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R e fıe c tio n  o f p u ıs e s fro m  a  S h o rt C irc u it



Scanned by CamScanner



Scanned by CamScanner

JĽ  J
.

米 兴 关

川口认必州 M 试

D yv a  J A  L =  h  Q  *w i

レ
― ―

"

A  le v o  u Ļ ) o m / e ţ

台
C o M m  ic a  t ; o ń s ,

inp  iÇ S



Scanned by CamScanner

'

.  

;  

;

.

.  

:  

:  

;  

-
.

.  

.

,

:.
m  Ţ

e x p e rim e n ta l c o n firm a t io n  o f p ro p a g a t io n .

m e e tin g ,  W .  L .  B a rro w  o f  M IT  p re s e n tė d  a  p a p e r o n  t ire  c irc u ıa r w a v e B u id e , 
w it h

C o m p a n y  in  N e w  Y o r k  p re s e n t e d  a  p a p e r o n  t h è  w a v e g u id e  in  1 9 3 6 ,  A t th e  s a m e

 A
f ter  p r el ĵmi na r y,

 e

x p e r i me n t s  i n 1 9 3 2 ,  G e o r g e  C .  S o u t hw o r th o f  t he  A T  & T�

re s e a rc h e rs .

e s s e n t ia ıiy  fo rg o tte n  u n t iı it w a s  re d is c o v e re d  in d e p e n d e n tıy  ī n  1 9 3 6  b y  tw o
e x p e rim e n ta i v e rific á t io n  w a s  m a d e  a t  t h e  t im e .  T h e  w a v e

g
u id e  w a s  t h e n

T M  ty p e  t h à t w e re  p o s s ib ie  a n d  t h e  e x is t e n c e  o f  ā  c u t o ff f r e q u e n c y , b u t n o
s e c t io n s .  R a y ie ig h  a ıso  n o te d  t h ė  in fin ite  s e t o f w a y e g u id e  m o d e s  o f t h e  T E  a n dp ro p ÈA io n  in  w a v e g u id e s w a s  p o s s ib ıe  fo r b o t h  c irc u ıa r a ń d  re c t a ņ g u ıa r c ro s s

 I
n  1 8 9 7 ,  L

o r d  Ra y l ei gh  ( Joh n  W i ıliam  S t r yt t) m a t h e m a t i ca l ly p r ov e d  t h a t  w a v e �
n e c e s s a ry  fo ŕ  t h e  t ra n s fe r o f e le c tr o m a g n e t ic  e n e r g y .

l8 9 3 , 
h è re je c tė d

-

th e  id e a  b e c a u s e  h e  b e ıie v e d  t h a t t w o  c o n d u c t o rs  w e r ep o s s ib ility  o f
,  
p ro þa g a t io n  o f ê ie c t ro m a g n e t ic  w a v e s  s i d e  a  c ıo s e d  h o ılo w  t u b e  intra n s m is s io n  o f p o w e r a t nigh fre q u e n c ie s .  A lth o u F

h  H e a v is id e  c o n s id e re d  t h e
 T

h e  d e v e l op m e n t  o f  w a v e g
u

İ de  a n d  o t h e r  t r an s m i ss i on  ıine s  f or  t h e  ıow - ı os s �

M iıe sto n e s

T ra n s m is s io n  L in e  a n d  W a v e g u id e s

C h a p t e r  3

M ic ro w a v e  E n g in e e r in g
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in  W o r ld  W a r lı, b u t p la n a r ıin e s  d id  n o t s e e  in t e n s iv e  d e v e lo p m e n t

lin e , s im iıa r t o  a  s t r ip lin e , u s e d in  a  p ro d u c t io n  p o w e r d iv id e r n e t w o r k

 T h e  f irst  p ıan a r  tr an s m i ss i on  l ine  m a y  h a v e  b e e n  a  f ıat - s tr ip c o a x i aı�

m ic ro w a v e  in t e g ra t e d  c irc u it s ,

a c t iv e  c irc u įt m îc e s ,  s u c h a s  d io d e s  a n d  t ra n s is t o rs , to  fo r m
c o m E , 

lo w  in  c o s t ,  a n d c a p a b ıe  o f b e in  只 e a s ilv  m  �  E t e d  w it h

s e v e ra l o t h e r t y p e s  o f re ıa te d  g e o m e t r ie s .  S u c h  t ra n s m is s io n  lin e s  a re

s t r ip lin e , m ic r o s t r ip  ıin e s , s lo t lin e s , 
c o p la n a r  w a v e g u id e s , a n d

 p l an a r  t r an s m i ss i on  l ine s  p r ov i de  a n  a l te r n a t i ve ,  i n t h e  f or m  o f �

pıa n a r t ra n s m is s io n  ıin e s

fa b r ic a t e  c o m p ıe x  m į c ro w a v e c q w o ņ e p t s .

 c o a x i aı ıine s  a r e ş h j , e

Y ę ç ! b u t  a r e a _ i  � cu ıt m e ¢í um  i _ w h i ch .
 T

o�

 T w o - w i re  ıine s  ar e į æ× g §ņ s į !ę  bu t  lac k  sh i el di ng . �

fre q u e n c ie s .

a n d  ıo w  lo s s  b u t  a re  b u lk y  a n d  e s p e c ia ıly  a t  ıo w

 W a v e g u i de s  h a v e  t h e  a d v a n t a g e  o f  h i gh .
 Į ,  o

w e r  haĘdņg ça p ĝ W �

a n d  c o a x ia ı ıin e s fo r t ra n s m is s io n .

 E a w  RF  an d  mi cr ow a v e  sy s t e m s  rel ied  on  wa v e g u i de s ,  t
w o -

w i re ıine s , �

,
,  
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 W a v e g u i de s �

Ty p e s o f T ra n s m is s io n  L in e s (1 )

Sıo t lin e  : V e ry  u s e fu ı fo r s p e c ific  a p p lic a t io n s .

S u s p e n d e d - s u b st ra t e  s t r ip ıin e  e a s y  fo r d e v ic e  in t e g ra t io n ,

*  
S t r i p

ıin e  : L e s s ıo s s y ,  T E M , h ig h  b a n d w id t h ,  lo w  p o w e r c a p a c ity .

 M
i cr os t r ip : Lo s s y,  qu a s i -T E M  mo d e s ,  hi gh  ba n d w i dt h ,  e a s y  i

n t e g r
a t i o n . �

 W a v e g u i de  F o r  hi gh  fr eq u e n c y / p o w e r  si gn a l s,  S u p p o r t TE / T M  mo d e s . �

 T w o - w i re TL  L o w  rad i at i on ,  freq u e n c y  up  to 30 o  MH z ,  s u p p o r t TE M  mo d e . �

m o d e .

*  C o a x ia l T L  L o w  ra d ia t io n , fre q u e n c y  ra n g e s  u p  t o  3  G H z ,  s u
p p
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Ty p e s  o f T ra n s m is s io n  L in e s  (7 )

m a tc h in g  p u rp o s e s

u s e d  tb r  im p e d a n c e  lin e

v e ty  lo s s y  a t b e n d s  o r ju n c tio n s  in  th e  ń d g e

c h a r a a e ris tic s  
w a v e  to  o p tic a l f re q u e n c ie s ,  a l ıi ıo u

g
h  i t  c a n b e  

b e n d s  o r j u n c t ıo n s  i n  t h e  r i d g
e  l i n e

im p e d a n c e  
Its  s m a ll s iz e  n a a k e s  it u s e fu l fo r  m illim e te r  

fre q u e n c ie s ,  a lt h o u
g h  i t  c a n  b e  v e r

y  
l o s s y  

a t

(m o r e  c o n s ta n t) 
M  a c tiv e  d e v ic e s  

m a k e s  ıt u s e fu l ło r  m illim e te r w a v e  t o  o p tic a ı

b a n d w id th  a n d  b e l i e r  
c o n v e n ie n t fo r  m in iĦm riz a tio n  a n d  in te g ra tio n  

in te g ra tio n  w ith  a c tiv e  d e v ic e s .  I t s  s m a l l  s i z e

le a d in g  to  itıc re a s e d  is  c o n v e n ĺe n t fo r m in la t u r iz a t io n  a n d

R id ge  w a v e g u id e  D ie ıe c t r ic  w * v e g u id e  c o v e r e d  ın ic r o s t r ip

O th e r T y p e s o f L in e s a n d  G u id e s
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E le c tric  F ie ıd  o n  a  M ic ro s t rip  L in e

is o la t io n  ; L o w  u n ıo a d e d  Q ,  e t c .

H ig h lin e - lo s s , L o w  p o w e r c a p a b iıity  P o o r m u t u a l

 D i sa d v a n t a g e s �

c o s t e Ħe c t iv e , L a r
g

e  b a n d -

w id th , e t c .

Lig h tw e ig h t , M in ia t u re , e a s y  to  fa b r ic a t e ,

 A
d v a n t a g e s �

p ıa n e ) .  A lu m in a  a n d  D ro id  a re  c o m m o n  p
- w a v e  s u b s t ra t e s .

(s u b s t ra te ), w h ic h  is  s u p p o rt e d  o n  it s b o tto m  b y  a  c o n d u c t in g  p ıa t e  (g ro u n d
C o n s is t o f a  t h in  c o n d u c t in g  s t rip  p la c e d  a b o v e  a  d ie le c t r ic  m a t e r ia l

W  die 】.  u i. .  Ie d ı. .  H ig , d id .  U i. " d . .
 M

i cr o s t r i p ıine �

Ty p e s  o f T ra n s m is s io n  L in e s  (8 ) /   ·  · . . . . .. . . .. ..  \
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c h a ra c te ris tic  im p e d a n c e  c a n  b e  o b ta i e d  fro m  sta t ic , o r  
q

u a s i
- s ta t ic ,  s o lu t io n s .

T h u s ı g o o d  a pp ro x įm a tio n s  fo r t h e  p h a s e  v e lo c ity , p
r o p

a g a t io n  c o n s ta n t , a n d

 I
n  o t h e r  wo r ds ,  t h e  f i eı ds  a r e  e s s e n t i al ly the  sa m e  as  th o s e  of  th e  st a t i c (DC )  ca s e . �

th in  (d  < <  À ),  a n d s o  t h e  fie ld s  a re  q u a s i- T E M .

 I
n  m o s t  p r ac t ica l  ap p l ica t i on s ,  h o w e v e r !

.  T

he  di el ec t r ic su b s tr at e is eıec t r i ca ııy ve r y�

w it h  h e re ,

 å

c k  t% g v q r i g  i 1R '
%

 :r y : $ T i �

a t th e  ilie le c t ric -

a ir in te rfa c e  w o u ld  b e  im p o s s ib le  to  e n fo rc e .

v e io c it y  o f T E M  fie ıd s  in  t h e  a ır re g į o n  w o u ld  b e
.  

c , s o  a  p h a s e -

m a tc h in g  c o n d it io n
v e io c įty o f T E M  fie ıd s  in  t h e  d ie le c t ric  re g io n  w o u ıd  b e  c N e ,  

w h iıe  t h e  R h a s e

 F
o r  t h i s rea s o n ,  m i c r o s t r i p line  ca n n o t  su p p o r t a p u r e TE M  wa v e  si nc e  th e  ph a s e �

fra c t io n  in  t i e  a ir re g io n  a b o v e  t h e  s u b st ra t e ,

d ie ıe c t ric  re g io n  b e t w e e n  t h e  s t r ip  c o n d u c to r á n d  t h ė  g r o u n d  p ıa n e  a n d  s o m e
d ie ie c t ric  re g jo n ,  m i c r o s t r ip h a s  s o m e  (u s u a iıy  m o s t ) o f it s  fie ıd  lin e s  in  t h e

 U
n ı i k e  s t r i p

l
i n e ,  w

h e r e a l l t h e  f i el ds  a r e  c o n t a i ne d  w i th i n a  h o m o g e n e o u s �

m ic ro sť rip  lin e .

th e  re g io n  a b o v e  t h e  s t r ip  (y  >  d ), c o r in p
iic a te s  t h e  b e h a v io r a n d  a n a ıy s is  o f

 T
h e  p r e ș en c e  of  th e  dielectri, p a r t i c u ı a r ıy the  fac t  th a t  th e  di eıec t r i c do e s  no t  fi lı�

2 3

 h t tps  :// ww w .  yo u t u b e .  co m / wa t c h ? v _ h l wo h p r h v ų y �

v e lo c it y  v p
- c  a n d p ro p a g a t io n  c o n s t a n t P =  ko  

·

 T h i s w o u l d c o n s t i tu t e  a  s i mp l e T E M  t r an s m i ss i on  l ine  w i th  p h a s e �

e m b e d d e d  in  a  h o m o g e n e o u s  m e d iu m  (a ir).

tw o - w ire  lin e  c o n s is t in g  o f  a  f la t s t r ip  c o n d u c t o r o v e r a  g ro u n d  p la n e ,

 I f the  d i el ec t r i c su b s t r at e  w e r e n o t  p r es e n t  (E, -
1 ) , w e  w o u l d ha v e  a�

s u b s t ra t e  o f t h ic k n e s s  d  a n d  re la t iv e  p e r m it t iv it y  E ,

 A  c o n d u c t o r  o f  w i dt h  W  i s p r i nt e d  o n  a  t h i n,  g r ou n d e d  d i el ec t r i c�

w it h  b o t h  p a s s iv e  a n d  a c t iv e  m ic ro w a v e  d e v ic e s .

p h o to lit h o g ra p h ic  p ro c e s s e s  a n d  is  e a s ily  m in ia t u r iz e d  a n d  in t e g ra t e d
tr a n s m is s io n  lin e s  p r im a r ily  b e c a u s e  it c a n  b e  f a b r ic a t e d  b y

 M i cr os t r i p ı ine  i s o n e  o f  t h e  m o s t  p o p u ıar  t y p e s  o f  p ıan a r �
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s h iĤ  is  fo u n d  a s

6 .  66 5 .  T h e  lin e  lm g th ,  t , f o r  a  2 7 0
0  

p
ııa s e

H )e  e c t i v e  d ie le c tric  c o lıs ta n t is  �
,

-

is  W  =  
0 .  96 54 d  =  

0 .  4 83 m m ,

fo r  W /d » 2 .  T h e n  th e  re q u ire d  lin e  w id th  
t °  

k o  
8 ,  72 m m  T h e  to tal lo ss  o n  th e  lin e  i8  th e n  0 .  ı0 1 dB .

o th e r w ise  w e  w o u ld  u s e  th e  e x p re s s io n  

2 7 0  
° 

(Æ/ 1 8 0  
°

) 
0 .  0 ı0 8 N p lc n ı-

0 .  0 94  dB /c m .

T he  a tte n u a tio n  d u e  to  c o n d u c to r  lo s s  is  a
,

-

S o  d le  c o n d itio n  【h a t W /d  <  2  is  s a tis fie d  k o - .  2 0 9 .  4 m
-

ı  
U .  0 2 6  n .

1 .  f  

T h e  s u r f c e  r e s is t i v i
q  f a r  c o

p p
e r  a t  1 0  G H z  is

A  =  
2 .  1 4 2 , W

í d  
=  

0 .  96 54  ¢ .  2 7 0  
°

.  p£- k o t , 

N
P

l m
-
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