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I .  General In fo rmat ion  

A. I n t r o d u c t i o n  

The microwave ammonia mon i to r  i s  a  s e l f  conta ined ( t h e  vacuum 
pump i s  ex terna l  ) microwave r o t a t i o n a l  spectrometer t h a t  s e l e c t i v e l y  
de tec ts  and moni to rs  ammonia vapor i n  a i r .  A s o l i d - s t a t e  o s c i l l a t o r  
i s  used as the  microwave source and a  microwave c a v i t y  made from wave- 
guide prov ides a  chamber f o r  t he  sample ana lys is .  The a i r  sample i s  
cont inuous ly  flowed through the  waveguide c a v i t y  so t h a t  changes i n  
t he  t r a c e  concent ra t ion  o f  ammonia i n  a i r  can be determined. 

The p r i n c i p l e  o f  ope ra t i on  o f  t he  microwave ammonia mon i to r  . 
i s  based on the  absorp t ion  o f  microwave r a d i a t i o n  by a  v i b r a t i o n -  
r o t a t i o n  quantum t r a n s i t i o n  o f  t he  ammonia molecule. Ammonia absorbs 
microwave r a d i a t i o n  i n  a  very narrow frequency range w i  t h  i t s  peak 
a t  23,870.18 MHz. The microwave source i s  e l e c t r o n i c a l l y  c o n t r o l l e d  
t o  o s c i l l a t e  o n l y  a t  t h i s  frequency and t o  p rov ide  a  very  s t a b l e  ou t -  
p u t  power. Thus, even a  very small amount o f  microwave power t h a t  i s  
absorbed by the  ammonia gas i s  de tec tab le  and no o t h e r  gas i n  the  a i r  
sample i s  known t o  absorb any microwave r a d i a t i o n  w i t h i n  the  frequency 
ou tpu t  band of t h e  o s c i l l a t o r .  

The s t a b i l i t y  o f  t h e  e x c i t a t i o n  frequency' i s  assured f o r  long 
per iods o f  ope ra t i on  t ime because t h e  microwave o s c i l l a t o r  i s  
" frequency l.ockedU t o  the  ammonia absorp t ion  i n  a  re ference c e l l  

. w i t h i n  the  inst rument .  

The power i n p u t  t o  t he  absorp t ion  c e l l  has been ad jus ted  
so t h a t . t r a c e s  o f  ammonia gas i n  m ix tu re  w i t h  a i r  a t  a  c e l l  pressure 
o f  approximately 0.05 T o r r  w i l l  absorb the  maximum poss ib le  microwave 
power. With t h i s  cond i t i on ,  t he  response o f  t h e  inst rument  t o  t r a c e  
q u a n t i t i e s  of ammonia i s  l i n e a r  over  t h e  dynamic range o f  minimum 
detec tab le  t o  about 100 ppm. 

Low l e v e l  s i gna l  d e t e c t i o n  i s  accomplished by modulat ion o f  
t he  absorp t ion  microwave d e t e c t i o n  by a very low no ise  p o i n t  con tac t  
c r y s t a l  r e c t t f i e r ,  and synchronous de tec t i on  a t  t h e  modulat ing 
frequency. E l e c t r i c  f i e 1  d  modulat ion (S tark  e f f e c t  modulat ion)  appl i e d  
through the  gas sample "chops" the  absorp t ion  s igna l ,  thereby causin-g 
an ampli tude modulat ion on the  microwave c a r r i e r  frequency. The c r y s t a l  
demodulates t h e  c a r r i e r ,  l eav ing  j u s t  the "chopped" s i g n a l .  This  
s igna l  i s  compared w i t h  a  re ference s igna l  o f  t h e .  same frequency 
and phase. A f t e r  amp1 4 f i c a t i o n ,  t he  resu l  t a n t  dc s igna l  i s  p ropo r t i ona l  
t o  t he  amount o f  absorp t ion  by the  gas i n  t he  c e l l .  This  ou tpu t  s igna l  
can be e a s i l y  calibi.a.ted t o  represent  the  concent ra t ion  o f  gas i n  t h e  
m ix tu re  because t h e  t o t a l  pressure i n  the  c a v i t y  absorp t ion  c e l l  i s  
kept  constant  throughout t h e  measurement. 



A dimethyl-silicone membrane molecular separator  i s  used t o  
i  nterface the microwave cavi t y  t o  the  atmosphere. Ammoni a vapor 
passes through t h i s  material approximately 1.5 times f a s t e r  than 
p i r ;  thus an e f f ec t i ve  enrichment of ammonia by t h a t  f a c t o r  e x i s t s  
in the absorption ce l l  ( a t  t he '  'time of measurement) which increases 
the  s e n s i t i v i t y  f o r  ammonia detect ion.  

The i n l e t  vacuum l i n e  as  well a s  the  absorption ce l l  
i s  kept a t  about 80°C a t  a l l  times t o  reduce e f f ec t s  of adsorption 
of ammonia on the walls .  A t  lower temperatures these e f f ec t s  a r e  
known t o  cause very long instrumental response times f o r  changes 
in ammonia concentrations. 

The instrument has been designed t o  be rugged and r e l i a b l e ,  
simple t o  operate ,  and easy t o  c a l i b r a t e .  The instrument operates 

.automat ical ly  from turn-on and can be ca l ib ra ted  with an external 
gas source a f t e r  only 30minutes of warm-up time. A l a rge  meter 
i s  provided w i t h  a  three  posit ion range switch t ha t  a1 lows d i r e c t  
readout i n  parts-per-million from 0 t o  100 i n  th ree  sca les .  A 
0-10 vo l t  output is  a l so  ava i l ab le  a t '  the  r e a r  panel f o r  recording 
data on an external recorder. 

; Molecule detected - gaseous 1 4 ~ ~ 3  

Interferences - none known. 

M i n i m u m  detectable  quant i ty  - Approximately 0.1 ppm i n  a i r  
w i t h  SIN = 1 ( t angen t ia l )  

Detection Range - 0.0 t o  100.0 ppm 

Lineari ty - l e s s  than 10% deviation from 1 i nea r i t y  f o r  a l l  
concentrations when ca l ib ra ted  f o r  f u l l  sca le  
use on arly sca le .  

S t a b i l i t y  - 

zero Dr i f t  - l e s s  than 0.5% of f u l l  sca le  per 24 hour 
warmup and a t  23OC + 1°C. 

Fr*eijuar~cy Stabi l  l t y  - b e t t e r  than I pa r t  i n  lo6  per day. 

Peak response s . t ab i l i t y  - l e s s  than l%devia t ion  from peak 
maximum in 30 days, 

Tcmpcrclturc ~ i n g e  - 4 O C  t o  38°C ~ I I I ~ J  ie111, ' . 



Response t ime - 90% response t o  s tep  change i n  3 minutes. 

Modes o f  Operat ion - 1)  cont inuous " s n i f f i n g "  mode: used 
when sampling a l a r g e  sample volume 
o r  gas stream. 

2) batch sampl i ng mode : used when a 
minimum o f  sample i s  avai  1 ab le .  

Output - 1)  a f r o n t  panel  meter readout i n  p a r t s - p e r - m i l l i o n  
of ammonia i n  t h ree  ranges; 0-1 , 0-10, 0-100 ppm. 

2) 0 t o  10 v o l t  analog si'gnal a t  BNC recorder  ou tpu t  
on . r e a r  panel . 

. . 

Dimensions - Rack inountable 19" x 21" x . 9 "  (vacuum pump 
ex te rna l  ) 

To ta l  Weight (exc lud ing  vacuum pump) - 70 pounds. 

Power Requirements - 11 5V, 10 amps, 60Hz [approximate ly  
200W cont inuous) 

. . 

11. I n s t a l l a t i o n  

A. .Preparat ion f o r  Use 

1)  The inst rument  can e i t h e r  be i n s t a l  l e d  on a bench o r  
i n  a' 19 '  rack.  

2) It i s  recommended t h a t  the  vkuum pump be connected t o  
the  ins t rument  and. s t a r t e d  be fore  power i s  a p p l i e d .  t o  the  inst rument .  
Two corrugated tubes are  supp l ied  f o r  connect ing the  pump t o  t h e  
i n s  t h e n  t .. 

a )  Connect the  smal le r  diameter tube t o  the  inst rument  a t  t he  
cofinector on the  r e a r  panel 1 abel ed " reference vacuum". 

b )  Connect the  l a r g e r  diameter tube t o  the  inst rument  a t  t he  
connector on the r e a r  panel l abe led  " a n a l y t i c a l  vacuum". 

C )  Be sure t h a t  t he  two hand operated valves on the  pump a r e  
c losed ( f u l l y  clockwise.) be fore  s t a r t i n g  t h e  pump't 

d) .Plug t h e  vacuum pump power cord  i n t o  a s u i t a b l e  AC o u t l e t ,  

e )  The ins t rument  requ i res  an AC power source o f  11 5V, 10A, 60Hz. 
A th ree  w i r e  AC power cord  i s  su'ppl i e d  w i t h  t h e  inst rument .  
Plug the  cord  . i n t o  a s u i  tab1 e power o u t l e t .  



f )  fo prepare  the  inst rument  f o r  opera t ion  f i r s t  make sure t h e  
" i n l e t  va lve"  a t  t h e  f r o n t  panel i s  c losed ( f u l l y  c lockwise) .  

g) A f t e r  t he  vacuum pump has s ta r ted ,  s low ly  open both  valves on 
t he  pump t o  a f u l l  open p o s i t i o n  ( f u l l y  counter  - c lockwise) .  

111. Operat ion 

A. Desc r ip t i on  o f  Contro ls  

The f o l l o w i n g  i s  a l i s t  o f  c o n t r o l s  on t h e  inst rument ,  t h e i r  
l oca t i ons ,  and t h e i r  func t ions .  

Contro l  Loca ti on Func ti on 

Panel Meter F ron t  Panel  isp plays the  q u a n t i t y  o f  de tec ted  
ammonia i n  p a r t s - p e r - m i l l i o n .  

"Concentrat ion Range" F ron t  Panel prov ides a sca le  adjustment f o r  
Switch t h e  meter readout i n  3 range 

s e t t i n g s ,  0.1, 0-10, and. 0-100. 

"Power" 

"Ready" 1 i tes  

"Zero" knob 

"Cal i b r a t e  " knob 

"Time Constant" 
Toggle Switch 

F ron t  Panel Provides main, power t o  the  i n s t r u -  
ment. The ex te rna l  vacuum pump 
shoul'd always be connected t o  
the. mon i to r  .and pumping before 
t h i s  bu t ton  i s  pushed on. Push 
o f f  t o  d i s r u p t  main power t o  t h e  
inst rument .  

Front  Panel When both  " lock ' !  and "vacuum" 
l i t e s  a r e  l i t ,  the  ins t rument  
i s  opera t iona l  and ready t o  
measure ammonia. Do n o t  take  
data i f  e i t h e r  o f  these l i t e s  
i s  ex t ingu ished.  

F ron t  Panel Used' t o  'zero t h e  panel meter. 

F ron t  Panel Used: t o  s e t  t he  panel meter t o  t h e  
proper ppm val  ue du r ing  the  
c a l i b r a t i o n  procedure. 

i t  

Rear Panel Pr0v.i des e i  t h e r  a 3 second o r  
100 'second t ime constant  ( s i g n a l  
average) f o r  the  d e t e c t i o n  system. 
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control Location Function 

"Recorder" connector Pear Panel Connector for  external recorder. 
Suppl ies  0-1 0V proportional 
to  the signal amplitude. 

"Test" connector Rear Panel Connector fo r  t e s t  meter to  be 
used f o r  tes t ing the functional 
operation of the instrument. - Not 

. . .  needed for  normal operation. 

"Fuse" . 

.. . . . . - . -. -- - - - . 

Rear Panel Provides overload protection fo r  
the instrument. 

"Analytical Vacuum" Rear Panel . . Connects to an external vacuum 
connector pump to  provide reduced pressure 

in the analytical cel l  . 

" ~ e f e r e n c e  Vacuum" Rear Panel Connects to  an external vacuum 
connector pump to  provide reduced pressure 

; in the reference c e l l .  

"Reference Gas" Front Panel Provides access to a chamber 
connector which holds a permeation device 

to supply, a reference gas. Close 
. . ,  both valves on the vacuum pump 

before removing th i s  connector. 

" In1 et'? .Val ve Front Panel When open, allows sample gas to  
pass through the analytical ce l l  . 
When closed, the analytical ce l l  
i s  pumped out.  

"Sample ,:In1 e t "  . . Front Panel Provides an i n l e t  t o  the instru-  
connectors ment for  the sample. A gas flow 

can be accomodated hy attach.i.ng 
a pump to  e i the r  connector. 



B .  Turn-on Procedure 

1 ) After completi.ng the procedure under section 11-A above, 
the instrument i s  ready to be turned on fo r  operation. 

2 )  Press the "Power" push button on the front  panel. The 
push button should l igh t ,  indicating that  the instrument has been 
energi zed. 

3 )  Within one minute a f t e r  power on, the two l i t e s  on the 
front  panel labeled "lock" and "vacuum" should light.:.  When both l i t e s  
are l i t ,  a ready condition exis t s  and the instrument i s  operational. 

C.  Calibration 

The instrument may be calibrated a t  any number of concentrations 
over i t s  range. However, i t  has been found useful and expedient t o  c a l i -  
brate a t  a single concentration about i n  the center of the concentration 
range of in te res t .  The accuracy of measurements of 'concentrations above 
and below the calibration points can be predetermined from a more thorough 
calibration procedure done less  often. 

The following calibration procedure i s  recommended: 

1 ) Zero the instrument. The instrument must be flushed with an 
ammonia free ca r r i e r  gas and pumped a t  l eas t  one hour before a calibration 
i s  i n i t i a l i zed .  A t rue zero can be determined by closing the " in l e t  
Valve!' on the front  panel. Set the meter to read zero by adjusting the 
"zero" knob on the front  panel then open the " In le t  Valve". Any signal 
which appears a f t e r  the " In le t  Valve" i s  reopened i s  from residual ammonia 
in the system. This signal should e i ther  be to t a l ly  removed by flushing 
and pumping or  i t  should be nulled out by resett ing the zero with the 
"Zero" knob on the front  panel. 

2)  Determine which mode of instrument operation i s  to  be used 
as indicated under Section 111-D, Also determine which time constant i s  
desired and s e t  the toggle on the rear panel accordingly. 

Note: A small of fse t  voltage may occur when the "time constant" 
toggle i s  switched from 3  sec. t o  100 sec. This of fse t  
may make i t  necessary to re-zero the meter for  operation 
a t  100 sec. time constant. 

3 )  Connect a source of known ammonia concentration to  one of 
the . f i t t i ngs  on the "sample in le t ' '  a t  the front of the instrument, 



4 )  Al low the  inst rument  15 minutes f o r  f u l l  response. Then 
adJust t he  "Ca l i b ra te "  knob on the  f r o n t  panel so t h a t  t he  meter reads 
the  des i red  concent ra t ion  o f  ammonia i n  p a r t s  per  m i l l  i on .  The i n s t r u -  
ment i s  now c a l i b r a t e d  f o r  measurements near t h a t  va lue.  

5 )  ~ u r t h e r  c a l i b r a t i o n  p o i n t s  can be used t o  determine the  
i ns t rumen t ' s  l i n e a r i t y .  Supply known concent ra t ions  o f  ammonia t o  the 
inst rument  and a l l ow  15 minutes f o r  f u l l  response. The new meter 
reading es tab l  ishes the  inst ruments response t o  the  new c a l  i b r a t i o n  
concent ra t ion .  

6) A f t e r  c a l i b r a t i o n ,  depending upon t h e  mode o f  operat ion,  
rep lace the  c a l i b r a t i o n  source w i t h  t h e  unknown sample. The ins t rument  
w i l l  mon i to r  t he  amon ia  c o n c e n t r a t i o n ' i n  t he  .sample. 

D. Modes o f  Operat ion 

This inst rument  has been p r i n c i p a l l y  designed t o  operate as a 
cont inuous " s n i f f i n g "  mon i to r  o f  ammonia i n  a i r ,  However, t he  i n s t r u -  
ment i s  capable o f  opera t ing  i n  e i t h e r  o f  two d i f f e r e n t  modes, The 
f o l l o w i n g  discusses how t o  prepare t h e  inst rument  f o r  opera t ion  i n  each 
o f  these modes. 

1 )  Continuous " S n i f f i n g "  Mode - 

I n  t h i s  mode, the  sample i s  presented t o  the  absorp t ion  
c e l l  w i t h  minimum delay, there fore ,  r e s u l t i n g  i n  t h e  fas tes t  response, 
A t y p i c a l  response t ime f o r  t h i s  mode i s  90% o f  peak response w i t h i n  
3 minutes a f t e r  i n i t i a t i o n  o f  " s n i f f N .  ( w i t h  a 3 second t ime constant  
f o r  the  e l e c t r o n i c s )  

To prepare the inst rument  f o r  opera t ion  i n  t h i s  mode, t he  
f o l l o w i n g  procedure i s  recommended: 

a )  Turn on the  inst rument  e x a c t l y  as descr ibed i n  B o f  
t h i s  sec t ion .  Wait  f o r  - both ready i n d i c a t o r s  t o  l i g h t .  

: . b )  I f  a c a l i b r a t i o n  i s  desi red,  proceed as i n d i c a t e d  under 
C o f  t h i s  sec t ion .  

c )  At tach a 114" 0. D. t e f l o n  tube t o  the  "Sample I n l e t "  
p o r t  on t h e  f r o n t  panel us ing  appropr ia te  f i t t i n g s .  

d )  Set the  "Zero" a d j u s t  t o  zero the  meter w h i l e  s n i f f i n g  
a zero-gas reference sample o r  w h i l e  s n i f f i n g  a background sample: Notes 
t o  determine the  t r u e  zero c lose  t h e  i n l e t  va l ve  toggqe and a l l o w  a 5 
minute pump down, 

e )  The inst rument  i s  now ready t o  mon i to r  i n  t he  ' ' f a s t  
response" mode. 



2 )  Batch Sampl i n g  Mode - 
I f  a minimum sample i s  a v a i l a b l e ,  ( l e s s  than 1 l i t e r )  

t h i s  mode can be used. I n  t h i s  mode the  absorp t ion  c e l l  i s  i s o l a t e d  
from the  vacuum pumps so t h a t  t he  sample can expand i n t o  i t  and n o t  
be pumped away. Caution must be used here t o  i n s u r e  t h a t  there  i s  no 
res idua l  NH3 i n  the c e l l  before the  sample i s  l e t  i n .  The f o l  low ing 
procedure i s  recommended f o r  t h i s  mode: 

a )  Turn on t h e  ins t rument  as described i n  B o f  t h i s  
sec t ion .  . 

b )  I f  a , c a l i b r a t i o n  i s  desi red,  proceed as i n d i c a t e d  
under C o f  t h i s  sec t ion .  Al low the  system t o  pump f o r  a t  l e a s t  1 hour 
a f t e r  NH3 has been i n  the  inst rument .  

c )  Close the  hand va l ve  a t  t he  vacuum pump t h a t  connects 
the  l i n e  t o  the  " a n a l y t i c a l  vacuum" on the  r e a r  panel.  

d )  Make a t e s t  f o r  r e s i d u a l  NH3 i n  the  c e l l  by opening 
the  " i n l e t  va lve"  on the f r o n t  panel.  The pressure i n s i d e  the  c a v i t y  
w i l l  r i s e  due t o  the  gas supp l ied  by t h e  membrane separator  a t  t h e  
i n l e t .  Mon i to r  t he  "vacuum" l i t e  on t h e  f r o n t  panel w h i l e  t he  pressure 
i s  r i s i n g .  When t h e  l i t e  ex t ingu ishes  c lose  the  "sample i n l e t "  va lve.  
Then momentari ly reopen the  va l ve  a t  t h e  pump u n t i l  t he  l i t e  comes on 
again. The s igna l  ou tpu t  should be near zero and n o t  r i s e  if the  c e l l  
i s  f r e e  o f  NH3. 

e) Reopen both  the  " i n l e t "  and pump valves and a1 low 
the  c e l l  t o  be pumped f o r  a t  l e a s t  5 minutes. 

. 

f )  Close the  pump va lve  and a t t a c h  the  sample con ta ine r  
t o  t he  "sample i n l e t "  p o r t .  Repeat as i n  ( d )  above. The ins t rument  
w i l l  g i v e  a s t a t i c  measurement o f  t h e  NH3 content  w i t h i n  the  c e l l .  

E. ,Turn-Of f  Procedure 

The fo l l ow ing  t u r n - o f f  procedure i s  recommended so t h a t  t h e  
inst rument  may be res ta r ted ,  when desi red,  i n  a mi,nimum of ti;me. 

1 )  c lose  the  " i n l e t  va l vev  on the f r o n t  panel ( . f u l l y  c lock-  
wise) . 

f 2 )  Press the  "power" o f f '  push but ton .  

3 )  Close both  hand i a l v e s  on the  vacuum pump ( t u r n  f u l l y  
' c lockwise) .  



I V  . -. P r i  n c i  p l  es o f  Operation. 

A. I n t r o d u c t i o n  

The inst rument  descr ibed i n  t h i s  manual i s  based on t h e  p r i n c i p l e  
of observi.ng the  absorp t ion  o f  microwave r a d i a t i o n  which i s  ' i n  resonance 
w i t h  one o f  t he  quant ized molecular  r o t a t i o n s  o f  gaseous ammonia 
molecules. Molecular  r o t a t i o n s  have low energies (much lower  than 
v i b r a t i o n a l  energies) and a t  low pressures, t h e y ,  can cause very sharp 
absorpt ions o f  microwave r a d i a t i o n .  The absorpt ions a r e  so sharp, 
i n  f a c t ,  t h a t  a m i l l i o n  s i n g l e  resonances from many d i f f e r e n t  k inds  o f  
molecules can a l l  be reso lved from a spectrum taken over  a 20 Gigahertz 
frequency range. 'The microwave frequencies, on :the o t h e r  hand, a re  
produced, from e l e c t r o n i c  osc i  11 a t i o n s  , are  a1 ready q u i t e  mono-energeti c, 
and they can be cont inuous ly  tuned. These p r o p e r t i e s  a re  respons ib le  
f o r  t he  very h igh  q u a l i t a t i v e  s p e c i f i c i t y  f o r  d e t e c t i n g  molecules i n  
a m ix tu re  w i t h  o thers  by t h i s  technique o f  microwave r o t a t i o n a l  spectro-  
metry. 

The p rope r t i es  descr ibed above are  u t i l i z e d  t o  t h e  f u l l e s t  i n  
t h i s  ins.trument. For example, t h e  pressure o f  the  sample gas i s  mainta ined 
low enough t o  assure t h a t  t he  ammonia absorp t ion  l i n e  w i d t h  i s  l e s s  than 
400 KHz i n  t he  de tec t i on  c e l l .  The microwave energy needed t o  e x c i t e  
t h e  molecular  resonance o f  ammonia i s  supp l ied  by a s o l i d - s t a t e  bu l k  semi- 
conductor commonly known as a Gunn-effect o s c i l l a t o r .  I t s  o s c i l l a t i o n s  
a r e  s t a b l i i z e d  t o  a s p e c i f i c  ammonia absorp t ion  l i n e  i n  a re ference c e l l ,  
Output frequency i s  thus made t o  e x a c t l y  match t h a t  o f  t h e  peak o f  t he  
ammonia resonance i n  the  a n a l y t i c a l  c e l l .  

For  very small q u a n t i t i e s  o f  ammonia gas i n  a, mix tu re ,  t h e  
ac tua l  amount o f  microwave power absorbed i s  very  smal l .  A s i g n i f i c a n t  
s igna l  t o  no ise  enhancement over  dc absorp t ion  s igna ls  i s  gained by 
app ly ing  an o n - o f f  e l e c t r i c  f i e l d  through t h e  sample. Th is  modulates 
the  absorp t ion  s igna l ,  r e s u l t i n g  i n  an AC s igna l  which i s  a m p l i f i e d  
then synchronously detected. A DC s igna l  p ropo r t i ona l  t o  t he  ammonia 
absorp t ion  i s  then de l i ve red  t o  a meter and i s  made a v a i l a b l e  f o r  
ex te rna l  record ing.  

Automatic c o n t r o l  i s  always des i rab le  i n  a mon i to r i ng  i n s t r u -  
m e n t .  I n  t h i s  instrument,  a  se r i es  o f  i n t e r l o c k s  a r e  prov ided t o  assure 
the  user  t h a t  the  system i s  f u n c t i o n i n g  p rope r l y .  These i n t e r l o c k s  
prov ide  f o r  automatic opera t ion  w h i l e  the  inst rument  i s  i n  cont inuous use. 



The bas ic  s e n s i t i v i t y  o f  t h e  technique used here i s  l i m i t e d  
t o  approximately 1  ppm l e v e l s  by the  very small absorp t ion  s igna ls .  
To extend the d e t e c t a b i l i t y  range, a  rubber membran'e molecular  separator  
device i s  used t o  e n r i c h  t h e  ammonia sample t h a t  en ters  the  microwave 
c e l l  by more than 1  order  o f  magnitude, thus extending the  minimum 
detec tab i  1  i t y  f o r  ammonia t o  near 0.1 ' ppm. 

A b r i e f  d e s c r i p t i o n  o f  t h e  f u n c t i o n a l  c i r c u i t s  o f  t he  i n s t r u -  
ment i s  g iven i n  t h e  f o l l o w i n g  sec t ions .  References a r e  made t o  the  
b lock  diagram o f  t he  inst rument  (sheet  1  o f  t h e  schematic diagrams) 
which can be used t o  f o l l o w  the  g iven desc r ip t i ons .  

B . Frequency ~ t a b i  1  i z a t i o n  Technique 

To i n s u r e  t h a t  t h e  source o s c i l l a t o r  i s  a t  exac t  coincidence 
w i t h  t h e  ammonia absorp t ion  l i n e  a t  23,870.1 MHz and f o r  r e l i a b l e  l ong  
term s t a b i l i z a t i o n ,  the  source o s c i l l a t o r  i s  " frequency locked" t o  the  
ammonia absorp t ion  l i n e  i t s e l f .  A  s u f f i c i e n t  amount o f  ammonia gas t o  
p rov ide  a  sharp absorp t ion  l i n e  a t  23.8 GHz i s  supp l i ed  t o  the  re ference 
c e l l  by vapor which permeates a  smal l  t e f l o n  tube (commercia l ly  a v a i l a b l e  
from Metronics, Inc. ,  Palo A l t o ,  C a l i f . ) .  The permeated vapor i s  
cont inuous ly  pumped through the  re ference c e l l .  Microwaves from the  
Gunn-effect o s c i l l a t o r  pass through the  reference c e l l  t o  a  c r y s t a l  
de tec tor .  Two. types o f  modulat ion a r e  app l i ed  t o  t h e  microwaves i n  
o rde r  t o  p rov ide  a  d i s c r i m i n a n t  type o f  feedback s igna l  t o  s t a b i l i z e  
the  o s c i l l a t o r .  F i r s t ,  a  smal l  amount o f  modulat ion a p p l i e d  t o  the  
va rac to r  vo l tage causes frequency modulat ion o f  t he  microwave c a r r i e r .  
Next, a  h igh  vo l tage  i s  a p p l i e d  through the gas i n  t h e  re ference c e l l  
which amp1 i tude ( S t a r k )  modulates the  microwave c a r r i e r  o n l y  when the  
microwave frequency i s  near an a m o n i a  absorp t ion  l i n e .  A f t e r  t h e  
microwaves are  detected by the  c r y s t a l  r e c t i f i e r ,  t h e  s igna l  i s  f i r s t  
a m p l i f i e d  i n  a  low no ise  p r e a m p l i f i e r ,  then i t  i s  synchronously 
detected a t  the  Stark  modulat ion frequency. The ou tpu t  o f  the f i r s t  
synchronous de tec to r  i s  then synchronously detected again a t  t h e  
frequency t h a t  i s  app l i ed  t o  the  varac tor .  The ou tpu t  o f  the  second 
synchronous de tec to r  i s  t he  f i r s t  d e r i v a t i v e  o f  t h e  ammonia absorp t ion  
l i n e  and i s  used as a  d i sc r im inan t  s igna l  t o  feedback t o  the  
va rac to r  diode i n  t he  o s c i l l a t o r .  A search-lock c i r c u i t  i s  prov ided 
t o  i nsu re  frequency lockup a t  i n i t i a l  t u r n  on o r  i f  the  frequency 
s t a b i l i z a t i o n  i s  i n t e r r u p t e d  f o r  any reason. 

When t h e  "frequency l o c k "  has been accomplished the  Gunn 
o s c i l l a t o r  has an ou tpu t  frequency 23,870 MHz which corresponds t o  
the  peak o f  the  ammonia absorp t ion  l i n e .  ;his frequency has a  s h o r t  
term s t a b i l i t y  o f  b e t t e r  than 1  p a r t  i n  10 per  second, and a  
l ohg  term s t a b i l i t y  l i m i t e d  o n l y  by  the  l i f e t i m e  o f  t he  re ference gas. 



C. Signal Detect ion,  Amp1 i f i c a t i o n  and Presenta t ion  

E l e c t r i c  f i e l d  (S ta rk  e f f e c t )  modulat ion and synchronous 
de tec t i on  a re  used i n  t h i s  inst rument  f o r  optimum s igna l  t o  no ise  
c h a r a c t e r i s t i c s  f o r  t h e  detected absorpt ion.  

A 2  KHz square-wave, zero based, 400 V peak-to-peak vo l tage  
i s  app l i ed  t o  an e lec t rode  a t  t h e  center  o f  the  ana. ly t ica1 c e l l  wave- 
guide. An e l e c t r i c  f i e l d  produced by t h i s  vo l t age  i s  thus app l i ed  
through the sample gas. When the  f i e l d  i s  on, the.ammonia absorp t ion  
i s  moved t o  o the r  f requencies.  When the  f i e l d  i s  o f f ,  the  ammonia 
absorp t ion  co inc ides  w i t h  the  microwave o s c i l l a t o r  frequency and can 
absorb power from t h e  i npu t .  The e f f e c t  o f  t h i s  o n - o f f  f i e l d  i s  t o  
amp1 i t u d e  mqdulate the  microwaves i n  t he  a n a l y t i c a l  c e l l  a t  a  2  KHz 
r a t e  i f  ammonia molecules are  present  there .  This  ampl i tude modulat ion 
then appears on t h e  microwaves t h a t  e n t e r  t h e  d e t e c t o r  c r y s t a l  and 
subsequently a l so  on r e c t i f i e d  ou tput .  This  2  KHz s igna l  i s  a m p l i f i e d  
i n  a  low nd ise  p r e a m p l i f i e r  then synchronously de tec ted  w i t h  a  
re ference 2  KHz s igna l  from the  Stark  vo l tage  generator .  The ou tpu t  
o f  the  synchronous de tec to r  i s  a  DC s igna l  which i s  p ropo r t i ona l  
t o  t he  ampl i tude o f  t h e  ammonia absorp t ion .  I t  i s  f u r t h e r  a m p l i f i e d  
and an RC t ime constant  i s  app l i ed  t o  i t  be fo re  i t  goes t o  a  meter 
readout o r  t o  an ou tput  connector t o  d r i v e  a recorder .  

D. Inst rument  Vacuum and Sampling System 

A b lock  diagram o f  the  vacuum and sampling system i s  inc luded 
i n  Sect ion V I I .  

A s i n g l e  pump w i t h  a capac i ty  o f  3.5 Elmin, prov ides the  
vacuum f o r  t he  inst rument .  Two vacuum l i n e s  a t t a c h  t o  the  inst rument .  
The 1/4" diameter l i n e  goes t o  t h e  reference c e l l .  A needle va l ve  i s  
prov ided i n t e r n a l l y  t o  a d j u s t  the  pressure i n  t h e  re ference c e l l  a t  
approximately 20 m i l l i  Tor r .  A connector on t h e  f r o n t  of  the  inst rument  
marked "reference gas" ' can be removed t o  a1 low replacement o f  t he  
reference gas tube. The 1/2"  diameter l i n e  goes t o  the  a n a l y t i c a l  c e l l  
i n  the  inst rument .  Note t h a t  t he  molecular  s ieve  t r a p  a t  the  vacuum 
pump prevents the  ammonia i n  t he  reference 1  i n e  from back d i f f u s i n g  
i n t o  the  a n a l y t i c a l  l i n e .  Two thermo-couple gauges a re  inc luded i n  
the  a n a l y t i c a l  c e l l  1  i ne .  One moni to rs  the  pressure f o r  t he  i n t e r l o c k  
system (exp la ined i n  IV-E) and the  o the r  i s  used t o  measure t h e  pressure 
w i t h i n  t h e  a n a l y t i c a l  c e l l  du r i ng  opera t ion .  An i n p u t  va l ve  i s  inc luded 
.(accessable a t  the f r o n t  panel) ,  t o  i s o l a t e '  t h e  ana1yti:cal c e l l  from t h e  
i n p u t  membrane sample. The membrane separator  prov ides the  i n t e r f a c e  
between the  atmosphere and the  low pressure (2 ,  I 5 0  m i l l i  To r r )  i n  the  
a n a l y t i c a l  c e l l  . 



E. System I n t e r l o c k  Contro ls  

The inst rument  i s  f u n c t i o n a l  when two cond i t i ons  are  t r u e .  
One, the  Gunn-effect o s c i l l a t o r  must be s t a b i l i z e d  t o  the . re ference 
gas absorp t ion  l i n e .  Two, the pressure i n  t h e  c e l l  must be w i t h i n  
the  opera t ing  range. This  a l so  insures  t h a t  the  modulat ing S ta rk  
vo l tage i s  mainta ined on. 

From turn-on, t he  ins t rument  au tomat i ca l l y  c o n t r o l s  i t s e l f  
t o  make the  above cond i t ions  t rue .  As each o f  t he  cond i t i ons  becomes 
t rue ,  a l i t e  on the  f r o n t  panel i n d i c a t e s  a  t r u e .  Should e i t h e r  o f  
these cond i t i ons  change du r ing  t h e  opera t ion ,  t he  "ready" l i t e s  w i l l  
ex t i ngu i sh  and data should n o t  be taken du r ing  t h a t  t ime.  

NOTE: Under normal opera t ion  i t  i s  poss ib le  t h a t  t r a n s i e n t s  
can be generated which cause the  Gunn-effect o s c i l l a t o r  t o  momentari ly 
unlock. The " l o c k "  l i t e  w i l l  momentari ly ex t i ngu i sh  w h i l e  a  search 
o s c i l l a t o r  causes the  Gunn-osc i l la to r  t o  f i n d  a  l o c k  again.  Th is  
procedure takes l e s s  than 1  second t ime so t h a t  no s i g n i f i c a n t  l o s s  
o f  data occurs. A " g l i t c h "  w i l l  appear, however,.during t h i s  unlocked 
t ime i f  ou tpu t  i s  observed on a  recorder .  

V .  Maintenance 

A. Routine, Peri 'odic Inst rument  Maintenance 

The ammonia mon i to r  should operate maintenance f ree  on a  
cont inuous bas is  f o r  one month per iods.  A r o u t i n e  maintenance p ro -  
cedure should be c a r r i e d  o u t  once each month o f '  imstrument opera t ion .  
This  procedure should i nc lude  the  f o l l o w i n g :  

1. Change the  re ference gas permeation tube. 

2.  Change ' the  d imethyl  s i  1  i cone membrane. 

, A f t e r  each s i x  months o f  ope ra t i on  the  f o l l o w j n g  should be . 

. done: 

3. Change the  o i l  on the  mechanical vacuum pump. 

4.. . Bake o u t  the molecular  si,eve t r a p ,  

The inst rument  need n o t  be turned o f f ,  f o r  t h i s  maintenance. 
The "down" t ime can be as sho r t  as a  few hours, depending upon t h e  l e n g t h  o f  
t ime taken t.o hake ou t  the  molecular  s i eve  t ra .p -  



Deta i l ed  procedures f o r  each o f  the  four  maintenance opera- 
- . .  t i o n s  l i s t e d  above i s  g iven i n  t he  f o l l o w i n g  sec t ions ,  

- , B. Vacuum System Maintenance 

Once every s i x  months o f  continuous opera t ion  the o i l  should 
be changed i n  . the mechanical pump. The f o l l o w i n g  procedure i s  recomm- 
ended : 

. , 

1. Close the  " i n l e t  va lve"  a t  t he  f r o n t  panel. 

.2. Turn bo th  hand valves on the  vacuum pump t o  t h e  " o f f "  pos i -  
t i o n  ( f u l l y  c lockwise) .  

3. P u l l  t h e  w a l l  p lug  t o  s top  the  pump. 

4. A f t e r  t he  vacuum pump has cooled o f f  s u f f i c i e n t l y  d r a i n  and 
change the  o i l  i n  the  pump. Use Welch mechanical 'pump o i l  o r  equ iva len t  
f o r  t he  mechanical pump. 

5. A f t e r  t he  o i l  has been changed r e s t a r t  t he  pump. 

I t  i s  recommended as a  p a r t  o f  the vacuum system maintenance 
procedure, t h a t  the  molecular  s ieve  t r a p  be baked out .  The f o l l o w i n g  
procedure' can be used: 

1. A f t e r  changing t h e  pump o i l  and r e s t a r t i n g  t h e  pump, b u t  
be fore  opening the  hand valves on t h e  vacuum pump, t h e  s ieve  t r a p  can 
be baked. 

- CAUTION - 

While the  molecular  s ieve  t r a p  i s  being baked out ,  t he  two hand 
valves on the  vacuum pump - must be f u l l y  c losed ( f u l l y  c l o c k w i s ~ ) ,  o r  
t h c g a s e s  g iven o f f  f rom t h e  t r a p  wi.11 pass back i n t o  the inst rument .  

2. 'Make sure the  two hand valves on the  vacuum pump a r e  i n  t he  
"c losed" p o s i t i o n  and the  pump i s  on. Plug the  auxi.1 i a r y  AC co rd  
(on the  s ieve  t r a p  heat ing  element) i n t o  a  s u i t a b l e  o u t l e t ,  L e t  t he  
t r a p  bake f o r  a  minimum o f  1 hour.  

3 .  A f t e r  a  s u i t a b l e  bakeout pe r iod  (.I hour min .) remove t h e  AC 
p lug  from t h e  o u t l e t  and a1 low 15 minutes f o r  t he  t r a p  t o  cool  . 

4. Re-open both hand valves on the  pump. When the  "ready" 
l i t e s  r e - l i t e ,  t he  inst rument  i s  ope ra t i ona l ,  



C. Changing' t he  S i l i c o n e  Membranes 

.Under normal opera t ion  and i n  normal environments, t h e  s i l i c o n e  
membrane w i t h i n  the  separator  device should have an u n l i m i t e d  l i f e t i m e .  
However, i n  ' ce r ta in  environments (e.g., h i g h  ozone content  o r  p a r t i c u l a t e  
ma t te r )  t he  permeation c h a r a c t e r i s t i c s  o f  t he  membrane ma te r i  a1 can 
change s i g n i f i c a n t l y .  Also, some s i l i c o n e  rubber m a t e r i a l  has been 
observed t o  rup tu re  w h i l e  i n  use, probably because o f  t h e  expansion of 

. p i n  holes under s t ressed cond i t i ons .  
' 

I n d i c a t i o n s  o f  ' f a i l u r e  used i n  the  separator  a r e  as fo l l ows :  

1. An unexplained 1  oss i n  s e n s i t i v i t y  

2. The microwave c e l l  pressure r i s e s  above 0.07 T o r r  ( t h e  
ready l i g h t  w i l l  ex t i ngu i sh  i n  t h i s  case).  

A l a r g e  sheet o f  s i l i cone - rubber  membrane i s  i nc luded  w i t h  the  
inst rument .  I f  replacement o f  t he  membrane m a t e r i a l  i s  requ i red ,  the  
f o l l o w i n g  procedure i s  recomended: 

a )  The membrane can be changed w i t h o u t  t u r n i n g  o f f  t he  i n s t r u -  
ment. Turn the  " i n l e t  va lve"  on the  f r o n t  panel t o  t h e  c losed p o s i t i o n  
( f u l l y  c lockwise) .  

b )  Remove the  f o u r  screws.on the  f r o n t  o f  t h e  separator  a t  t h e  
f r o n t  panel. 

c )  Using a  reasonab-le force,break the  sea l  a t  the  p o i n t  where 
the  o l d  membrane ma te r ia l  .can be seen. 

d )  Peel t h e  o l d  membrane o f f  t he  end p iece and d i sca rd  i t . 
Clean the  grease o f f  t he  end pieces w i t h  acetone o r  an appropr ia te  so l ven t .  
Re-grease the  end pieces w i t h  any vacuum type grease ( s i l i c o n e  vacuum pump 
a1 so works).  Lay a  new p iece o f  s i  1  i cone rubber over  t h e  end p iece 
and press i t  down so t h a t  t h e  grease holds i t  i n  p.lace. With a razo r  
b lade o r  sharp k n i f e ,  c u t  a long the  edge o f  t he  end piece, l eav ing  
about 1/4" excess rubber over  t he  edge, a l l  around. Also c u t  holes i n  
t he  membrane where the  screws penet ra te  i t .  

e Replace t h e  cover p iece  over  t he  membrane m a t e r i a l ,  a1 i g n  
the  screw holes, and repace the  four  screws - t i g h t e n  app rop r ia te l y .  

, . f Re-open the  " i n l e t  va lve"  a t  t h e  f r o n t .  panel,  A f t e r  1  
minute the  "vacuum" ready 1  i t e  on the  f r o n t  panel should '1 i g h t ;  i f  i t  
does not ,  t i g h t e n  the  f o u r  screws on the  separator .  F a i l u r e  o f  t he  
"vacuum" ready t o  1 i g h t  suggests a  l eak  and the  above procedure 
should be repeated. 



Note: A new c a l i b r a t i o n  i s  recommended w i t h  each change o f  
s i l i c o n e  membrane. 

D . .  Changing the  Reference Permeation Tubes 

The " l o c k "  ready l i g h t  on the  f r o n t  panel i n d i c a t e s  the  s t a t u s  
o f  t he  reference c e l l .  I f  i t  i s  e i t h e r  b l i n k i n g  o r  ex t ingu ished a 
change o f  permeation tube i s  l i k e l y  requ i red .  The permeation tubes 
can be purchased from Metronics Assoc., Palo A1 t o ,  C a l i f .  A s i n g l e  two 
cent imeter  l e n g t h  o f  a standard ammonia' permeation tube should be 
ordered. She l f  l i f e  o f  these tubes i s  approximately 2 months a t  
room temperature and 4-6 months under r e f r i g e r a t i o n .  

When the  permeation tube i s  changed the  f o l l o w i n g  procedure 
i s recommended : 

a) Close the  hand .va lve  on the  vacuum pump t h a t  1 eads t o  
the  re ference c e l l  (1/4" 1 i n e )  . 

b)  Unscrew t h e  f i t t i n g  a t  t he  f r o n t  panel marked "permeation 
tube". " . 

c )  .Remove and check the  o l d  permeation tube. L i q u i d  ammonia 
can be observed i n  a f u l l  o r  p a r t i a l l y  f u l l  tube when h e l d  up t o  a 
1 i g h t  and viewed. I f  the  o l d  tube i s  n o t  empty, i t  should n o t  need 
replacement, and o the r  e l e c t r o n i c  t roub les  a r e  l i k e l y  i f  t h e  " l ock "  
l i g h t  i s  ext inguished.  

d )  Replace the o l d  permeation tube and t i g h t e n  t h e  connector.  

e) Re-open the  va lve  a t  t he  vacuum pump. Note - t h e  pressure 
i n  t h e  reference c e l l  can be monitored a t  t h i s  t ime w i t h  the  e l e c t r o n i c  
t e s t  box. 

f )  The "vacuum" and " l ock "  ready l i t e s  should bo th  r e - l i g h t  
t o  i n d i c a t e  t h a t  the  inst rument  i s  ope ra t i ona l .  

E. Use o f  E l e c t r o n i c  Test Box 

The e lec t ron4c t e s t  box which accompanies the  inst rument  i s  
requ i red  f o r  t h e  inst rument  t o  func t i on  as a mon i to r .  It i s ,  however, 
a handy i n d i c a t o r  f o r  t e s t i n g  the  d i f f e r e n t  f u n c t i o n a l  c i r c u i t s  w i t h i n  
the  inst rument .  A d d i t i o n a l l y  , i t  inc ludes  a thermocouple vacuum 
gauge which can be used as an i n d i c a t o r  o f  t he  pressure i n  bo th  the  
re ference and a n a l y t i c a l  c e l l s  i n  t he  inst rument .  

For  purposes o f  t roub le-shoot ing  poss ib le  c i r c u i t  malfunct ions, 
the  f o l l o w i n g  l i s t  o f  meter readings i s  given-these a re  t y p i c a l  
readings du r ing  normal opera t ion :  Note t h a t  t he  meter i s  cen te r  
zeroed and t h a t  t h e  f o l l o w i n g  convent ion i s  used; a reading t o  t h e  
r i g h t  or' ,iermu Is (+) and a reading t o  the  l e f t  o f  zero i s  ( - ) .  

#1 Pressure: Approximately 100 mi.crons 
HZ Pressure: Approximately 30 microns 
Absorpt ion Signal : Approximately 
D ispers ion  Signal  : Approximately I;::] 



VI. Parts List 

The following is a list of replaceable parts used in the instrument 
'including the manufacturer and approximate replacement cost. 

. . 

Item # Name Model Number Approx. Repl. Cost 

1 Gunn Effect 0sci.llator $750 

2 . . ~ i l  icone Membrane General Electric $20 

3 ,  Permeation Tube Metroni cs $1 5 

4 Detector Diodes (2) Hewlett Packard $80 
K422A 

VII. Pictures, Schematics, and Engineering Drawings 

The following pages include photographs of the instrument, 
electronic schematics and wiring diagrams, ' 
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BLOCK DIAGRAM OF VACUUM AND SAMPLING SYSTEM 
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NOTICE 

Thir report was prepared as an mount of work 
o p o m e d  hy the United States Cowrnment. %ither the 
United States nor the UntYsd States hugy %Sear& 
& Development Adminislmtion, nor any of their 
empbyees, nor my of their contractors, mkonfrmtors, 
or their employees, makes any warranty, c x p S  or 
implied, or atsumcs my legat liability or nspon8ibiJity 
for ths acuimcy, completeness or usefulness of sny 
informPtian, apparatus, product or prow= d i a ~ b d ,  w 
repmhlts that its use woDM not infringe 
privzhtyowmd rights. 

Refwnce t o  a company m produd name dQss not 
hnply approval or mc6mreendation of the produet by 
ths University of CWaraia or the U.S. Energy Resew& 
& Dersl~pment Administration to the exelykon of 
others t b t  may be suitable. 
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