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ABSTRACT 

T h i s  paper  d e s c r i b e s  a h i g h  performance 5 MHz 
d i s t r i b u t i o n  sys tem having ex t remely  low phase n o i s e  
and j i t t e r  c h a r a c t e r i s t i c s  and p rov id ing  m u l t i p l e  
b u f f e r e d  o u t p u t s .  The system i s  comple te ly  redundant  
w i t h  au tomat ic  swi tchover  and i s  s e l f - t e s t i n g .  F a u l t s  
can  be i s o l a t e d  t o  a  modular l e v e l  by obse rv ing  f r o n t  
p a n e l  s t a t u s  i n d i c a t o r s .  S ince  t h e  5 MHz r e f e r e n c e  
s i g n a l s  d i s t r i b u t e d  by t h e  NATO I X L  d i s t r i b u t i o n  system 
a r e  used f o r  up-conversion and m u l t i p l i c a t i v e  
f u n c t i o n s ,  a h i g h  degree  of phase s t a b i l i t y  and 
i s o l a t i o n  between o u t p u t s  is necessa ry .  Unique c i . r c u i t  
d e s i g n  and packaging concep t s  a r e  u t i l i z e d  t o  i n s u r e  
t h a t  t h e  i s o l a t i o n  between o u t p u t s  i s  s u f f i c i e n t  t o  
g u a r a n t e e  a  phase p e r t u r b a t i o n  of l e s s  t h a n  0,0016" 
when o t h e r  o u t p u t s  a r e  open c i r c u i t e d ,  s h o r t  c i r c u i t e d  
o r  t e r m i n a t e d  i n  50 ohms. The c i r c u i t  d e s i g n  t echn iques  
i n c l u d e  h i g h  i s o l a t i o n  cascode a m p l i f i e r s ,  t h e  use  of 
n e g a t i v e  feedback t o  s t a b i l i z e  system g a i n  and minimize 
c i r c u i t  phase n o i s e  c o n t r i b u t i o n s ,  t h e  use  of balanced 
l i n e s  i n  l i e u  of s i n g l e  ended c o a x i a l  t r a n s m i s s i o n  media 
t o  minimize pickup and d e g r a d a t i o n  of n o i s e  f l o o r  and 
t h e  development of s i m p l i f i e d  f a u l t  d e t e c t i o n  and 
swi tchover  c i r c u i t r y  t o  i n s u r e  con t inuous  o p e r a t i o n .  

The d i s t r i b u t i o n  sys tem i s  fed  by redundant  h i g h  
s t a b i l i t y  q u a r t z  f r equency  s t a n d a r d s  which use s p e c i a l  
c r y s t a l s  w i th  low phase n o i s e  and j i t t e r  and a d a i l y  
a g i n g  r a t e  b e t t e r  than  5 X 10-11. 

INTRODUCTION 

A 5 MHz s i g n a l  g e n e r a t i o n  and d i s t r i b u t i o n  system is  d e s c r i b e d  which 
p r o v i d e s  t h e  b a s i c  r e f e r e n c e  f r e q u e n c i e s  f o r  both  a  t r a n s p o r t a b l e  and 
f ixed s a t e l l i t e  ground s t a t i o n .  The system has ex t remely  low v i b r a t i o n  
induced phase j i t t e r  and h igh  i s o l a t i o n  between o u t p u t s .  Both of t h e s e  
c h a r a c t e r i s t i c s  a r e  r e q u i r e d  f o r  t h e  NATO 111 s a t e l l i t e  t e r m i n a l  
miss ion .  The system i s  modular and s e l f - t e s t i n g  and any modules can be 
r e p l a c e d  w i t h o u t  d i s t u r b i n g  system o p e r a t i o n .  



SYSTEM DESCRIPTION 

The block diagram of Figure 1 shows how a dual  frequency s tandard ,  
Primary D i s t r i b u t i o n  Unit (PDU) and Secondary D i s t r i b u t i o n  Unit (SDU), 
are in te rconnec ted  t o  provide a f a i l s a f e  system having f i f t y - s i x  5 MHz 
o u t p u t s ,  f ou r  1 MHz outputs  and four  100 kHz outputs .  Two frequency 
s t anda rds  i n  the  Frequency Generation Unit (FGU) provide redundant,  
s t a b l e ,  low no i se  s i g n a l s  f o r  t he  system input .  The E l e c t r o n i c  Switch 
Module (ESM) i n  t he  PDU accep t s  t he  5 MHz input  and feeds  i t  t o  two 
Primary D i s t r i b u t i o n  Modules (PDM). The dua l  e l e c t r o n i c  switches 
provide redundancy i n  the  event  of f a i u r e  of e i t h e r  frequency s tandard ,  
i n t e r connec t ing  cab l e ,  o r  ESM. The Primary D i s t r i b u t i o n  Module r ece ives  
t h e  redundant 5 MHz i n p u t s  and provides  seven balanced outputs  which 
feed  var ious  Secondary D i s t r i b u t i o n  Units which can be loca ted  upto 500 
f e e t  from the  PDU. Although t h e  PDU, SDU and dual frequency s t anda rds  
comprise t h e  NATO 111 s t a t i o n  d i s t r i b u t i o n  system, the  SDU can s tand  
a lone  as a t o t a l l y  independent f i f t y - s i x  channel low noise  d i s t r i b u t i o n  
system. In te rconnec t ion  between the  PDU and SDU i s  accomplished on a 
redundant b a s i s  such t h a t  the  f a i l u r e  of e i t h e r  balanced in te rconnec t ing  
c a b l e  o r  PDM w i l l  no t  e f f e c t  t he  f i n a l  output  s i g n a l ,  The requirement 
f o r  low spur ious  s i g n a l s  and phase no i se  n e c e s s i t a t e s  t he  use of double 
sh i e lded  R G - ~ ~ B / U  tw inax ia l  95 ohm balanced cable .  The e n t i r e  s i g n a l  
t ransmiss ion  system i s  i s o l a t e d  from the  environmental ground reducing 
the pickup of unwanted s i g n a l s  due t o  ground loops and non-common mode 
noise. Table 1 l i s t s  the  performance c h a r a c t e r i s t i c s  of the  system and 
F igures  2 and 3 a r e  t he  d e t a i l e d  block diagrams f o r  the  PDU and SDU, 
r e s p e c t i v e l y ,  

An amplitude l i m i t i n g  c i r c u i t  i n  the  SDU Preampl i f ie r  Module (PAM) 
ma in t a in s  a cons t an t  output  l e v e l  of 4-5 dBm from the  SDU over  a wide 
range  of input  s i g n a l  l e v e l s .  This  i s  important so as not  t o  a f f e c t  t he  
o p e r a t i o n  of u se r  equipment when in te rconnec t ing  cab l e s  are disconnected 
o r  a PDM module i n  the PDU i s  removed. Seven independent modules each 
having e i g h t  ou tpu t s  comprise t he  balance of the  SDU. 

The equipment i s  designed to  ope ra t e  from American or European ac main 
v o l t a g e s  and f requenc ies .  Dual power r e g u l a t o r s  ensure t h a t  60 Hz and 
120 Hz l i n e  r e l a t e d  phase modulations a r e  reduced to  n e g l i g i b l e  l e v e l s .  
A high  current:  r e g u l a t o r  i n  each of t h e  dual  power supp l i e s  and an 
a d d i t i o n a l  three- terminal  dev ice  i n  each module provides  0.01% l i n e  
r e g u l a t i o n  with 150 microvol t s  of noise .  An a d d i t i o n a l  b e n e f i t  of t h i s  
system is t h a t  r ad i a t ed  s u s c e p t i b i l i t y  of the  equipment from pickup of 
ex t raneous  s i g n a l s  from colocated high power RF devices  is minimized 
since the  module r e g u l a t o r s  have the a b i l i t y  t o  r e j e c t  i n t e r f e r i n g  input  
s i g n a l s  by a t  l e a s t  80 dB from 30 Hz t o  10 kHz and 40 dB up to  300 kHz. 
Addi t iona l  RF f i l t e r i n g  i s  used t o  meet the  EMC requirements up t o  18 
GHz . 



Each a c t i v e  c i r c u i t  which is c r i t i c a l  t o  system o p e r a t i o n  i s  f a i l u r e -  
d e t e c t e d .  Diode d e t e c t o r s  a r e  used f o r  KF a larm g e n e r a t i o n  and 
m i c r o l o g i c  comparators  s e n s e  t h e  d e g r a d a t i o n  of s i g n a l  l e v e l  below a 
p r e s e t  value .  The a la rm s i g n a l s  a r e  summed i n  each p a r t i c u l a r  subsystem 
and fed  t o  a  common p o i n t  where a n  o u t p u t  i s  provided t o  e x t e r n a l  
moni to r ing  equipment.  A d d i t i o n a l l y ,  f r o n t  panel  i n d i c a t o r s  on t h e  
v a r i o u s  modules v i s u a l l y  i n d i c a t e  t h e  occur rence  of a f a i l u r e  o r  ou t  of 
s p e c  c o n d i t i o n .  

The system is  des igned such t h a t  removal o r  replacement  of any module 
c a n  be e f f e c t e d  wi thou t  c a u s i n g  i n t o l e r a b l e  phase o r  ampl i tude  
p e r t u r b a t i o n s  on o t h e r  a c t i v e  o u t p u t s .  Th i s  d e s i g n  i n s u r e s  t h a t  5 MHz 
p e r t u r b a t i o n s  which can be m u l t i p l i e d  1000 t o  2000 t i m e s  i n  subsequent  
c h a i n s  of f r equency  m u l t i p l i c a t i o n s  do n o t  cause  sys tem ou tages .  
Minimal phase p e r t u r b a t i o n s  a r e  i n s u r e d  by t h e  use  of h i g h  i s o l a t i o n  
a m p l i f i e r s  and a  h igh  degree  of s h i e l d i n g  between a c t i v e  c i r c u i t r y .  

CIRCUIT DESIGN 

The fo l lowing  paragraphs  d e s c r i b e  two impor tan t  f u n c t i o n a l  b locks  of t h e  
t h e  d i s t r i b u t i o n  system. 

RF A m p l i f i e r s  

The a m p l i f i e r  s t a g e s  used f o r  5 MHz p rocess ing  i n  various p a r t s  of the  
sys tem a r e  cascode c i r c u i t s  with h i g h  i s o l a t i o n ,  low n o i s e ,  and h i g h  
dynamic range.  T h i s  c i rcui t :  i s  shown s c h e m a t i c a l l y  i n  F igure  4.  To 
meet t h e  i s o l a t i o n  requirement  of 100 dB, s p e c i a l  l ayou t  and packaging 
t e c h n i q u e s  were u t i l i z e d .  C i r c u i t  g a i n  is c o n t r o l l e d  by t h e  unbypassed 
emitter r e s i s t o r  which p rov ides  ac and dc s t a b i l i z a t i o n  of t h e  c i r c u i t .  
Output  t r a n s f o r m a t i o n  c i r c u i t r y  c o n v e r t s  t h e  c o l l e c t o r  impedance t o  50 
ohms w i t h  a s o u r c e  VSWR of  1 .2  t o  1. Good grounding t echn iques  w i t h  
min imiza t ion  of base  l e a d  i n d u c t a n c e  and p a r a s i t i c  r e a c t a n c e s  are 
n e c e s s a r y  t o  i n s u r e  op t ima l  performance of t h e  c i r c u i t ,  I n  t h e  case  
where a balanced 95 ohm o u t p u t  impedance i s  r e q u i r e d ,  a small t o r o i d a l  
t r a n s f o r m e r  is u t i l i z e d  t o  e f f e c t  t h e  impedance t r a n s f o r m a t i o n .  

Diode CR1 p r o v i d e s  b i a s  t empera tu re  compensation and CR2 i s  an RF 
d e t e c t o r .  C a p a c i t o r  C 1 0  i s  s e l e c t e d  f o r  a detected o u t p u t  v o l t a g e  of 
0.25 vol!s a t  t h e  nominal RF l e v e l .  The dc v o l t a g e  f e e d s  a v o l t a g e  
comparator  whose r e f e r e n c e  v o l t a g e  is  set t o  p rov ide  an alarm s i g n a l  a t  
a p o i n t  approx imate ly  1-112 t o  2 dB below t h e  minimum a c c e p t a b l e  RF 
l e v e l .  Thus, t empera tu re  e f f e c t s  and o t h e r  d r i f t  parameters  w i l l  n o t  
c a u s e  a f a l s e  alarm. 

The v a r i o u s  a larm s i g n a l s  a r e  f e d  i n t o  t h e  a la rm module i n  t h e  PDU and 
p r e a m p l i f i e r  module i n  t h e  SDU t o  g e n e r a t e  a composite alarm. These 
alarm s i g n a l s  which are TTL c o m p a t i b l e ,  a r e  summed w i t h  e x t e r n a l l y  
g e n e r a t e d  a la rms  which a r e  t r a n s l a t e d  t o  t h e  proper  l e v e l s  and 



impedances before  summation. I n  t he  case  where t he  e x t e r n a l  a larm 
s i g n a l s  a r e  fed from long twis ted  sh ie lded  p a i r s  or a r e  generated from 
r e l a y  con tac t s  and/or noisy sources  which may have high ac  ground loop 
c u r r e n t s ,  o p t i c a l  couplers  a r e  used t o  i s o l a t e  the  noisy environment 
from the  systems. 

L imi t ing  

The SDU must be capable  of accept ing  an input  dynamic range of 10 dB and 
main ta in  a  constanC output  of +5 dBm + 1 dB. Hence, a l i m i t i n g  c i r c u i t  
i s  necessary which has low noise  c h a r a c t e r i s t i c s  and a cons tan t  input  
and output  impedance t o  proper ly  te rmina te  t he  power s p l i t t e r s  and 
main ta in  high i s o l a t i o n .  Figure 5 shows the  l i m i t e r  used t o  achieve 
t h e s e  ob j ec t ives .  Close ly  matched back-to-back RF s i g n a l  diodes l i m i t  
t h e  RF amplitude t o  4-0.7 v o l t s  and the r e f l e c t e d  power is absorbed i n  
t h e  hybrid te rmina t ions .  The quadrature  hybrids  a r e  implemented wi th  
lumped elements as shown i n  the  f i gu re .  

PHASE PERTURBATION MEASUREMENT 

Figure  6 i s  a block diagram showing how the  0.0016 degree 5 MHz phase 
p e r t u r b a t i o n  requirement i s  v e r i f i e d .  The 5 MHz input  s i g n a l  feeds  two 
h i g h  i s o l a t i o n  ampl i f i e r s .  One a m p l i f i e r  output  f eeds  a X l O O O  
m u l t i p l i e r  chain and is  used a s  t he  unperturbed re fe rence .  The o the r  
a m p l i f i e r  ou tput  f eeds  t h e  u n i t  under t e s t  which then d r i v e s  an 
i d e n t i c a l  m u l t i p l i e r .  The 5000 MHz outputs  a r e  mixed t o  y i e ld  a dc 
s i g n a l  where amplitude is p ropor t i ona l  t o  the  phase d i f f e r e n c e  a t  the  
mixer i npu t s .  The mixer output  i s  ampl i f ied  and fed t o  a  high 
s e n s i t i v i t y  osc i l loscope .  P r i o r  t o  making a measurement, the  v a r i a b l e  
phase s h i f t e r  i s  ad jus t ed  f o r  maximum outputs  from the  FE-6093A 
Microwave T e s t  Se t .  This  condi t ion  determines Eo i n  t he  r e l a t i o n s h i p  
A $  = sin-l( A e/Eo) X 10-3 where A $  i s  t h e  5 MHz phase 
p e r t u r b a t i o n  and A e  is t h e  change i n  dc output  vol tage.  The phase 
s h i f t e r  i s  then ad jus t ed  f o r  zero v o l t s  a t  t he  o sc i l l o scope  input  (po in t  
of maximum mixer s e n s i t i v i t y ) ,  and t h e  system i s  perturbed. The value 
of Ae i s  noted and A @  is  ca l cu l a t ed .  For example, i f  Eo i s  1.50 v o l t s  
and a Ae of 50 m i l l i v o l t s  i s  recorded,  A$ equa ls  0.0015 degrees .  T h i s  
measurement technique is  q u i t e  v e r s a t i l e  and i s  used f o r  measuring both 
s t eady  s t a t e  and t r a n s i e n t  phase s h i f t s  t h a t  occur from shock and 
v i b r a t i o n  even t s ,  removing and r ep l ac ing  modules, changing load 
impedances, and varying ac vo l tage  inputs .  

MECHANICAL PACKAGING 

A modular concept has been used f o r  the frequency d i s t r i b u t i o n  subsystem 
i n  o rde r  t o  enhance m a i n t a i n a b i l i t y ,  s imp l i fy  l o g i s t i c s ,  and permit 
economic manufacturing. Figure 7  i s  a photograph of the FGU showing 
both qua r t z  frequency s t anda rds  and a phase comparator. I n t e r n a l  
b a t t e r i e s  a r e  provided f o r  24 hours  of opera t ion  without ac  power. 



F i g u r e s  8 and 9 show t h e  PDU which c o n s i s t s  of f i v e  d i f f e r e n t  module 
t y p e s .  Each module i s  t o t a l l y  enc losed  and has  an RFI  f i l t e r  
compartment i n  o r d e r  t o  p r e s e r v e  s h i e l d i n g  i n t e g r i t y .  The modules can 
be  i n s e r t e d  o r  removed d i r e c t l y  from t h e  f r o n t  pane l  w i t h o u t  d i s t u r b i n g  
o t h e r  modules. Each module has a  power i n d i c a t o r  and v a r i o u s  s t a t u s  and 
f a u l t  l i g h t s .  F ron t  pane l  t e s t  p o i n t s  a r e  provided f o r  moni tor ing t h e  
redundant  dc v o l t a g e s .  F i g u r e s  10 and 11 shows t h e  mechanical  
c o n s t r u c t i o n  of t h e  SDU. T h i s  drawer c o n s i s t s  of t h r e e  d i f f e r e n t  module 
t y p e s ,  p r e a m p l i f i e r ,  d i s t r i b u t i o n  a m p l i f i e r  and power supply .  Seven 
d i s t r i b u t i o n  a m p l i f i e r s  a r e  used t o  p rov ide  t h e  f i f  t y - s i x  o u t p u t s .  
F i g u r e  12  shows t h e  i n t e r n a l  c o n s t r u c t i o n  of a p r e a m p l i f i e r  module. 
Each a m p l i f i e r  s e c t i o n  i s  s h i e l d e d  t o  m a i n t a i n  an  i s o l a t i o n  of 100 dB 
between o u t p u t s .  The R F I  f i l t e r i n g  compartment i s  t o t a l l y  i s o l a t e d  and 
t h e  i n p u t  connec to r  d i r e c t l y  a d d r e s s e s  t h i s  compartment. Power, command 
and a la rm s i g n a l s  a r e  RFI f i l t e r e d  a t  t h i s  i n t e r f a c e .  

ENVIRONMENTAL CONSIDERATIONS 

The f requency  d i s t r i b u t i o n  subsystem has been des igned t o  meet t h e  
env i ronmenta l  s p e c i f i c a t i o n  shown i n  Table  1. Conserva t ive  component 
d e r a t i n g  e n s u r e s  t h a t  the equipment has a s e r v i c e  l i f e  of 15 y e a r s .  
Performance s p e c i f i c a t i o n s  a r e  met d u r i n g  h i g h  G i n p u t s  s p e c i f i c a l l y  
encoun te red  i n  t r a n s p o r t a b l e  vans.  Care has been t aken  t o  i n s u r e  t h a t  
m i c r o p h o n i c a l l y  induced phase and ampl i tude  modula t ions  a r e  reduced t o  
n e g l i g i b l e  l e v e l s .  C r i t i c a l  c i r c u i t  e lements  a r e  s t a k e d  i n  p l a c e  us ing  
r e s i l i e n t  a d h e s i v e s  and all RE: i n t e r c o n n e c t i o n  c a b l e s  a r e  l i k e w i s e  
e n c a p s u l a t e d .  The PC Boards a r e  coa ted  w i t h  a  humidi ty  r e s i s t a n t  
m a t e r i a l .  The c i r c u i t r y  has  been des igned t o  be e s s e n t i a l l y  broadband 
i n  n a t u r e  t o  minimize t h e  e f f e c t  of t empera tu re  v a r i a t i o n s  on o u t p u t  
l e v e l s .  Over a  range of 0 t o  +50°C, t h e  l e v e l  v a r i a t i o n  i s  l e s s  than  
+0,2 dB. - 

CONCLUS I O N  

T h i s  paper d e s c r i b e s  a  low n o i s e  f requency  d i s t r i b u t i o n  system which is  
des igned  f o r  con t inuous  use i n  s e v e r e  environments .  The d e s i g n  s t r e s s e s  
b o t h  long  term r e l i a b i l i t y  and e l e c t r i c a l  performance which emphasizes 
low s p u r i o u s  s i g n a l s ,  low c r o s s  t a l k  and low phase p e r t u r b a t i o n s .  The 
sys tem c o n s i s t i n g  of a  Frequency Genera t ion  U n i t ,  a Pr imary D i s t r i b u t i o n  
Uni t  and a Secondary D i s t r i b u t i o n  Uni t  has  been q u a l i f i e d  t o  MIL-E-16400 
f o r  environment and MIL-STD-461 f o r  e l e c t r o m a g n e t i c  c o m p a t i b i l i t y .  



TABLE 1 

PERFORMANCE CHARACTERISTICS 

1 .  OUTPUTS: 

FREQUENCY DISTRIRUTION SUBSYSTEM 

FIFTY-SIX 5 M H z  AT + 5 dBm 
F9UR 1 MHz AT + 13 dBm 
FOUR 100 KHz AT -F 1 3  dBm 
ONE 50 KHz AT - 100 dBm 

2. IMPEDANCE : 50R UNBALANCED, 95R BALANCED 

3. VSWR: 1.2:1 

4. PHASE PERTURBATIONS: 0.0016' 

5. AMPLITUDE 
PERTURBATIONS: 0.01 dB 

6 .  SPECTRAL PURITY: - 120 dBc FROM 50 HZ 'PO 2 MHz 
OFFSET FROM CARRIER 

7. PHASE NOISE: 2 dB ADDITIVE COMPONENT, - 165 dBc/Hz FL 

8. HARMONICS: 40 d B  

9. FREQUENCY STABILITY: 1 x IO-~/PIOWTH, 2 x IO-'~/SECOND 

10. MICROPHONICS: 1 I O - ~ / G  

1 1 .  MTBF: 31) ,0 00 HOURS 

12. EMC: HIL-STD-461 

13. VIBRATION: 2.5G FROn 2 Hz 500 H z  

14. S H C K K :  15G FOR 1 1  rSECOND 

15. BWIDITY: 95% RELATIVE 

1 6 .  TEMPERATURE : - 2 0 " ~  TO + 65'C 
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QUESTIONS A N D  ANSWERS 

M R .  G E O R G E  PRICE, Austron 

Marty, you sa id  the  frequency was being control led by Loran-C? I s  
t h a t  t rue?  Or was i t  VLF? I remember e a r l i e r  t h a t  a NATO I11 was 
going t o  use VLF f o r  frequency contro l .  

MR. BLOCH:  

I t  i s  LORAN. A s  a matter  of f a c t ,  i t  i s  your rece iver .  I s  t h a t  
what  you wanted t o  l e t  me t e l l  you, George? 

MR. PRICE: 

No, I t h o u g h t  the  or ig inal  plan was VLF,  and  I am surprised t o  see 
t h a t  i t  i s  L O R A N - C .  

M R .  BLOCH:  

We talked them o u t  of  i t .  

MR. PRICE: 

Good. 

MR. B L O C K :  

B u t  George, the  basic concept involved i s  t h a t  LORAN i s  monitoring 
ra the r  than d r iv ing ,  so in case there  i s  any problem in an i n t e r -  
ruption,  the  system i s  s t i l l  operational on the  frequency standard. 
So t h a t  i s  a manual correc t ion  system t h a t  they chose. 

MR. G E O R G E  LUTES, The J e t  Propulsion Laboratory. 

What i s  t h e  magnitude of the  amplitude t o  phase conversion? Did 
you say? 

MR. B L O C H :  

Are you taking in a l i m i t e r ?  

MR. LUTES: 

Yes. 



MR. BLOCH: 

I t  i s  a  very  good quest ion. I can o n l y  g i ve  you a guesstimate. I 
would est imate t h a t  i t  adds t o  t h e  no ise  f l o o r  about 4 dB. So f o r  
optimum use, you a re  b e t t e r  off n o t  us ing  the  l i m i t e r .  There i s  no 
quest ion about it; however, you can g e t  170 dBc, because the  t y p i c a l  
outputs over here a re  +5 dBm w i t h  t he  l i m i t e r ,  so anywhere from about 
2 t o  4 dB i s  added by t h e  l i m i t e r  -- i f  you had a i d e a l  source 
d r i v i n g  i t. 

MR. LUTES: 

I f  t h e  ampl i tude o f  t he  s igna l  changes by 10 dB, f o r  instance, how 
much phase change would t h a t  be i n  your  system? 

MR. BLOCH: 

A l ,  d i d  we measure t h a t ?  

MR. VLUCAN: 

It i s  one t o  two degrees. 

MR. BLOCH: 

I t  i s  a  couple degrees a t  X-band over  t h e  whole dynamic range. The 
basic  idea i s  t h a t  i f  you have a ve ry  good impedance match and the  
b e t t e r  your  match t h e  diode, you can t h e o r e t i c a l l y  have no phase 
s h i f t  a t  a l l .  The phase s h i f t  i s  j u s t  a  measure on t h e  mismatch 
i n  t h e  l i m i t i n g  diodes. 

MR. LUTES: 

Do you have any da ta  on t h e  phase change versus temperature? 

MR. VULCAN: 

No, bu t  they  a re  p r e t t y  broadband c i r c u i t s .  

MR. BLOCH: 

What A1 i s  saying i s  t h a t  they  are  broadband c i r c u i t s  and he 
wou ldn ' t  expect much of a  change over temperature. We w i l l  be 
t e s t i n g  them over t h e  temperature range. Most o f  t h e  requirements 
a re  shor t - term changes r a t h e r  than long-term changes w i t h  temper- 
ature,  because they  d o n ' t  want t o  unlock t h e i r  up and down con- 
ve r to rs .  



Taking a look a t  s imi lar  type of c i r c u i t r y ,  my guesstimate 
would be t h a t  a t  X-band, i t  would probably be the equivalent  of 
about two o r  three  degrees over 0 t o  50°C change. Cr about two or 
three  mi l l idegrees  a t  5 megahertz. 

MR. LUTES: 

T h a n k  you. 

D R .  STOVER, Defense Communications Engineering Center 

In the  f i r s t  pa r t  of your t a l k  where you a r e  ta lk ing about a l l  
the  redundance so t h a t  f a i l u r e s  can occur without losing the  
s igna l ,  i f  you have a f a i l u r e ,  can you d e t e c t  and replace the  
f a i l e d  p a r t  while you a r e  s t i l l  in  service?  

MR. BLOCH: 

Absolutely. That was one of the  major dr iv ing forces  in t h i s  
design: t h a t  you should be able  t o  replace any and a l l  modules and 
keep the  equipment on l i n e  without d is turbing the  ones t h a t  have 
n o t  f a i l e d .  So when you pull in and o u t  the  power supply, there  i s  
l e s s  than a one mi l l idegree  s h i f t  in o u t p u t  phase and l ess  than 
-01 dB in amplitude. And i f  you have a 8-channel niodule t h a t  has 
f a i l e d ,  you can take t h a t  one out (again without d is turbing the  
r e s t  of the  system) or  one pa r t  of the  e l ec t ron ic  switch. That i s  
why the  e l ec t ron ic  switch i s  n o t  in one module. I t  i s  in two mod- 
u les  in order t o  have t h a t  type of f ea tu re .  

You can take  o u t  the  f a i l e d  module without d is t rubing the  rest 
of t h e  system and p u t  another t e s t ed  module i n ,  and your a r e  back 
on l i n e .  And the  f a u l t s  a re  shown on the  f ron t  panel a s  well a s  
indicated remotely t o  a cent ra l  monitoring point .  

MR. P. BANERJEE, National Physical Laboratory, India 

Actually,  in India we a r e  facing a very pecul iar  problem, because 
the re  i s  of ten  power f a i l u r e .  And with the  power f a i l u r e  on and 
o f f ,  you wi l l  f ind  some high frequency surge which d i s tu rbs  the  
system phase and a l l  those th ings ,  I r e a l l y  want  t o  know with 
your power supply, how much protect ion can i t  give agains t  a l l  
these frequency surges? 

MR. BLOCH: 

Could you repeat  the  question? 



MR. HOWE: 

He wants t o  know about p r o t e c t i o n  and t r a n s i e n t s ,  I be l i eve ,  on 
t h e  power supply.  

MR. BLOCH: 

Are you t a l k i n g  about t r a n s i e n t s  on t h e  AC 1 i n e ?  

MR. BANERJEE: 

Yes. 

MR. BLOCH: 

T h i s  power supply  has f i l t e r i n g  and double r e g u l a t i o n s  where l a r g e  
t r a n s i e n t s  w i l l  ( sho r t - t e rm  t r a n s i e n t s  i n  t h e  m i l  1  isecond range) 
have zero e f f e c t  on t h e  phase. There i s  no phase p e r t u r b a t i o n  
w i t h  f a i r l y  l a r g e  shor t - te rm t r a n s i e n t .  And t h e  i n p u t  l e v e l  can 
go from about 95 t o  140 v o l t s  AC w i t h o u t  a f f ec t i ng  t h e  output .  

We a r e  b a s i c a l l y  m a i n t a i n i n g  t h e  vo l t age  r e g u l a t i o n s  o f  each 
module t o  about a  m i l l i v o l t .  So i t  can t ake  ve ry  l a r g e  AC t r a n -  
s i en t s ,  because t h a t  i s  p a r t  of t h e  problem t h a t  NATO I11 a p p l i -  
c a t i o n  has. They a r e  no rma l l y  on one power source and then they  
have a  d i e s e l  backup and as soon as  t h e  power source f a i l s  i t  
takes  over  t o  t h e  d i e s e l  and t h e r e  i s  a  l a r g e  t r a n s i e n t  t h a t  hap- 
pens i n  t h i s  t r a n s i t i o n .  So they  have b u i l t  i n  l o t s  o f  t r a n s i e n t  
and y e t  t hey  must work th rough those t r a n s i e n t s .  


