e s s u r e  

d e c r e a s e d  for  increas ing  Ne p r e s s u r e  at 
constant He p r e s  s u r  e. 

b)  

Although the  data  w e r e  insufficient f o r  effective prognos is ,  i t  

did appear  that  t h e r e  was a n  i n c r e a s e  of t h e  corresponding thresho1.d 

c u r r e n t s  with increas ing  capi l la ry  d i a m e t e r  (compare  f igs .  3 ,  4 ,  and 5 ) .  

Otherwise the  different cap i l la ry  s i z e s  led t o  s i m i l a r  per formance  o€ 

the  l a s e r s  with r e s p e c t  t o  the var ious Me and Ne p r e s s u r e s .  

a l s o  noted that  the power 

It was 

4 



(1 )  at threshold of coherent  output fluctuations ( r e f e r  t o  
f igs .  8-10):  

a )  d e c r e a s e d  for  increas ing  He p r e s s u r e  at  
constant Ne p r e s s u r e  

d e c r e a s e d  for  increas ing  Ne p r e s s u r e  a t  
constant  He p r e s s u r e ,  and peaked for  the 
4 - m m  capi l lary s i z e  

b)  

( 2 )  at  noise  threshold (figs. 11 and 12):  

a )  d e c r e a s e d  for  increas ing  He p r e s s u r e  a t  
c on s t ant Ne p r e s s u r e 

d e c r e a s e d  for  increas ing  Ne p r e s s u r e  at  
constant He p r e s s u r e ,  and peaked for  the 
4 - m m  capi l la ry  size. 

b)  

In f igure 13 i s  plotted the normal ized  offset of the methane peak on 

the gain c u r v e  of the laser.  As depicted,  the normal ized  offset  r e m a i n s  

basical ly  unchanged at constant He p r e s s u r e  over  our  l imited range of 

Ne p r e s s u r e s .  

with increas ing  He p r e s s u r e  f o r  all Ne p r e s s u r e s  and a l l  cap i l la ry  

s izes .  

T h e  normal ized  offset  d e c r e a s e s  approximately l inear ly  

CONCLUSION 

With carefu l  study of the graphs ,  it is  seen  that  the t h r e e  capi l lary 

s i z e s  lead t o  re la t ively insignificant differences in the per formance  of 

our  l a s e r s  with the exception of the power per formance  of the different 

cap i l la ry  s i z e s  (at the  threshold of coherent  output fluctuations).  It i s  

f u r t h e r  noted that  the  coincidence of l ine c e n t e r s  of the gain curve  and 

methane,  while at the s a m e  t i m e  maintaining good noise  p e r f o r m a n c e ,  

was only slightly achievable with any capi l la ry  s i z e .  This  l imited range 

of both coincident l ine c e n t e r s  and low noise  per formance  exis ted for  all 

t h r e e  capi l la ry  s i z e s  at Ne p r e s s u r e s  between approximately ~ 1 to I 2 

t o r r  and He p r e s s u r e s  of 4. 6 t o  4 . 7  t o r r .  We have concluded f r o m  

5 



t h e s e  exper iments  that  the opt imum condition f o r  u s  (at l e a s t  f o r  our  

p r e s e n t  p u r s u i t s )  is  typically a p r e s s u r e  filling of 3.  0 t o  3 .  5 t o r r  He 

with . 12 to  . 15 t o r r  Ne. 

any of the capi l la ry  s i z e s  was good, while the  offset  of the methane l ine 

f r o m  the c e n t e r  of the emiss ion  profile was  to le rab le .  The available 

output power within t h e s e  above-mentioned p r e s s u r e  and noise  limits 

was adequate f o r  sa tura ted  absorpt ion of the methane.  

isotope 

profile peak to  the methane l ine,  p r o m i s e s  to a l low good low noise 

p e r f o r m a n c e  a t  par t ia l  p r e s s u r e s  which a r e  opt imum f o r  a n  a c c u r a t e  

device over  a m u c h  wider range of operat ing p a r a m e t e r s .  

The low noise  p e r f o r m a n c e  in this range f o r  

The use  of the 
22  

Ne which r e q u i r e s  lower He p r e s s u r e s  for  matching the gain 
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NBS TECHNICAL PUBLICATIONS 

PERIODICALS NONPERIODICALS 

JOURNAL OF RESEARCH reports National 
Bureau of Standards research and development in 
physics, mathematics, chemistry, and engineering. 
Comprehensive scientific papers give complete details 
of the work. including laboratory data, experimental 
procedures, and theoretical and mathematicak analy- 
ses. Illustrated with photographs, drawings, and 
charts. 

Published in three sections, available separately: 

Physics and Chemistry 

Papers of interest primarily to. scientists working in 
these fields. This section covers a broad range of 
physical and chemical research, with major emphasis 
on standards of physical measurement, fundamental 
constants, and properties of matter. Issued six times 
a year. Annual subscription : Domestic, $9.50; $2.25 
additional for foreign mailing. 

0 Mathematical Sciences 

Studies and compilations designed mainly for the 
mathematician and theoretical physicist. Topics in 
mathematical statistics, theory of experiment design, 
numerical analysis, theoretical physics and chemis- 
ty, logical design and programming of computers 
and computer systems. Short numerical tables. Issued 
quarterly. Annual subscription : Domestic, $5.00; 
$1.25 additional for foreign mailing. 

0 Engineering and Instrumentation 

Reporting results of interest chiefly to the engineer 
and the applied scientist. This section includes many 
of the new developments in instrumentation resulting 
from the Bureau’s work in physical measurement, 
data processing, and development of test methods. 
I t  will also cover some of the work in acoustics, 
applied mechanics, building research, and cryogenic 
engineering. Issued quarterly. Annual subscription : 
Domestic, $5.00; $1.25 additional for foreign mailing. 

TECHNICAL NEWS BULLETIN 

The best single source of information concerning the 
Bureau’s research, developmental, cooperative, and 
publication activities, this monthly publication is 
designed for the industry-oriented individual whose 
daily work involves intimate contact with science and 
technology-/or mginuers ,  chernists, physicists, re- 
sparch managers, p roduc t -devdopmen t  managers, and 
company  cxecutivPc. Annual subscription : Domestic, 
$3.00; $1.00 additional for foreign mailing. 

Applied Mathematics Series. Mathematical tables, 
manuals, and studies. 

Building Science Series. Research results, test 
methods, and performance criteria of building ma- 
terials, components, systems, and structures. 

Handbooks. Recommended codes of engineering 
and industrial practice (including safety codes) de- 
veloped in cooperation with interested industries, 
professional organizations, and regulatory bodies. 

Special Publications. Proceedings of NBS confer- 
ences, bibliographies, annual reports, wall charts, 
pamphlets, etc. 

Monographs. Major contributions to the technical 
literature on various subjects related to the Bureau’s 
scientific and technical activities. 

National Standard Reference Data Series. 
NSKDS provides quantitative data on the physical 
and chemical properties of materials, compiled from 
the world’s literature and critically evaluated. 

Product Standards. Provide requirements for sizes, 
types, quality, and methods for testing various indus- 
trial products. These standards are developed co- 
operatively with interested Government and industry 
groups and provide the basis for common understand- 
ing of product characteristics for both buyers and 
sellers. Their use is voluntary. 

Technical Notes. This series consists of communi- 
cations and reports (covering both other agency and 
NBS-sponsored work) of limited or transitory interest. 

Federal Information Processing Standards 
Publications. This series is the official publication 
within the Federal Government for information on 
standards adopted and promulgated under the Public 
Law 89-306, and Bureau of the Budget Circular A-86 
entitled, Standardization of Data Elements and Codes 
in Data Systems. 

Consumer Information Series. Practical informa- 
tion, based on NRS research and experience, covering 
areas of interest to the consumer. Easily understand- 
able language and illustrations provide useful back- 
ground knowledge for shopping in today’s technolog- 
ical marketplace. 

NRS Special Publication 305, Supplement 1, 
Publications of the NBS, 1968-1969. When order- 
ing, include Catalog No. C13.10:305. Price $4.50; 
$1.25 additional for foreign mailing. 

Order NRS publications from: Superintendent of Documents 
Government Printing Office 
Washington, D.C. 20402 
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