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he objective of this program is to develop a low-cost 5-GHz 40-W FM
CW transmitter , using GaA s Read IMPATT diodes as RF power-generating
elements, suitable for data-link applications. Results of work so far indicate
that the RF performance goals for the transmitter can be achieved , but that
size , weight , and primary power consumption goals will be exceeded.

We have designed a transmitter system that separates the unit into four
main aubassemblies: a VCO-driver , a multidiode output stage , a multichannel —
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current regulator , and a DC-to-DC inverter. The VCO-driver , producing
3. 3-W output at 5 GHz, has been assembled and tested. Epitaxial wafers for
the high-power GaA s Read diodes to be used in the output stage have been
successfu lly grown . The best diode result obtained so far is 2 1-W CW output
at 4. 86 GHz with 29. 5 percent eff iciency,  and five of six wafers processed have
Droduced 15-W diodes. The diodes permit a four-diode ou tput stage . Six
monthly shi pments of six diodes re present at ive of tho se to be used in the out pu t
stage have been made to RADC. The output stage design uses a nonreson an t
arallel-type power combiner based on the modified Wi lkinson hybrid described

)y Gysel. Four single-diode oscillator module s are coupled to this combiner.
the combiner and modules are realized in trapped inverted microstr ip (TIM )
Line. Basic TIM-l ine  test circuits have been assembled and are awaiting eval-
iati on. A resonant-cavity power combiner design is also available for possible
ise as an output stage. The circuit design for the multichannel current  regula-
:or is complete. A commercial DC-to-DC inverter has been selected for use in
:he transmitter.~~~

Tasks which kemain to be completed include fabric ation of addition al high -
lower diodes , fabrication of the diode modules and four-port power combiner
n TI M lin e , construction of the current  regulator , an d assembly and test of the
omplete transmitter package. A cost-performance tr adeoff analysis must also
e made.
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TE C H N ICA L  RE P OR T  S U M M A R Y

The objec t ive  of this  program is to develop a de l iverab le  breadboard

model of a low-cost  5-GHz F’M t r a n s m i t t e r  having 40-W output suitable for

da ta - l ink  app lications. Galli um arsenide Read IMP ATT diodes are to be

used as RF power-generat ing elements in the transmi t te r .  Pre l iminary
analysis and the f i rs t  six month’  s work on the program have indicated that

the major RF perfor mance goals for the t ransmit ter  ( an  be achieved .  How-

ever , goals for size , weight , and pr imary  power consumption will be ex-
ceeded. The purpose of this report is to describe the program effort  for the

period 29 March  through 29 September 1976.

The t ransmi t te r  system design has been comp leted. Four major
subassemblies make up the deliverable t ransmit ter .  ‘I’hese are the VCO-

driver , the mult ip le -diode powe r output stage , the multichannel curren t
re gulator feeding the output stage , and the 1)(.’ -to -I)C inverter supplyin g

hi gh voltage (- ‘
~
- 130 V )  to all [M 1~AT T diodes in the t ransmi t te r.  The trans-

mi tter operates from a 28 -VIX ’ pr imary power source and uses GaA s Read
IMPAT T diodes for RF power generation .

Design , fabrication , and testing of the V CO-dr iver  subassembly
have been com pleted. This unit is essentially a low-power FM t ransmit ter
which accepts a baseban d in put (70 KHz - 10 MHz )  and produces 3. 3-W

CW outpu t at ~ GHz.  It is electronically tunable over the 4. 97-to-5 .  03-GHz

ran ge , and has 10-MHz peak deviation capability. This unit is await ing
in tegration with the remainin g parts of the t ransmit ter , af ter which testing
of the com plete system will be undertaken.

The t ransmit ter  output stage development is the major program
task. This includes production of high-power GaA s Read IMPATT diodes

for use in the output stage , de velopment of single-diode oscillator modules
in which the diodes can operate , and development of a suitable power-
combining network for the oscillator modules. The complete output stage
operates as an injection-locked oscillator and must combine four oscillator
modules with a circuit efficiency of 70 percent .
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Epi tax ia l  m a t e r i a l  g rowth  and diode fabr ica t ion  procedures , which

can repeatably produce ~-Gllz  (~aAs Read I M P A T T  diodes wi th  more than

15-W ( ‘\V output and 25 percent  I)( ’ - to -RF conversion e f f i c i en ( y ,  have been

demonst ra ted  durin g the f i r s t  six months  of the program . The best diode
performance obtained so far  is 21 -\V ( \ V  output at 4 . 8 6  ( U l z  wi th  29. 5 per-
cent ef f i c ie n ( -y ,  and five of six epita xia l wafers  processed have yielded
15-W diodes -  Six diodes representa t ive  of those to be used in the t r ansmi t t e r
out put stage have been shi pped to RA D ( ’  at th e conclusion of each month’  s
program ef for t .  Addi t ional  epi taxial  mater ia l  must he grown so that more
diodes can be fabr ica ted.  These diodes will form an inven to ry  for use in
meet in g f u t u r e  de l ivery  requ i rements  (six diodes per month)  and for usc’ in
output stage development .

The general  form of the output stage circuit  has been selected. A
nonresonan t paral le l - type power combiner using a modif ied Wilkinson h ybrid

of the type described by Gyse’i has been chosen.  Anal ysis has been carried
out to defin e the loss and isolation levels required in the circui t , and to

show that the selected combiner can meet these requirements .  An altern a-
tive output stage design using a dielectricall y -loaded resonant cavity power
combiner h as also been comp leted.

Pre l iminary  RF circuit  design for the oscillator modules has been
completed. Measurements of the terminal impedance of the diodes under

large-signal conditions are required to complete some details of the design .
Following bias circuit design , the oscillator modules can be fabricated and
tested.

Both the nonresonant power combiner and the oscillator modules

are to be realized in trapped inverted microstrip (TIM) line. This medium

offers advantage s over the other transmission lines (micros t rip , suspended

microstr ip ,  and balanced strip l in e )  con sidered for use in the t ransmit ter.
Com ponents for some basic TIM-l ine  section s and for a two-port Gysel
hybrid have been fabrica ted and are await in g test . Followin g these tests
the four-port  power combiner will  be fabricated and integrated with the
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diode modules to f o r m  the power output stage . The resonant cavity power-
combiner  design is being held for use if d i f f icul t ies  arise wi th  the previously
u n t r i e d  T I M - l i n e  c i r cu i t s .

Ci r c u i t  dc-sign for the mul t ichann el  current  regulator is complete.
‘I bis uni t  must be asse mbled , tested , and integrated with the remaining
transmitter  subassemblies.

A s tandard commercial ly available inverter is to be used in the
t ransmi t t e r . One suitable unit has been selected , and based on the use of
this uni t , total  cur ren t  demand of the t ransmit ter  from the 28-V DC primary
power source has been projected at l 5 A .  The inver ter  is still to be
ordered fro m the manufacturer .  The possibility of reducing the size and

weigh t and increas ing  the ef f ic iency of the present inverter  is being in-

vestigated through consultation with the inverter  manufac tu re r .

In addition to assembly and final  test of the t r ansmi t t e r  package ,

several analytical  tasks must also be completed in the remainder of the

program. Reliability data on the components in the t ransmi t te r  must be
reviewed to confi rm tha t the operatin g life and shelf life requirements can
indeed be met . A complete analysis of cost and possible cost-size-weight-
perfor mance tradeoffs  must also be made. The deliverable t ransmit ter  will
obviou sly not represent the highest level of desi gn ref inement  possible .
Prospects for fu ture  improvement in performance will be surveyed.

vii 
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PREFACE

The objective of this  program is to develop a low-cost FM CW trans-
mi t te r  capable of producing 40-W output at 5 GHz for data- l ink applications.

The t r a n s m i t t e r  is to use GaAs Read IM P A T T  diodes as active elements.

Resul ts  of the work comp leted so far  indicate that the RF per formance  goals
of the t r a n s m i t t e r  can be met .  In par t icular , diodes capable of more than
15-\V ( ‘W output  with more than 25 percent e f f ic iency  have been fabricated ,
and des ign s  for compact c ircui ts  combining the outputs of four such devices
are available.  However , the size , weight , and pr imary  power consumption
ob lect ives  for the tran smitter will be exceeded by the present design .

The program work has been carr ied out by the Research Division of
Raytheon Company,  Waltham , Massachuset ts .  The work was sponsored by
the Air  Force System s Com man d , R ome Air Developm ent Cente r , Hanscom
AF I3 , Ma ssachusetts under Contract  No. F306 02-76 -0 14 3 .

At Raytheon , the work was carr ied out under the supervision of
H . W . Bierig , Manager of the Microwave Semiconductor Laboratory at the
Research I) ivision . The growth and characterization of the gallium arsenide
ep ita xial  wafers  were directed by S. H . Steele . Design and fabrication of

- 

GaAs Read IMPATT diodes were under the direction of Dr.  M . G .  Adlerstein .
I)iode evaluation and circuit  development were the responsibility of
Dr.  II.  N .  Wallace. Development of the VCO-driver  subassembly in the

t r ansmi t t e r  was subcontracted to the Raytheon Special Microwave I)evices
Oper ation .

The Air  F orce Project Engineer was Mr .  S. A.  Roosild , RA I ) C / E T S D .
This report covered the period 29 March 1976 through 29 September 1976.
The Raytheon internal report number is S-2 166 .
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1.0  IN T R O D U C T I O N

This i n te r i m  report  ( I ( ’sc r i l ) e s  the  t echn ica l  e f fo r t  toward h r  develop-

m en t  r f  a d t ’ Ij v t r - ; r h l  ‘ b r eadbo ard  fl)O(li ’) of a c o s t  — e f i  r c t i  V I ’  GaAs Read IM PATT
t r a n s m i t t e r .  The t i : i r i ~~n i i t t e r  is to produce 4 0 — W  ( W  ou t p u t  at S Gl {z with
I \1 c ’ ;rp t h i l i t v  su i t ab l e  t o  r d a t a  — l i n k  app l i c a t i o ns .  1 Ugh — power , high — f f i c i  ( f l ( ’V

U~ As Read l \ I l ’ A T T  d I o ’ I r ’~ t i e  h i n t ~ u sed as a c t i v e  e l e men t s  in  the p o w e r —

‘n r r - a t i n u ~ s ta ge s  of t l ! e  t r a n s m i t t e r - . The work reported here in  was carr ied
out  a t  the  R a v t l u  ( r n  ( ‘ o n l p a r r v  R~ ~;ea ra hu D i v i s i o n  ( lu r ing  the  period 2~

} March
through 2 t t  S ep t emb e r  1 p 76 .

A number  of s p t ’c i f i c  p e r f o r m a n c e  ir oa l s  were in i t i a l l y set for the
breadboard t r a n s m i t t e r .  These goals arc  listed below.

Center  Frequency 5 GlIz

Tunable Bandwidth 60 M h z

Ins tantaneous  Bandwidth  10 MlIz ( -1 dB)

Power Output  40 W CW
Input Power 28 V DC , 10 A

Operating Lif e 5000 hours
Shelf Li fe  7 years

Modulation 
‘ 

FM

Fo rm Factor 6 .4  X 1.7 X 3 .6  in.
Wei ght 3.5 lb.
Noise (Total AM and FM) 30 dB or more below carrier

level 100 MHz f ror , the
carrier frequenc

To be comple t e , the noise specification must  include the bandwidth in
which the noise is measured . We have assumed that the total noise in a
1-kHz bandwidth that is 100 MHz removed from the carrier must be 30 dB
or more below the transmitted power level. 

- 
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The inst an t aneous  bandwid th  and modula t ion  s p e c i f i c a t i o n s  w e re  also

open to i n t e r p r e t a t i o n . Our i n ter ’p r e t a t i o n  was tha t  the t r a n s m i t t e r  should

be capable of FM operat ion with 10-Mh z (m a x i m u m)  P eak - to -P eak  f r e q u o -n c v

d eviat ion , and 10-Mh z (m a x i m u m)  modula t ing  frequency . Power output

va r i a t ion  at max ium dev ia t ion  should be +0, — 1 d13 across the full  electron-

icall y tuned range. Fu r the r , it should be possible to obtain a modula t ion

sensi tivity for 10-Mi t -i input within 1 dB of the low-frequency modulat ion

sensitivity .

A number  of additional requi rements  were  placed on the technica l

effort  for the program.  The design of the t r a n s m i t t e r  was to be such tha t

quanti ties of 500 units could be manufac tured  for less than $ 2000 each.

Const ra in ts  and t radeoffs  in the desi gn , fabrication and operation , and cost

of the t r ansmi t t e r  were to be identified . At  the conclusion of the program ,
final  test ing of the t ransmit ter  was to be carried out by the  Research
Division and wi tnessed by the BADC project engineer .

A t  the end of each month of the program , six GaA s Read IM PA TT

devices  representat ive of those being used in the t r ansmi t t e r  were delivered
to Rome Air  I)evelopment Center .

Prel iminary analysis indicated that  most of the major RF per formance
goals for the breadboard t ransmi t te r  could be met , and the f i r s t  six months ’
work on the program has not changed this conclusion. Achievable  goals
include those for center  f requency,  tunab le  bandwidth , ins tan taneous  band-
width , FM capability , output power , and noise. Reliability of the high-power
GaA s Read diodes is still under investigation , but  i t  appears that these de-
vices can be su ffi cien tly reliable to meet the requirements of the program.

The breadboa~’d transmitter will operate from a 28-VDC source.

However , the cur ren t  required by the present design is ~~15 A , substantially
in excess of the 10-A goal. There are some prospects for reducing the

current requirements , either through efficiency improvements or by a

tradeoff of output power .

2
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l ’ i -inc ipa l ly  h e c ;u r i s e  of t h e  si ‘ic and weight  of the power supply

(l)C — t o — D C  i n \ ( ’ r t ( ’ I - )  , the size and w e i gh t  goals for the t r a n s m i t t e r  pac k aL ’
w ill be t ’xeeed -d .  U v e n t u al ly ,  i t  will he possible to fi t  t h e  RU portion of

the  t r a n s mit t e r  into the  specified volun-re , a l though the f i r s t  b readboard

will probably exceed this l imi t .

A precise cost p ro jec t ion  for the t r a n s m i t t e r  m u s t  await  t h e  r ( ’sul t s

of the f ina l  design choices , which  still  r emain  to be made.  This cost a n a ly s i s ,
as well as a study of possible cost and pe r fo rmance  t r adeo f fs , will appear
in the f inal  report for the  p rogram.

In the remaining sections of this report , we f i r s t  give an overall

system descri ption of the deliverable t r ansmi t t e r  as present ly planned

(Sec. 2) .  The details of development work on each of the major  subassemblies

in the t r ansmi t t e r  are then presented in Sec . 3. Section 4 su m m a r i z e s  the

hardware  de l ive r ie s  which were made during the f i r s t  six months of the

program. Section 5 provides an overall review of the work and presen ts

plans for the remainder  of the program.

3
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l ’ i gure  2 — 1  StO WS a f u n c t i o n a l  block d i a iy r a m  f o r -  t h e  d e l i v e r a b l e

t r a r i s r l u r  0 e r -  as ~t ~s p r e s e n t l y  p l a n n e d .  F ou r m a j o r  su h a s s e r u u h l k - s  —

\ ( ‘( ) — d r i v e r ’ , I i  pow r ou tpu t  s t a g e  , t i e  m u l t i e h a n n  1 c ur r e n t  regula tor ’
and t h e  I ) ( — t o — l ) (  i n v r ’ r t e r  — make  up t he  comp l e t e  u n i t .  I h e  de ta i l s  of
p r o g r e s s  on t h e  d ev e l op m e n t  of each s u b as s e m b ly  are  des - r ibe d in -‘~r~ - - .3

of t h u s  r e p o r r  . I h r  sy s t em  des ign  for  the  t r a n s m i t t e r  is essent  ia l lv  t h e
sa i r o -  as  h i t  or  i g in  a l ly  proposed , h ) Ut  t h e r e  have been some changes  w i t h i n
u t e i n d i v i d u a l  suhassembl ie s .

‘l he \ ( ‘ O - d r ’ i v r - r  sub as senth lv  ac-cepts a baseban d inpu t  s ignal in t he

r a n L ’-  70 t < }Iz  t o  10 M l l  and p r o v i d e s  3. 4 -W ( W  (typ i ca l )  of f r e q u e n c y —
modt i la ! r’d RF outpu t a t  5 ( i l l - i .  The f u l l  4 .  9 7 — t o — S .  03 — GF I t u n i n g  range
S p r ’ ( i t i  r d  for  t h e  t r a n s m i t t e r  is covered  by e lec t ronic  tun ing .  The power
(~U~~9 1i t  i f  ‘h i s  d r iv er  should  be more than s u f f i c i e n t  to provide  10 M l i i  of

~~~ ~r on i ( -  t u n i n g  ( lockin g b a n d w i d t h )  in the subsequent  power output stage .
t h e  s u i h ; i s ~~r r i i h l v  inc ludes in a s ingle  package a low-power ( 100-150 mW )

v e i l  ;n~~ - - c~~u 1  :‘ r t  l ed Gunn osc i l l a to r , two i n j e c t i o n — l o c k e d  osci l lator  stages

u - o r~~ ( i ; A s  I M I ’ -\ I I  d i o d e s  to i n c r e a s e  the  output  power to 3 .3  \\ - , and the
v o l t a g e  ar i ( T  c u r r e n t  r egulators  r equ i red  for  the (;unn and I M P A rT stages.
The t o t a l  power  consumpt ion  of the subassembly is (ii \V , substant ia l ly
:~} ( V  e t o -  33 \V o r i g i n  a l ly  budge ted .

I ) es ign , f a b r i ca t i o n , and in i t i a l  t e s t ing  of the  \ ‘CO-dr iv er  subassembly
were  c a r r i e d  out by the Raytheon Specia l  Mic rowave I) evic -es  Opera t ion . The
uni t  was de l i ve r ed  to the Research  I) iv ision in September  1976. Or ig inal
spec i f i c a t ion s -ai led for  operation of the IM PAT ’I ’  stage c u r r e n t  regulators

in the  u n i t  f r o m  120-V DC. Since  the i n v e r t e r  output has been chan ged to

130 V , for  reason s to be desc r ibed , the addi t ional  10 \-‘ must  be accomodated
e i t h e r  by i n ser t i n g  a zen er  diode as shown or by r e a d j u s t i n g  the cu r r en t  reg-
u lator s.

T h e  ou tpu t  stage will  consist  of four high-power’  GaAs Read IMPATT

4 
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Figure  2- 1  Funct ional  Rlock l) i agram of T r a n s m i t t e r  as
Presen tly Planned .
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diodes  o p er a t in g  as an i n 9 ’ c u i o r i — l o k r - d  o s c i l l a t o r  in 1 p ’ l r . : i l I l~~t v ~s’ p o - ’- ( ’r —

i - o r t u l o r u ’ r c i r c u i t  . . -\ f i v  ( — ( h od St a g e  had  or n ’ i r u : u l l v  e n  p l a n ne d .  l h , ’,’.’ ev e i ’ ,

it wa s  f o u n d  t h a t  d ied ’s w i t h  m o re  t h a n  1 3 —  \\ ( ‘ \\ ‘  ( H i t  put  ~e Ii  c ou l d  1 fah —

r i c a t r - i I  by i n c r - i ’ ; u s l r i g  t h e  ( 110( 1 - • l u n e t i o f l  a rea  f r o m  t h a t  p r r - -~’ u u i u i ~~l ’~ u se d , so

t h e  s i mp h ’ r ’  f o u r — d i o d e  s tage h e ( ’ a rn r ’  p oss ib le .  I h e  loc k i n g  l c c n d w u r l i l u  of t h u

Ou t p u t  s t a u . - i s  e \p e ct e d  to be gr a t e r  t i - ran  t h e  1 0 — M I T > ’ . - l i - c l  r o n i e  t u n i n g

r an g e  r e q u i r e d  of t h e  t t - a n s m i t l ’ r , but  r i u a y  be l ’ss t h a n  i l u r -  f u l l  C O — M h z

ope ra t  l u g  b a n d .  Consequen t ly , m e c h a n i ca l  t u n i n g  of the  output  stage n-ray be

req u i r ‘ c i .

The power’ c o m b i n e r -  m a y  be of e i t h e r  a r esonan t or n o nr e s o n a n t  type.

-\ t present , a n o n r e s on a n t  m u l t i p o r - t  h y b r i d  of the vp e  d e s c r i b e d  by ( vse l ’

is b e i n g  ch ’~~eloped as t h e  o u t p u t  st a g ’ p o w e r - c o m b i n i n g  n e t w o r k .  To th i s

wi l l  hr  coup led four separate  osc i l l a to r  modules.  l~ o t t u  the  power combine r -

and the  diode modules  ar-c to he rea l ized  in t r apped  i n v e r t e d  m i c  r o s t r i p

(1’I \ l )  l i ne .  C A s  a backup ,  the  p o s s ib i l i l  v of u s i n g  a c l i p l e c  r u - r c a ]  l v  loaded

resonan t  — c a v i t y  power combine r  is be ing  -onso l er ed .  ‘his c i r c u i t , w h i ch

is a r e d u c e d — s i z e  fo rm of a power c om b i n e r  p r e v i o u s ly  c o n s l r u ( ’ t r ’ c h , w i l l

be used o n ly  if d i f f i c u l t i e s  are e nc o u n t e r e d  w i t h  the ‘ t I M - l i n e  c i r cu i .

‘[he p r oj e c t e d  c o m b i n i n g  e f f i c i e n cy  in t h e  o u t p u t  s t a g r -  i . s  70 p e r c en t

( m m  inu ,rm I .  In o r d e r  t o  a c h ie v e  4 0 —  \V ( - \ \‘  out p u t  w i t h  t h i s  c i r c u i t  e f f i e  ten e v

the i n d i v i d u a l  diodes mus t  each be capable  of 14.  7 -  \V o u tp u t .  A d i o d e  e l f i  —

c i ency  of 2 C .  5 pe rcen t  is a s sumed.  Diode p e r f o r m a nc e  in e,’ cess of t h i s

level  has been demon stra ted in the presen t w o r k .  The p r o ;ec t ed  diode arid

( - i r c u i t  e f f i c i e n c y  levels  imp ly tha t  the output  s ta g e  w i l l  c o n s u m e  21 , 3  \V at

the n o m i n a l  10 5 -t o - l l 0 - V  oper at ing  vol tage of the  diodes. i h i s  is less than

the 232 \V o r i g ina l l y budgeted , and pa r t i a l l y  of fse t s  the o ve r r u n  in power

con sumpt ion in the \ ( O - d r i v e r  sub assembl y.

A c i r c ulator , not original ly included , is shown be tween  the \ ( ‘O -

d r i v e r  and the output  stage . This  may he required to prevent  undes i red
in t erac t ion  between the d r iver  and the output stage , par t icular l y in the

case where  the  t r ansmi t t e r  operates into a m i s m a t c h e d  load .

6
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I re  I t i c l i n g  ‘ i i .  c ’ i t - - i i l - c t u i ’ , w h i c h  c ’ ’ , ’ l d r - s  mi  a d d i t u o r i ; l 20 d l t  ( n o m i n a l )

i s o la t i o n , ~ h c u u t d  i r i s u u ’ ’ t h a t  t l i r ’  l : st s ta ge  in t i l e  d r i v e r —  a l ’ ’ : :ivs  lo c ks t~~

( r in ri  \ ( ( f i r - l u - r i  v is d r ’ s i c - i , r a t h e r  t i t a n  t o  t h i r -  t ’ r - e e - r - r u n n i n L’ t i - ’~~ u i c r i e v

of l h ~ c u l i t f l h i t  s ’ a~,’c , * v e t i  w i t h  o u t p u t  load  \ ‘ S\\’ I { ’  s as gr e at  as  2 : 1  -

l ’ h r -  m u l t i  h a n n - i  - m n r ’ e n t  r eg u l a t o r  p r o v i d e s  f o u r -  i n d i v i d u a l l y

cd ~ u s ’ : t I ’  c u r t - - n t  — r e g r u l i e e d  b i a s  o u t p u t s  to op e r at e  t h e  d iod e- s in t h e  po ’.” ’ r

e c u c r i u t  ,-~I : l ~j r ’ . [h i s  r r ’ g u l ; u t o r  i s  an e x t e t u s i o r l  of ’ t h e  s i n g l e — c h a n n e l  r - ’ i ~u l a t o r

d r - \ e ’lo p -d d u n n t h e ’  p r ’ r - ~’iou s p c - o g r - : i n i .  W h i l e  t h e  r e g u l a t o r  co nsu m e s

no c u r r a n t , t h e r - r i s  a v o l t a g r ’  d rop  of 15 to  20 V :o-ro ss  t h e  c i r —
- t i i t  ( T u r i n  c p ’ r a t i o n . ( ) v r ’ r - a l l  sy s t e m  ‘ t t i i ’ i e n -v  c - r n  h i ’  i m p r ov e d  if t h i s

~‘ o I t ~~i±e d rop  i - a n  i i i  i ’ l ’ d l r ( ( ’d .  I hi” c ’ h u i i u i g e  f r om ’n a f i v e — d i o d e  to a f o u r — d i o d e

ou t p u t  .~~t i I L r e  t i - i s  s i m p l i f i e d  t h e  c i ’ s i g r i  of t he  cu r r e n t  r e g u l at o r  s i L ” n i f i c a n t l v

l b  ‘ I - 
— t  u— i  )( i n v e r t  ~ r - p r d d n i ’es 1 30 — \ ‘ I )( - n o n u i n i u  I ou tpu t  f r o m  t h e

2 8 — \  DC p m n m n : r ’ v  p ox - ’ t o r  u l p u - r - i t i o n  of t h e  E M I ’ A ’ [ ’ [ dio d e s  in tb V ( ’ O —

d r i~ ‘c s u u l ; i s s r - m h i l v  : c n i d  in t h e  O u t p u t  s t a g e ,  (The G un n  o s c i l l a t o r  in t i - r e

\ ( ‘ 0 — d r - R i m -  is op e r a t e d  d i r e c t  I v  f r o n  t h e  2 8 — V  p r i m a r y  p o w e r  sown

t h r o u g h  a v o l t a g e  r e g u l a t o r .  ) I h i -  i nv e r t e r  o u t p u t  v o l t a g e  w a s  r a i se d  f r o m

t h e  120 \ ‘ o r - i g i n : u l l v  p l an n e d  t o  i c - c o m i n o d a t e  t h e  h i g h e r  o p r ’ r - a t i n g  v o i i a ~t r ’

of t t ~~’ r - r - c e n n l y  f ’ :c I r i c - i i t ’d h i g h - p o w e r -  ( i i ;\ ~~ U e a d  I \ I l A l ’ i d iodes .  To
u - h i i r ’ v e  l ower  o v r ’ r - i l l  cos t  and  to  av o i d  sp e n d i n g  a l a r ge  p a r t  of ’ t i - r e p r og i-a m

i ’ f t c , r - t  in pu - n ’ supp ly  i i r ’v e l o p n e n t  , a s t ; t u i d a r d , c o n i n t r ’ r ’ i a l l \ ’  c v a i l a l c l r ’

i n i v e r t r ’ r  is t o  l i e  u s ed .  l b  u n i t  s r ’b ’ c n ’d o f f r - r s  a c o r r y r - s i o n  i t t i i ~~~- t i e v

of up  to 80 pe r c ent , h u t  ex ( - r - e d s  t h u r  s i / _ i ’  and w e i g h t  g o a l s  for t i n ’  e n t i r e

t r a n s ni i t i ’ r ’  p a c k a g e .  l ’ o s s ih i l i t ie s  fo r  r e d u c i n g  t h e  s i / i ’  a r i d  w r ’ f t h u t  of ‘ t i e

i n v e r - t ( - r -  and for  o b t a i n i ng  s t i l l  h i g h e r  r ’ f t i e i r ’ r i i - v  ir e  be ing  p u r - s u i r ci w i t h  l i i i

m a n u f a c t u r e r - . I s in g t h e  p r e s e n t  i n v e r t e r , t h e  t o t a l  load c l i n r e i l t  imposed

— on t i r e  2 8 — \  p r i m a ry  p o ’v r ’ r  so I l r( ’e  by t h e  comp li t r -  t r a n s n i i t t e r ’  p i r i - k i i g r ’
w i l l  he 13  A .
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3. 1 VCO-Driver  Subassembl y

The \ (  0 — d r i v e r  subassembl y is essent i  all y a 3— V~ ( ~~ 1” \l t r a ns -

n’iitter wh ich  operates at S ( J l I z .  Power consumpt ion  of t h i s  s u rb : i s sr - m b l v  i s

r e la t ive ly  small compared with that  of the complete 40 -W t r ansmi t t e r.  C on-

sequently ,  little improvement  in overall t r a n s m i t t e r  efficiency can he ob-

tamed i c y  refining ti-r e VCO-driver sub~ ~- -emhl y.

The per formance  require( 1 from the VCO-driver  is similar  to ti -rat

of sources and amplifiers produced routinely by ti -re Raytheon Special Micro-

wave  Devices Operation (SMDO) using established IMI’ATT and Gunn

diod e technology . For this reason , and because little was to be gained in

t r a n s m i t t e r  e f f i c i e n c y by exploiting new technology in this subassembly ,

t i re  uni t  was ordered f rom SMDO. The VCO-driver subassembly was re-

cej vi ’d  in fin al form from SMDO in September 1976.

TI-re ’ specifications established for the VCO-driver  subassembly were

( J r r i v e ( i  f rom the pe r fo rmance  objectives of ti -re present t r ansmi t t e r  and from

experience gained during ti -re previous prograni . The unit was to operate

at 5 G l i z  with a ±30 \ l l Iz  available f requency a d lu st m e n t .  Power output

va r ia t ions  in t~ e driver have littl e effect  on the output of the t ransmi t te r

s ince  the subsequent  40 -W output stage operates as a high-gain injection-

locked oscillator. h owever , it was considered desirable to maintain the

d r i v e r  power output within I d13 of the nominal output across the operating

~ ir n d . The driver was to have the same FM capability required in the trans-

mi t te r  as :r whole: ii 10 — M I T ’ ,  peak — t o — p e a k  devia t ion  cap a b i l i t y  wi th  power

not less than  I dH below the m a x i m u m  at  any point , and 10- ’ M h z  modula t ion

fr  -qu e r ~~-y c apab i l i ty  wi th  modulation sensi t ivi ty not less t h a n  I d h 3  below

the m i d - b a n d  lev e l .

Power ( ) u I t j ) u t  for the d r iver ’  was  ~ ‘ - r c  i f i c d  at  3 \V. In previous work~~,

330 ,nV ~’ of dr i v e  had provid ccl h i  \ I l i z  of locki rig b a n d w i d t h  Wi t li a 1)0 — V~ h i g h  —Q

m u l t i ple (h ou r ’  Ou tp U t  sta g( ’ . Since  lock ing  b a n d w i d t h  v a r i r ’ s  as (1 / Q )  \P ~~~~~~

3 W should p r o v i de  more’ th an 20 M h z  of locking  r - a n g r  , even if  the  new output

8
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St J L e Op c i ’ a I e s  a t I l i c ’  same  c ’’ ~i t i ’ i - na1 ~1. Fhc  n o n r ( - s on an t  pow -I- c- o r ’ m u i ) i n e r

pres  - r u t  lv  p l an n i  - i t  should be lower  in  Q and si -roul d p e r m i t  s t i l l  g re at  r
l u c k  ir i g  i ) i u f l ( I w  l i l t  It . Thus , 3 — \\  ou tput  f r o m  the ci r iv i  •r- should p r d v  i i i  i ’  p o s i t i v e

i n n ’ c t i u r r  h o c - k i n g  ov i - r -  t h e  10— \ l h i z  band r e ( ]u l im ’e r l  in  t h e  comp le te  t r a n s n i i t t i ’r ’ .
It  may  not , h o w e v e r - , p r o v i d e  hO \ l l I z  of l o c k i n g ,  w h i t -h  would  p r - r n u t t i l l ’
t ’nt i i - - oj i r  ‘ r a t i n g  band of t he  t r a n s m i t t e r  to h i ’  cover - ed w i t h o u t  mech a  - ‘i i i ’ al
(- - t r i l l i n g ( i f  t h e -  o u tp u t  s t i c g i ’ .

The \ ‘ ( ‘O - ’d r i ver  s u b as s e m b l y  was to o per at e  f rom power ava i lab le
in t i n -  t r a n sm i t t e r  package:  28 VI)( ’ p r i m a ry  power and 120 \TI) C  f r o m  the
l)C - t u - l ) C  i n v e rf e r  for ti -r e IM PATT d iodes .  Total power consump tion was

h ) u d g i ’ t  r d  at 33 \ V .  Anal ysis  of ti-r e re l iabi l i ty  of t i r e  componen t s  included
was  t i c  i nsu re  tha t  ti -r e 5000 — h o u r  operat ing l i fe  and 7 - y e a r  sh e l f — l i f e  requi re  -

t u i r - n i t s  for t he  en t i r e  t r a n s mi t t e r  would not be adversely a f f ec t si by the
l i -k ’ i - r .  O r - i L i n a l  p l ans  cal led foi the  subas semi  d y  to f i t  w i t h in a 3. 3’ x 4 ’’ x 1

volu m ( r and weigh less than 1 lb.

S in c e the subsequen t  output s tage operates  as an in j ec t ion - locked
o s c i l l a t o r ’ , the overa l l  F’ M noise of the t r a n s m i t t e r  is largely de te rmined
b tha t  of the \ ‘ ( ‘O — d r i v e r - . l’f v r e q u i r i n g  t i - t a t  t h e  t o t a l  M i m e  r i m  t h c ’  ( i r i \ c ’ r -
in  i i  1 — k u , b a n d w i d t h  100 \ l l E z  f rom th e  c a r r i e r  be at  l e a s t  40 dI ~ i c c - l o w  f l i t -

( ‘ u r i c ’ ! ’ , We  ( ‘an  i n s n l r ’ r ’  t h a t t i l t ’  —30  c i H ( ’  t r a n s m i t t e r  n o ise  sp e c i f i c a t i o n  is

rn ’ ’t  w i t h  a c ’ c ; r l s i d l r ’ I - : c b l r •  m ar g i n .

V l i ’ i  r - r u  3 — 1  s h i c i w s  a func t iona l  block ch i agran i  and a schemat ic

ni - i - b c : n i i c - : c l l a y o u t i d  t i n i -  V C O — r h u ’j ~a ’ n -  su b a s s e - r - r i b l v  as i t  was f i n - d i v  m i - c e i~a ’d.
I t  c c r r , ; i , t , , o f  i t  ( d111n l i n d e  \ f.~0 followed by two L\1PAT’I ’ , h i c i c ,hi _ - i n i u l ’ rl i t ’ i r ’ r
s t : i g r ’ s , w h i c h  u p e r : c t r -  in the  i i i  i r ’ c t i o n — l o c k r u I  i u s c i l l ~u t ou’  mo d , ’ . I n t e r s t : gt ’
and  o u t p u t c i r c - I r l ~it. i c r ’s ar e  u i s ( - d I  to p r e v e n t  u n d e s i r e d  i n t e r - i n - f l o u r s  I c e t w e e n

s t ag ~-’s ( i f ’  wi t  t~
- th~’ ’  suu i i s -qu en f tr a ns mi tt e r  o m m t p u t s t a t ’u ’ . Thur  (; mm n (J lOdt is

c r p r - r : i t r ’ c J  f r o n t  f i r -  2 8 — V  r ) r i r m c m \ ’  power ’  supp ly t h r o u i g i t  ~- c i l t a g - r ’ c ’ g u r l ; c t o r .
‘l’ h r u ’  c u r ren t  r - r - m , ’ c r l , c t u r  f o r  t u e  I \ l l ’ -’\ ’l’T c l i n c h - s  a cc ep t s  1 2 0 — \ ’  i n p u t , wh ich  is
d e r ’ i v r - c I  f t -u r n  t i n -  D C — t o — D C  i n v r - m - t e r - .

9
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‘F l i t ’  N u n n  o s c i l l a t o r -  I l L - pm ’ o c l i c - ’ s  1 . c O - t i k \  ( c M t f c ’ l t  a t  S (i l l ,’ . ‘l’ r i n i i n r

c iV er I he . — t ’  . 03— 11,, e r r  rn i - is  c r - c - ( 1 r n p l i she i l  l iv  v r r  r u  r i t i on  of t h i ,  - 
O f  er t i n  I L

iri s ‘‘ c c I t t i - . I r- ec u i e n c ’ v  mr id ‘dat  I I  u r  ~i- dl s i c  c c c i  I r T u J ] l i  she’  I by an in d e p e n ’h r  n t
vrrr - irc t i ’ iri i t t  i ) i~ c i-i \ ‘(Ilt rt L ~r ’ . ‘I ’h r -  m o du r l r i t i o n  is - \ ( ‘ - -cnu p led to t h u r  b i a s  voltage
i - g r u n t e r , so t h i r ’ r ’ r ’  is a l i c w  -tr ’equ i’r ii ’v ‘ u i t c i t f of ti c e r n c c c j u l a t i o n  ,- r r ’ u i - r i t i V j t \ - ’ .

I ’hus b i t s  ltc ’ c ri ~ r - t ta) ~-7O k Ib i , which is ic ’ t’ r’})tdble i n  m an y  1- ~l ) \ l — i ” \ l  ,- rv s’ t ’ - r z i s .

Thc ’  l l s r ’  ot  h i n t s  t u n i r u L - an i l  b i a s  n t o d i i l m c t i t c n  r e s u l t s  i n  s o n r e -  v a r i a t i o n  in I i i ’
c t i t p u r t  c n r u l i l i t : r le  c c i  t i t i -  11 ,-nc  n l i n c t c I r ’  a c r o s s  f l i t ’  ( ) p r ’ r ’ n i t i n g  h a n d .  Th i s  v r r r - i ; c t i o n

is l t ’ss  t i m  1 ‘l l ~ and  is  r c - l n c t i v c ’ l v  i l r u n l p o r t n l n t  l l c ’ c r e u r s e  s u n  ( ‘ I - c - I ’  c l i n g  -, t , c ~ - c  5

o j c c - r ’ a t i ’  i t s  i,U,d n — L n l m f l  i n g - t - t i on — l o c - k t - c l  , c ~~c il l a tors  w i t h  s c t r i r - u t i - ’ l  power  oat  -

h u t .  H i n t s  f r i r n i n g  was c l i n ~~i - n  b c l ’ c ’ n r u r - i i ’  i~~ p i’ c o ’ m c i ’s a s i mp le r  H l ~ c i r c u i t  t h a n

could  i ) i  r’ I ’ a l i~’ l ’ l i w i t h  v - c r - a c t or t u n i n g .

‘fbi’ liz- st I M I ’ ,\ ’l ’ ’l’ st i L l -  urses a t ’ l a t — p r o f i h c ’  Ga,-\s h l o i l -  op i ’r -: it i r ic as

an i n j r ’ ( - t i o n — l o c - k e d  o~~ - i l l at o r .  Lock ing  is m a i n t a i n e d  n c  t o ss  t i -i c- i ’u n l l

;. ~c~~_ t ~~
_
~~.o 3 _ (  ;1!z o p c ’ z - r c t i n g  band without  nn- - h i r r r i l i- a ?  r e t un i ng .  Tin- -s t a g e

produes 1 - ‘ \~ ou tp cl t w i t lt  1 00— n -r W inpu t  at  S G i l -i

The ’ sc - I l ai d i \l I ‘A T’l’ s t age  u s c ’s  a C U ‘ r i c h  d iode op c ’r n c t i n g  as an
in~’ - c t i o n — l o c k e d  oscil lator.  [cc-king is m r c i n t r u i n e d  a c r os s  th e  fu l l
4. !~7 — t o - - 5 .  o 3 - ( ; f r z  o~) f ’ r - a t J n g  hand wi thou t  me c h a n i c a l  r e t r n r n i r u L r . ‘ l ’ h n ~ - s t n r g c -

~~l , u h n I l  - c -s  3— \V (nominal )  ou tput  wi th  I - W input  at Ft ( ~h I - ,-’.

I “ ‘r f o r r i c a n e e  of t in ’ comp lete \‘C()—driver suhassr ’r uuhlv is s u n ’  r ’ a  —

r ized in ‘I abi e 3 — 1  . \‘~ bil e the  ; a t i n  d i s t r i b u t i - c n  and p o w er ’  l ev e l s  of t i l e  st a g es

d iffe r s u r r c e w h a t  f ru n ,  those o r ig ina l ly  p m’ op ’ csi ’ c l , t he  i~ V p er f o r ’ r ance  is

s a t i s t a c t o r - v .  f’ccv, c’m’ o r t u p u i t  x u t - c i s  ii ‘A a c m ’ o~~s t i r c -  4 ,  c7 1 i i _ 5 , O g  (~l J - ~
operating hand. Total power consumption is ~ Gl V+ , s u i b s t r r n t i a l ly  l a rger

than the 33 W u r - i g i u i a l l v  bud geted . The s ize  and w e i g h t  of the p a c kag e  a re
also larger  than originally planned , a l though i t  the base p l a t e  is considered
as part  of the n-rain hea t  s ink  for the t r a n s m i t t e r , the  size and weight over-
runs arc small. Planned and actual performance characteristic’s are com-

pared in Table 3 - 2 .
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TA H E, i-  3 — 1

\-‘ (‘(u I )U IVi -~U P V R I - ’O h - t \ I A ’N ( i - ,

\ oi n i n r c l  Op e r a t i n g  ( on d i t  i ons :

I 1~1 i ‘ATT (hiOd I -:S — 131) \ ‘ l ) ( ’

350 m A

Gunn  d i o ’I c  - 28 \~ l)(

‘ ‘~O n’iA

I ‘c ) ’,’.’t ’ r ’  O u tp u t :

f ( G I I z )  
_____

4 . 9 7  3 .16

4 .9 8  3 .31
4 . f r t ~ 3. 16

3. ~ -1

3 .01  3 . 54

3. 02 3. 54

3 .03  3. c4

12
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T AH LE  3 - 2

(‘ O \ l l ’A RI S ON  OF’ l’ROPOSLD A N ’D --\C ’t U A L
\ ( ‘ ( ) - l ) i ( i \ - ’ l - :i - l ~d i ~~, \ ( S l M U I ,~y ( ‘ u 1 A R A ( - T i- :U1i - -~’1’I(’s

[ 

l’i~()l~0Sl- D A ( ’TU -\ L

Po wer Ou put  I ‘ower Output

3 \V , 4.~ t 7 — S . 0 3  G I l z  3 .3  \V (Typ ica l) ,  4 .~) 7 - S . O 3  (11hz

size

3.3 x -I x I in .
3 3 .75  x 4 .88  x 1 .23  ~~~~~

•

)

(Top c o m p a r t m e n t  onl y)

- -
-i x a.  7a X I . Ia irt .

(Overa l l , i nc lud ing  base  plal  c ’)

\ V r i g i i t  W e i gh t

1 lb 1. 11 lb  (Top c o m p a r t m e n t)

I .  h7 l b  (Total , including base  pla te)

I ‘ow c - r ( ‘ onsumpt ior i  Power (‘ onst irn p tion

120 V , 200 mA 120 V , 330 mA

28 V , 300—3 50 mA 28 V , 670 m - \

33 ‘ A T  otal 6 1 \\‘ Total

13
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l i n t -  \ ( ( 1  i r ’ i v c ’ r  ~u i i c n i s ~~~- n u i c l v  w , i a  n - I - a l l y  fo r  j n r t c - L - u - - I I i o n  W i t  I I  t l i r ’

r’ i ’tl c n t i r r i u u r :  t i - i u i ~~f l i i t h - r ’  e I , u l u m c i c r c c ’ r l t s  n i t  t i n t  ‘ 11 ( 1 of t i n - ~~‘ r ’ i c t c h  cc c l- re - cl by  I l l s

r ’e ’po rt .  \ p i n ( ) t d c - 1 r t p h  i f  t h u r  I ’ O r l i l ) l r ’ t ( ’d ,‘- I i i ) n r s , --- m c ’ n i l u l v  i s  s i r c l w ’ I  j ’  l iii’ . 3 — 2 .
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3. 2 Outpu t  Stage

3. 2. i n igh-e f f i c i ency  GaAs Read I M P A T T  diodes

As n c p ar t  of the previous RADC program , 2 h igh-power , h i g h -

e f f i c i e n cy  GaA s IMP ATT diodes capable of operat ion at 5 (1Hz were  developed .

These  diodes used the ’  l ow-h igh- low modified Read dop ing profi le and had

pl a t i n u m  Sch o t t k y-b a r r i e r  j unc t ions .  The required GaAs mater ia l  was pro-

duced by vapor phase epi taxial  g rowth .  For improved power output , reduced

e le c t r i c a l  si n es resis tanc e , and reduced the rmal  impedance,  each h igh-power

diod - was comprised of four mesas in a 2 / 2 square  ar ray  on an in tegra l  gold

plated heat  sink .  I - ach f ou r -mesa  chip was bonded into a s t a n da r d  microwave

diode package.

W i t h  diodes operat ing  as oscil lators , the best pe r fo rmance  achieved in the

pr r ’v iou s  work w n i s  13.3-W (‘W output  wi th  24 percent eff ic iency in the  4 . 8 -
4 h ( 1Hz r a n g c ’ . Diodes from -r i two d i f fe ren t  wafe r s  reached this  performanc-

level . \To r c ’  typ ical  of the be t t e r  diodes fabr ica ted  was 10-11 W CW outpu t

wi t l i  2 2 - 2 3  percent  ef f ic iency in the 5-0h z rang ’ . These diodes had t he rma l

r ’ r - s i s t a n c c ’ r - r  in  t i r e  r :cnge 1. 5-5 .0 °C / W , which allowed them to produce t h e i r
r ,- c f r - d  power outpu t w i t h  j unc t ion  t empera tures  of --‘200 °C. I n i t i a l  plans c r r l l e 1
t ( t r  the use of f ive  such diodes in the output stage of the t r a n s m i t t e r .  The

design for these dj odc ’S is well in hand.  This is d e m o n s t r a t e d  by the  fac t

tha t  eleven of th i r t een  epi taxia l  wafers  selected fo r  device  p rocess ing  t o w n c r d

th r ’  end of the previous program produced diodes wi th  10 W or more (‘W our tput .

The rel iabil i ty of h igh-power  ( 1aAs Read I M PA T T  diodes , both unde r
storage and operating conditions , is still under inves t iga t ion .  There is no

apparent  f u n d a m e n t a l  or inherent  l i m i tat i o n  on shelf l i f e .  The work of

Coleman et al. 
‘
~ indicates that Pt Schottky-barrier dev ic es should have

operating lifetimes approaching 1O 5 and 10~ hours  wi th  j unc t ion  t emp er a t u r es of

180 °C and 230°C , respect ively. Our  own work on mu l t i lay e r  (P t - T i - ,-\ u )  -~cho t t ky -

b a r r i e r  r n e t a l l i -i-at ion for l o w — h i g h  —low Read  d iodes  i nd i ca te s  t h a t  l i f e t i m es
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in c ’ X ( - e ’sS  of i~~’~ hours  shou ld  h i possible at j u n ct i o n  t c ’ m p e r r c t u r -  -s of 200 0( .

I ri al l e a s e r - n , the  l i mit a t i o n  on l i f e t i m e  t n - i -  u rs  h i ‘( ‘d u st ’  of t h u r  ongo ing c - lt en i i  c~~]

r ’ t - - t c t i o n  i c ~’ t w e ’ c ’ n  t he  ( n r A s  m r t t - r - i u l  arid tin - H a - i n o t t k y — b a r r - i i ’ r -  m t  c l l i i , r t t i o n .

T i n t -  jci’ i ‘ ,-re’ r it j~’ ach ievab le  r e l iab i l i ty  shou ld  rn l i t  tb ‘ r e q u i re me n t ,s of the

t u - r i o -  u r n  i t t  ‘r. \\ h i t h -  r io  di  ‘t a i lecI  re l iahi  l i t v  s tud y was planned  n c , s pa r t  of t b  -

p n r ’ - r c ’ n t  p r - o g r - n u  m , such  addi t iona l  r e l i ab i l i t y  da ta it S  n e - O u r  -s n i V a i l a l ) l i ’  will
11 ’ us d in 1r r - oj e e - t i n g  t I n  ‘ l i I ’ e t i  n - r e ’  cci  t h e  f ina l  t r ans  n i i t t e r  c i t  ‘s i gn  -

F in e  p u t - - r e n t  p rog ram includc ’s  no d io dc ’  dev elopm en t  I - f  t o r t . . t h e

Ii i L J 1  - - p e ) w r  - i ’ C ~~tA s Hi ‘ad diodes req uired both for the  t r ans  m i t t i  -r and c i ’  tin-

i n c i d e n t a l  m o n t h l y  diode d e l i v - r i  c ’s wi re to be prod u c ed u s i n g  c - x i s t i n g  tech —

nt logy , n an ’nelv , t h a t  t r ’ ( ’h f l O l ( ) g V  u sed d u r i n g  tin ’ pr~ ‘ V i c c n i s  f ) i a)L’ r r i n i  . Thi s

f t  - t - h i r i o logv , inc l uding m a t e rial g r o w t h , diode f a h n i c r c t  ion , ; t r i ( l  ( l i c l l h i -  e - v n c l u a —

t ion , was  dc ’s e r ih e d  in t i n t ’  f i n a l  r c ’p o r ’ t  of t i n ’  p r e v i o u s  p r ’ ogz ’ar -r i . -

~

1 \ l a t i - z - i a l  g r o w t h  r i n d  d iode f abr i -a t i o n  p r - o c l ’ c h u r r c ’ s  n u r ’ t -  c - o n t i n u i n t h l v

1) 1-i ng r ’ c ’ f i n c - t l  in  O U C  l a b o r a t or y  r u -s t i n t ’  n - I ‘~- u l t  of a n u m b e r  of ongoing I \l 1 ‘,-\ Ti’

d i o d i -  p r o g r a m s .  l” c r ’  t h i s  r e a s o n , t i t e r - c ’  ar ’ i ’ -~ i ’ \ l - i’ ci dj  l’ t ’t ’ u - e ’r ic c ’s  b c ’t w l - l - n  ti ’te ’

d i o c l i ’s  p r o d u cr - d  f o r ’  t h i j s  pr ogr am and tho~~c ’ c i ( - v i l o p i - ( 1  f o r  l i n t  p n c ’ \ i c l t n s  j r r o g n a m .

i ” i r ’ .st , s i l icon  (as r a t h e r  ti -ran su l fu r ’  ( r u s  1I 2~~
) i s u s e - i l  cs l i i i ’  n - t y p e ’

dopant  du ri i l L ’  \ ‘ apo r- p h a s e  g r o w t h  0! t III  Ga’\ 5 ‘p 1 t a x i  a! ni I t  e ’n i a I . ~ i i i  eon

l c t ’ - i -r ot d i f f us e  cs r - n c l c i c l h v  as s u l f u r  in ( 1nc : \ s , mci s i l ic o n  lop i n g  r c l l o w s  m et - c ’
p r - i - c i s c ’  c o n t r o l  of th e  c lop i f ln !  p r o f i l e .  A L-r o , s i h i c ’ c t i — d o p t ’ l  b u f f e r  l n t \  i t ’S l I t

l o w i - r -  r e s i s t i v i ty  t h a n  t i n c ) s r  1 ) N ) ( h u ( ’ e ’ I I  w i th  s u l f u r ’  ( I ( c ~) i m ng c - a i r  h i ’  o b ta i n e d .

‘ I b m — n  r - c ’ i i u t ’ r ’ s  t i n ’  si r - j r ’ s  r ’ r - sj s t ~ t n c ’ ’ of t h y  I \ l i ’ ,-\ ’l’ !’ c h i o d i ’  , c m n u h  i n c - r ’ i ’ ; c ses

r ’f f i c i e ncy .  S ec o n d , t h u r  doping p r o f i l e  :-n p c ’ i f i c r c t i e r n s  t o e  t h u  new l I w c h e - s

V.’ l ’ r r ’  r - f i n e - d })asec i  on r - x i c i ’ r - i m e n t a l  i’ t ’ s n i l t s  oh t a i r n c - c l  l c c w n c t - h t i n t ’  e ’n u l  i t t ’ t ine ’
p r e v i ous p r o gr a r n i .  f i n e  e - i n a n r g c ’ s  invoh  r d  an i n c r e a s e ’  i n  i - I c - c - I  r ’ i e  f i r  i d  - t i - p

ri nd a d c s ’ t ’ t ’ : t s e ’  in  d r i f t  re gion doping to r a i s e  t i ne -  d iode ’  i ’ ! h i ( ’ i c ’ ~ i c \  . t l I ’ r t r ’ l \ ’ ,

c l i oc l i ’  r - f l i e - i c ’ n c l i - n - i  of 2,3 ( i i  30 p( ’~’ c’e - ~ t , i n s t e ad cd 30 h r  23 pe r t - t n t  i t s  t y p i c n t l l v

oh ct a i n i - t i  in p r - i  ‘v i i  c u i , r work , would i mp r -ov  r ‘ t i n t ’  ove ra l l  t r an s  m i t t e n’ c ‘t ’ t ’ j i , -j  i - n c  \‘ -

T hu u - i l , a g o l d — g e r m a n i u m  ohmic i)LtC k coot r u t  has n c c w  b r ’ i  rn n c t i o p t c ’ l  dS

s tandard  f u r ’  a l l  of our IMPATT diodes.  ‘l’ I u i r -  t ’ c - s u i l L s  in  H c t r f l e ’ W h i r t t  l o w e r

se r i e s  r t ’ s i s t ; u r i c - i ’  t o r ’  h i ghe r  e f f i c i e n c y ,  an t i  su r i ’t r ’ w h i a t  I n e r t ’  r a ’~c c ’ t t r t h ) l c ’

17

______________________________________________________________________ -~~~~~~~~~~



lj c n ! t -  H r  c r - r i c h ’  r ’ j ~~ t i c ’  t i r ; , n  c c t c i l r l  h u e  r n r l u c ’ v t - d  w i t h  t h e  } r - c- ~ ious c hr ’ c c r n i i  ~] l c l ( I

i c , u ( ’k  c o n t a c t .  I ” i n n c l l v , I c y  c ’ o n i p n u r i s o h i  of ’ t h e ’  oi ! c ’ u ’  ( ‘  - i c r u r c i c l i c c c l i - s  w i t h

N - h and 4 ( c c l  ‘s p u - nr i u ie i ‘4 ‘c c i’ n n r i c i l  I c - c  p r t c g r - t ril , i t  h c ‘ c - n i  m e ’  e v i l 1  ‘ n t  t h a t  t i r c  -

unC t i ’ , I  n c r c ’as of tb ‘ a i ’ l v  (‘ — b a n d  cl i  ) d i s  w i - r e  q u i t e -  s m a l l  c o r r r l c n n r c - d  w i t h

fine’ nlu :cx j r iinunn which c - m n l r l  I c e  t i c l c ’ i ’ n i t c ’ d in t y p i c - a l  c’ i i - c i rit s . ;\ccordunrjl’,- ,

- - u n  nu  t t  ~- s  c tf t itt’ ru n -s us on tin t ’ fotum - - me- sri c lii ~ l5 wi  - ri I ne’ r i ‘nis t I c c  10 mi Is

f r - e r a  t I n t ’  ‘~-8 r a i ls us ed pr e -\ ii cuns lv. This n ’h nirii ’ e jr c i rrii ttt -d power t c utt b d u r t s

of ’ 1.3 \V (ri ce i n n d l )  h - c  ~rn i-r i ch h j o n h i ‘ p :nckruL~i’ . A fou r —di od i - output stnc c c -

h n a vir a - Si ml)] - n ’  I ci as in I I I ‘ circuitr y than woun d b e’ ris c ‘c i  in ti c ’ liv c - , h i c c c i t

tr ut h ‘ n  t - t n t  i ’ I ) r ’ l  n - i i i ;  cli v P b ’ l  I b i d  c H I l l , t i a ’r - r  h t  ‘t ’ a r f l i ’  possi  l i l t ’ .

Tu e ‘c ‘n- ral fo cu u f  t I r e  low — in igh  — I ‘w  d o p i ng  p r o f i l e  u - s e c l  in the  high —

b)o\v~~
- d i o de s  is shown in I L ’ . 3 — 3 , a l o n g  w t I n  t he  e l e c t r i c  f i e l d  pr o f i l e

p r - - s at  in  t n n e  t ’ c ’VP r s e — i ’u c s e c h  d i o d e .  \ n t n c t i o n  f - , r I - i,~ . 3 — 3  is exp lained in

I c h i l e  3 — 3 .  ‘l ’h e dop i n g  p r o f i l e s r c e c i f i c n c t i o n  to ~‘ :I ni ch t i n e  m a t e r i a l  ‘,c as gr a c ,’,-n

i- r suni ’.’ar in  Table  3 —  ‘J ’ i re i n i t i a l  s p e c i f i c a t i o n s  w e r e  ref ined d u r i n g  the

ca .i a sp  of t h e  work , as will  i c e  descr ibed .

n i - p i t  a ’ n i n n l  e e r ie ’  t ot ’  w a s  c n u l i h r ’ r u t  c - c l  for I l ie g r ’ i c w t h  of (‘ — h a n d  w n t  t t - r s

d i d  th i - f i r s t  ~v aii-r w a s  d e l i v e r ed  in  t h t -  s p i ’ c ’j f i c r r tj o n ~ of T~i bFc ’ 3 — -]- .

i r n n - n n g  ‘\ pril 1 1 17 6. A total of -dx wafer’s w;cs rhi’ liv ered dur - in t ’ t i i t ’  .‘\ p r i l —

t i r ’ c r u i t ’ i t — . J n i r l e  t i n - r i -  p r - r i n d . I ) i o d c ’  pr’ oc ’ t ’ n - r s i n g  was  s t : n r t e - d  on t in- sc’ wafe r’s

n n s t h e y  w i - r i ’  r e ( - i ’ i \ c - c h .  ‘l ’ c i w n c r d  ti n e ’  m u t e r ’  p o r t i o n  of the ’  g r o w t h  s i ’ r ’ I c ’ s ,

r ’ - ’ I i r ’ u ’ i n l r  p rob lems  \ ‘ ;i t h  poor w a f e r  s U r ’ t ’ n i c ’ r ’ S  w i - n t ’  c - n c ’ o r u n f c ’ r ’ c ’d . ‘l i t - s i ’

v, i - r i  - c - v t - n t  h i - c I I ’ ;  t r ’ n I I - I ‘ 1  to  a b u r n  i l l  I c  ‘ n i l -n  in  I b u t ’  r e - n r c ’  f o r ’  t u i h ~~’ , winch Wa S r c ’  -

p u r l .  T in i s f i r s t  r i - : c c ’ t c u -  w r n s  t h i n  u l c ’ i h j c a t i ’ d  t n  o the r  p r o n i - n i m s .  -\ s el ’ un c l

c ’ l c j t c ” r i ’ c ]  i’ d - r u e t o t ’  v ’ n c s  e - n u l j l c r ’ r t t e d  for (‘ - h and ny r’o ~k ’ t i u ( i u r i n r c  S c ’ b l t l ’ f l ih e ’ r  l P 7 u ; .

l i i i — - r ’ i - n c e t nr , w i t r ’ k i n r ’  to t I n ’ n n o i h i f i i ’ d  n n p c ’ c i t ’ i c - n i t i o n s  shown i n  T n u i c l c ’  3 — 4 .

~~~~ tic lit - u r n - n I h  t c r  g r o w  l i i i ’  r’ e~n 1n c i n i b r r c  w a f e r - s  r c ’ q u i r - r ’ c h  ‘c u r  t he  p u - o r  r i m .

i f \ ’  t i n -  c h i c ]  c c f  S t - 1 u t t ’ m h t ’ r ’  U ;76 , i h i c i r h i ’  fL rh r i e ’ r t t i o n n  and RI- ’ t e s t i n g  of ’

sa m p le-  r u n i l ,s l ’ r ’ c c n i  t i n ’ f i  b r—n t n - n i x  W a I t e r S  i i r I ( i  b e c ’ n  c e ) F l l l d t ’ t i - d .  -\ tour —n r c ’ snn

Iil nct i - h  h i t - n i t  - s i n k  chop k-p i t - a l el tinor-n - un - u i  in  t i n e ’  elio chc’s is shown inn

F i g .  3- 1. ‘ I e n - mu  - d i a n n i e t e r  r r u e s a s  are mounted  on 21) - m u  centers .
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Figure  3-3  Sc h e m a t i c  Rep resen t a t i on  of the !) onor— Dens i ty
Prof i le  and the h l e c t r i c— I ” l i - i d  Profile of ni St epped—
h i  clii (LIIL) Read Diode.  The no t a t i on  used in th is
fi guire is identifi ed in Table 3-3.
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‘I ,A I i l~ E 3-3

I D EN ’ l’I l” ICA TION UI ” NO’FA ‘l’lON

I Tlnic-knn’ss o!~ ep it a x ia l  buffer l ay er  I r i s  grown

‘t ’h i c k n i t ’s s  of epif  r u x i  ui  b u f f e r  layer  2 as Lt r ’own

W~ . TI ni ckn c ’r -n s ( i f  ep i t nu x i  al con tac t  l aye r f r o n n  sp ik i  - t ( c  s u i  r f n e c - i
as grown

\V 1) T h i c -k n c ’ ss of ep i t a x i a l  d r i f t  l ay er  f rom sp i k r ’  to b u f f t ’r
l r n v e - r  2 i n s  L~ l~OW f l

W T hj e ’k r n c ’s s  of s n n h s t i ’ n u l t -  m a t e r i a l
c i

W i d t h  of unc l e-p h ‘t ed epi zone in  ( l io (h -

0

I ) i ’ p Ih  oh ~t v a l a n c ’ h i i n  zone ’  — d i s t a n c - c in diode at b r n  ‘n u k d o w n
- nra  ‘ n u s u i r-ed f r o m  j t i n ( ’ t i e ) n  , or Sc-hottk v b a r r i c  -I’

Total di ‘J)l c ’t ion cli -pth  —u l i n-r I n u f l C  e ’ in  d i n h c  - at h r l  - r u i n  ( l (  t v - u i
measured  f rom j u n c t i o n , or Schot thy  ba r -ru -i’

X K p ik e  d e p t h — d i s t a n c e  i r n  h o - l c ’  n i e ’asu r -e d  f ro m u u n n e - t  ion ,
or Sc h t o t  t h y  har r i e ’r

I ; j )  1- Ae - c ’t r - ic ’  f i e l d  at i n c - g i n n i n g  of t he  h i n e ’a r -  f i e ld p or t i c in  u t ’

the ’  d r i f t  rem ’ i n  d j oc i  c ‘ at I ,r e -ak down

l i ] c ’c t r i c  fi eld n ut  n i n ( ’ t i o r n  or ’ Sc -ho t t k v  b n n r r i e r in d i c c , h i ’  n i lmax break  d ()W fl

~ i - 1” i eld  st ( — p o c c - u i r r i n g  a c-r o s s  d op i ng  sp ike  in diode c t  c r  - n c k !i tw O

rn
1~ 1 l - ~ I e -c - t r on  corne -ent ra t i on  of b u f f e r  l a y e r -  I

i -A i ’c t r on  c o n c t ’r n t i ’ i , i t i o n  0!’ b u f f e r  l a y c t ’  2

or n 2 h - , 1(-ctron concen t ra t ion  of d r i f t  m cv i  n

M r  r i s t i  r e d  c-I  i ’ ( - t u - o n  ( ‘onc e ’nt r ~nt i o n at in ’~~< of ( h o m i n g  s p i k e

n I - lec t rern  cone e -n t r a t i o n  of subst  r - n c t i ’Sub

n5 or n 1 Electron concentration measured with zero h i n t s  app lied
- - to j unct ion or Schottk y ba r r i e r

Base wi d th of doping spike measured at 1 • S n 1)

6 F ull width of doping sp ike measured at ina l  f h - ight  (0. 5 n~~)

Wid th  of doping t r ansi t ion  f rom dr i f t  laye r - to l ) u l f f e ’ r  l ave - t ’  2

20 
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T AR L E  3-4

S P l - ( ’1 i ’ I ( ’ , \ ’t ’loNf-~ i”OR -5 ( ; t f z  R l - A D  W,- \ l ” l - P~S

- 8
“-400 nh l c r ouu i  e t c  i n- u n —‘ 1 - 10 cm

sUi) . - s n r h n
(t h inned  in p r oc e s s  m iL l )

5 -10  m i c r o m e ter s  
~~~~ 

2 / l0~~ -n i ~~~

~~i3 2 ~~~~~ m i c r o m e t e r’s n~~9 2 / 10 1 () 
cn-r ’

8 - - h O  micrometers  n J) 2 . 5  / l0~~ cm
(preferably ~~))

~~0 .2 5  micrometers  n < 2 / io 16 cn~~ ’~p S

6 ~ 0 .04  micrometers  n 4 .8 / io 17 cm ’~p

3 X I0 5 V / c m

( - i i . - \ N ( ; h - ;s TO BE IMPLEMENTED IN FUTURE GROWTH W i N S

= 9- 11 micrometers  (p r e f e r ab ly  ~~10)

X = 0. 26 micrometers
p

3 .0-3 .3  / IO~ V / c m

2 . 0 - 2 . 4  / i o
15 cm 3

21
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Th e’ e ’ u i i i p l i ’ t t ’ i h  c h ip  i -  n l i J p n ’ o x i m n l t - ly  - 10 ra i ls  s q u n n n ’ i - . ‘[I I I i i l c S  w i ’r t -
,-~c c 1 c l ~ - t o ” !  into  f lhi ( ’ i ’OWri ~ ’ c packages , and g c t l u l  m i - s i n  was used to c o n t a c t  t i n e

l i n i ’n - i , u  ; u , s i _ s  ,s } m c l w n )  in n  t ine ’  e m i t  - a w n i v  y i i ’w  of i ’ ’i u .  3— - S . 1.ici s were

w e l d I ’l i on t h e ’  pac ka ge ’s  to con ip l e ’ t c ’  a l n e r m n e ’t i c ’  s c ’n l  oh ’ u ’ n u e i n  c l i n I c - .

T r i P l e  3-5 s h n w~ the best results obtarned t h r o u g h  the  end of Sep-

tn ’ n i c e r  in CW osci l la tor  tests of all six diode lots .  In all cases , t I n e

I l c ’  I c - u  us ‘ci f ou r -  - m i - s  a 1’IlS chi ps w i t h  I 0 — m u  — d i a m e t e r  rn en- ;a s  . ‘l i i i  - i n n  n i l

m c  - s i s t  - u r i c  i ’s W t  ‘ m ’ u ’  t~~~li’~u 1 1v --1°C / W , and m a x i m u m  power -s wt  ‘r i n i c - h i e - v u  n i

i t in  ne t  ion t e m per a t u r e s  in the 200 to 220 °C range .  Win - r ’ t ’  n c  p1 -n - u t ~ i( c w i ’ r ’’

and ‘ he i s t  e’ f fic ’ic’rrev ’ occur-red u n d c ’m -  s u b s t a n t i a l l y  di t t i ’ r c ’ r i t  ( ‘On d i t i on s  , b o t h

r u n e  listi ’d. -\ ‘ t o p — h a t ’’ o sc i l l a to r  - i r c ’ u m i t  of the t v p t ’  s in own in

l ’ i g .  3 — 6  ~ n n s  used f or  t he se  t c ’s t s .

‘ I ,-\ h~ Ll- 3 — 5

13 b ~S ’I’ RESUL ’L ’S I \‘ ( ‘W ( ) ,‘-i ( ‘I L L - \ TOR T f - ~STS

1 ) j n ’ I ’  Lot \\ a li t ’ 
k \ )  

I I C  d b z )  r I ~~
- )

01)4 81! ’ O . c  12.8:- :  t ; . 5 10 2 ; . : i

1 1) )  8 11107 1 4 .  :8: ~. 8 3 . 5  2 . 2
lw ,  8 11( 0 8 I s .  38 t . 2 t c . - ‘

1 ( 17 8P l O 18 .2 1  5 . 2 - 1 7 2 , 5 .7
1.5.18 1 ~~~~~~~ 2 . 7

‘ 0 1  8 1 1 I . t  2 1 .01 4. 8 ( 1  2 11 . 5

¶ 1 10  811 13 I 17 .55  1 . 8 7 - I  2 8. -4

I ’ h i  t c n - O i l t S  o b t a i n ed  i n d i c a t e -  t h a t  t i n e -  w a t ’ i i ’  n - r i -  l c n ’ t i c c r n  c ’ n ’ j t n - r ’ j n n  i n s - h
w i - c - n -  n m n l i ’ q u m n t t n ’  m l ’  pro( lu e ing  d i o d t - s  w i t h  t in t ’  powe r’ nun ( I  i i  I n e - i e n ( ’ v  l i -v c ’ 1~
r ’ i - qui r ’ed in  fbi’ tr a ns min it t i ’ z ’ ou t p u t  s t n m g i ’ . J - ’ive  of t i n t ’  s i x  d i o d e lots  c o r n t n c i r n i ’ e i

un i ts  w Iii e l m c r  ni - h i d  or ‘ x e - i - i - c l  ed t i n e  - 15 — W ( n o m i n a l )  powe ’ r o u t p u t  l i v  ci.

— — 

23 

— -



I - igure 3 -3  l” o ur - Me s a  Diode Packaged ‘, v i t i u  Crossed-
M e s h  Connec t ions .
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‘I ’ i n i ’  n ’ t ’ l i u ’ i i ’ n c ’i e - s  n i l  t i u c ’ ~~c ’ , h i c u d c - . r n l s n  c xe - i - d u d  2 2 — 2 3  l i - r - c c 0 t , w hj c i ,  h l n e f

i u t ’ ’ ~ t V ! c i c n d l  r h t i r n r n n -’ ti -ni’ pr ’ ”. ion s  p r ’ c c n ’ r n i m n . 2 
T I n e ’  s pr ’ n c c i  c i  I c r - I - r u  m c i  cc j~~’r  r n t j n g

f r ’ - u l l n t - n i c i I ’ - ~c ‘s g r - e - n n t i - r ’ t i n u i t ’ s i i ’ c ’ d , i n c ) W - - , - n , n c r r ~ I c i p t ’ r ’ n u t i n g I r - - q i u c ’ r i c  i t - s

t i c  he  g i  a t ’ r t i m n n r i  i ; I T - - s. T I i r ’  d o p i n g  p r o f i l e  c - i n n m n r ’ u ’ - r  i n d i e n i t i ’ u l  in

I ’ n h l e  3 - - I - ‘  ‘re in ip le ’ n cn ted  to c o r t ec t  t h i s  s i t u a t m m n  in t r n u n  re u n a i n i r n 3  ‘,‘,‘a f ’ -n-

~ r o w t l r  r u n s  t n i i ’  m a d e  d u n ’ i r r j  t h e  p r o n ~ m a c r u

1’iun ’ r c - s r n l t s  f r o m  lot h u l l  a r c ’  p c c ’ t i e - u n l r m t - I v  c l i  i - ’ ’ ’~ t i u n n ’ . ‘E ’li r’ c a n m n - ’ l

m u c h c c l  s cp h -n i h er , H d iode ’s  had been  made- f r o n u n  f i n d -  w n n t u ’ n ’ . Of fb i-si’ ,

- i ~, t c ’ i ’ n  s i i r ’ v i v c ” l  ( : \ \  ( c n - u c i l l n u t o n ’  f i s t s .  UI of l i n t ’  s u n  r - v i ~~or ’s  p rodw’ ’ ’ I m o r n ’

t i n n c r n  l 8 - - \\ ( ‘W o u m t p n n t .  :\ lso , e - ight  dj o c l ’- s  of tine’ s ix tc -c ’ u , p r o d u c u ” l  0 1 1 c m - i ’

t h an  2 0 — \ \  C ‘\V o u t p u t .  Thus , w i n i l i -  t i n e  2 0 — W  ‘ h i n d u ’  m u s t  s t i l l  h u - c - r n u - d c  1

n i s  n c - x p e ’ n ’ i n i c ’ i i t : c l  d e -v i c i ’, it iS more  l i n n u n  :c o n e ’ — o f — n c - T - n i u i ’ I  ‘me cid l-u n t . i - r nrt in e r ,

diode ’s p r o du e ’in tg  i s  W wi th  about  23 pi n - c t -  r u t  e ’f ! ’i c i e ’ua ’ \ ’  ( - n u t ]  Pr - - J t i c - n i l - h  i i i

s u n l f i c i e n l  q u n n c n t i t i c ’ s  to c - o r r n p l c - t i ’  t ine  n - : n n s n i i t l  ‘ 1 ’  ou t p u t S t a L i n ’  in t i n t ’  t ( c u n r - -

- l i o dt  - c o r n  f ’i u n r ’at ion planned .

2 ( 1
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2 .  2 .  2 l ’ h n i ’  
~~~~~ 

-c~~d ’0 fl ibm i tuIiu l c’~ u ’ u U j I

3 . 2 , 2 .  1 ( c - l i c e c i  c - j f ’ c ’ ’ i n ’ t v i c t ’ S  and o p e r a t i n g  mode ’s

\Vhi  1 -  ci  cc ui  t ,s I n ’  c c - onllljn n r c I h i ’  c” .’ t ‘r om i t  1) 11 1 5 of m i c u ’ ( c ’ ,’.’ n c r  i ’  c h i c  cd c -

r u  n c  v akc ’  ni  no  ni l ’’ r of di  I ~t ’ u ’ e u ’ Ii r u - n , s  , ‘ l u -v  u s u a l  lv  I - ‘ion O c  f i l e ’  c i t  ‘ “ , 0

g i ’ n u - i ’ n c l  e ’ l a s s n ’ s , he  n i r u i j i - u n  c m ii p n i m n u l l e i  I i u c ’, t ’ u ’  c - o m u n f c n r l i ’ n ’ s .  l ’ l u r ’ s c ’  I wo

n c r - c’ i I I n ~ S t n n u h n ’ u l  i n n  l iL’ 3 - 7 .  l ii’ t re nc h e r - 1 cu w e r - c o m : n h i n imig c i r c u i t

is n c S uiu’cc-ssi O fl nt lo ’,’,’ - n - n c i m u  r u r u r p l n ’ n r ’ m ’  or -  in p - c - I n c m n — I o c k c ’ i  os et i ln ca tr ’ siagi’s

c ’ o n r n i i n i n g  i . I i u n i v a l u r i t  IMPA’ [’l’ d i c c d t ’ ~~. ‘t b ’  i’ n r l ut ’ r ’ s l n cgc’ s in l i i - ‘ ‘ l t n - l I il n un -

n -id j u s ’ i ’d t o e  h i j g h i - r  g a i n  -~~cI t i n - m d - u ’  stnugi’ s t o t ’  P c c ’ c - r -  LI n e n  SO lIn ~c l i n n  h

s i n i g i ’  I c , u r t r j h u ’ i ’s t o  t i l t ,  on going Si rlil ni l t i c c ’  m aximum c (c ’ -,v i ’r  w h i c h  i ’ .~ diode

- c n n p r ’ u c l u i c ’ i ’ . ‘[his ~‘ i c ’ c c l ’ i ’ o m h i n u - r  r i nds  t o  I i i -  sev ’ n ’ t ’ l v  l i m P i d  l i v  C i r c U i t

l c t ~~~c ’5, 1 n ,~ n ’’ i c ’ u n I n c n i , ’ n ti n -  I n c i t e  s ’ n c g i ’ S , ,t: l n i ’ u ’ t ’  tin e’ po’~-~’i’ c con~~unm ed 
i c y  ,i

n r uc lHr , c i t  nc c i c ’ c i h u c ’ l  cf hnss u - n f l  n t p p r ’ o n c u i n t i n  p o we r  contribu tion of l i n e

d~~t c i e .  P r ’  c u n - ~c u c ’ ‘lni , s loss Iir r i in ,t ion , liii’ lncndh i ’nT ’l p ower comhini’n- was

m c c i  S i - I ’ ’ ’  ~t - u h f c c  u~~t -  in  ‘ i t e  u h i ’ l i v t ’ r ’ : n i c l i ’  t n ’ a n s m i l t t ’n - . ‘ l ’he p a r n u l l c - l  p o ’ve i ’

c r c I i r ) . - r  i .~ ii s i n r i c -  r e f I t ’ ’  M c c i i  n c m n p li n u ’ r  or i n j t ’ c t i o t i — l o c k e d  ( c s c i l l L u t o r  ~ u , c g e

, - 1 n 1  r : n i m i ’ t t , I . -  , j i ’ ’ i ’ - , ’ i ’  i ’ h c - r r , i ’ r r t s .  ( ‘ i n - c u P  losse s tend  to a c cu mu l n i t c l ess

p t  c i l v  I mu ‘ i 5 i vp’’ of ci ru - nil ¶ 1 011  t i n t ’  v do irn the tandem poi~ cc c o n i h in i ’r .

1~b0 1 ,,, ’,-,’ ,- r— (’o n in! i l l n m n L ’  c m - e m i t s c-onsidr’red for  use in l int ’ c hu-l ive rnui u lt’ tran s-

mit ic r nu n- i’  n c 11 of thin’ p n c ‘ n c lb -I i v p c ’ .

b c - c  c ’ i n ’  t wo  gc-ni ’i ’al I v p i ’s  n c r n r o r i g  liii’ p n c r a l l t ’l p o we r ’  c o m b i n e rs .

It t i n e  t’ c ’ S u i f l i U l i p c i w e r  t - onmi b i n i ’u ’ , t i n t ’ re is nu sm ith ’ n - i ’s on a ton ’  to wh i c h  tin

-u s c - r i le c i t  ~l i c c c I t ’ ~ is  c - o u r p led a n d  f r ’orn  whiP-h tint’ o u t p u t  p o w c ’ n ’  is extracted.

1 m m  l i m e  r n c c m n r i ’ s c c r l n c r c t  p o we r  c ’ c c n u h c i n n ’ r , an - n m - f l s e mfl i ) Ie of o sc i l l a t o r s , each w i t h

i t S  own] r’ u ’ s o r n n c  i o n ’ , i s  loe-ked t o  a c ’ommon r e f e r en c e  s ignal  and coup led to

sm i n gI  i ‘ i c u n t  p i n t  p0 1-f t h rough  a br’oa d —b an dw id t h  mnu lt i pon ’t hy bn’ id e ir ’cuit

Pot ii r - c ’ s o n n u r n  1 a n n  ci  non r (- sonan t power  combiners  wi re ’  cons i( 1et’ed for use

i n  ¶ 1 c c ’  ( h c ’ I i ’ ,’ c ’ r ’ n m h i h i ’  I r n m n s n ]j t t e r .
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3. 2. 2. 2 ( ‘i r cu i t  r e q u i r e men t  s and p e r f o r ma n c e

l i m i t  at i n s

I to ri ’  a r - i ’  t w o  p r i n c i p a l  f n u i - t  on ’s  w h i c h  l i m i t  t i n e ’  p - r ’ f o r m an c e  of a

p e i ’ v n ’ n ’  — c o i ’n b i ,n ing i, ’~ i’ i ’uj t .  ‘I ’ he f i r - s t  is c ir c u i t  loss w i r n c h  t n ’ r n u i s  to r t ’ d u i n ’ e

c i vn ’ r nii l t ’t t ic i e n i’v. I b m ’  sn ’eon d i s  ( i i i ’  p r e s e n c e  ( i f  u n d r - s n r e d  rn ~~i dc ’ ,~ of

o sc i l l a t ion in Pc i  - cj r e -u i t  which  m u n  c v  i c r ’  c - r i n s e d  by  i n  s u f f i c i e n t  diode — l o — d i o ” i c  -

is o l a t i o n  in a nonni ’son an t p o v e r -  c o m b in e r  or m v  t h n ’  pi ’i’s emn -i ’ of m u l t i p le

t ’c’son n uu n u - c ’ s  in a r c ’son an l power i ’ o m b i n c ’r .  These  h i n m i t i n g  f a c t o r - s  can be

d e s c ’r i h e d  in M m - m s  c u f  t h e  model  si ’n i a w n  in 1- ig .  3 — 8 .

‘[hi ’ c - i n - c u L t  e f f i c u t ’ r i c ’ v  is a u s e f u l  q u : i t i t i t v  for  c o r n p n u r i n g  ‘ m c ’  t ’ e l a t i ~ ’-

pc ’rfo r m n n t i c e  of d i f f e r e n t  power- connbin c’r’s. ‘I’bni s is d e f i ne d  a r - P t ’ ’ n i t pow - n ’

Cow r ’ n h u n t t ’ d  by  t i n t -  pc c ’~v i ’ n ’  co m b i n e r  d i v i - h - d  by  t i n , ’  t o t a l  power  a v a i l a b l e  f r o m

the  d i o d e s .  W i t h  r e fe rence  to I” in ,~ . 3 — 8 , One can write r ( I ’  - P . ) ( \ J )  P
- ‘ ‘ 

0 i I )
r i m c ’  e’ nrc c,nt e’ tf ic - ie - fl e’ \’ d u ’ ! c t ’ t I c l S  cdt] t he ’  c i r c u i t  loss and on the  gain at  w h i c h  t i n ’ -

p c c w n ’r - c o r n h i n e ’d  s t  r : -  l c p i ’ n ’ n i t e s .  The specia l  c - r u s e ’  ot a p o w e r - c o m i n i r l u ’ I , 1 ( e ~~

r u m n t n i t ~ n i r - u c i i l : u t o r -  is t i - , -n c t i’ci i c y  a l l o w i n g  the  s ta g e  g n u i m r  I c ,  ,c’uome n i m ’ h i t r n , r i l v

1 c r - e ~-’ . C i r c u i t  o l t P - j c ’ n t - v  as  ni f u n c t i o n  of loss  w i t h  d i u c ’ i n -  g a in  n c s  c p n fl] ’~~i r

is  shown  in Fi g. 3 . 1 1 .

In the  p r o - s i - n t  t r - a ns m  i t t  or  des n go , the  o u t p u t  51 n u g u  ‘ op i ’ r a t n’s  w i t h

s o r i n i ’ w f n r c t  m o r e  th i an  10 dR g n u i n .  The goal for  t h e  c i r c u it  i ’ f f i c ’ it ’ nc v  in Pu n s

stage is  70 p e r c e n t .  ,-\ c’Ons em -v nct i\’ i ’ st in r m n * t i ’  of t h e  m ruxi rnumn permiSsihlt ’

c i r c u i t  loss for which 70 p 1 , 1 - c - i ’  n i t  c i r c u i t  n’ f f ’j(’ie llc v e arn be achieved can be

found by us ing  the C = 10 cu r v e  in l i p . 3-~l . This shows that a total

c ir e ’u i l  loss of 1. 2 dB can be to l e ra t ed .  s ince  the loss of t h e ~ circulat or is

l i k e ly  to he 0 . 4  dfl per pass , a loss of 0 . 8  dfl can he t o l n - n ’ r n t n d in the  power

combiner i t se l f .  Smaller  losses will r -esu it  in cire-uit c’ffici enc ir’s gr -eniti’r

than 70 percent .

S t a b i l i t y  against undes in - c ’ d modes of osc i l l a t ion  can be n i s su r e d  in

t h e  c n m s r -  of a resonant  power c o m b i n er -  b~’ u s ing  a e ric ’ i t v  n’ n ’ s e ’d n i n c l  on ’  which

has onl y a s ingle  resonance in t i n e  han d of f r e q u e n c i e s  where  l i i i ’  diodes have

apprec iab le  nega t ive  res is tance .  When a r e l a t i v e ly  small  n u m b e r  of diodes
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Circulator

In p u t  Ou t p u t

Divide r

D ode - -

modules
- 2 N-i N

i” igu re 3-8 Model t 1 sed for A n a l y z in g  the  l i m i t a t i o n s
of t ine M i c r o w a v e  Power Co m b i n e r .  N
identical diod e modules , each  ca pabl e of
p roduc ing  a power output P1)~ a r c ” com-
bined in a single s tage.
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t X -  dB

I ’ i - t o r e  3 — I t  C i r c u i t  E f f i c i e ncy  ns a t- ’u n et i o n  of C i r c u i t  l oss w i t h
l i i i  e lm- ( ain  as a l’a r a m u - t e ’r . a is t i m e  t i  t t n c l  p n c w e -  i’ loss ,
exprc-ssed in dR , b e t wee n  the output  port and tine diode
por ts .  ‘l in e  d iode gain ( is t i m e  square  of th i e ” magni tude
of t i m e ’  r e f l ec t ion  coef f ic ient at t ine  d iode por ts .
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is to i c  e - o n r u h i n e c h , is i s t h e  c n u s t ’  h e ’ n ’ e ’ , t h e  S n f l n l u l i - ,S t t i ’ c h n i q u i c ’  for  r ’ c ’a l i z in g

s i m u g l t ’ - r i i o u i t ’  o p t ’ r n u ’ion is to  u s ’’  a I M 010
— m o d e  i v h i u n d r i c ’ r m l  c a v i t y  cy n i c  a

h i - i  ~ ‘ in  ¶ of 0. cm’ n cv i - I t  ‘ i n  r~ t in  o r  i i ’  ss.  l i n t - n  , t h e ’  ‘F \ I 01 ~ 
m o d  i - r i S cu ll n i ‘ n c u ’  ii ,15 t i c c -

l o we st  f r t ’ h u n - i r c V  of n u r n v  c r u v i t v  mode , m d  t i n c ’  n i - s ’  m m d i ’  is f l c - n u r ’ V  -( 0 p m - n c  e n i t

m i  ~‘hc r n U i ’ rc  - c  ucr i c V — ‘,‘,‘e I l out  of ‘ h i ’  c i p i  ‘ra t  m u g  ha n d c i t  t he  c h o u l t ’  -

t n  ‘ m i ’  c a s t ’  of rh i’ n o nri - s o rmni fl i pow er ’  combiner- , tint ’ st n u h c i h i l v  n t ’ —

- I u i r- c ’ r n r - m t t  l t - n a r ] s l n i t i ’ s  i n t o  n u m i n i m n i u n i  t c i - r m n i s s u b h u ’  n s u u l n c t i o n i  b ( ’ t ’ ,- : ’ - c - r t  ( h u o d u ’  
-

t n i c t u h m n h i ’ s ,  i t r t , ~ i ’ n i l I v , n n ~ e ach  d io d i ’  p o r t  t h e  d i ’ s n r ’ e d  loc k i n g  s n g i n ~c l , supp l i e d

i c y  t h e -  \ ‘ ( ‘( ) — d n - i v ’ m -  s u i c n u s s i ’ m h l v , m us ’ he ’ lar g er  than  t i a -  ‘ ‘ n . n l t i ’ r - f i ’ r ’ m f l i t

si Lm r u  is , n u s s u  n r r r ’  - d  u n c o r -r e  I n u t  i ’d , f r o m  t i n t ’  o t i n t ’ m ’  c l i  ( c c l i ’  n n o d u h c ’  s - I t e f i n  r u g

o n u s  t h e  t - e q n i i n ’ t ’ u h  is o hn n i ion  iii dP  , or i i ’  f i n d s  t~ n n i t n

N )  10~~~~ 
10) > ( N - i )  1’ D io~ 

(~~~ . /  10)

CS t i m e  i c c t ] ’ ( t I i O I n  t c c r  l o ’ ki n g  CU t h e -  c o n t o u r n ] \ c ud e ’  - to f t c ’  )c t ’ c ’S i ’t ] ’  ¶ r a n s m eM i ’r

ri t ’ .~~giu , P 3 \\ , N 4 , e — 1 . 2 , l t D 1-i . 7 W , and t h n c ’  n~n i n im u m  isolat ion

r s  18. f t  d i - . In p r a c l i i ’ e , an i s o l a t i o n  s c n l u s t n u n t i a l l v  r u l c o v c ’  20 dH wou ld he

d c ’ s i r n e i c l i ’ . I b i s  soLd ion shou ld  i i ’  m a i n t a i n e d  over  n e t  least  a 20 p m ’ r c e m i t

b a n i c l w i d t h , l i n e  t n o r u n r n c l  m i m i c ’  for  w h i c h  l i n e  d iod i ’s  c ’ n c n i  p r o c lu e’ i ’  s u b st a n t i a l

p c t ’~!,’ i ’ i ’  o u t p u t

3 . 2.  2. 3 ( - 
i r eu i t  c l i ’  sign s for  t I i i ’  I nMmnsrn itter output

st  n e p c ’

3 . 2 . 2 . 3 . 1  I ) i m ’l u’ c-I ri caIl \’ loaded c - a c - i t y

I ) u r i n c g  t i n c ’  p r e v i o u s  p r ’ o g r n m n n i  , s ix  h i g h — p o w e r  ( a As  IM PA l ’ I ’ d iodes

we ‘ u - c -  so c - c  e ss f ul l y ( ‘ or n b in e ’d  in a r e s c d m n n c m n  t c a y  i t y  cm m - e ’u i t  - When opera ted

as a t’ nes- - r u n n i n g  osc i l l a to r , t h e  i ’ i r - c U i t  produced  62 — \ \ ‘  ( ‘W output  at

120 ( ; I l z  w i t h  20 . !~ p i ’nO ’e f l t  l)( ’ — t c u — h ~~l’ n ’onv e r si c dnn efficiency. I t  w a s

s n m - m - c ’ s s f m n h l y  o p e n ’ m m t e ’ d  ms r i m  i n n  m e t  m o r n — l o c ked o s c m l l i i t o n ’  w i t h  n e a r l y  23 dH

of ’ l o c k i n i g  g a i n .
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D u r i n g  the tin ’nc’ period covered by this r- m ’port , diode- s  f rom lot s 907 ,
h o  f i  , and I) 1 0 w e ’ r e ”  succ’e ’  s s fu  ll~ opc ’ n - r u t  e d  as s i n g le — d i o d e ’  usc i l la tor s  in t h e

(l id u n iv  i t  v. i h  cm i i’ outputs were t yp ic’ ~c 1 lv  wi t  hin 0. ~‘ m c i  U ( i f  t he powers  m r n e ’ a —

ru n - i ’d  in  our  s t a m i d a n - d  t o p — h a t ’ ’ t e s t  o sc i l l a to r .  ‘I b i s  d e m o n s t r a t e d  tha t

iniip i ’d nu’m c - i ’ condition s SU~~i able for ’ the  new 4 -
- I 0 — m i l — d i a m o t t ’ r  mesa d iodes

could i i i ’  p r o v i d e d  in t h e  c a v i t y  c i r c u i t .

‘ I ’he  p r e c i o u s  c a v i t y c i r c -u i t  was toe) large and h e a vy  t n u  use in t he

pr’esent  t n - a r m  sm i  I t  c m - . ( )n e way to n - e d u c e  the  siz e  of t he  c i r - cu i t  w h i l e  r e t a i n  —

ing i t s  h i g h  e f f i c i e n Cy  arn d s ing l e — m o d e c h a r a c te r i s t i c ’ s  i s  to f i l l  t i n t ’  e n u v i t y

wi th  d i e l e c t m ’ i c  m a t e r i a l .  \\ ‘hen m a t e r i a l  of d i e l e c t r i c  c on s t  a n t  K -( i,s

use d , t he  c um p l e t m ’  ( ‘  av i  I y  c i r c u i t  c-an be r ’educed to  a cy l in d i ’  i c - a l  v o l u m

7 inc - in - s in d i a m c ’  t i c  and 3 inches long. ‘[hi’ dielec t r ic - nm liv loadc- d c a v i t v

is ‘ m m  s one f o r m  in wh ic -h  th( ’ new trai l  sm i t t e r  ou tput  s t r i p e  cou l d  be ’  n ’ea l ized

i” igu re  3-10  is a schematic representation of the t r ansmi t t e r out-

put stage using the loaded cavity.  Four high-power  CaA s Read I M P A ’ [T

diod e - s  ar - c ’  c - u i r n p ied to a common ‘1M 010 — mode c a v i ty  E x c i ’p t  for a small

i m c c l e ’  on n i x  is and the  c u t o u t s  r equ i red  to  pass the  c o a x i a l  l i n e s , t h c ’  c ’ n u v i t  v

is P h e ’ d  w i t h  d j e ’ l e u - t  n c  . S ’ [\ ’ ( ‘AST 36 l)A , m a n u f a c t u r e d  by Frtni ’rson and

u m i n  g , In c.  , appears  t o  he ’ i i  s u i t a b l e  d i e l e c t r i c . ‘[his ma t  c ‘ r i a l  i n cs nu

( i i i  - h ’ ( -  t n i c ’  c - u r n  s t n c n n t  of 3. 7 and a loss t angen t  of 0. 0007. The ( ‘ i i V  i t v  f t ’ e ‘ ‘ luen ( ’  V

is coot  r o l led  bc t h e  d i e ’  l e c t r i c  rod t u n e r  , and output.  c’oup i i t n  p is ad j u s t  e ’ u h  by

r n o v i m n g  t i n t ’  c o a x ia l  probe axiall y. Coup l ing of t he  d iode ’s  t ( i  t i n e -  e ’ a v i t v  ~5

:c cl j u s t r ’d  l i v  c hang ing  the  slug t r a n s f o r m ers  and by  moc’ in p the  d i o c h t - -c ax ial1~’ .
‘I ’ h e ’  r e ’ c l u i  r i d  I ) (  - bias is supp lic ’d  t o  t i n e ”  i n d i v i d u a l  d iodes a l on  L’ t he  coax ia l

c ’ r ’ m n t e ’ r  c ’ o n d u e t c , n - s  whi -h pass th rough  lossy t er m i n a t i o n s in t i n e  top  of thc ’
( ‘ i l V i  I v  st n ’un ’ti ir - . ( ooling of t h e  c a v i ty  can be p r o v i d e d  , t ’  i t h e r  by  i n c l u d i ng

ti n  appropr  j i te’ w n i t  or j a cke t  or- by  m o u n t i n g  the  c a v i t y  ag a i n s t  ni c - o ld  p l a t e .

1 b c e ’  operatin g princi p les ‘ i m -  the resonant cav i t ~- p c ccve r  c o m b i n e r

n i n e -  flOW f a i r  Iv well unders tood and have been m i r ’ s c ’  r ihed r ’l sewhere .  I he
( h i e f  di  f f m ’ r e n m ’ r -  w hich  wi l l  o ( - ( - m m r  w i t h  the d ie lec t r ic  — f i l l e d  c a v i ty  is a r m - —

d uc tio n in un l o a ( I ( - ( l  Q from ~000 I 0 1 400 bee ausr ’  ut  t he  l e c s s m ’ s  in the
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F igure 3-10 Schematic Representat ion of the Power
Output Stage Usin g a l ) i e l e c t r i c a ily - l  oaded
Cavity -T ype Power Combiner .
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I ’  r n r u t , - n ’ i n u l .  ‘[hi s w i l l  i - c -  - n i t  i n n  - n~~ t r - w i  l i ’ w c - r  c - j r  n i t  c ’ t ’ t j c  i t - t i n - v  n d

l e s s  t r i - c ’ l h c c r n  i n n  t i n t ’  c ’ i t o i c m ’  u P  c ’n c c’i t \ — c - u i n i p l i r i p  n m c h l n i s t r r . - t n t S .  h f u c w t ’ c e - r , t h e ’

j i m - c - v j o ins  ci i’cul j t up .  ‘r c t ’  I cm i l l - , , ’] I c c n u  d i  ‘ c i  Q of 100 , l e ’ ~~s t l n r n  n 1( 1 [0 -  n - u - c - l i ’ Of

r , ’ - i n - c ’ i i  u u l c i i ’ -  u~~, s i c  le ss t i n c c n  10 i c c ’ n ’ c . i c t  i t ’ t b ’  n c v : m j l i i i l e -  ‘~~~~ ‘ r s I c u ’ n l c l  i i ’

c c u n s u t n n e c j  ~m c - i i - h e - c t r i c  i0 ,-,n - ~ c ’ S .  Thi s ~~i i i ’ f - i  s U c h  p e r m it a cu - c u t  c - I t  i c l i ’ t n i  V

c i t  c t  I n s t  ~~~~ l i e n - i - c  n t , s i m m -  t i n e -  f u l l - s i -it . ’ u m n u i i l , ’ c I  c n i v j l v  il ’J a ( ‘ i n c  n d  i - I f j c j ’ t n i  v

c c l  ‘ c9 p c ’ t ’ c e t i t

l i t ’ ’  c ’ti\’i t y (‘ii -(’ U it e a r n  ru c - c - ’ ’ lni- mnc’e d s of h i s  i c t ’ o p t a c m n c  and m r s  n i h igh

j n ’ c c i ’ n m b i l i t v  i f  n c n i ’ u , c l  sui t - a s  l i n a c - c l  on u c n n r  p r e v i c c u n s  - ‘- p e ’ r i t - n n i - c .  ! l c c ’ ,’,’ i ’ c ’ i ’ r - ,

u m n v u i i c ’ i - s  c u i i i p l i c : c t -d n n a c h i t i i n n , n  an d  ‘,v i l l  p r - e c l n n c l 1 - . bc m t n u c r ’ e  c ’ ’ , t ) t - ’ c S c’ c -  in

n r ’ c d u n i ’ n , c  t } n ; u t n ‘ i n ’ ’  mi n - u s t r i p c ’ i r - i ’ u j l s  t i n  be u i e - s i ’ n ’ j h i - c i  in P - c  f o l h c i ’,~~n n p

S c - c  ~~ i ’ I c .  I c u r  ¶ l , i , s n - c -  sum , i t  i s  u - o n s i c l i ’ r m ’ d  a l c n m c ’ k — u p  c l i ’ s t i t r n  t o  i t ’  pen -~~ t i ’ d

u n i v  if ‘ l i t ’  flfl( ’ m - o s t r j ~ i ( - i r c ’ U l t d e ’c ’ c - I c c ~ c n n n - t u t  i ’ f l ( ’ o t n r i ’ ’ ’r s  ~~ ‘ - ‘ ‘ ‘ ‘ i ’  ( i [ ’ I j c ’ u  I j i ’ ~~~.

3 - 2 . 2 . 3 . 2  N o n n ’ , s o m m n c r n l 1 c c c ’, . ’ , ’ t ’  i c , t r n i u n u c - r s

3 . 2 . 2 - 3 . 2 . 1  m i n i - n i ’  ‘ . ç ’ ’ -~

\ c i t m n e ’ s o t u a f l t i i ~~w~ ’~ ’ u ’ c o u i l ’ e n i ’ ’ r s  c a n  ‘ nc k i -  O n e  cc ~ ~~c - ’ , c - t ’ u l  f o n ’ n n i s .  i r , ’ ~~c ’

f o r m s  c l i  r n s u n u h l v  h0  d i c i t h - d  u n t o  t w o  i c r o r i d  e ’ l n , 5 s i ’~~, [ mm t 1 - e  P r s ’ , t I n ’ ’  ( h \ ’ ’ -

Si ’ .ti c i t  }fl’ ‘ ‘ “ , U . ’ l m r c u n  t i n e  (i nmt p ut por ’ c c  k to  ‘ i c e  d i o d e -  nI  - m l u l , ,s , i s n i i c o n n —

p h - r u t - P  i c y  (“ r i S c  ;m d in ~ d i v n u h i - r s , c - r i c h u t  ‘. ‘:b i c ’ i n  h n u s  a r- - l n c r i ’ : i ’ l v  s m c i i l l  n u m b . - ”

of por - ’s. In t i n e ’  s i ’  ond c 1as~~, ¶ hr ’  d i c ’ n s n i c n n  is ne c um p I i — ~l i c ’ d  j ’ c  nc single

m l l c i l t i i , c c r t p c i w e r ’  d i v i c i c ’r /  i ’ c c n n u h c j m m e - r .  l ’ l i t ’ ~~ e ’  c l a s s e s a r c -  l l ’ n s r ’ i t . ’ c i  t n t

[“ in ’ . 3 — i  I .

I li e’ e t c  sc - n m ’ ]  - of 3 — d l  Ii vb t i  ci s a I i t e m ’ s t h e  0 (cmi , i ’ m n c ¶ t O O  01 2 c iou hu ’~~,

‘_c’ l n e ’ r ’ c -  N i s  t i l t ’  n u n n b e ’ n ’  of levels  in t h e  c n i s c - n m u l i - . ~~i n ’ i - u i t t  l c s ~~e ’~ ‘ c l i i ] ‘ 0

ac’ c u r n u u l : m t r  m t i p i c i ! v  as t i n e ’  t] U r ]]t ) ( ’r  of l e v e l s  is i n c r ’ i - m s c - u I .  [iii’ i c r n n c t i c a l

l n r t c i t  t i n -  t m c j s  t v ç l i -  c i t  c i m i - u t f  is r c ’ n m c i i c ’ c l  w h i ’ n  8 or p e ’t ’ u c l c S  l b  (h O d i ’ .S u i ’

-om b t n ” d .  h n i t i t i l l v , c ’ n u s c ’,icie”s of 3 — d U  hv in’icl s  ‘m e r e  h o t  eo tn-~i c l t ’ n - i ’ c i i c r ’  usc -

in t i r e  t r c m n - - n r t n i t t e ’ r ’  u m l t 1 c c n t s t a p m ’  be cau s e ’  a l i c e - d i o d e  S t n m i ’ i ’  “, ‘t - m~~ p l i t n n i ’ d .
c~~I f l C C ,  th i ’  p re s e n t  dc-s ign  n r u r l u d e s  a f o c m r — d i o d ’ ’  out  1 i c i t s t a r ’ , ’ , e ‘ ‘ m c i - l i - ’, ci

a so a dc of low — h i ss  hvb  r i d s  would  is- t i c - c-p t te b t m ’  I t  n m ~ c 1 i t  ni  rs ¶ 0 I c t  ~~~~ hle
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I n i n e ’  ‘t t i n , ’  0. 8 - c i t  , ‘ ‘-n c , - H ii c5  s l i n t  n i t  n u l l  i c~ y i  H f c c  t~ t i n e  pi c t ,k’i~ r (‘(mm cii it n ’ ’ r w ~i .  ‘in

a ci r cu i t  , ‘f t ’ j i ’j , - r t c ’v cuf 70 p i - rc ’ent is r c ” q u i r c ’ I

~ t - c ’ i - n ’ n c ]  s i n n g i  e - l , ’ c ’  ci n c c m i n - i ’ S d ) r l n i n i t c d c ’ ,~, ’ c ’ r _ i ’ O m f l i ) i n i r l Ld c ( n - c ’ u j t s  h n i c ’ e ic c - i - mn

- o n n s i c ] c ’ r , ’ , i  f or  n n s ’ -  in  P c i ’  t r a n l s n h i t t i ’ n  (d u t i p t i t  s t n m g t ’ . I ’ h i - s i -  r m c r l u d e  ‘ ] n i -  i ’ n c c i n r c l

l i n e ’ , on’  ‘ t - i s i m i g  sun , - c ’o n n n i i t n e - n r  t b ’  ‘A ’ i l k i r i s o u n  c oup l e r , and  :u m o c l m f n t ’ ’ I

‘ , \ j I k j m r . ~ c ’ r n  i - o n n p l i ’r  desc r i b ed  iv ( v , s i ’ l .  l i i i ’  r - a d i a l - l n n e  c u t - c - u ~ t t , sho’-’- ’ m n  in

l i p . 3 — 1 2 , c ’;ncs t I n e  o n i t e u u i t  st an ’e eo t r hn ,n e r  c r i i ’inal lv  n c r n n i - i s c ’ d . It has

‘ m u ’  n i d v a n t a c , ’  c i f  r’ t - l n i t i c ’ e ’J c’ s i n n i d l m ’  t ’ n c b r ’ m c n i t j o n  w i t h  t u e  n n n n h u ’ r ’  u c t ’ d i o d e  por t -i

n ot  n a - S t  ic ’ - d ~~ 
‘~~~~~ I l c c ,v i ’ c ’ i ’ m , f t c - r i ’  r i m e  a n u m be r  H d i s n u c l v a n t n u n c - s  i~~ t i - n ’ -

c i r c u i t  - E m is d i f f i c u l t  n u c ’ i i i e ’ v e  aP e  j u n r ~ ’ u -  i s c c l r i t w n  l c i ” ’,m’ i ’ u ’ m n  u t . ’  d i o d e  p o n t s n

‘~~r e  t ’ a d i i n s  i f  Pc i ’ cjrcujt is Purge’ t~~ Ic  ‘-.‘,‘n c’ ~’elcnp t}cs): t i n e  l i n e  ~ c ’ , ’ t r n ’  ‘ n t S  i i c ’ c ’  O tne

n l m l i ’ e \‘,‘ I d ] ( ’ , ir’ - u ’ i n u ~~ t o  n n o d t n ~ p r o i c l e n i n .s , cm’ i uo n  s c n n n c l l  , I n t n i i c f - ’ ’~ of c t i c ” h ’ ~~ ; c t ,

i i i i n i i i n -d n  and t i n ’  c i - ’ . c ’ r — d i s s i p n c n i ; n p  e - a p a b i h i t ’~’ of f t c ’  ‘ i n n ’ n — f n l t r  “i ’ SISli’:e

m n i n i ’ i - n ’ i a l , ‘ m i n i  I n  r u ~ u s ’ n u i c s o r b  f te  I c o ’ , m’e ’ r ’  u n b , u l n n r n c  c -  amon~~ diode t r ~ ,. i c d e , s  n s

Ii  01 i t  eu -

‘[he ‘
~\ i l k i n s o m i  and (~~‘,‘~~ c ’ l  c i t - c u b s  ar c ’  pot - m i t  n a l i c -  t i OI~(’ c c c n m m c  u t  t l r n , n n

f tc- r u c l i n c l — l i m n c  c i t ” - u n u t  , s m n c ’ t ’  I h t ’ v  i r e  u ’ o u ’ n I lo S c ’uI ol ~u n n u ’ t i ’ r — ’,v t & v i  1. r t ~~’ i n  l i t ’

s m ’ g u u n i ’ t c t s .  [he arrange tr u i ’ I ’ ot i a ch c i r c u i t  t c i t ’  ‘ l i e  ‘n ur - i e of t m - c  o u ’ p m r t  pc~i r - ’ s

in ,shc, ’~’,n  in I ” i p  . 3 — 1  3. a t I n  can give adequate  perfo r ’ i ’ an c e  i n n  t e r n  5 if

loss and c 1 : c t n o n .  Ilo’ ,’,’ e ’ v i ’ n - , I n c t v ~~c ’l cir c u i t  c t ’ i ’ n n~ ( i n n , ’  p n c r ’ n m b , i r ’  n ed -

-
‘ 

‘ cr n ’api ‘,‘ :iu ’r e  h i p i i — 1 n c i - .m ’ c ’ r c i i u u i i t ’ s  r u n - i ’  ‘ c c  h i ’  c o m i n l i n t r e c i , I i n .  t i ’ r n f l i r l , m i i n i g

r e s i s to r s  ~~~ , w h i c h  m u s t  ( l j s s n i l , i ’ c any  l u ( i ’,m’ r u n b n i l n c n n c e i e ’ c’.’ c - i - n  Pu ’-

c I u c ’~c ’ s , n i i ’ i -  c - o n n n ( ’ m  o r ]  f r ’ o n n n  l i r i i -  I n  L i n - o u n d .  Th - ’~’ c a I n  h e ’  i n i g l n - p c i ” ’ i ’r  l o n i c l s

p i n c e c  c i r u t  t i n t -  i ’ m n d  n t  r ’ n i m n s n n n n s s n u r l  l i n e  5c~~n l t u i c ~ m i t S i t  c - ~~n n c r n m u ’ t c ’ r - i H t i c ’ i m p e i l n i n n c ’ o

i b m i s r e m t n c c v n n L ’  P i e - n i  f r om  t i n ’ ’  c ’ t ’ m l t c ’ r  of t b -  c i r - c u n m t  ,~~~~j n c c ’  ~~~\~‘~‘r Un—

h a l n n t n i  c - -~ Ot  s c - , c - I n n ]  w atts can c , m - i - u i r  i n t i n  e ’ ’ ’i’ tn t  H a diode t n i i i u n - e , h igh

I c e ,’, er  l o n i c i s n c n ’ i ’  m’ - - ] t n i r ’ i ’ u ]  i n  ‘ m i ’  p m - i ’ s i - m n t  app l i c a t i on In t i n e ’  \\ ‘ n l k i n s o n

c i r c u i t , l i i i  t c - r m t c j m i n c f i c , m n  i s  coni ne ct eci fn ccr n l i n e  t i c  l i n e .  Sma l l  c h i p  t - e” ,si , t O r’s

t i c ’ , ’  c(  i m n n n c i m u l v  i n s i - c I  l i i i  t h i s  
~~~~~~~~ 

in micn ’ccs t r i l i  cir - c ’ ui t s .  [h i - se  r - i ’ s i s l o r s

1 m e v . ’  I i m c n i t c ’ d  “ c - n  - d i s s i p a t i m n p  c n c p n i h i h i t v  m c i  w o u l d  b ’’ u n s u i t a b l e  for  th e

p r e sen t app l i c n m t i . c m n .  :\ c t n m n c l  e i t ’ c ’ u m j t s  of t i m e  \ \ ‘ i l k i n s o n  r i n d (k- s d  ty p e s  art ’

shown in l ip s .  3 — 1 - i  r u n m n i  3- 15  t u u  denconstra te  this d ifference in tine term ina—

t i o m e s
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To diode modutesSubstrate

Lossy fi ’m

Common port
(coax output through
ground plane )

igure  3 — 1 2  \ l i c m’ u c s t r i i n ~\ — Wte y  l ’ u c w e r  1) j m ’j d , - r -  o f t i n , ’
“ R ad ia l  Lin e ” Type .
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i i r u r i ’  3 — 1 5  ‘ [wu ,  - I ’ c , m ’ t i v—n t - i  i l y i c r i d  [ e - n u l n ’ ’ - ci  inn l ’Dc l —
I , m m n e  ( i mn f j n ~ c m  rn t i n  U . ‘i ’ m ’ i n  i n i n n  I ‘ ‘ ‘ m i s  ,u re ”
h i d  1(111 t ’ ‘c i  t • x t e ” rr  c a I to t i n . ’ c - I re’ in i t , :i oP ~ a u he
ii igin - p0v’ i • r  ( ) -S 1, 1 l u r i d  s

1 1



3 - 2 . 2 . 3 - ~~ - 2  I ’ t’ n e t i ~~r ’ n j s s  . ‘ u n ”  ‘ ‘ - - n e’ s

‘[;~~, ‘ ,o m n n a - s c i ’ i n c m i t  ] c c i ’ m ’ i r — c - i n ] - n t n i n g  ( i n - i - u n i t s  c- an I - , - - r p n m t i i ” ~ in  c ’ V  O t t o

u , ’ , s e ” ’ , ’ m t i l  c ) n f f i ’ t ’ i ’ n ~ 
¶ r a t n s m i s s t u ’ h n  l i i i , ’  m c ’ d m ~ c .  T] ioa e ’ c , t r s r c i c  m - -d f i t ’  u~~i ’ 

i s e n t ’ p m ’ ~ u p r n i n u n  u n c l u . l ’ -  u t ’ d n t n i r v  r’m i i c ’ r o s t t ’ i p  I n ,  r- , su n — c t a ’ n d ’ ’ i  i u ’ n ’ - t  cs r i~

l u n ’  , n - , , I , c m i . ’ e - d  s t n ’ i p l n t t - , n o r ]  ‘ r . ] c p i ’ d i  m v  .‘ rto c i r n i c r  st 
~

‘j 1 ,  (‘[ I \ l ) l i n t  - I - n c r ’ I n
h So M e 1 c n O ’ t i i  t r i n u , ’ a d c ’ n u t n ’ n i L ’ e s  a r id  r l i s t c r i c - n n t r t n c p t - s .

, l t n c  ‘ n i l i c u n t i l  n n n i i ’ r us ’ r i j c  is  t i n e  n i n u i s t  e i u r n i m t n u m n l \ ’  used of t i e  t r n i n l r - t -  i5

sj ’ c r n  u r n ’ ’  t v l c , - s .  T h e m ’ ’ i s  n u ~~t ’ ’ c !  ‘ I c ’ a l  of e x pe r i e n c e  i m ,  i t s  m i s t - , and t n c H m - ~ cr -

t O ni c i i c t ~~ c r c  - r e l n c t i v c - l v  I. ’~ . ‘[‘he ’ c i r c u i t  in  r i c c e s s i i i i ,  h i m  n i P  i S  I t .  en ’ n O t ’

f n n b r - i c ; c t l u c m i .  \ I i cr o s t r i p  i n c _ s  n u n u t n , i u e ’ r  H d j S n n i l v n c n t n u [ t i ’ -c 1055 ’’ - ‘ c m ’ ’ -  t i .~ hi~~h i ’ st

of any of  t h e  t v ; i e r - -  of E r R ’ ;  f r ’ i m n , . - i t n r :  t i e l d s  a r -  t i j m 1 ’ ~ str ong , 0 L ’~~n i  a

I t - v - I  of j s c i l , n t o c t m  n i j f f i c - n t l ’  to  r c ] - t  i n n , n f l ’ !  t . - c h n i q u i - s  n o r m - l l \ ’  i~~~- - i ‘ - - ‘n r I u n ~
- ‘ , c, en ra - ui t  are rn ’ ( cn l \ ’  enien

‘— u s p t ’ m u c i c  d mni c ros ’ r - i p cab i n’s  i i  r ’nm’ c ’ r ’  h e s _ s e ’ ’ a’ ’  u rn ( ( i r n i ’ e - r t ’ n u f l a l  m i n i  1’O

s t r i p ,  ~nd P n i -  a i r  g r i p  i u e ’ t ’ _m ’ e ’ e ’ n n  t b .  c i r c u i t  and th ~ - g r - c eu n d  t ’~ c l i ’ -  p

c , m i v e ’ n j c - f l t  u n r n u n l n , e ’ m t t i i ’ r  w i t h  d i e l , - e t m ’ i c  slup s  or ‘ r i t t i n n  ,sc c’ , - ” ,’ -, : f l ~~’ t  ed
t n t ’ OU [ t i  f t c -  pt ’ em u n ’i d p l a n e .  I - n c i i m ’ i c a t n r c n  CoS ’ S n u t ’ . -  s m m n n i l - c r  n o  t l t ’ ,-. ’ -  of u - d u n —

-
- ‘ - !l ’ j d c t I , i l  m m m i i ’  t ’ O s t  n’ ~~~ l O t  t ’ n m n L ’ m t l g f i e l d s  n c r - i ’  p r - n O r , r m n a k n n p  g u nu d i m a n i a  ion

n m i c r  - i - di I I n c  - n i l ’  ¶ 0  ( c h i t  n c i i i .

h a l a n c e -d  st r i p l i u n i ’  w i t h  i n n ’  ( I i e h - c t t - j c -  o f f - n ’ s  t i n ’ ’  1c m - i ’ s’ l i sa m c d

l n m ~~i n’ s i si c ln i t i c c m n of n c n i \  of ‘ I n c  t n ’ r i m i s r n m r - ,a n o n  I n t o - s .  F n i l i t ’ m i - a ’ u c a n n  i ’ i c s t S  t i r e

t’i-l rc t u c ’ i ’ l v hi gh ije c- n iu n _ s e t ic’o p n - c inunm d pi n i m ie stru ctun ’i ’ s ne r i ’  r - e c l t m n m ’ . ’d .  I c ’

;ia ’ c -e s S  to ‘ l i i ’  c-in - c- r i m ’  for tu n ing i s difficult (nmic- ’ tim e n u s -ne rr ,bl v i n c _ s  l n e ’ , ’ t T

i t ~ p u I . ’ t e i ] .

i ’ r c ~ip e r I  i nver ted  m t n i c r o s tr ip  ( T I M )  l ine , n - i- c ’ t t i v  H-i c r ib ecl by

I~U fltS ’ t n t n I i , ap p ea rs t - c c , f f c ’ r  a num iii ie ’r of ad\-anitaL’c’,s f I t’ t i n ’ ’  im a ’aenit c n - ( u -

n ra , . i i p u r e ~ 3 — I  h shows t I m e ‘I IM lin e stru cture . Th is is bas ica l ly  a t r o m n p h c

l ine w i t n u  a u i i e , i e c t r i c  c c v e t - l ; i y .  (‘ u u i ’ upa r ed  wi t in  e u m n \  e m i t i c t u n u l  n l’n i c t ’ i st n ’ n ] - , n I l —

electric lo sses  are m a - d u i c - e d  because most  of the  w a v e  energy pro~irm n ,p n t es
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in t i t e ’  n i n r  g r i p .  ( u c n i c l n i  t o r  h i _ s - n m - s  n i l _ c ’  r m ’ d n r c - e c I  hN i n n s , ’  h o c ’  “-‘ i d l i n s  a r e  L~n ’ e n u t c - r

n u ’ n m g i v e  ‘ I n  i n i n p i  - d a n t e .  - l e v i  - I , t h i n s  r edu c  in  p i - u t ’ u - i - m i t  c i t - m i s  i m - ‘ - [ -i cc i  n i l  j I cu n is i n u n  —

n r c  i c c - r i  i c c  - r o u s e  f t - i n n ’ n t n p  t n - i d _ s  ‘ end t i c  Ic~ cc ‘ mu f i n  i ’d cm’ n t i n n  c c  d c c ’  d i i ’  1 , - c  I m i t  - c v e - r -  —

l av , n , -  n u n ’  t i -  c ’ i ’ c m u n c  - I .  ‘[ m i n i n g  i cmi he n m i - u - om - n i p l i she ’d  m v  in i sen’ ’ inLc t r i m m I n g  _ s u ’ n ’ c ’ -v

m b  t i n , ’  c l n n n n n m n t ’ I  r i n c n . u m n i i  n i n e  g round p l n c m n t ’  or’ by  s l i d i n g  r l n , - h ’ e t  ‘k- s h m ~’s tcio np

i l l _ s i c ] , ’  ¶ h i c  ch nm m n ne ’l . i’ ab r-ii -net ion c u _ s n _ s  a r t ’  h i n , P n r - r  t u r i n t h i n _ s i ’  for  c o n v e n t i o n a l

m i c r ’ u s t r i t c . l i n e -  s n i i i s t r ’ n c t t ’  p m - n c c ’ s a i r n p n _ s  s i n t n i i n m r ’  , but  d i i -  groun d p lan e is
m o o n - c ’ d i l t ’ n c n n h  ‘ c i  p r oc luc ’ c-  b e ’ c : n m n s e -  t l m c ’  c - i n a n n c ’ l  m u s t  I i ’  t o m ’ n c c e ’ d  u n der  t i n , ’

ci ri  - u i l

R i - — i L n l t s  r - e p o r t e d  by  I~ u r ’ m t s c ’h u h  r — i i n c c w  e ’ t t e ’ c t i v e ’  c l i t - l e c - t r i c ’  i - ( i n l s t a n m s  of
rml cou t 3 — :3. 5 fo r ’  TIM l i n e s  usi m n g alumina substr -n cm es , which confirms that

muc h of thu w uvi’ ener~~\’ propaga t c’s in ti - me’ channe’l . I oss per wavelength is

about 0. 05 clI3 , approxima t e l y  hO t o  70 p er c e n t  of that present in conventional

mi (’rcist rip • \hic’h of this loss is conductor loss. A furth er rc’ciue-tion e’uulci

be a c - h i m - i - e d  i c y  u s i n L d  a ( ‘ r — C u  — ,Au mc ’t a l l i z a t i o n  ins t en( i  cd  t he ’  s i m p le r - ( ‘ r — ,- \u

5 V _ s t  d ’ f l h  u s e d in I t u n t s c ’h u h  ‘ s t i ’ s t  s.

3. 2.  2.  3. 2 -  3 l d ’ ( m p n - ( - s s  in non m - i ’ s c c n r m m i t

pow er — c ’ ornbin  or ( 1 4  ‘\ ‘ t ‘ioprnen I

I l i t ’  n o n r e s c c n n m n t  p ocm ’m-r  c o m h i n e n -  has h e- c-n pu i ’ _ s u n ’ ’ c I  r u _ s  ‘ I i ’ -  p r i f l i i i r ’ c’

c i r c u i t  for - us ’’  in t he  t r a n s m i t t e r  c c n m t p u t  s t a g m ’ . ‘t he c i i , ’ l e c ’ t r i c ’ a i l v  b a d e - c l
( - n c v i t v  c k - s c r ’ ib c - d  e a r l i e r is n t  present cennsid e’n’e’d an n c l t e - r r n n i l n c  t ’  t o  icc’ u se d

if (Jm ffi c - u l t i e -s nun - c -  c’nm’ountc-red with the non resonan t pc cwer n- c m ’nnl i i ne r.

‘ l i i i ’  f i r _ s t  m a m o r  s teps in I lie -’ non r i  ‘sonanit power m - o n i i h i n i e ’ i -  u i e - c ’ e ’ l op—
n n i - m n t  w e ” m - e ’  t h e  _ s e - I p e t j c ) n  of the  ( ; v _ s i ’ l t c ’ p e ’  c i r c u i t  m i s t  < l , ’_ s i ’ i ’ t h p d , cu d  t i n t ’

se 1.- c t  ion of I I M —line ’  as the -  t t - ansn -t i  ssion l ine  r n t e c l i u m t  n f c c t ’  i n _ s e ’  in n t h i s
- i r c ’u i t  - ‘ [h e ’  opt ion of us ing  e ’ i t b e - r -  a s ing le  ( k - a o l  < ‘ i r e - e m i t  w i t  in f o u r -  diode

pu n - Is cci - a - ni _ s - n e d , -  ot units with two d tod - p o n t _ s  n -ern nuine d ret ‘ In . ’ end of t i n e
i’m ‘ po r t i n g  p m - i - i  oP -

‘I i ce’ t w o — p o r t  m u d  f o u r — p o r t  (k ’s , ’l  m ’ I r - n ’ U i t _ s  w e ’ r e ’  e \ t , ’ m n _ s i c  ‘ ‘lv
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a n n i l c - ,’ .‘d - I - ’ i  n~u r e 3 — 1  7 _ s i n r n w s  t i ne  c i r c u i t  r u n  oPel used in tin  is ana ly s i s .

A l l  ‘ i n ’ ’  t r , n m i s m n n i s s i o n  l i n c -  s , - n ’ m m n c ’ m n t _ s  ~~~ ~~~~ 7 ,~~, 1,~ r e r t ’  -
~ l ong.  I - or eon —

ca -mi i m ’nm c c  - , l b ’  in p u t  - t i n c  - oc i l  p u n t  , r u n t  d t i m e  I ‘ ‘i - nil in r i t i o n  i r n p c d a n i  c r c  h n o  be en

5,’’ i ‘ p i i ; u  1 t c i  , f o n t  i n n  n i l  Iv  i t )  c iii  n u t  n -n - \ \ ‘i  di t h i s  c- i n o k ’ e -  ot ’ I rn pr ’danc ’c’  s , I l - m e
i n t u i t  r i n d  o u t p u t  p o n - t  _s w i l l  I t , -  r u n n u n  e I c m ’ d  i f  

~
‘ 2 

>~ \r\ and / - for-

n i r b i t  r - r i m v  
~~l n m m u e i  / . ‘l ’hc ’ c’ho ic’ ’’ of t h e ’  i n m i p i - d a n c c ’ _s w i t h i n  f l u - s i ’  c o n s t r n u i n t — i

cm~r l l  n m f t ’ c t  t h e  f m ’ , - c i u n c ’ n c y  u I c - p ~ - t n d u ’ m i c - e ’ of f b i ’  c i r c u it . I n n  t h e  an a ly s i s , u r - a n s _

n u i s s I c . n n  b r i e  l c c s s , - _ s  c’, - e ’ n - e  n i ’ g l i ’ i - t c ’ d , b u t  l o s -n e ’s  c ’ n c t i s e c i  l i v  m m ; u s m n i ’ i - h ’-a  C u d ]

i c ’  dis _ sn j c - u - ion in t u e  i n t e n - n a l  t e n - n n i n n i t i c c m u _ s  c - - i ’ m - c ’ I n c l u d e d .

“ i mi r e s  3 — i l l  and 3~~I u u  sIii n ir n n nrjZe t i n e  c omp u t e d  p e r f r n r ’ i  a nce

I cir n u t w o — p o t - I  5 — G H , ’ C~ ’ _ s c - l  e i n e u i t ‘, v t t h  t i n e ’  m i i i p e d r i t r i ’ i ’ s  7 [ /‘~~ =

n n m u u l  7 ,, 7 0 , 7  br . I m n  an I l l  p en - c ‘ t t t  i c r c t u c i ’ ,m ’ j d t h  c - e r t c ’ n - i ’ i’ on S ( I i z , m a x i m i - n u m

m n p u  \‘~~\ \ ‘I1  is 1 . 2 , n n i n i x i f i i u n i  ( m i t  p i n t  \‘~~\ \ ‘t 1  is 1 . 1 , r n n n t - n j n m n ,in i  l o s _ s  is 0 . 2  PH ,
acn e] n h i f l n n m m l n m i t  i s o l n c l k c n n  bc- t im - - c - mn o u t p u t _ s  i s  2 5  dH .

I’ j c ~~~ r e _ s  3 — 2 1 )  t u i r r c u d l c  3 — 2 : 3  S u ’ ’n n n a r i z e  t i ne  c o nnp u t e d  perfc c r t~mance
f cc a f c c u r — p o  rt ‘3 — ( i i  Iz ;y ~~~l circuit. Results f i r three d iffe r -tn t

‘‘r cs.’s a t -  sl nn c\- :’ c : ( 1 )  7~ 73 
- “

-1 
c O bt , “2 

- 100 _ . ( 2 )  /_~~ 2 . u b ’ ,

t ,, 7~ ~O b t ;  amid  (~U i~ /. ,, c O b t , 
~‘2 I0 0~~~ /~4 2 5 t 2 .

t h e  c - - s t  c c u ’ r n i i l  p c ’ r c i t ’ n n n n u t t  c t - - r e _ s  f ou n d  in t h c ’  f i r s t  c r u s i ’ . l i n t - r i ’ , fo r  a

2-3 m u - u ’  ‘ ‘ m i t  b n m m n c b m ’ i c l t  In c - i-ni t , - m ’ c - d  on u ( I i i . ,  m t c n c x  i m u m  i n p u t  \‘ ‘—k \ ’i  c- n c _ s  1 . 2 ,
m n  n i  - i m u  i n n  u c n i t p i n  I \~ ~ W I  cm - r u _ s  I - I , nit i _ s  I i n t u  m icc _ s _ s cm us 0 . 2 ci 1 1 • amid  nun i m u m

is c ci r n t  ion it t  ‘ i i  - c - n i  o m i m i c u n l  p or t  n-i ’,’, ’ r n _ s  W dH - ( ‘ n c _ s i ’  (3 I u t f , ’ m ’ c ’d Iocm - c ’r  lo ss  r ind

a l o t t e  -r in 1 i ~~i t  m t c  n u n  h , b u t  h a d  pod in - i ’ m —  n _ s (  i l i t  m c  un ar i d  output nit nit c l i .

‘ I ’ i n i ’  m ’ o m p m i t i ’ d  p ’ ’r I ’o r m r c m m c - ’ ‘ n i ’  t he ’  ( k - s e - I  c n n - i - u i m s  exc eed s t h e ’  n - c ’ —

p u i r c ’ m i ’ n i t s  Of 1 d m - i s , in — ~c c I n n t i o n , r i n d  h n i m n d ’ ~m - i d t i n  i m n  t h e  t r n e n m s n i i l t e r  outp u t s t a g . - .
In  F m - n d  i c e , I i  m c d l  n e t  ion s on V SWII  w i l l  p m - o b n i b i v  I c e  c le ’t ’in e c l  l i v  t I n c  - c o ax  t o

l I n \ I — l i m i , -  t m ’ n u n i s j t j o n n s  u a u ’ i I  to i’n n u i u - c ’ o n l n e c ’ t j c c n u s  to t i n ’ ’  e x t e r n a l  n i k ’ r o wa ve
_s V _ s t m ’ r n . I t ’ loss ’ s i n n  t h e ’  t n - n c n i _ s n n c i s s i o n i  l i n t ’  do not  a c i d  to t h e  c c i mp u t e d

loss ’s _ s u n i c s t n m n n t m n e l l v ,  r e e m - i - m i l l c ’ t t m m - i t ’ n n c v  , e i c c i v , ’  70 p e r r e ’n U  si nc on ld Iii’ possible.

u u c i ’ t  n v  ed t i n e ’  p e c w i - r — e o c n t n l c m n e ’ u ’  c ’ i i - -u i t  is i m p o rt ant bo th  to  insure ’
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i c r u l n i n c ’ , ’  l t ’ t W c - ’ ’ t  ‘ i t e  _sii~unr , l s n e t  t h e ’  output p o r t _ s  a n d  to  r e d u c e ’ t i n t ’  p r o h a b i l i t ’,’

C c l  m - x c i t ini ~ n n n c l . ’ s i  r i - c l  m o d e _ s  in t hi’ , - n l n ’ u n i  ‘ t i r e .  On i -  p i -ob l e m  is  d u c t  a s v r n —

n t m i ’ t r i c n i l  e r - r n m f l L ’ , ’ T l l t ’ m u t  of th e - i ’ i m ’ u i l  m uf I i g .  3 - 1 7  ( i . e . , one in w h i c h  t h e

c c i t ) - t n t p o r t _ s  n i ci’ i n n iis t inig uis i n n n iul t t ) cannot be r ea l i 7 -c’d on a 1)1 ne _ s uj r fr e’n e

c - h - c  t h e m - i ’  a r t ’  ni n n i r c -  ‘ I n n n m n  ‘ wo  o u t p u t  ] uu m m ’ ts. I l m c ’ ,’, c ’ c ’ c - n , s v m t i t i n , - l r i e r e l  c i r c u i t

c c p i i l c c n , f i i ’ _ s  rice p o s s ib l i ’  w i t h  n e . n ’ i ’  t h a t i  t ’ ,’,’o o u t p u t  p o n - t s  i f  p c m l ’ ; l n c ’ ’ ] r a l  s u r —

dcci’s c r c - u sc - c l ,  ( t r i o  po s s ib i -  a m - r - r i r n n ’ t - r n . - n t  b r  a f o u r - p o n t  power  i ’ c u m t u i i i l i i ’ r

i s  _ s i t m i c m ’ m c  s c ’ i c n ’ n n n n c t i i ’ n i h l v  i n  i - m g .  3 — 2 1 .  I l e r e ’ , the cir ’cu i’ i _ s spread  on ti -me

s u r f a c e s  of a cube.  :~~y t n  n n e t n  is ‘r i -_ s e r v e  iii t n i t  t n ’  f ’uj  output  p or t s , to

wr ic ’in d i o d e m o d u l e_ s  n r c ’  u - o d c l n e - m t , ’ c l , c , c t i f o t  i n ’  d i _ s i i n p u i i _ s i i c ’ c l  I ’ n - c n t n  c ’ n c m  I n  c c t h i - r

cc t h o u t  n i r t i f i c i - c l l v  m a r k i n g  ‘ l i e  m m d c , ’ . ‘I ’h i ’  sn u c u - t I m e n _ s  c - n u t u n p n i i ’ t  s in c ’c ’  e ach

‘I ’[~~l — l i n ’ ’  se ’~~m n e n c t  i s  O~ c i r c l e t -  \ /  -1 inc  h u n i t f i ,  f I c c ,c’ , ’ v e ’ r , u ’ m n c l i n g  l i n e  ‘FI ~~l — hne

c ’ j m a ’ t n i t n i r  c c t i t n d ]  he i - o n ’ n n m - r s  ot ’ t i n ’ cu l i ’ ’ cm n h  ç n i i ~~e ne d i ’ i ’ n ’  t i l t  f a h n ’ m c n u t u c i n u  prob —

1cm. Ii  m n r u v  p m - m v -  s i n i i p i c r -  I t ’  ur -~e ’  n e  m - n u s ’ ’ n e ’ i t ’  c i t  ‘ \ m O ] u c i r t  ci  ( - t , i i t s  t o  obtain

t i n , -  m i ’ i i u i r e ’ d  fot n r ’ d i u m m i e  p c c n ’ t _ s .  ‘ihe p e’m ’ ’ dm m ’ m n u n e n n c ’ i icf t i n e -  ( c i s c  1 d m - c l  c a r d  U i t S

‘ m i l l  n ot  I - c  as ~‘ond ifl ‘ ‘ - n - m s  of 1 c m _ s _ s  i c r  b n i n i d w i d t i  r i— c ‘ b n e t  ‘ i f  m i n i ’  s i ng l e  f o u r —

pon t c i n ’ c - n u i t  , bin - ni  ci r n ’ u P  e f f j c - i . - u n  ‘; ot 70 p er’ ’ ‘n  ,— i l n i , , m n l d  s t i l l  lie’ p o_ s ,_ s i i i l t ” .

I ] r e  t i  c t ’ ’ : w n l r e  t u c i  t I e  ‘ i ’ i \ l — l t n n i ’  ‘ i i ) f r- e~~c c f l n i n i t  I m c i ’, : i ’r  c - c cn i ni in s_ s t o

i i ’ -  1 ’ ‘ , , I -  ~ 
- , ‘ d J  ~f l c -, i ~~e - ,_s (at  _ s l m  i _ s  - I ’ a _ s t  , u O — c m l i  m c i  l i t , ’ -  si ‘g m - m m i -tn • 5 of v n i l i  o tis

l i ’ r n , ’ ’ t s - ,’ : ’ - n c -  I , ,  i i -  t n c l c r u ’ n i ’ i ’d en d t c ’ s t , - d , both I c , n,’ n u m n i  ,‘x c , ’rl s ’ii c e w u ’I i  ‘,-, ! n e l

-,m’n es  t c i  n i _ s  a n i , - , , ’ t n ’ n c r c _ s n~~i s s m d m r m  l ine  m n n i ’ c l u u n i u  m i d  I c c  m i - ’,u nn So n nn i- i ’ S _ s i t ’  hi ss

n n r i d  i n i p i ’ ’ l n c n m c  e ’  c l n c l n n  \ s m n i p l i -  O.m’n — p o r l  ( ; ~~_ s l  (~j n ’ i ’ t i I  ‘ m c i _ s  t h e - t n  ‘ is ~~ c a i n ’—

_ s I r u c ’ t i ’ c j .  1’ n b c , ’,’, i n C ’ t , - ~-~t _ s  of th is  u n i t  • ‘ I i i ’  p o w i - r  c ’ o n n b t n e - r  d c r  t i m e  ran -i-

I n d I t e r  o m i t p u l  s t r i p . -  wa s  t i c  be f r e l m r ’ m c - a ’ , - d l .  Th i s  co m n l d  he ’  - r d ,  r n i  s n n i ~ 1 . -

f ou r - — p u r l  d r  n i l  ‘ i n’  ne t cm’ i a - i i ’ c ’ ’ - I  i - r e _ s c - n e d ] e  of t w o — p o r - t n ’ t m - c ’ U m t S .

,-\ l m i n e ’  c l ose ’  of t h e -  per iod  c e e c - e - r e - d  h v  l i t  u s  r c ’ p o r I , m ’ c c u n d  p 1 m m .  -s for

l i n e -  ~ ( I - n i r r n  l ’ i ~ .l 1 m m ’ -  l i - s t  s e - n  d u n e s  and f o n ’  t i n e ’  l u n i s i c  t w o — p o n - t  pocm’~-r  c o m b i n e r -

m a d  b e e n  c n n n cp l v t . - ’ l .  ‘ l b . - t i c _ s t  _ s u i u _ s l r n c t e ’.s f o r  t i n e  3 0 — o h m  l i s t  l i n u s had l i c ’ , ’ n

r i-i i ’j v e - d  b u t  w i - r e -  n c  - c  te nt t ’ c c r  p oor -  - i i u u n i l i t v  m i t r e  u n  / n i l i O r - m . 1( e ph ac e n n e n t s

fu r ’  t h e _ s i  had i ce-e n n -i ’ , ’ n v e ’ d  c r u d  cm’e’r - e ’ r e w n i i l i n u p  l i s t , n c t ’t i ’ n ’  w h i c h  cons t ruc t ion

of s u b s t n - n e t . ’ s  t , c n  ‘ i i ’ ’  t W u — I i i i ! ’t p n c cm ’ e - r -  c o n t m h i n e r -  could pro -e ’cd .  The sys tem

shown in I’ ig .  3 - 2 . )  had been deve loped for ri - making transitions iiet cm’een TIIVI -

l ine  and t i m e  S~’II A connec to r s .
53

- - - ~~, a



P B N-  T i ,  ‘, ‘~y

I t - - —— rnput

I I

T IM lines ‘ c
— 

,
I

- “~~~~ ~~~~~~~~~~~~ ‘
-

~~~~~~ 
~~~~~~~~~ Dtode module

-

Ter rntnat ion

i n c u r , -  3 - 2 1  I c ; i - h - c ,~~~ d i r n c  -~ v r  n u , ’t r j c n i l  d \ ’ _ se~l C i r c u i t
t i c i I i n  n u  i ) j c c c  I . ’  I ‘c i  r t  _ s .

h i



SMtm c onnector

Gold r ibbon . , -

T i M s~~~’r 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SMA connecto r

Insu lat ion ( t e f lon )

— - Cen ter conduct o r
i r e  

___

/7 
7I ‘, /~ /// /1

— Ground plone

Vi,,’ c ur a - 3 — 2 5  ‘I ’I\ l  b u rn t ’ t nt ,S \ l A  T ransi t ion . ‘(‘he g ul d r ’ i l i c r m n  is t iner n ’ ’ -

C OO n p r ’ s_ s  1 c m  bonded t i m  t i n e  ‘ I ’  I \ i  — l ine  c i r c uit  n i e t a  11 i z at  ion ,
r i n d  soldered to the y e - m i t e r  condu c tor  of t he  S\ I ~\ ci c t i n n m ’c ’ t c m  r
us i n g a l in t -g a s  gun .

s_ h

/

- - -  - —- - - - -‘ - —‘ - - - -—  - - —  - -—— — a



h 3 l ) inc l c ’  n i o m l t i l c — i

In t b ,  n’ m ’ ,~u m n n n , m n l t 1 u c i \t ’ , ’m ’  c ’ o mh i n , ’n - , t i n e ’  l’\ l l ’ , \ I I  d t c c l i - _ s  n c r - c -  m o u n t i - 1

in ci ’,mr-n jal l i n n c ’  nm _ ssem h li c’ r-n wh i c ’h  a rc ’  an i n - m i t - L i - a l  par t  cii t i c  c r n v i t v  ,~ t r u n i - t n n r i - .

‘ l i n t ’  no mirm- ,-ou unani t ~u~
,cv,-c c- on ihin i ,’n ’ , in c o n t r a s t , n i _ s i - _ s  c l j _ s c r ’ , - f ’ ’  c i _ s c i l l a t u r  n o d u i l m - s

V. l i i i  i~n am’  co up l i- n i  c i  tb ’  ~cow er - — m ’ o r n b i n i n g  n e t w u u n ’ k . I , v c ’n t u a l l v , i n t m - ~’ r - ,m ti on

(i f t i c -  n c m m u m ’ c _ s o t u n m n t  rc ,m ’iib inc’ r and th e  o s c i l l a t o r  n c c ~In m i , - _ s  c _ s a singli’ st c - - n i - t u n i c

i n a v i m i r  a i ’omm’non l v i i i -  ( i f  t m - a n _ s n - m i _ s s i c n l ine  s i n o t u l c i  be 1 m c m - i _ s i b l e .  i ’ ’ c m r  t h i s

r’ ’ - n c , ~i u ni , ‘I ’l ’\l - l i n e  cm n i _ s  _ s c - l i ’ c - t i - d  as th e  trns n snnisn-nion l in e ’  m , ’ d i u m i i  in  wI ich

to r h -v -lop t h i -  j n h c  j i i n i n , 1  1 i i gh — j i o w e r  o s c i l l n s t c m r  n’n ( n c j u l t , ’s f o r ’  I n , -  p n ’ , ’ _ s c - n t  pro —

Lf r ’ n m m r n .  l isT’ c ’ O t i V ’ ’ f l i e t ) ( ’ , ’  in the ui ~ ’c’ t ’ I op m i ’n t  w<ti’h , l i e i w c ’ v , , ’r , t i n ’ ’  o,sn’ i lla lc ir

m odule ’s  f c c  he t r _ s e P  in t h i ’  de,- l iver ahl ‘ - t r a n s  n u t  t m - n ’  will icc’ c o n st  r u i n - t i  r i _ s

s i ’ p - c r - n i t c ’  uni t _ s  r - a t h c -r  t h a n  m l  e - g r n m t  c c i  w i t h  t i n t  - r)o \v m ‘r — c o m b i n i n g  ci r ’ c ’ t n i t i - v  -

For pre-lim innm ry testing of th e I M I ’ A T T  dj o d c - _ s  in a s i n i u j u l ’ -  c i n ’ c - u i t

n c f l n & l o L i c ) u s  to m i n i ’  TIM —line ’  c i _ s c ’ i l l a t o r  moduic ’  , an i’xistinr c’onin-ni al u sc - ill ‘ i t (  i~~’

c i r c u i t  w a_s u i - u t - c l .  The c j r c ’ n m i t  i_ s shown schema t i ca l l y  in Fig . 3 — 2 1 ; . The-

diode is counted  ‘ i t  t fm e end of a l ength  of 7 — t nt  3 0 - o h m  l ine .  T i n ’ ’
_ s inu I i ’  -s lug n-u - n - c - i ’s to t r a n _s t o r - m 50 n I - m m _ s  to the  c - i  r - c u m l t  i m p e d a n ce ’  r u  ‘q ni  red

ni t t h e  d i o de ’  t e ’ r ’ r n j m m , n l , —i . ‘Ph i_ s  im p -d nm r,c’ e t y p i c a l ly  has  a r , ’n c l  p a r t  I m , - t ~ t i - i n

u; and 1 . 0  ohm and a c - n i l u n c c ’ it iV e  i - u - a c t  i c - c componen t  b i t  w e c - n t  4 r ind  8 o h m_ s .

A ,-- I m i l d C - c-cc ru n  F inn h r  r o u t i n e -  wa -u w r i t t i  -en w i m i -h gn e~’~ - the ’ i m p e d an c -  e~’ at t he  diode

I ., -r m i n  c l _ s  in I ,  - n - n i t - - of’ the  posit  ion ari d d i r n i ’n r — i o n _ s  of th e ’  si m u g .  Hi  n i _ s  was f ou l

t ( ,  t i m e -  c l j u ’ l i -  n e l c , n u r  t h e  i ’ c . ; i - , j n c l  c e n t i ’ r -  c o n d u c t o r -  t h r o u g in  a c o n i n n e ,,-r- i - i , i l lv

ncc’a i l n i i i l e ’  h i n t _ s  T e ’ i - . , - \ ’  o a r - n i n e )  t m _ s t  I - n i t  was n i ,s se rnb led  a m i d  c i h i b i ’ n m t e d  for

n n i a k i n g  pu ct - i ’  i i i cl p ut m r n i ’ n e _ s n m n ’ i - n i i ’ n t s  on the  c o n t x i n i l  m o du i t ,’ .

T i -  I . in  tin ’ ’ 51mp h- i - n n c n - , i n e l  r n o c l u I , ’  wi n -c in tended  tic i ci- ,cc’nd ~’ data

( c l i  t i c ’ ’  1( 1- ’ i m r p e - P n i n u - . -  r e - q u i N - c I  by the-  u l i c ) ( I ( ’ _ s  for e f f i c i c - n i t  ope r a t i on .  Such

chi tr e e r - c’ n m i it e asi l y ob tained  fr -urn  the t . u p — h a t  o s c i l i n c t o r  n o r m a l i c -  u - u - c l  for

j m n ’ e ’ l i m i n a r - v  dio de , - e- v n i l u r e t i u n .  Thi~- i n i p i - d a n c e -  d a t n m  W i ’ i ’ u ’  t o  h~ ’ ti _ s c’ ni i n  t he

d e - _ s i t ’ n of TIM — l i n e -  ( n - o - i l l n c t u r  modules .
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I ’ - , -~ts fl t i n ’ -  s i m p l e ’  c ’ i m n m ” n i a l  m c n n m c l n i l i -  \ k c - I ’ , -  no t  s n n c c e ’ r — n s l i m I  . S t r — o n g

b i - n _ s  ci i- c- n it n r c  i l l  n i t  i c ‘ t n _ s  cc c - r d  - en i ’ o tn n f  i - r ’ c l , I c i  i t  i n  w i t h  l i i  n -pe cm ‘ - m ’  fo u r — me-

l i m m I e ’ s  n m n n l c m i t h  ol d - c  _ s u n ’ m l l  - n m r , ’ n c  r - u i n g h - - m t - n-c m l i c c m i i ’ _ s  ‘ l i n e  om it 1 - r t  _ s l - d t  r u n t

of t h e  e i i , i \ i n i l  u_ s~’j l i  c h i T ’  n ’nochi ie  i . n  l i i i ’  p u - - e r i c  m ’  of - - c c i t t - b i , e - c i r ’ , - c m i t  os c i l  -

l n n t i c ’ n _ s  i _ s  s l i ’ w n i  in  l ” i g .  3 — 2 ’7. ‘ i he  c zi nun - i e of t - i~~_s~ i i i n m _ s  e j e e n n i t  a _ s c L l l~ , t j ’ n f l S

\ V - m -- c ’ X c c , -n -i i v c ’ ! \  l i c \ ’ , b ias c i r c n m i t  irn l cc ’ c l n m n n c i ’ . H n n i r n t c ’ n n f m n i ( - i t n l n i c ’ c  of t h e  b i a s

T’’e c’•- r m s n m i c c i u u t  1 p1’ — m~ i j c r ” m ’ i r n i t . ’ l v  t h r e e t , i m , - _ s  I n c  c c c  t h a r  t h e  i ’ r c l c ; i c j t a n ( ’ e

of l I m e  i u i r m - ~ chok e in t i c -  t u _ s m m n n i  t op  h a t  c i ,- -rc - j l l n i t c u r .  ,- \ ]_sc~ , t i c -  C l - ’ c i r ’ m - ~~i i  p l a n  - d

tint- ( 1 - u l n n i  I i t t m ’  i i l d p . ’ i  l a n c e ’ in l~ n rn ,i l l ’  1 v i  t in the h in t s  c i r c u i t , fu r t h e  ‘ r n i  -~i u (’l flL T

t i c  i - N c ’ e t i v e ’  i m i n m _ s  _ s o n m r ’ m  e i n i i a ’ d n c n c i ’ . in ~c i - i n i - i j m 1 i - , l i - _ s i -  c , _ sC~ l l n c t i o f l , s  c u m n n l i

l n n i v t ’  1cc-en , ‘ lim i r i n m t m ’ c l  i cy  r a i _ s i m i L  t i m -  b i as  s o t :  u - c c ’  i m p i ’ i l n n n c u - . T h i s  c c - c t u m l d

i , , ac ’ - o m u u i F i s l n e d  b~ u _ s i n g  a low — c n m ! m n m - i t n r t m e - e ’  b ia s  T i ’  and  i c y  i n s i - r - t i n g  a

l m ~ v,’ — c n e l m n n c - i t a n c ’ c ’ l)C hlo -k in  t i - n e -  coaxial  c m - m u t e r  i ’ c c t i , l i n i - t c , r  i i  i _ s i n l n j t e  the

m i n i ’ -  rin d h i s_ s  I c-c ’ m m c l i  t i n e ’  i ’ c - n n a i n d i ’m ’  of tb ’  3 0 - a n ln r n  _s s t e m .

s an ‘ n i t  , - , - n a t  i v u -  to m u c h  f y ing  the coaxial _ s y _ s t e r ’n , s i ng l e — d i o d e  u ,- --

(‘illatom I _ s I n -  w er t ’  mm c m i i , ’  i n  t in e  , s j x — l l m m l i -  ( c S V i tV  c ’u’ c ’~n t  f a b n - i c n m t , - c I  d u r i n n n  t he

p i ’ i - v i o u s  p r ’ e g c n i r r u . In this  c i t ’ c u m i t  , t he  h u i l u ’ _ s  m c i -  n loUmi t &- ( 1 in  cc e n n m x i n m l

- m m c - i n - i t ’n m e n t  _ s j n ’ i j l : n r ’  I c i  t h a t  of ’ the simp le - c m n m x i a l  m o d u m i c ’ . (See Fig . ~
T i n ’  - c i v i l  v i c r - d i e - j i m  - _ s  i _ s c m ]  i t i c  i t i  f ro r - m - m the  m - ~ :t e n - n i n i  I co  —o hn - ’u _s ,y_ sta ’m . Thu  r u in

r’ e _ s c m m m n mn dt i c i n i s  l i ne ’  l i - r m i n n m l i o n  h r m n - i s m n i l i , - n -  s h u n t  c r m i u n c c ’ i t n c n m c ’ e ’  than  the  b i n _ s

T , ’ c ’  u s i ’m l  w i t h  tb ’ c e c n i ’n i a l  modu le  - Th., ’_s ’-  cli f f e r ’ u - m n i - ’_ s u i - nu t t ed  _ s t n n h u l t ’

e i l c i ’ r n i t j c u n n  of th e  i l j n , i l , ’ _ s  c v i t l n u u n l  I d i n i s  c i r cu i t  o _ s c - i l l , n t i , c n i s .  i ) i u c l -s f r ’ o m m t  I c c t , s

(t (’)7, t Io r ) , a t n u l  ‘ 10  ~t- c - I ’ t ’  t , ’ ,s t , ’ c l  in  ti j i ’ ( ‘ a v i t y  cir’ - m n i t - , and pn’ c i l t n c ’m - 1  u i d t \ c ’ d u ’

o ut i c u n t  - w i t h i n  0 . 3  ‘l b  uf  t i c o , —~c ’  u u i m l , c i n i e d  in O h , ’  t u } c - - - ln n i l  o - -’ i - i i l , m t t i r . Ti c -  c ac ’ i I ~-

c i r ’ u  em i t  can  n i l _ s o  h i  u n s i ” l  ‘o r i l i c m m l i ’  i m p e ’ d n m n c i  n i c - r i su nn’ t’miui’nu t s , n~ s : n m -h  m u n i - n m _ s c u u ’ ’ - —

r I m  - n i l  on I i ’ -  I n c  ‘%V fom u r’ — n n  ‘_ sa d c - v i c e - _ s  h ad  ne - c t h i e ’ e n  -
~ inn p] li i i  by t h n e  i nn )  of

~~. ‘ h i t  , -m niber 1 117h .

I :cc- l ’ :in g p i - e c i _ s i -  d n e t n i  on the ’  i r n p e ’d an c e  c i t  t i n e -  now  f o n n r — n -nc- _s n e  n i i i ’ i i l e s ,

We ( l i - ( ’ i d l , - ( l  t i m  i c r u c ’.’i ’u l with a pr e l i rn i nn n r ’v  d e_ s ign  of t i n e -  T I M  — l i n e ’  o s e ’ i l l r e t o r

c mr— ;j m n r l i n e ’  iri u p e-d ne nc u ’ i m t’ e’c ’i flJ.slv mi ne _ s u re- mi cii’ the ,smuinclli- r ( 7 — m u  r i l e - _ s r i )

l u n u r - m e - s a  d io d e ’s t n e i m r ’ i c r e t . ” l  d u r i n g  t i n e -  r’ r ’v i o m z _ s  p r n g r - r c m u u .  Th i s  d iode

i n c l i i ’ d l n m m m i - i - , — 0 . 8  + j i; ohrrm i— , &uluoul d  hi- fai  r - l \ -  c ’ i c t r s ’  I i i  t l n n e t  of l i n e ’  neW d i c t i l ~~_s
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r n n i m l  t i n e ’  c ’ i r - c ~m j t  i i , ’ _ s i m m m  } f l O c i ’ 5_ s  _ sbo n n l e l  r e ’ e - ( ’ n m l  pot ’n t i a l  I - ) r o i ) I e ’n n  n i t - i - r e ,--- . b c

i n ~’ r u n t - r u t  t i m  m i d  c i m i n m n u c u u l a t e ’  _ s i i g l m t l v  m i i I ’t i - r ’ , ’ n u t c liodc ’ in ip e -dn inc ’u ’s ca rd h i -  mc m i i i ’

l i t - c .

‘ F i n e -  c - I c ’  t n t _ s n ’ , -  _s of t i n t ’  T I M — l i n e  i i i  t ,- i’ n i _s of low Ion -u s rin d  r ’ i t n e m - m i

f i - u n u r - i m u n ’  m i - I - I  l r c v t ’  1) - i - n i  c l c - _ s c - r i b u ’ d  p c m ’ v i e u n u _ s i v .  ( ) ml e  n -; i i c c n ’ t c ’ m m n i i n g  w i n i c h

h i - m orn -_ s ‘ ‘ ‘  i c ) t n t  cm - l i e  en l i - _ s i g n i n g  t i n t ’  c i r - r e i l l a t o r  m o c l u i t ’  i I, h t ’  d i f f i c u l t y  of

f n t l - r ’ i c a t i n i r :  lice ’ — i m n 1 c i ’ m i n i n c e  T IM - l i n t ’ s  i n  a w e l l — e c i n t n ’ c , l l i ’ c i  f n i s h i i c n .  ‘ P l i

i _ s  s i - ce rn i n  P i g .  3 — 2 :  , c’, ’ } n j c i u  g in - c ’ s  i f l ih i edanc e n c ’ s  a functioni of l i m n e  -,‘, - i m ” lth

c d i  - I i i  fi n - ’ n I  c i i an n - l c c i c l l l n - n . ‘ i c r  i m p e d a n c m - _ s  be low ‘ -‘20 cc l n n r - -; , t i c-  c h a r n n e t m - r -

i ;- ! l i  i n - m } i c ’ u i c i n n e u -  Z of t i n ’  l i m e i m ’ c ’u n u u - _ s  a v u ’ r v  rapi d ly c ’ n i r v i m m n c  i ’ u m n i t i c n  cd l ine ’

cc’ i d t } , . ‘1m m -n c m c c u m ’ _s’ ’ v  h i - m u  t i n ’ ’  l i n t -  w i d t h  , n p i m r c m , n c ’ i n c ’ _ s  t h e ’  c h n i n n n u , - l  w i d t h , k ’ n m v i n c

o n l y  a _ s n i ’n n i l l  n m n c i i  i c , ’ c~- i i m u t h e  j i n - i n t e - i l  - o n d u c h c r -  and t h -  _ s i c l c  w n c I l s  of l i t ’ -

c h a ’ n m i c ’ l .  \ i n m i n l , m i n i n n - ’  a p a m ’ t u ’ i m l i r  ( l i m w )  i m p t - d a n c - c ’ req t m i r ’e _ s  mm h igh m u Lc t ’ ,

u t  i n r i ’ ( ’ i - i c i t i , ii ’ i t i n  i i i  tin , ’ l i n e ’  m d  m - ! i n i m n m n , - 1  w j i t i c _ s  m i n i in  t i n e ’  a ! i g t l u u n d  mit i i i ’ t w ( - ( - n

t i e ’  i j i i - 1~ -~’ l r i c  _ s u u i c n - u t c  i t , ’  i t c h  t i n t ’  g r - i u u m n d  p l an e ’ .

I” ig u n - i ’  — 2 ! t  _ s I n u w  us t m ’- d i f f i cu l ty  cm’~ n i c i n  a r ises  c’, ’ : n e n n  on e t r i e s  to

- l i  - i n - I !  n i  _ s i t i~’ 1 i ’  m m i i  \ / F t r - n i m m _ s f o r n i e r  to t i t , t t  ‘ h i  t ime :  d iode -  i r n p e ’ d n i n c t ’  t i c  nn

i f )  e m i n n u n  l i t - , ’ . , \ l _ s c  : ‘ i c i - n  a r t ’  tee n n c l t e - r n c i t i ’ ,’ c -  t m - n , m n _ s t c i r m , ’ n ’  d u ’ - r i g n s  w h i c h

- i c c i r I m i  n - , ’ d l u i m ’ e l i - -s  u r n  ( ‘ i s i c i m n  in ‘ u n l i  - t n - t o  a l i g n n c ’ ’ n t  n c i t - l  h i m t i ’ m i _ s i m m m i  1 ‘ontr cc i

( i f ~~~~~, ron d l d re *(urn-c . ‘I ’ Ir e ’ _ s i n i L ’ I - - - - m t - c  1 j () fl t t ’ n m n _ s f o r ’ n u e ’ r  m ’ i ’ d l l u i I i ’ - ‘ u _ s e -  of :1 1 c ~f _ n - m i l _

cm - i - i ’ -  I j m n c -  w i t h  me 1( 10 - - r i c h - c e ’ p i m ’  c h n c m u n m e ’ l . b , ’ , ” l u i c ’ r - u  t i n e  O h v i ( d t m s  i i r - c c i l , ’ n n r  of i x

‘ r ’ - m m n ’ ’ l ’ ~’ t i n ’ i n f  m e - c h n n m n n i c - n i l  t c c l i ’ r ’ n m m n c , - _ s  in a n i c i n  nm s t r u ( - t u r - e ’ , urn - w i l l  n i _ s o  t - n t c o i i n t t - r

i - r - r c ’ ’ - - ~ s i- i -  l o _ s s e _ s , m e n u  P 0 _ s_ s i  t l v  i - I c ’ t - t r - n ’ n m l  i n m ’ e ’ m n k c l e m w m n , I c  e ’ c : e r i _ s , -  u t ’ t i , ~- h igh , - l i ’ c t n ’ i u

f i e l d  i n  t I  , -  ml: cr’row gnc ~ c b etWe en t i ne -  mit - i -u_ s trip c i c m c i l u n c l i i r  r end  t i n e  c h i n i m i t i ’] w n m l l .

Ti n e -  I I  n - _ s - — S  e ’ i ’ t j ( c m n  l r ’ , m m n , st ’ c r r t u e ’ r  i u ’ c ’ O n i u l c l j u - u l i e ’ n—r l i i ’  c l c ’ _ s i r , ’ i i  n i r i t - i n i n g  to f b i ,’ h e i d i ’

in ip , - i l n c r n c e -  w i t h o n n t  r e q u i r i n g  m l i v  l i n e  i n c  ‘ 1 1 0 ’ , ’ l i c e m - e ’ r  th an 13 o h m _ s .  Th e

o m i t - n e l l  I c n r u i w i u i t i  u , f  t i n e -  l l c r - t ’ i ’ — s , ’c t i on  t c n c n _ s f ’o c n n e ’c  r a n  he ’ o u c h -  n c  e m i t -c t h n n n

t u r d  of t i m e ’  _ s i r g l ’ ’ — s e - c t i u n i  t r n , n s f o m - n n e ’ r ’ , r i n d  t i n e ’  p r - i ’ m  i n - i e c n i  r - e ’ q u i r e - i l  d i n ’  t h e

1 7 ; — r n i l — v - i u i ’ -  l i m e-s  wi l l  - i - r t n c i r n l y  be I c r-cs. -u r i n e -  i n ’ i c ’ c ’  i _ s  j c n i i i in c ’ic ’ e ’ n - n i ll _ s i .’ e ’ ,

h o w e v e r ’ . F l u ’ n - u - r - i e s  c n i p n m c i t i v e ’  u n c j ) , fol lowed l iv  mc 1 , - n i n t h  cit 3 0 - n c h u n n  l i n e , is in

m any  w a y s  t i m e -  i nnost n e t t r ’ n e c t j V e  rn n nt (-ini r i L~ n e t w o r -k . ( ) m n l v  , 0 — o h n n  l i t - me - _ s  need bt-

p r — m u t e d , and  t i n e ’  c r m i c r e i - i t i m ’ c-  g n u  i) rnv id es  1)0 ’ i n — u c , l n i t i c c m n  t ’ n ’ c ’ n t n t i - n e ’  i’ e - t i i m i i u i i ~~r of ’ t i n e ’

no
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t u n i c  n e ’ s  t m - i l ’  c - i  u - c - m t .  ‘ I I n  - i - i l m l  c c i i  is I m u i p o r t n c r i  I , i i i  ‘c n e u u s m ’ t b ’  ‘I i o c l e ’_ s  W h i c h

w i l l  he c - u c m ~ m e t - t m - u  f c c  t i n e ’  c i i i  I , - - c c l  t i c  - 30 ) - oh i n  us t ub  l i n & - _ s  in n u n - m t h e ’  j u de ‘ p t m n d e m n i t  I n -

b i a s , ’  I . I - r i i t  i n ’ - c , n h ,  ( - n h u r i c - i t  m i m i c ’ c c l ’ t i u c’  n a  p i _ s  n - mc i  s mn c l l  t i n c  I H c I - t v ’ ’  n t _ s  t i n e ’

i - ”j c ’ ien n a l  U I  - c ’ j n - t ’ t u i t  f m - o n i  h n t v i m i t u  n n d v  r c j d l m r - c - t ’i db l e  1 o n c u i~ t n ~ u - f l e e t  c m ’ l n i c - h  w ou l d

cmv - i-  t in ’ ’ b~ mi _ s ci i - et ni I i n n p e d an c t - . ‘l’l i _ s  In ’  - l i c  [ c c  F r u i t  r u m  c l  - sI n l u l l  i t  e n i g n c i n s t

b i a s  c, j i m ’  Ui t i c _ s c - j l l n m t i o n s  —

\ V l n i l m -  a l l  of t i e -  c i r c u i t s  s h o w n  in P i g .  3 - 2 l ’  c a I n  p ro m - ide t i  re-

d l u i r e - u i  i m l n h m m - n l n m f l c c ’  nut t h e ,- Fu t i l e  t ’ ’ r - m m n i n m i l s , f l m i f l c~ hncs  m m m l v  p r -u v i s on l i i i ’  t u n i n g

‘ l -r f a i - m ’ i e n c t i o n .  ‘F lu - ‘apac it ive  g r m i c  n ’ i i ’ c u u i l  c n n  l u ,  t u n e d by n n n l n l n n n  v a r i a b l e

s h u n t  c a t ’  u c ’ i ! c c n u c u ’ — c  st  c d  cm fi n it e u l j _ s t ; i u n i ’ e -  d i n  t i t t e r _ s j u j i ’  oh  the  gap .  St e -h

s h u n t  (m nij un n c i t n m l i c c ’ _ s  i - min i Ice u ” - , ul iz c- c l wi t h  t i m i ng  s c r ews  j n -c - r ’ t e ’ d l in to  l i i i -

m ’ i m a n n t - i  t l n t ’ c m n n o h n  t h c  r’ r ’ound pl a m n i ’ , d i m ’  w i t h  variable s tub l ine’s  i - c - a i i i c - d  U ’~’

_ s l i d i mnr , ~ u i - l i - c - I r i d - s lugs  i i i  l i i i -  s t u b — l i n e -  c h n i n n t - I .

P 1 . - i n - c ’ 3 — 3 0  sh ows t e n  in  icedance  r a n ge ‘- v i - m i c h can he obta ined

n t  t h e ’  d iode  t m ’ n - n t i m n n i l _ s  by i ’ l ~ t u s l j r i g  t i - n e ’  s h u n t  capa -i tor s  in m m ‘‘ _ s c- ri t ’_ s— g n l p’’

(lm-i (’ j ll ,n lc t c m - c - n i t  n I c i ’ r - n m t  i n n  n i t  3 ( ; l I i , . Tine ’  r - m o n u u i n a l  c u n t t - r ’  c i f  f l u e i f l u l s ’ d l n m m i c m ’

r ’ n m n u c  0 I _ s  0. u~ ~i i n t n u - - , I c c -  ( ‘ i I ’ C d H  t i t I t p i  ‘ c i m i n c , -  rer quir i ’mI icy te H c - i l  h i g h  -

1 u d i W t  r d i c _ s I ’ - _ s  c l e - v m ’ l o p m  -d i c n c j m i t ’  t i n e  J u n - i - v iou_ s progrmmnn. The cu - c - r u t m o d e-I

u - c m - m i  fur  obt mi j i l  n i t -  t i n ’ ’  i t i ~~n i - u  l , n r n c ,  - m’ a iu  c -s  is also n - clue i W n n  i m n  t in e f i gu r ’ u. ’ .

t h u i m - u  I c r - e l i u r , i m n m c i ’ ’ n -  a n n m l y s i _ s , I i n n c ’  l t t i d t l n n  a p p r o p r ia l i -  to a r - l m i t i v c -  c i i i - l e - c t r i c

( ‘ ( d m m _ s t n i n t  e u f  t i m n i t y  W i - I - i ’  n _ s c - d . \ u t c n -  t h a t  m t - a n y i n d e p e n den t  a d j u _ s t n u c - n t  c c l

t i n e -  r i ’ n m l  and i n i n n m u i m m n n r ’ v  I c m m m ’ t S  o f  7 is p O S_ si i) le , w i t h  C _s m ’ c u n t r o h l i n ’nL i In’m [ Z
and 

~
‘
1 

c o n t r o l l i ng  H e -  Z

,- \ t  t h e ’- c -n d (if K i’ i ct ’rt i b e-m’ 10 j I c , the- cm c p m u c i l i \ ’ e -  gm n ~ i ( ‘ i r c d n i t  w i t h  s h u n t —

t u m n i n ~,’ c u ~ m n n c ’ i t o r _ s  m m c c l  h c ’ ’ i ’ n  _ s , ’ l e ’ c ’ t i - d  ‘c u r ’  u n _ s e -  n i _ s the oscillator- m o d u le .  i”j n a l

H I - ’ c i r ( ’ m m i t  m i t - s i g n  w m e s  n c w n e i t i i n g  c i m m l n u  f r om t e’i - mnui n nil inup c-dn ence- nn -nm st n r e -rn ent s

( i t  t h e  n ew four - — n n ( - _ s n e  (ljode-_s. Tine b ia s  d -co n ip l in g  ne - O w ork  n e l s o  l i n e d  to h i ’

m i e - . n i H u e- u l h e - I o n ’ ’ -  f n m h r i c n u t i o n  of t i n  m o d u l e  -ou ld  be s t n c r - t e d .

(;3
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3 .3  \ i u u l t n m ’ l n n i r u r u e ’ l  ( c n n - i - c - m t  H e g c n l n i t ( i r ’

~~~. 3 .1  t ; i ’ n , ’ r - m u l  m m _ s  c i r c u i t  c o m l n - r i u l c ’ m - n u t i c n m n - --

h ot -  h c j r m _ s  v o l t a g e_ s  le ’_ s~ t han  t i n e  br ’ c - ;n k c ii cwn m ’ e c l t n c g i -  ~ a r e m c - n ’ s , ’ - -

hj c m _ s i - d  l \ h l ’ c\ TT  (11 00,’ c j i ’ , m w n -  e, ’ s m - c t ’n t i n m l l y  no c ’ t u m - n ’ c ’ r i t .  T i n e ’  c u r - r e - n t  i n—n m m

m’ , i l m i u i l \  ur i c n ’ i - m m a i n n ’  t’u n n c t  ion ol c o l t  i n’  - I c r  b i ; u m - ~ c _ s i l t  m i t t ’ s  l a m u  c r  t h a n  tine-

i i u ’ t ’r i k d e w n  v i i l t m n g e - . \\ j t h n  t l n i _ s  l vp o  c u f  y i u i f m c n c - e - i n n ’ n - c ’ n t  c h n a r a c t c - m ’ i s t i c ,

h ’ op - r ’ m m t i n g  po in t  on ’ t i n t ’  FO u l , -  can b c ceo_ s t  s h i n  I f  Iv  cornt m’ c ) I , l , - u l i t  b i n _s i s

_s i c  ~i 1j e d  fr - o r u i  n i cm r i - i - m u  t — n - c - g n u l ; m  1 , - i l  _ s o u i e ’ i ’ .

‘ I ’ i n c - v c i l f n u ~’ i - - - c u i - r e - n t  - ! n m m n ’ n m c t t - r ’ i _ s l n c  c c l  a l r u m i t - i ’ l t i e i t - m cv  G m i , -\_s  R i - n i l

I \ IP : \’F ’ I ’ ( h i d d i h ,  i _ s q u i t ’ ’  u i ~ t t u ’ i ’ t ’ r - m t  in  t h c -  c_s e - j l l m i t i n g  c i n c h  nonos - i l l n n l i n g  s t n u t m ’ _ s .

H e ’ l l - r ’ m - i ’t i l i c n m t i o r u  of t I c  l a r g t ’  RI”  v n i I 1 n m n , ~~’ ac r -o -c s t i n t -  c h i m i i l t -  t i - r i d s  1 c m  l i p  n - s _ s

t i n t -  I n  - c u l c ’ ’ n ’ n m t i n g  y c u l t , c t m -  in t i n e -  o s c j l l n m t i n n n  s t a t ’ ’ . T h i s  d lt’ j i rc ’S Si d c li mmm v be

_ s u r t l ’ j i ’ i ’ - n - m t  to c a i n _ s e  r - t ’ g i c c n _ s  ( i f  i r i c r e n u i e n t a l  n e~~at i v e ’  i- -~~i _ s t n i n c c ’  I c c  n i p j u c ’ n i r  i n

t i n e ’  I )( - v c i l m n c n u i ’  c u r - n - c - n t  - i u n c r ’ n m c t e r i _ s t i m ’  ec f  t i m e ’  n i u n d e ’ . Thi s i c , ’ h m i v O u r -  i_ s  j l  -
h n n n - , t i - ,~ t i ’ d  in l i n e  - c m c ; c  t c n i c e r  i n n t n i  of I ” i g .  3 — 3 1 .  H~~’ n e a m t n ’ , m ’ n - e _ s i t n r , L ’ ’.’

m ay J i m - i i c h ~~~- c - ( i _ s e ,~i I l - i t  i o n s  in the hi i_ s  cj r c -u i t .

fl c ’ , c - t i
1 
has Uj vem n u ni ~ m i t i I  ph’’nionue’nolonicci l c ’ xp l m e n n u t i i m n  c i f  t i e ’  m - m ’ i n i n

c c f I I t -  n e - g i l  ‘ - i -  r - , ’ n-m i _ s t n c n n m - c -  and of th e- t i ’ m - h n n i q u e ,-s n - c ’ c i u u i r e - d i  to  _ s t n m i c , h j z e ’  the’ lO r is

( - i r - ( - n n n t  . H n n _ s i c ’ n u i k ’ , t h e t  I ) i m i _ s  ci r ’ m ’ i i i t  i _ s  s t m i i ) L l i / ( ’ u i  by m a i n t a i n i ng  a 1)j rJ _s _ s ifluia ’e’

i r r 1 u i - u i m i n c e  t h u n c t  is _ s u u l ’ l ’ i c - i e -n t ly  l a m - g e ’  to m n i k e ’  t i n t -  n e t  I i i n m _ s  c i r i , ’ u , u i t  i ’ m -  — n s t n i n c i ,’
( , - : , i u l r ’ c - c -  plu s  lo n m u i )  1c i i s i t i v en- u n d e - u -  m c l i  o p e - r - a l m m n n ’  conditi o ni _ s . Ue e’ am n_ si- th e-

n ’ ‘ n - - c t  i c t - r- c ’ _ s  i s t n m r u - t -  m ay i, - x t  i’ nn il to fi- e’q tne -n u - i t ’s  i l i u m ’ , ’ 100 \ I I  I ,’. ,  _ s t m n b i l i t v  can

I c ,  - n i s s m  n c - u - i l  only if t h e  bias s n i u l  r e -  e i m - m i p -n i  r u n e , ’  i_ s  k ep t  l a rge  for t ’r equ emue’  I t - _ s

w e ’ l l  i n t o  this  i - ( - C ’ i c c m n .  This  i n _ s u n m l l v  r e q u i r e ’ s  m e c o u i n b i n n i l  ion ol ’ a c t i ve  nu ru d

J c n e  i v ’ ’  c i r c u i t  t e ’ c h n i q m c - _ s .

T i m ’ -  v o l t m m g e ’ — c - u r r c ’ m u t  c h a r - a c t i - r - i m m t i i ’ i i i ’ r un l\ l  l’ n \TT diod e t v p i c m u l

( i f  thos e ’  fe c ice’ u - ; e ’ u h  in the trnmnsr ’nitt er OUt })mnt s t n e pi ’ i_ s  shown in  P ig.  3 — 3 2 .

I t  was r , - ( - e , r - c h , - d I  m nn d -r o sc i l l a t i ng  con d i t i on _ s .  The’ m m d l ri p e’ und er non —

o _ s - i l  In i t  ing - o n c l m  tions ni t  the n o r m a l  ope r at  i m r  c i i  i’i ~ i nt of (t OO mn ui\ is

65
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0 to 7( 1 V in I i n c - i ’  I h an  1 l i m i t  J i l l  t t , - c l  — Si mm - ii m u c - u c i  f i g ,  - pr - u F u n ’ s a t i c  w i  -r

c h j s _ s i l ’ n u t i i d n i  c r l n n c ’h q u i c k l y  c a i n _ s e _s u l i c u m l e  I m u i l m m m ’ c - . (‘e i t u n : , i i u n  n I l - , , c d l i  , t i c m m n

n i t  r i m m m x i  nun  mu i - n u n - i - c - n i t  i n  t i m e -  t i c  c n n ,  c~ m c i i i  - i t  i m p  I n n ’  c c l ,  - mci -c (  h i  - nrc i i  i d ,  ‘ u i .

‘l ’~ i~ o n u i r i - m m t i m u p  V ) l t n , , n m n n t m i t c r  o_ sc  j l l n n t i t c n ’ c o n c l i t i - m c - -n i _ s  a -n t n ’an~ f u m n n t c u t ,

- c f  e’ H i ”  i c e d  imu c n m- O n ti c ~‘ . Sn in n i n t ’  c n n  ing u r i c !  n - h  i t n u  u t n _ s  I n c  m v  p r - u -  I n  Ic : ’ m c m i  up  - c m i  t nt

-
‘ - I t : ,  ,m su n - n u l l  o r -  t i  m c m i  t h in room t m - - t l  ‘ en en tnn n e  b r c c n u  krl u ’,vi vol tn m -e . We ’  nrc m n  u _ s e --

[hi _ s v n uri Ii -cc - i f  v o i t n u , i - - v u t i n  l oad  im inpedn inc e’ t i c  d e t e r m n n  t i e  if we m ay o  ; c c m ’ 1~~’. C c i

c o r n - i - u t c - i c i n g  of t m n e  d iode .

\ V i n i h ’  t i n e  ‘ c , c l l n t ~~e - c i m n ’ m ’ c n u t  c h a t - , c c t c ’ r - i _ s I i c  c i t  t i l e  o, ej l l n u t j n g  P c - m n - I  d i c c u l e ’

m m :  mc ’ ;  i n t l 1 ~ son ic ’  s I  m c i i i ’  i t  v J i m - c m i n I  e m i l _ s  , i t  i ce S  ( c r - m i  - l i - n i t  n m ’ , - ‘- ‘- hO I i  i _ s  m l ’ h e m  n m - I n

r n l h ~~e m m - - s e n t  I r ’ n n t i s t n - i l t c - n -  d y _ s i g n .  i ’ i i c ’  t c c t n m t  c u c i t n i g i -  e - x d ’ n n m - s i c i m u  h m i ’ t w e e - m i  t h e -

u n i t  i i  t h u ’, of c u r - i - e m i l n i t  
~

‘
H m m i i l i i ’ i m p m ’u’ m c tin g curn ’ m - n t  ( -0 0-  0( 1 u n n . \  in

h i m ’ . 3 - - 3 Y 1  is n c c u c l u  s m n n a l l ’ - ’ r in [he o s c i l l a t h -n g  s t m ’ t u .n [-- a n it  c c ’ o n u l d  be in t t n e

t u m m n c i ,-~c ’ i l l r , I i n n c  _ s t n m l u - . Iv c i n m i u i - n n g  l i i i , ’ i n j e c t i o n -l o c k e d  use, ’ i l l n u l , c r -  m u i c c u l . ’  d i r

t I n ’’ t n - m i n i m - - m i n i t l m ’ m -  c i u m t p u n t  _ s t m m L ’ i ’, c v i ’  gu r u -  u n I t - c ’  t h m e t  t i n e ’  l i c u c i u - ,-m wa ll u I c v , n \ s he

i n n  I i ’ -  c ‘~- j  I l - u t  I n c  st a t ,- . H a c e ’  t i n e ’  ‘ nu n o sc i l  I m i t i m - m g  _ s t - m l  m - t i m  - v i  i ha _ s  t o  I c , ’  n r c  -

c - i m n m n n t e c c l n n t , ’ u i , m e m - u n ’ r i ’ n t  n ’ , - n u l , i t u - r ’  w i t h  _ s m u u n c l l e n ’  m ’ o l t m e t ’ c ’  c o mp l i n m n c e ’ , c u i n ’i’ n m tiin g

f r - c c n n u  mc c cv i  r — v c i l l , m u - , -  p i - i  m u i r - v  l °~~ ’ ’~ s u p p ly , c- cn n I n ’ -  i n _ s e m I .  W i t h  l i - _ s _ s  c-’e n l t  m g i ’

( F r c c p  nec  n - O S_ s  t i c  - i t  - i ’ d ‘ c l i  i , 1 ’ cvi 11 c i j _ s_ s j t i l l  - l i - _ s c - c  powe r , m i n d  t h u  - ui’ i - m d l

- v - I c - n c  ‘ ‘ t h e i t  - m u c ’ v  wi l l  hi  - hi n ’ I c c ’ r ’ .

i n u nn  r w o n - I - n  w i l l  n a c - I  i v  i - c n n  r i- i - n i l  i - c - p u r l  n ih c ia , cc ‘ n , ’, ’ - f e i n t ’  n - i  t i n  n i t  m i l d

, m i , _ s u  u n i t  e -  min i m u m  c i f  3 [~ V n i t ’ i - c n _ s _ s  l i i i ’  r- e gu I  d c ’  u s  m m  ‘g U i i - e - c l  i t e - o r u t  m c ]

i _ s  t o  be m n  m u  I n c  I r e -e l .  I c we r ’ v c  ~l t r i p e ’ s  i’ m - _s t i l t  i i i  s a t n n  r- l i o n  of t h e ’ s - m ’ i c’s

J 
5 l i ’ , m n m - i m - n l ’ c  ‘ end  l e c _ s _ s  c c i ’  r i ’ p n n i n i [ i o n .  h - m c i ’  t i n t -  - I j o d e ’  c h n m e m - , u c t . - m - u _ s t i i ’ s i n o c v m n

i n  I in ’ . 3 — 3 2 , c : u m r r i r n t  con t ro l  can  i i i ’  n u i a i n t n c i n e d  t n ~n - cug u i t i n t - n — O n  ~ t’ m~~

i , j , c m -c c u r — i c - r u t  —c h r ~on n g h t  m i n i  f t d m l i i  Z e i ’ d d , I u n’c ) c O f t - u i  m u  p t - m u m e u s m i p~n I i ’  of ’ 133 t ’, u

l 3ru \ is n j _ s t - u i .  ‘ I ’ l l - n i ’ -n w i t h u i n  ti -ne r - n m n i p i -  c i t  m m c l  i i s t n i e ’ m n t  c c l  t i n t ’  I ) (  h i u — 1 f l

i i u v c ’r t e r  t ’ - m i t m u t i v m - I y  s e - l e - n ’ t - c I  c u r ’  t i n e -  t n ’ m c t n - ~ m i c i t t e ’ r  (S c ’c . 3. - I ) .  T i n t -  v e i l t n c g e ’

‘ I  n o n  n i t  n - c u s s  t i m ’ ’  n - i  - n - c O m m  t e i r  w i l l  t i m e - r i  t i n -  3( 1 t o  2 !”n V n u t t h ’  m i o n i  m m m i i i  O J u c - i ’ - m I  j u n e

c n n n ’ n ’ e ’ n e t .  i - m c i ’  n- i - n m _ s o n _ s  c ut o v e r a l l  e ’ l I ’ n c ’ i i ’ t m i ’ y ,  i t  r u m m y  i i , ’  c c .  i , ’ n ’ m c l e l e  to n - i ’ i l i n , e

- ‘ ‘  - — ‘n-~~— - —--
~~~

--- - ‘



this c’ol tm mm :e d n - u p  I cy ch oo s in g d iodes or tunin g condit ion s h a v i n g  a s m n n a l l ’ m r  max-

it m c u n i  v o i t m m g e  -to -u t c o r a t in g  v - - mi t ape  r a t i n ’c .  Ti is poss ib i l i ty  w i l l i n , -  i n ’ . e st i s~a tec h

d u r i n g  f inal  el ev e-lopmn ’nt of t i n  c -  t r a n _ sm i t t c ’r ’  ou tput  s t n r g c ’ .

3. 3. 2 Bias r e q u i r e m ents

Thi ’  t r an smi t t er ’  dc_ s ign  o r ig ina l ly propose ’d usc-c l  f ive  d i u _ s m i u  -s in  t h e ’

ou tpu t  s t ag e .  Each wa_ s  to b c capable  of 10. 7 — W ( \\‘ o u t p u t  wi th 2 : - I pe r’ . m i t

c’ ft ’O’ii’nev cml  5 G J I z  . When combined in a c i r c u i t  having 70 pnri- ent ( ‘ f f 10 0 ‘ m u -’;

I I c e _ s e  diodes would, produ ce ’ 4 0 — W  out put .  I lach of the f i v e  d i o u h c - s  would

n - c - n l u n i i ’ e 4P 5  mA of b ias  cu r r en t  at  t h e ’  100 V (nomina l )  o p t - i n c h i n g  v o l t n i g c  - ,

and total powe r consumpt ion in the  output s tr ip e  would he 232  \\ . The cur-

ren t  r ’egu l m n t m n m  f - c - h i  r i g  t h e -  out put  _ s t m n p c -  would r equ i r e  f i v e ’  o u t p u t s  capable  of

at l e ’ ~~_ s t  -I (i F, mA

Sin - i - u i i o e i ( - s  I n n m v i n p ,  at le ns _ st  I F i—\ \ ’  (‘W ou tpu t a r - i ’  now m r v n i i l n i h l  e , p r - c ’s  i-nt

plans call ‘or n i I o u r — d  i c n c h c ’  ou tpu t  s l n n p e .  A v e r a g i n g  r i - _ s t i l t _ s  f r o nt  se-\ ’c-ra l

b ode  loti- - (c p i ’ r ’mih ir ui2 nit ~ ( . l I z , one - ‘m i n I s  t h a t  15 \\ w i th  2 H .  5 l d ’mi ’ en t  i ’ f f i c i e n -v

can be N’’ in lu C ( ’ d w i t h  40 nn , -\ of hias c u r r e m u t  and an up c ’r at in g  volt  cs m - of

IOF ’ V.  The r e qu ir t - r nen t s  for l i i  - 40 -W outpu t _ s t m c g m ’  a re  m ow:

l ) i ’m - i r c s :  four  c h i o u i e _ s , 11. 7 - \\ ( ‘\ \ ‘  c - m i - l i

l n i i j n 5 ; 105 V , 528 amA each d i o i l e

T o t a l  I ’ u ccv ’ - n C o n st u mp ti on: 2 1 5 W’ .

T b -  lower  pow er -  c ’ c i n s u r n p tiofl ccl ’ t he n’’cv i l i - s i g n  w i l l  r e - c -u i  e r s c i m u n e ’  of t l i c ’

J i m  - , vc ’r  bud g ’’t  d c v e - ~ - r - u r n  c vhiie ’h occiir i’ i’ ,i in I Inc V ( 1)  - dr i m - e- r  s n i b a s _ s e - n i i l m h v , and

k e e p t i n -  o v c ’r a l l  t m - m i n i  - m n c u i l t m ’ r  1 c i m W t ’ r  c c i m i s u n n - m p t i e ) n  ‘ l e m m - o ’ I c c  t l i m c t  u c n - i g i m i m i l l v

i c  q i c  i n-c i - u i

I ,



3 . 3 .3  ( u m - u - c ’ m i t  m - t ’p t u l a t o r c i r r u i l

~\ n n u t t i c l n n i m n n i t - l  c u m - n ’ e n n t  n - e p i i l n m t u r  c m ’  n i t  s u i t n i h m i e  f o r  use w i t h  t i n t ’

o l der  l O — \ \ ’ d i n c c h i ’ s ’ ,v n m _ s  d c - s c  r i h r ’ ih  in t ine  T m - u - l i n t - - n i l  l ’ u ’ - i p u _ s n r l  f o r  t h i s  p r o n , c r n u m n n

‘Ok ’ l i en i n i t i a l  t m _ s t _ s  c t ’ t h e ’  m n c ’ w  , l a r g e  — a r - o n e  d iodes  s b n n  m ’,v c’d t h a t  n i l c e r a t i n u g  c - u n ’  —

r m ’ m n t _ s  of 7 5 ( n  n n n ; \  or n u c u c  c’ c ’ w  e m - c ’  s u i m u , i ’ t i n n n e ’ _ s  r equi red  fu r  t unn iXirnUnu f u r w, ’ c ’r

d u n t i c ut , it \t’miSS t i ‘ m i i i i t  t i  n u t  s u h _ s t n m n t i a l  r e d e s i g n  of t h n u t  r e g u l a t o r ~y i c u i l d  he

n ’ c ’q u !  n - i .  ‘ l I n t ’  o n - i p i m n m m h  c u - i - n i t  had a ( i ( ) t ( - t m n - \  - c c c ’ i ’ -c l m n i n m u e ’ l  l i m i t  n m n  - u u i t n u n n t

cu r r e n t .  l a t e - c  t e_ s t s  _ s b n cwed t h a t  15-’\ - u n t p u n t  m t  S ( 11z was t v n u i i - a I lv  r ic h i rn ’; r ’d

w i t h  S W )  t i  570 m m c , \  of b i a s  cu r r en t , ‘ m i n i m - i n  w m m _ s  i v i t h n i m u  t i n y  c a p a h i l i t i ’ - _ s  of the

u c r i g i n a l  d e s ig n .

l ” i gu r e  3 — 3 3  s i n m c w s  a f u u n r - c i e n c n m n e l  \ ,~ r ’~r i c m n  u t  t i n e n ‘cn ’ i p innc l r e c u n i n i t c i r

cm - u n i t  w h i c h i_ s  f l i i \ ’~’ to l u ’  t i _ s m - u i  in i ’ n ’ ’ ’ I e ’  i n c . - r m c h u l ’ ’ t r a n s m i t te r .  l- ’or  s i t ’s-

pu r i ty , u m c l y  tic c c  of ’ t i ne  u , u i t p u t  c ’ i c m i t u m c e n l s  m e r e -  ~ r d u ~~ ’ r u  e xp l i c i t l y .  ( ‘oni pon- - r u t

c - a l ue s  are  l ist ed in T n c h i l , ’  3 — ’ . ~ ao ’n n  o t h n , ” i 5 c n j i ’  - c u t p u t _ s  is cr - c p n i h i e  of d e —

li~~er i m c g  n~ c t i  (‘~00 m c c ,m\ . ‘ [I i , — c c c i ’ ; u ’ n t  c - i n r c r c n e ’ l _ s  m i r e ’  d r i m - e n  l iv  a sin I i ’  n n r c _ s t m ’r

c i c n t r oh  - u n i t  c - m n n t r c i n i n n g  t I n e  i t m t , - , ’ r n & t , ’ r h  - i r c - n u u l  h (  ‘ - 1 .  \ d c m n _ s t i m m n c t h e  r e s i st o r

R c i’u a t m n j c - s  t I n , ’ c u r r e n t s  of all  ‘ u i t 1 m u u t _ s  ,S m n ’ , m u l t r l r l e o n i _ s t \ ’ . ( r u r ’ r . - m m t s  of t i m e

i n d i m - i d u a l  d i u c c i e’s ar t ’  n u d i u s t e ’ d  i~~depi~~i l m ’ n t J ~ ’ n r m ’ - u c n n n c l  the n u r c r ’ ’ i n a l c - a l u m ’  by

c han g i n g t i e  s ’ ’ t t i m c n i S of t i m ’ ’  h ’ c t c ’ I n t i o m  ‘ t i c_ s H~ . ‘l ’he ” c n m ’ - u t m ’i ’ ti v a  c i r c u i t  n icer-

‘ u t m n i n ’  t I i r o u c ~h t i n t -  z , ’ n u e ’ r  d i o d e s  I ) ,, s b n n i t _ s  d -  u ’, : f l  ( h i m ’ m - n i t i r ’ - c e m u n n l r m t n c t ’  if m u m m y  one

of t b ~~- [“- I  I ’ ,- \ ’ l ’I d i c i d , - _ s  f a i l _ s  to m u s } n o r t — c - i r c u i t  c on d i t i o n . T h is  s h o u l d  pro —

- ‘ a ct  a i iv  darn  m i n c e  to t I m -  r,’;’ nuln u t - u r -  me nd to ( I , . - m - t ’ n n n r i j n ing  II\ l I ’ ,-\TT d i o d e _ s .

W h i l e  t1 ie c n ir cu it u u f  l ” i g .  3 — 3 3  c ’ n m m n  n c c e u -’t t i n t ’ b ias c n u n ’ r ’ ’ n n t  r e q u i n - m ’ --

m n e n t - n  i f  t i m e  - u n t ~ u u n t  s t n u n i , , i t  is n c c t  v t - t  ( ‘ i ’rt ai ru t lu m ut t u e  H
1 

—l m ’nmhinatien

‘ c i i i  n n a i n n t a i n  m m _ s n u f f i i ’ i t ’ m n t l y  i m i t ’ n~e h n n i n — f i - , ’ q u n t ’ n n ’ v  s o ur c e ’  n u - c n m , ’ u l n m m i e t ’ ( c m  pri ’-
-

- ‘ n u t  h i n t s  c i  n - n i t u _ s i ’j l l a t j c c n _ s .  Sonic’ el m - i - u nit riu u u d i f i c m m t i u m n u  mmc m i v  L u ’  m i e ’ r f m c r t m - , ’d

d u r i n g  e - m a l u n u t i u i r u  of t i m e -  n , - m ” u u i n u t u r  t ’ c  h i _ s u r e  s t n e i i h i t \ ’ . ( ‘ i c m n _ s t r u u u ’t i on  U t  t h u e

C ir c- ‘ n i t  i ~ - to t n m k c  - n~l m c c c  - d u m n i  I n c  t i u t  - _ sc  ‘c - c~~~n I m a t  f i f  t l i i  - u e r i c ’ i — n m  r i m

70
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3. - Thu DC — I u — I ) (  ‘ I m m u n e

‘l ’hi e ’ l u m u c t i o n u  c c l ’ t i n e -  DC - t i c—t X inm- ’ i- r - t emm- i _ s  to c o n v m ’ r t  t i m e  2~f — V D ( ’

p n ’ i n i a m ’ \  l d u i c ~ c r  r e m  t l i c -  1 - i O — V  ( m i u u n c m i n m c l )  lu ’’; - 1 require d ni _ s m mmi input t a r  t i n t ’

i - i n n - n - e n-n t r , - c ’ u n l a l c c m ’ s  w h i t - I n  d r i v e  t ine  L \ I T ’ -\ ’ I’’l’ m l j c i c j c ’ _ s  in  the ’  t r a n s m i t t e r .

In i t i a l l y , cc c p l a n n e d  I a  use a 1 2 0 — V  i n v e ’ i ’t c ’r .  l l c c v c ’ c ’ c ’r ’ , t he  m ’ o l t n m g e ’ — c u r r c ’ n t

c ’ i l a n ’n u c t u ’ i - i i l i c  of t h i m -  m u i ’ w  l n i r g e ’ - m i r e n i  l \ h i ’\ ’ l ” l ’  diodes and thu m i n imu r nu  vol t m n ’ c

l i - c ip a l low c - i l  ace n o - -s 1 1 c c ’  mu l t ic h a n n e l  cu r  i- u n t  ru ‘ g u n i  a tor  di e t a t u  uI ti ’n- t i _ s c ’  of

a 130-\’  u n i t .

‘rhe c u r r e n t  r i _ s u n l it  i i i ’ : in t i n t ’  V C O— d r i v e r  s u h n i - _ s _ s e~mbly w e ’r e  dc, - s i p n i ’ n l

tcc ar c ’  i-p t 1 2 0 —  V input .  The ’  l a r g i ’i -  inve ’r te t’  ou tpu t  volt  m c c c  will he ac com—

niod , u l c - c l  t - j t h e ’ i -  I c y r i - m i n I  t u n _ s t i m u p  t I n e  - u r t ’ c ’m i t  regulator .s  or by r - u J u e i n c c  the  ap —

ph - m I  u, u c i l m i s i ’  c -xte’rmun ill’s \ v i t h c  a ‘ / e ’ f l c ’ r ’  diode ’ as shown in Fig.  2 — 1 .

‘l’ i n -  m u n l t i — i - i n n i t u m u u - l  ( ‘ u ,i r r ( ’n t  r ’ c ’ g m i l n i t o r  t ’ c m , ’ u l i m i g  t h ,  t i ’ n m n _ s m i t t e i ’  ( ) l i t 1 r n t

51 n m g e , and t ie  - c - u  n - r - e c n t  r- ep cnl  n i h  u c_ s  i n  t ine  \ ‘ ( - ( )— d r i v e r  subas se mbly c-on_ sume -

e’ ,-m m - m i ’ m n t i m n l l v  m c i i  c u r r u - n t .  (‘ on _ se ’c~n n c ’ n u l l v , t i n e to ta l  u ’ u m r r e ’ r i t i - c ~~1 n n i r c ’ u i  f r om the

i mnv c ’ rt c - n ’ will  l i e ’  appn-o’-m im c n n m t e ’ l v  e’qnai l to  t ha t  c - o n _ s u m c ’ u l  l iv  t i n ’ -  I’\ I l ’ - \TT di u i h - _ s .

T h i s i _ s  3a0 t c I , ’\ in l I n e ’  d r i v e - c ’  n u n i c i  4 ‘, [i2~i nL-\ , or 2 . 1 1  A , i nn ti ne’  oen t j i u n t  s t n m t c i - ,

g i c’ inn g ni  I c utn i l curm ’i ’nt r - e’d l u uim’c’nul i ’ m i t of 2 , 4 6  A .  ,-\ 2 .  S u — ,-\ ( n o m i n a l )  c u r - r - c m n t

r ’ m i  t i n e  si nou l  ci be , -
~ m m  l i t  ‘i ( -nt

A t  t i n i -  e i i i L - c t - t , cc c- m ’ c _ s - e u g n i~ , t - u l  th a t  t ine  s t n i t e — o f — t l i c ’- n t r t  for  I) — t o — D C

1 1 d m  ‘ r I  e - r s  \c’ m m s  su ( - i n  t h a t  the  s i / u -  m i d  w e i g h t  t ’ e i a l _ s  for  t h e  e n t i u ’ m -  t r m u n , - r n i t t c ’ i ’

pa c k - m n ’ ’ w u t m i e l  be u’m ’a ’ i ’ i ’ e i c ’ c h l i v  t i m e  inv i’r ’tc ’r melon , ’ . I ’ ccv e r ’ - c n i l u l u l v  d c v e i e c p n i c ’ m i t

w n m _ s  not i - c c n u m  c i c i ,  ‘ n - I ’ m  I m m _ s  ‘ m i l e  - of t h -  pri I m u n m  n v  oi) , j c c l i v  i - s  of th is p r c c _ s  m ’ n n  n m n , m ind

i t  , m c J u J c i ’  ar’’’d m i n l i k e - l v  t h a t  r ina , l o i -  i n c p r - o m ’ e - n i e n t _ s  - u m i h m i  h e ’  m i n m i d e ’  in t i n e ’  m’ c l n n t i c ’ c ’iv

m m c t c u r - e ’  r i u w e ’ m -  s u p ply t e - e ’ I n r n u l u g v . t ’ o n _ s e - q m n c ’ n t l v  , we’ du’e ’id e’cl to p u r c h n c _ s t -  m i

st m i m n u i , i z ’ c b  c - w u n n n e ’ r c ’ j , e ) J v  a c - n u i l n i b l i ’  i n n c - - e ’ n - t e - r -  h u e -  t n _ s e ’  i n  t h e  d e l i v c ’ n - n m h l e  hr c a d —

m u c m j j ’ c I  I n ’ n c n _ s m i t  I c r - .

On e -  in v m - n - I , - r  w i - m i t - l u  m e p p e - m m r ’ _s to m e - t I t h e  ne - i ’ d _s of the t r a nsm i t ter  cnn- n

i i r ’ e - n ~ e ’t n t l V  p l n m n r m i ’ c I  is t he  \ l u i h e ’ i  ( ‘ t - A 2  - ( ‘ — i 3 O Z — 2 5 2 , ni m i n u m b n e c t u r ( ’ ( i  by

-~~~~~~~~~ 
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C l - -\ I ) ivi_ sion of 1 I c  - n’k leoni -_ s  , Inc.  , San I e i i n-m ( )ln  _ sJ )O , ( - c m l i  f o r m i c. Time speci —

l i c ’ n i t i u ’ , n m - c el t i - m i s  m i n i l  n n r c  g i v e - n i  in T c n b h c ’  3 — 7 .  ,-\ siz e reduct ion f r o m  t f n n c t

_ shne c w mn to 6 1/ l i i  x 4 13/ 16 x 6 1 3/ 1 6  in. m m c v  be- j i m c _ s _ s i i i l e .  ( ‘ an s u n l t a t i o r - m

wi th  t i n e ’  m n u n n u i  t ’ n u r t  u r n - c ’ ’ i _ s  pl a n ned  i c c  can f i r m  this  . If tiu ’ u n i t  a ch ie ’m’ c ‘ _ s

80 j i e ’r ’ c ’ en t  e ’I f i c i e n c v  n i t  fu ll ou t p u t , th e n ’ u n r r c ’ n i t  d r aw n  f r o m  f l u ’ 2 8 — V  Supp l’~
cvii i  he 14.  2 f u  A .  Added to t h e  . 67 A n - c ’ q u i r e - n l  b y t h e  U u n n  (cs c i l la to r  in t h e

\ ( ‘(  ) — d r i m  u - i ’  _ s u b n i — m _ s e n ’m i c l ,y ,  th i s g i v e - u  a c c m r i ’ e n t  d r a in  of 1 1. ¶ 16 ,-\ f or t in-  (‘Oi’fl —

pl~ t i  - t r a n _ s n u  n i lU n ’ . Th is is nc bou t  10 p c~rce  a l  l a r g e  c t i n n u n  t i e ’  c u r r e n t  d r a i n

o n - i c  m md l v  p n ’ t ~~ i ’ cl cc i .

,-\ t t.l mi  - c - l o s e  of t ine  P d - r i n d  ( ‘0c c - i - u - c l  i cy  t i n s  r e p o r t , plan _ s  W e r e -  to dis —

r u m _ s _ s  t i m e ’  1 c u t _ s sj l ) I i ’  s i _ s m ’  m ’ , ’ c h u m c t i o ; :  of t i n t -  ( ‘ l - , , \ 2 - ( ’ - 1 3 0Z -2 - 5 2 i n m - u ’ r U - r , n c n ’ I  I c u

S i - n u r ( ’ i l  foc ’  a l i c e in m ’ c ’ i t e ’r s  s u n i t n i i c l e ’  for  ti _ s e ’  in t ine  t r a n s m i t t e r - . Th e r e s u n i t s

c i t  t i i i_ s  in ca -s  h i  g a b  ion w i - i - c  he ’ g-. n i d e t iu e  I i  na T s c _ s I c - ’t ior i  o f h i t ’  i n v e r t e r .

7-1

_____________________ - ‘ 
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TA BLE 3-7

S1’1’ C l l - ’l C , -\ ’F1ON~ o h - ’ ‘ l ’h l l -  ( E , - \ 2 — ( ’ — 1 3 0 Z — 2 , ’i2  I - N V J’I 1~ TFR

O u t p u t  \ o i t a g c ’ :  130 Vi)(  - n o m i n a l , m n~1~u s t a hl e  f rom

123 to 137

Ou t p u t  (‘ u r n ’ ’ ’ n u t :  2 . 5  A

I n p u t  V o l ta g e  28 \ ‘t ) (  - n o m i n a l , 21 — 3 0  \-‘t )C m ice  c ’p t m u l c l e -

E f f i c i u ’ n c y :  80’~ m a x i m u m

R egula t ion:  Lin e — I ~1 , 2 1  — 3 0  \T i n p u t  c h a ng e
Load — 1% , . 2 5 — 2 . 5 .‘\ load c dvi rug - u -

Hi ppl c: I ~ PP

‘I’e r n p e rn m t t i r m -  ( ‘ or ’ t ’l ’icient: . 0 n i ~~u /  
0
(~

Size ’ :  7 1/ 16 x 7 1/ 16  x S 9 / 1 6  in.

\Vc- i glut: 10 1 in

( ‘ e u _ s f :  ~ 52 Tm 1 — -i un i ’s
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- 1.0  I l  \ i~ I ) \V \ l~ i 1 ) 1  , i ~I \ -  I i~1 h - IS

I w u c t v 1 i c - , - c u t  l n n u n m l c v m u n ’ , -  ‘ h e ’ l i m ’ c n - c  - m ~~ r’e - d l c m i i e mdl ic y t he  p n ’ c ’ ~~~’ n u t  comu l r  c t .

V i n - _ s t  , nu  I i  i’ d - m n n  lbo~ n i c l  t n ’  c m  s m i t h  i - i ’ , wI m a m - ; c ’  -~~ ci -d ‘ i t  i c - n i h  i i  c r c  c t  ‘ 1 d i ’ ~~- - -  ] c  l ’  n I s i  ‘ r u t  } 
- 

- - - i -

l i i  “ ‘ i i  m l ’  ‘e m ’ n h ,  ‘ - I in  i - m u m - l i t  - r ’  si ‘~~‘ f j m  i n n _ s  ~~ i t i c  i r e - I c c  cr 1 , i -c t i c  i c c -  i - l i ’ ; ’ ‘ i i i  I i f  t i c  e

i’ c cuu u ’l n j, - ji c n n u I ’ tin e hi-c l i n i c - n d  c t f c m r h .  _ s c - c c c m n d , six l c i n ’ i c - - p c m w i ’ r ’ , I u i g l n — c - f f i i - i , ’ c u i  -
-

; m i , \ , ~ i c ’ n n c l  I \ I  1 ‘AT ’l ’ i l j e c m h u ’ , r e pr ~ se  ‘ um t m , I i v u ’  of 11 c c . m e  to Iii: m ns e - d in th e  l i - m c i - m s -

m i t t e n -  a r e -  I cc  I n , ’  i h c - l i v e ’ r e - c h  - b  t he  e n n u I  c u t ’ (,nu c’ln d~ , d u r d t i n  i i i  t i n t -  t e ’ c ’ f n u n j c m ’ i  c i f i r m .

Ti n c -  l i t - m I  si~ . (b od e -  c h c ’ l j v c ’ i j c ’ m - m w i re ’  c o n m n ~ i l e - t i - i l  l i v  -10 ~ e ’ j i l c ’ u u c h c e r  1 h 1 7 1 - ,

Ti m e -  I i  i - _ s t  l I n r  , ‘ e ’ ’ u I ’ t I n t _s e ’ c o f l _ s i m - m t e ’ i I  of f e r m i - - m e ’s - ’ h u h - _ s  of the ’  t v 1 n i -  o r i g i n m m l l v

pi -o p a _ s c - c l  f u r  t i _ s i -  in  t he  I m ’ m m n n s r u i i t t c n ’  c c u t p u t  _ st n m g e .  \ l e - _ s c i  i h i n u n u e ’ t c ’ r ’ m’c w e ’r e

t \ ’ h m n c m l l l ’  7 — 8  m i l e .  F i n u ’  u n e - ’ m t t h a i - c  s h i n ~ i m m u e ’ n m t _ s  ( ‘ o n t n u i n c - I I  I j c c i l i ’ s  w i t h ;  f ou r

I O — m i l — d i n m m c m i - I i ’ r  u n u i - , m m u s ,  ‘ l ’ ~ i c ’ _ s c  l n u m ’ g e r  m h i u i h e ’ _ s  m i r e -  Ui  l i e -  n n s i ’ u h  i n  l i c e -  de l i m’ c - r --

c i i i , ’  t ran s m i t  l i - n - .

I c - r i _ s  u 1  p , - t I c  u r ’ n n  m m m d c  0 d n i t n m  f o r -  mull  i l i u m - I c ’  I c  ‘ l i i , ’ - i - c-c l - , m c  - m d v  e n  in

i’ m c h  m I t  - - I — 1 ‘l ’Lc’ , - m c ’  - I - n t  m m  cc i - n ’ , ’  c i i  m I n i  i n n ’  - d l  ~ t i  ( ‘\ \  c c m - ; c i l i  m d c  d r  t i - s b  of t ine  m hj u ’ I e ’ s

in a - l i s c — r m ’ : c c c m m , i l i c r — i n e — m c m m m i ’ n ’ n n i m l c  t i r  ‘ ‘  t c i p — i n n u t ’ c u - c u l t .  \ I c i r i ’  u I e - b m n i i m - c h

ci - i t  m c  cc c i’ ’ - s n m pjc l  i c - - I  cvi tin time’ iii , cm li ’ _ shii p n - mentm m

S~x mi - I ’ l l t  n u m u n c j  ‘ l i c i c h e ,- c h u m  ‘ ‘ c i i ’ . mi n i -  l i i  hi ’ m m cii , ’ d n u i ’ i u i _ s  t i - i’ r m’- m - m m i m u ’ I i ’ r

(u l t i n e ’  1 m m _ s u n ’  i - m u l t i .

7 1;

______________ ______ 
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-\ M l  I - 1

l ’ i  I 1 i - ’ ( ) l ( \ l  \ \ ( ‘ l - :  D ,-\ ’l’ \ -\ ‘i’ \ I  \ \ 1 \ I I  \ l  ‘vs. h ( 1 , \ \ l : H  ( ) I ’I’ i L ’I’

i - ’OM 1) 101) 13— t ) l - I i J \ ’ I I h - ~ 1, 1)  l ) U M 1 \ (  ‘I ’ l l  V i - I l(S’F h A L l - ’ 0 ) 1- ’ T i l L  PRo ;M \ \ I

l ) i o c h i ’  \ ( V o l t s )  I ( m A )  1~~ (\~ ) f ( ( ; h i z )  ~~ ( u ~) 
______

Lot I

7 m ; 8 — 1 100. 6 460 11~ 2 ’S 4 . ¶ 10 0 2 4 . 3  2 1 0

7 6 8 — 3  ¶ 1 7 . 8  460 10 .58  5. 20 1 2 3 . 5  2 1 2

7 6 3 - h ;  ¶ m ! u • , 5 440 10. 73 5 . 1 3 3  2 4 . 5  2 1 3

763-10  103 .8 440 10. ¶ 1 3  4 0 775 23 . - S  2 2 5

7 7 7- b c O h m . 0 180 1 0 . 4 4  -1. 880 2 2 . 7  2 2 0

7 7 7 - 8  100. 0 480 1 1 . 4 5  4 . 80 6  21 - 1 . 6  210

Lot 2

7 5 6 M - l c  1 0 1 . 1  460 10.57 4 .80 6  2 2 . 7  2 2 3

7 5 1 ; L i — 8  ¶ 0 .8 -170 10 .13  4. 838 2 1 . 6  22 ( 1

7 561 , -3  00 . 0 4 Tm0 10 .17  5 110 2 2 . 6  2 1 4

100 .7 460 10. 0 1-I 5 . 0 7 %  2 1 . 7  23 6

7 ( i 8 A - 2  105. 0 -46 0 10, -Ui 4. 0-1 7 2 1 . 3  2 77

7 7 7 - 1  ¶ 3 4 . 4  300 1 0 . 7 1  4. 854 2 2 . 7  2 2 1

Lot  3

7 561 -1 — 1  1 0 1 .6  -180 11. 0 5  1 . 8 02  2 2 . 7  202

7 3 6 1 - ; - - 3 07 0 500 10. 1-1 5 .010 20. ’ 2 55

7 3 6 1 — 4  1 0 .2  -180 10.58 _ 1. I m , l 8  2 2 , 2  2 116

7 ( i % i l  — I 18.5 - 13 ( 1 10. 1 1 ;  3. i - I l 22 .  i ~ 62

777A — 0 17 . 5  500 11.  62 4 , 86 3  2 3 . 8  2 1 %

777 ,-\ — 10 98.3 - 180 1 1 . 4 0  4 . 860  2 4 . 2  230

* 40 0 ( 1 I fea t  Sin m l ’ n  ,-\ _ s s n n u  m u - c l .

77
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- — —~~~~~~~- — - - - - —



l’ :\ N l ~~l - -1-1 (( ‘ o n - n t ’  h )

I ’ [i f l ’ ( ) R \ I \ N ( ’ i ’ ~ l) A ’l’;\ ,-\ ‘l’ T~I , ’\XI~e 1 U \ l  ( \ V  POWI I I  ( ) i ’ T l ~~”t ’

I - o i l  l) 10l) l ,~ I ) i , L Iv1 ;R1 - ;D  D U R I \ M  T i l h  M I l l S ’I ’ h l , -U~ i - ’ 01- ’ T I l L  I h l ( i M i -l , \ . ]

D i i i  h e ’  V ( V o i t s )  I ( m n \ )  
_____  

f ( M f f z )  ~~~‘Ii “Y”
~ 

I

I c i t  -1

0 0 8) - - l  6 - 1 .4  820 12 .50  6 . Iu %0 2 3 . 7  -

l u O 4 l ) ~~% .4  800 13 . 1 6  Ii . 6 62 2 4 . 8  —

8.8 800 12. 77 6 .5 12  23 . 2 2 2 2

5 .2  820 1 2 .8 :~ 6 . 6 6 1  2 4 . 0  207

840 1 2 .5 0  6. 622 2 3 . 6 108

l b - V  - - ‘S ;2 . 7 8 ; 0  1 2 .  6 1 6. ‘2 3 2 3 ,4  1 ( i l

M c c l  3

‘07 ,\  - -1 33 .5  7 112 16 ,2 2  5 . 1- 132 24 . 0 —

87. -I 7-4 -1 15 . 32  5. 3 10 23. bc —

m ( J 7 , .\ - I l  86 . 1, 7 1 - 1  1-1,70 5 . 1 0 1  2 2 . 8  —

2 1 0 — 5  11- 1.0 5 1-1 2 17 .32  4 .11-1 2  2 8 . 7  2 2 3
q i f u l i ;  113 .4  500 16 .80 4 , 8 8 5  22 . 6 126

2 10-A -- S  1 1 - 1 . 2  560 17. 02 - 1.855 2 ( . 1, 2 1 ( i

I , e , t Ic

9 0 7 U — 8  88 .3 782 1 7 . 1 7  , i . 2 10  24 . 2 —

0 0 7 U - 1 5  81 .2 782 16 . 7 5  5 . 2 2 0  2 4 . 9  -

9 0 0 - 2  104 .7  6Tu ( )  19 . 28  4 . 87 3  28 .3 2 2 0

‘ 0 0 — 3  107.0  6 10  2 0 . 1 0  -1 .830 2 11 .1  22 15
1 1 5 . 5 7  - 1 , 8 1 3  2 ,5 .6 2 1 5

1 1 1 . 1  560 17 .0 1;  1.831 26 ,7  —

- 
10 e u ( .  l i e - m i t , S i n k  ,-\ _s n - u n m n n i - u h .
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5. 0 I ‘ l l (  )( ; M , -\ \ I  ~ ‘I’ ,- \ ’ I ’ l  S -‘c \ I  1 I ’ !

‘[Iii ’  purpose  of l i i i  s s e - i ’ m  i d i n n  ~ _s I i i  s u m  n - ni  m u m  - m u n  ze I h i ’ ’  em mu t i n s  of r i c e ’  p r - a  -

g n - n u n u  n i _ s  c i t  2 9  S - p t e r v i ) e r -  1 ¶ m 7 c , an d  t~~ o u r  l i n e  t i n e ’  h m m s k s  ¶ 0  he n c d d ro s se d

c h u r i n ~~ t i n ’ ’  n a - n n n m m i n u l i ’ u ’  of t i e  p r - o u r_ s in -n p o n ’ n o m l .  D e t a i l s  u c t  C lu e ‘, v o n k  aceonu —

p l i ’- c i n u - d  i u c ’i v i ’  I - -en p n - i ’_ s e m u t e d  in n i n e  f o r e g o i ng  soc I n u d m u s .

15 . 1  I ’ r -ogcam S t m c t i n s

‘ I n c  m c ’ n e n n s n n i r t e n -  s v s t c - m  d e — n i g m n h n us iuc-c- nu comn cp leted . I ’ o u r  m a in e

s u h i m u s s e ’ n u c l i l i i ’ s  u u v c k c -  up  t h e  d e h i m ’e’m’c u Imlr i un ’o nmc lhio a u’ d tr~~~snn in ’ e-m ’ . ‘ I ’ i n u - ,_ se

ci i ’ ’ -  th e  V ( ’ O — d r - i c - i - r , t h e  r n u h t i p l e — d i o c i i -  p 0 — ca r omi m p ent  s I m m _ s c - , t h e  m u i t n i  h a n n e l

c - u n - r u - n i l  n ’ e - ~~e i l a t o r  f e - u - - h _s t i n ’  c t n t p u t  5m m _ s i ’ , n u u u d  ~i cc - l i e  — t o — D C  i n v e ’ r - ’ c ’ n ’

sun ~ c j i 1v i ng hi gh c _ s u h t n u _ s i ’  m e ;  all [~el I , - \ ’ri ’ c l i u i c I , - s  in  m i n i ’  t r - a n _ s n n i t l e r ,  [he t r a n s —

m i l l e r  c i p e r m i l o s  I n - am  m c 2 8 — V  l ) (  p t - n u n n e r y  p 0 - c t - u ’  SO~~d’ i ’ O , mud u s c - s  (Sne -\ s

I U - a d  [‘cl Pt \T l ’  ch i o c l e s  for  RI - ’ powe r m i -mi era r ion  -

f n u h r - i c a t c o n u , and d~ ’s t j n g  c i t  t I e  \ ‘ ( ( b - d t i m ’ e m ’  s u l i n u s s o n n h l v

h m u v c ’  I o u - m n  e ’ o m c c p l i ’ n t ’ m I .  ‘h i s  c n m c i t  is a’,c’ nmi t in g in ~~ ’g r a t c c)n c c - n I h  ti -ne n ’et u i n um n u i ng

p a r I s  e i f  ‘ I i ’  ‘ r m m m n s m i h l e ’ r ’ , n u t l , - r  c,c ’h i r h  n e - s t i n g oh ’ t h c ’  -~~n n p l e t ’-  svs ’ eui i  “ i l l

he i n d e n t  c k e  m m-

‘[h i ’  m rai1~cm u c j 1 d i ’ r  i i i n t ç c n n r  sIm m _ s e ’ c l e v e - l o p n n c i ’ m n n  i_ s t u i e  n i a l c i r ’  p r ’ og t - n u m n

m a s k -  V p i ’ c i x i c u l  n n i m c t u ’ r i n c l  n l m o ’ , c ’ n h c  a nd  d iode  f m i h m n - i c m u m i i i n m  i c n ’ c c i e c l u r - e ’s ‘,‘, ‘ h i i c h

m e ’ m o ’ m c r m m h l v  p t ’odi i t ’ ( ’  ( ;a-\ ,_s I l i a d  1, \ I 1 ’ -\ ’l” l ’  d c od e s  i t h  n o on ’ ‘ b n m m n n  I 5- ’m\ ( ‘\V

o u ’m im _ s n u n- I 2 5  p ee ’ i - n u n  l ) (  - - t c - 1 f l  ‘- o mic ’ - - u ’sio n vH ’ i c - i e -nc v hmic ’ ,’ h e - -n c i e n n o n —

s I r - n i l e - c l  -

I u c u i r  i ’ S - \ \  d io d e s  n u n - u ’  t m  h i -  n i _ s i - i l  n n  t h e  o u m ; m u m t  s l n c g c - . \ l m i m n t h i l v  sh i p -

d u n  ‘ ‘ n i l ~~~ ‘ - c i i  - i n  c m  m c d ’ n u n  u r n  ci s ix  d i o d i  ‘s 1- ep ni  ‘ s i - n t  n i t  i c-a ’ of ’ t h e _ s i ’  to hi ’  u s’ ‘ m l  in - n t i n e ’

a u m u i c u n t  _ s t m u g e ’ , c m i c ’ e  h a — i - n c  n u m n c u l c ’  t c u  i L \ l i (  -
- ‘ l i ne co m m u n a l  f o rm oh ’ t h e  o u t p u t

s ’ m u g e  - j n - - - m m i t  b m i s  h o e - m i  _ s e ’ l , ’ c ’ t e ’ c i  - A  n n o n u n ’ e - _ s o m n m u m n t  p c n r m i h l e l ” m v ç i c  l mc m\ c ’ e ’ n ’ m ain —

b u n c  c m  u _ s i  m u  - u in n  l ’ c f i i  mu ’ l  h v h e id c c l  r 
~

, -  I v i s ’  dc _ sc n i  I c e d  1w ( v s i - l  h a s  I c ~~~n

c l c - , m  u ‘ ,. - \ m m ~ i l m s j m - , m u _ s  - - c i m c ,w n  t i c - i t  I l i a c  I~~~u i ’  u t ’ i - i n - c - u n i t  c - a i m  n i o c ’~ f i n e  - cnnd i 1 n o u n s

I a n -  I _ s a J n , t  l en t  m u n i c h  low t i c s _ s  r e-q u i n - i ’d in  I he wi 11 )111 _ s t m u n c , . To t l i i  s w i l l  h u e
c ’ a u i p l e ’ i h  t u u u u i ’  i r ndi v i ’l i u , - I om -n c j l l n i t c u u ’  u m u u i m h m m l , ’ _ s .  

-~~~~~~ - 

79 

- -



I

Mi’ u - i i n m t n n n n’v I i -  c ’ i n ’ c ’ e m i i  c i c ’ ,s n _ s m  ( i i ’  . c , , c i , _ s cj l l n u c d c r m i n c u c l m n i c ’ s  I n m u ~~~m i -  i ’  c c - n ; -

p h ’  I c  - - , I t -  ‘ I  I n  I n ’  - p 0cc -i ’  n u ‘ o r u i l  m i n i , - - r mu m u c h  - f u c  - i i~~ c - i i  i ce t mu - m~n m ’  u d u n  I i  s c , n e  ‘ C )  I s ,

m c l j , ’c ” I  r ’i l r - c m i : m e ’ - l  in- : c - r d f u r  r a sh  n - n p  ‘[[‘c l I I n n ’ . C m i u c c i u i u n e n c b s  I n n ’ s( c m n u d ’

b a s i c -  ‘[[‘c l — l i n e  s t r u c ’ e n r e ’ _ s  m i d  i c i r  ci l - c ’ a — p u m n ’ i  Gy ,_seI h v h i m d d  I c a m ’ e  s - c - n ,  f n c i c t ’ i —

ca t - -c l cal  a r -  n i ’ , ’ :m c i~ n n c m ’  n c - s i .  , \ h i n i c ’  k u i ’  o u t i d u n ’ s m c i _ s e  ( I c - _ s i gn m n _ s i n i _ s  ci ‘ l b - l i - i —

t r j i - n u l l ~’ I c c - l ed  n ’ ’ ,_ s d ’ n n n m u c  - ( ‘ c i c ’ i t v  1io - ,-,’ i t ’  c - o m h in u c’ r s im i l a r  ‘ u c  ‘ i c -  c ’ m ’u i l

(1e V c ’ I c c T i i - ~m c I - u t ’ j n _ s  t i n , ’  pn ’ d ’v ious l m n ’ 0 8 m - m m f l  I - m a _ s  in- - r i  p r e p a r ed  b u n ’  u _ s c ”  if

d i f f i c u l t  i t  - s m e n - i ’  , - u u m ’ oun ’ i ’m - e d  ‘,-: i t  Ii th i e p u - em ’ i ou s  Iv  u n r  r i d - m t  ‘[[ ‘ci - l i n e ’  cU - c ‘u il  s.

‘i r c ’u i l  d i - _ s i _ s n  for  t h c -  n iu lt i c ’h a n n e l  cu r r e n t  r ’ u - g u n l a ! o r  is c or u i p l c ’ I  1 ’ -

i: a i c n i c n i l i o n  , ‘u ’ _ s t , and possi  c i i ’  r o f i n c ’ i u i c - n l  r e m c m u m i  a hi- a c comp l i s he d .

“c s-c - m m n u l c u n ’ d , (- cu r r n i ’ n - c c c m l l ’ ,’ a va i l able I ) (  — I o — f l (  i n - s i - n - O r is n o  he

used  in  ‘ F u r ’  t u ’ m c u u _ s f l i i m l , ’ r .  On , -  s u n i l n i l , l e  u n i !  h a s  i c c - c - n  _ sr ”lec ’O-d mud , based

on 1 1c c  u _ s e  ( i t  t h i s  u n i t , p m ’ i m j i - c ’ i u m m u s  i d ’ o v c - n ’ a l l  h r - a n s m i ! m e - m ’  p o w e r  c cu n s u r n pt i on

h am’ ’’ bee- n m u n i c h ’-

‘ 5 2  Plan _s

\o f u r ’ i h i - r  c h e ’ v i - l o p r n e ru t w c r’I- n  should  be n - i - 4 u n u  r i d  on m i c e  V t  ( ) — d r i v , - r .
-

~~~ r’ mus 4 s c u l l  in t ogn ’a l’ c ’ C mc j t h c  f l ue ’  t r a r c s r n i f 1 i - n -  p a ck a ge  c i n c h  p e n l ’o r i i c  f i n a l

0-_ s t i n - u g.

S c - v u - n - n m  I t n i _ s k _ s  r e m a i n  in t i -n e o m n i p u m l  s t a g c ’  ( ie ’\ ’ e l o p m e r - m t .  ~\ d d i t i o n a 1

c ’ j c j t a ,x i a l  n u ~ m u r e r i a l  m u _ s m  i c e ’  L m t ’ c i m v m n  so t h n u m  m o r e -  d iode ’s  c-an h e ’  f , m h i n j e n i t - d .

l i n e  d i c _ s i e ’ ,_s m v i i i  f o r m  c u r l  i n v u - n u m o r - v b ’cu n ’ u se j r -n n n c , - e t i m u _ s  f u t m n r ’ i ’- d , ’ h i c ’ c ’ n ’ v  n a - —

qu i r - e ’ m n i e ’ n n ’ _s m i n d f u r  m n s u ’  in o u t p u t  s t n m [ i -  dem - u ’ l o p m u n , ’ n n t  - D c i -  h i n u s i c  ‘[[‘cl — l i n e

c i rcu i t  u - u t n m c p c i n u ’ r u t _ s  now on i n m u n u d  m u _ s t  l i e ’  n c _ s s u ’ m i u l , ’ c l  and  l i - s l e d.  I O h i o w u I n - ’

s uc c e s_ s ’ m n l  l u - _ s m ,_s of lh c so  c - i n c - u n i t s , f i n a l  d e - s i n ,9 c , n i _ s n — i c - m i n i m ’, m u c h m i - s i  of t i ne

f ouc r - p c i r ’r h m i c - ,i,’i ’r  comhirn e- i -  ( - c n n  h e ’  u n c h e - n - t m m k -ni . \ l u - n u _ s n i r e m i ’ d c d  of ( l i O d u

t i ’ r ’ n m c i n u m u l i r u n p s ’’da n ce  m u s t  in- n i c i c h u ’  to con -m p h - b c -  l i i i -  1( 1  des ign ci ’ he o _ s c n l l m u l e m r

modu le s .  I b i s  c - i n - m i t  d u - s i _ s n c , m e - m - l n n m i u m c ’ a I  d e s i gn ,  f m u I m - i r : u r n o n , n u s _ s e n u i b l y ,

mud t (~_ st  m’,’ i l l  t h en  fo l low.  ‘ t h e ’  n ’ e - _ s i n m n m m u t  — i - m ~v i t v  p c c c c ’ i - m ’ — e t i i u i b i f l r ’ r ’  dc—c u i n n  is

I i i  i n g  i~i - l i I  f u n ’  r i s e ’  in t i n e ’  u u u m t p r n m  , _ s t : c Lm u ’  I !  n , ’ d ’ e - , _ s _ s m u i - \ ’ .
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I s m u g  m i n e ’  e ’ -d,- c m i u n n~ d c ’ s i ~~n n , t I n e ’  i i c n ,m h t i c i u n m r n u n u - l  ( ‘ U t m ’ c - m u n u ’ c ’ _ s i n l c u l c u n ’  ‘ c - n I l  I , ’ -

cis s , ’miihclo ri n m n i ’ i  , - s t c ’ c l .  I i  ‘ c i i i  l i n e - l u  I - i -  i n b e g r n u b e d  ‘, c ’ i t l n  i i n e  i S F c c - t  t m ’ a n s c c u i ’ l c ’ i

so i i i  p o r n  , - n I  _s -

‘ h i m ’ I i  - t o — i  ) (  i n c a ’n ’ i i ’ r  i _ s  10 l i e ’  c u r _ s I c - n i - c l .  ‘[he p c m s s i h m n  l i v  01 n a - c l u n c i m c g

l i c e -  s i / u ’  ‘ d i d  c c _ s - i _ sl i t  a u m c ]  n n c n ’ c ’ n u s i m n _ s  m i n i ’  m - t f i d ’ i m - n ( ’ v c c !  - - ‘- m n _ s m  im i g d c - _ s i _ su n s  i_ s  h a  i c c ’

i n n - . , - _ s m i _ s n n m , - c l  t h r o u g h  c c u n _ s u n l n n c t i o n u  ‘v i ’h m i n i -  i n m’ c ’ e - - n  n n m n m u i u f n - c c -  d i n n e r ,

I n c - m u  m c l i  m n _ s i n s u m u i l m e ’ r  c c c m i i p o n c t ’ i n t _ s  m m m i -  a nn  i n n u n c i , I b m - ’, ‘,‘: i l h l i i ’  m _ s _ s c - m u i b l e c n

ifl~ c c  ‘ h u e -  c l r l i v e m ’ m m i u i c -  m u - n m n l s m i n l u ’ u -  p a c ’i- n ’ u c i ’ ’ . V i n n n m l  pu - r - l ’ o r ’ r n a m n c - i -  ‘ u - _ s ’ e a c

‘ h c u - u n  ‘ m c I - m i - p l c cc -

a - v u - n - n i l  , m n n a l m ’ l i c c m l  c , m _ s k s  m u s t  n u l s o  I c c -  m -’ on ip l~ - c c ’ d in  t~~,- n’ c ’ i i m m m i m c d u - u ’

‘ i c e -  p m ’ c u _ s n m m n n n .  I I c ’ I i n u h c i l i t v  c l m u t m m  cmi  t i c , ’  c c c n i p o u u m - m u i _ s  i n  ‘h o  t m ’ m m n s n u i m l m ’ r -  i ncu s’

I ’  - c ’ - - : i i  - - ,‘:‘ - ci d cm u - i - l i  ‘ i r m i i  i Iu nmm ti - me -- ape - r a n t  m n I i !  m ’  mcm l s i c ’  - I t ’ i i I ’ S  - n . m ~t m m m ’  1 : d  n m  _s

c a r l m d c c l  I i , ’  m a r l  , : \ c on p l m ’ m e  n e r n n i l y s i _ s  c u t  e c u _ s t  n c r - m e l  p u i _ s _ s n i m h i -  c n m _ s n — s u , ’ ’ ’ —

‘ , ‘:- -U ’ c m  - c c  - b i n ’  inn  c l i m e ’ n i - - m m - h i  - o f f , _s m u - n i t _ s 1  c m l  so i - i -  m m d c  - I I n c  - ‘ I  - - i i ’ ~ m - c m i i i  i i ’  * m m cd i _s -

m m c i i i  c m v i i i  o l m m ’ i c u n n s h v  m d c c l  n c ’ p r c - s t ’ d c l  I n ’ ’  i u i n ~i u ’ ’ _ s t  l i - s -I  a t  t i c - _ s i g n  n ’ , - f u , f l u ’ m t c u ’ m n l

i c i ,_ s s j i u i e ’ . i ’ n ’ c i ~ c p m ’ ’ l 5  f c m m ’  t u i b u m ’ - -  i m i n p n c c ’~ c - i i c i ’ m n n  i i i  p~ ’ n ’ f m c u ’ m n n n i n - i ‘- c ’ t l l  i i, ’ sum—

c ” ’ . c d .
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6 . 0 R l - : 1 - ’ i - : i i I \ t  ‘i- ;s

i .  (
‘
. ,-\~ I -b_ sin -n c -t i , ‘‘ ‘ l I m e  l ’ h i m u t i i : u u i m n m i t  T m m n i u m u - - I n ’ l c n m ’ c ’ u i  D u n  m m m c m l  n - u - h  H i n e s

( ‘ i t - c - u n i t  ( u  m j l i n t t j o m n s  in  1 \ h I ’ , \ ’I”1’ I ) - s ’j l i a t i r s , - ‘ D cc li S v s t i - n i n  ‘I ’ m ’ ( ’ i n f l i c ’ n m l  .1 .
5~~~, 2 7 1  ( ‘ m m c i i  1 7 -b ,

2 .  “ I H u h  - i -U ’f i c  - - d m 1 - v  Solid - ~~l m h c - C’ - l t c m i u c h  ( ;~ - n c  ‘ n ’ m m t m c n , - -  ( ‘ an t r i - - I
‘ 1) 6 02 -7 4  -C - 0: nf l  6 . cvi - rk c - mm i - r i m  n h  cci ml m i t  R nuv t I c - ”  -n Fl - s i - n m  t ’ c l n  1 ) 1  vi s — i c - m u

1’ i n n  24 .1 m i n e  i i  7 - e  to 2-1  1 m m i i - - 1 ‘7 5.

1. -- I l i _ s I n  - H i t ’ i c ’ i i - m n c v  U u , i i d ’ - S l n c l c  C - i t m u m t u l  D e - m n c ’ m ’ n u l i i r , - I - ’ i n m m l  ‘l’ c ’ c i n n i i ’ : c l
R i - p u - m t  I I  \ l ) ( ’  ‘I ’ll 7 m 5 - 211 1 , D i c r , m c ’  ‘ c i t  l ) c ’ v m - l c c i i u u u m  r u t  ( ‘ , - n i t m -r , \ i r  l ’ c u i - - - ’
Svstc’muns ( u i c u c n m n u ’ n i l , ( U - i l b s s  \ i i ~ [‘ c~r c i ’  1 1 m m _ s c - , ~~- - ,v ‘ c i t - t m  1 , :  11 ,
\ u c v m ’ m i m l u i - n  1 n 7 5~

I .  H .  1. \\ i l l m i n i s c n u , “ ‘ c m - n  \ - \ \ , u v  1 I ’ ~h m n i n l  i ’ o m v c ’n  l ) i ’ : i - l ’ t - , ” J i l l .  I n - m i s
i c b i o f l _ s  ‘ITT : ; , 1 1 1 ;  ( , i m m n i n m a n ’ v  1 ! - h ; u ) .

- u .  I - 
. I I .  D v , -- u - I  , 

‘ ,\ \ c-cc  - \ V n m v  1 ‘cc cv  n 1 ) 1 ’ , u d c - i ’  ~! ( ‘ an i b j n i c - n  S u u i  I s n i n i ’ 1-
11 i _ s I n  - 1 ‘(mc ’ : - ‘r ,\ i u l d i  i c - n i t  i c m n u s , - r  1 ¶ d  75 I H I -  i - ’. ,\ I T ’l ’  Sv m u u p o _ s i u n  r u u I )  c - s t .
p. l i t .

6. ( ‘ . D r n n t s c ’ h t i i u , ‘ ‘$c  _ s u c n c l \  at ’ I b m -  [ m ’ m u n s n u i s s i o n  H i m , ’  I ’ t ’u c i m - n l n e ,_s a t
[m i l d - c i  l n v , ’ r - t u ’ u l ‘ c h i c m ’ c ~_ s t u ’ i I m  l , j u c - , ‘‘ I ‘ i n t l  T c - c ’ l c u u i c m u l  I - l i ’ i u c u r ’ n

I I  \ l ) ( ’ - ‘ I ’ l l  7 - 1- 3 1 1 , R e m m m u, ’ : \n n  I ) r ’ v m ” -p m - r u t  ( ‘ u c c l -  n , A i r  I - ’ u c i c c -  Sy s tem -
( u c m u n n i u c i m u - h , ( b ’ u f f j _ s s  , \ i i ~ i - a r c - l l m u , ~ - ’ , \ e  c- , m e - I , 13-1 -I l , D i ’ c m - p c l c i - r  1 7- 1

7.  I ) . .1 . ( - c c l , ’  d n n c n , - I n - . , . I I  . \\ is - mu ‘ m u  nm , e c - I  I ) .  \\ . _ si  c m mv , - - I I  - mm I n c  i n n

i l - f e - s  u u n  Pt c ml D m u , - \ _ s , ’ :\ I u i d l . P h m \ - ’s. 1, - t . ! ‘c , - :5 ( \ p r - i l  1 7 w

I
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METRIC SYSTEM

BASE UNITS :
Quantity Unit SI Symbol Form tita

length metre m
mass kilogram kg
time second
electru urrs ’nt ampere A
thermodynamic temperature kelv in
amount of subatance mole mol
luminous intens ity candela

SUPPLEMENTARY UNITS

plane angle radian rid
solid ong le sterad ian sr

DF.RIVl~1) ( NITS:

Ac -elerat ion metre per second squared ms
act iv ity  (o f a radi,ia t i~~e sour eJ dis integration per second (disintegratioflhli

angular ac celerat i on radian per sec tind squared rad~s

angu lar velocit~ radian per second ridis

art s square metre m
density kilogram per c uhii metre kg m

clot tn capac i tance farad I- A.s ’t

clot Inc al i:i,nduc lance siemens S A~V

eles tro Field strength volt per metre V m

elec tric inductani e henr~ II
clot tnt potential difference volt V W A

electric resistaro e ohm V A
e lec tromotive fort . volt V W A

energy poule N•m

entropy oule per kelvin
Forte newton N kg.m s

frcquern y hertz Hz (cyclehls

illuminanu~ lux Is lmim

luminance candela per square metre cdim

luminous flux lumen lm cd.sr

magnetic field strength ampere per metre A m

magnetic flux weber Wb V •s
magneto flux dens ity tesla I Wb(m

magnetomoti ve foote ampere A
power watt
pressure pasca l Pa N m

quantity of e l ec t r o  t v coulomb ( A.s

quanttt~ of heat oule I N.m

radiant intonsit’, watt  per steradian W cr

spet.ifu heat toule per ki logram-kelvin
stress pascal I~. Nm

thermal ccindutt iv i tv watt p~r met re-ke lvin W m.K

velotity metre per second in S

viM osity dynamic, pascal-second P.•s

visc osity. kinematin square metre per sot tind ma

voltage volt V W A

volume cubic m etre m

wavenumber reciprocal metre (wa v e) m

work toule Nm

SI PREFIXES

Multip lii itiofl F&.tc,rs l~rafis SI Symbol

1 00(1 (X)(t (10(1(100 1 Ii ’ I r a
1 00(11)00 (1(X) 10 i i ~ • 

U
1 (1(111 (Xlii mega M

1 000~ 10’ kilo k
100 10’ hacio h

10 10’ deks di
0 1  iir ’ deer d

001 lfr ’ me nu’ c
(1 (101 - 10 ‘ mUll ni

ii (MX) 0(11 Iii - mli ii.

(1 IN tt l ()IUi (1()1 - 11) flaflO H

0 1)0(1 iM U) (Mlii 001 -
~ 10- ‘‘ 1)1(a)

0 000 00(1 (Mlii (NM) (101 - 10 ~ ~nmto
0 0(M) (MX) 000 i)0() (Mli i 001 III ‘~ itt .. a

To be avoided where posaibhi
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MISSION
of

Rome Air Development Cenf rr

RA.X plans and conducts research , exploratory and advanced
development programe in comeand, control , and cameunications
(C3) activities, and in the & areas of inf ormation sciences
and intelligence. The principal tecMical mission areas
are ccuuiunications, electromagnetic guidance and control ,
surveillance of ground and aerospace obj ects, int•’ligence
da ta collection and handling, inf ormation system technology,
ionosp heric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compa tibility.
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