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S ign i f i can t   p rog res s   i n   r ecen t   yea r s   has   be  n made on planar  near- 
f i e l d  measurements for  antenna  calibrations?'). Such measurements 
are also useful in the  alignment  and  evaluation  of compact ranges 
because  they  provide more information  than a l imi ted  number of 
analogue  plots in one  dimension.  Contour p l o t s  of amplitude  and 
phase  data  obtained  from more complete  2-dimensional  measurements 
precisely  and  accurately  locate  sources  of problems in   t he   r ange  
reflector,   with  phase  contour  plots  being more usefbl  as diagnost ic  
too ls .  

The goal   of   the  compact range  under test was t o  provide an approx- 
imate plane wave i l lumination  over a  measurement zone 120 cm square 
wi th   l ess   than  0.5 dB amplitude  variation  and less than 10 degree 
phase  variation at  any  frequency i n   t h e  1 2  t o  100 GHz range. The 
results of   the  planar   near-f ie ld  measurements  were t o  determine i f  
the  goal  could  be  achieved. 

A p r e c i s i o n   r e f l e  t r i s  one of t h e  most c r i t i c a l   f a c t o r s   i n  com- 
pact  range design?'?. The range  under t e s t   u t i l i z e s  a port ion 
(16 panels)  of a precis ion 10-meter  diameter r e f l ec t ing   su r f ace ,  
o r i g i n a l l y   p a r t  of a ototype  telescope  for  mill imeter and sub- 
millimeter a s t r o n o w  ( 37 . Each hexagonal  panel  has a surface  accuracy 
of  about 50 pm rms. Since  the  ref lector   support  frame  can  be dis- 
assembled  and  reassembled  and  the  panels  reattached,  the  original 
parabolic  surface  accuracy  can be obtained by adjust ing 24 panel- 
support  screws. The focal   length of t he   r e f l ec to r  i s  412.32 em. 

The parabolic  reflecting  surface,   approximately 396 cm high  and 
475 em wide w a s  mounted on the  azimuth  over  elevation  rotator at 
t h e  NBS n e a r - f i e l d   f a c i l i t y  i n  Boulder (see  Figure 1). In  this 
configurat ion,   the   rotator  was used t o   a l i g n   t h e   r e f l e c t o r   w i t h  its 
ax is  normal to   the   p lane   o f   the   scanner ,  and  then  the  scanner was 
used t o  measure the   f ie ld   un i formi ty   in  a plane. The dimensions  of 
t h e  measurement plane  of  the  scanner  were  set a t  373 em i n   t h e  
x d i rec t ion  and 378 em i n   t h e  Y direct ion.  The z var ia t ion  of   the 
scanner  area was previously measured t o  be f 127 pm. The 120 ern 
square measurement zone of  the compact range  under test w a s  centered 
a t  x = 185 cm and y = 165 cm. Two sca la r   feeds   des igned   to   sa t i s fy  
t h e  0.5 dB amplitude  variation  specification were u t i l i z e d   t o  
i l lumina te   the   re f lec t ing   sur face  and  planar  near-field measure- 
ments were conducted a t  18.0  and 54.75 GHz. The probes  used  in 
the  planar  scanner  included a KU band  horn  (12.4-18.0 GHz ) and a 
V band  horn (50.0-75.0 GHz), and t h e i r  nominal  gains  are 24.7 dB 
and 25.5 dB respectively. They were chosen for  the  alignment and 
reflector  evaluation  because,  due t o   t h e i r  narrower beamwidths 
(when compared t o   t h e  beamwidths of open-ended waveguide probes) 
they  attenuate  variations  caused by edge d i f f r a c t i o n  and  feed 
spil lover,   and  focus on the  data  showing r e f l ec to r   su r f ace   e r ro r s .  
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Alignment  of t h e  compact range  requires  measuring  the  electromagnetic 
field,   both  amplitude and  phase, i n  a zone approximately 150 cm be- 
hind  the  feed as shown in   F igure  l. Since a planar  wavefront is 
des i r ed   i n   t he  tes t  zone, it i s  advantageous f o r   t h e  measurement 
plane  of   the  planar   near-f ie ld   scanner   to   coincide  with a measure- 
ment plane  of  the test zone. First, t h e  nominal a x i s  of t h e  re- 
f l e c t o r  is set p a r a l l e l   t o   t h e  normal of the  scanner  plane  and  the 
feed i s  positioned at the nominal foca l   po in t   o f   t he   r e f l ec to r .  
Then, i n  small increments,   the  feed i s  t r ans l a t ed   i n  x and r o t a t e d  
in  azimuth  and t h e   r e f l e c t o r  is r o t a t e d   i n  azimuth for maximum 
symmetry i n  x for  both  amplitude  and  phase  plots i n  t h e  
measurement plane  of  the  near-field  scanner. Then, again i n  small 
increments,  the  feed i s  t r a n s l a t e d   i n   z   u n t i l   t h e   p h a s e  measure- 
ments a re   near ly   cons tan t   in  x. These r e s u l t s   f o r   y  = 335 em a r e  
shown in   F igure  2 where the  effect   of   the   ampli tude  taper   of   the  
feed on t h e  shape  of  the  amplitude  curve is also evident. The re- 
f l e c t o r  is then   ro ta ted   in   e leva t ion  and the  feed i s  ad jus t ed   i n  
y  and  elevation  angle, all i n  s m a l l  increments, until the  phase i s  
nearly  constant  in y. Final  adjustments  can  then  be made t o   o p t i -  
mally s a t i s f y  all t h e  above  conditions  simultaneously. 

With t h e  above  alignment  procedure,  and at  18 GHz, both symmetry 
i n  x of  the  electromagnetic  f ield  amplitude,   and  constant  phase 
f o r  a number of x scans were achieved  over  the  upper  (see  Figure 2) 
and  lower  portions  of  the  near-field  scanner measurement area. 
However, amplitude symmetry and  constant  phase  in x over  the  middle 
port ion was not  present and i s  the  subject   of   the   fol lowing  dis-  
cussion. After t h e   i n i t i a l  compact range  alignment,  contour  plots 
of amplitude  and  phase were obtained  from  the  complete 2-D data 
spaced 2.54 em i n   bo th  x and  y,  and t h e  latter i s  presented   in  
Figure 3. Note the  unexpected  concentric  phase  contours a t  the  
lef t   center   posi t ions.   Furthermore,  from the  amplitude  contour 
p l o t ,  it was ev ident   tha t   the  symmetry in  x  did  not exist i n   t h i s  
middle  region. The overlaying of t h e   r e f l e c t o r  diagram  onto  the 
phase  plot  makes it appa ren t   t ha t   t he   e r ro r s  are i n   t h e   v i c i n i t y  
of a specific  support  screw  and are t h e   r e s u l t  of the  reassembly  of 
t he   r e f l ec to r .  However, since  this  support   screw i s  adjustable  
(304.8 pn per  turn) as are all 24 support  screws,  adjustments were 
made.  The f inal   ampli tude and phase  contour  plots are shown i n  
Figure 4 and 5 respect ively.  A t  t h i s   p o i n t  it should  be  noted  that 
the  a l ignment   of   this   ref lector   using  only a l imi ted  number of 
analogue p l o t s  at various y pos i t i ons   i n   t he  middle  region would 
have been d i f f icu l t   i f   no t   imposs ib le !  

A t  54.75 GHz, t h e  V band  feed was i n s t a l l e d  and the  range was 
aligned. As expected  the  phase  contours  varied more rapidly,  by 
a f a c t o r  of  approximately  3, when compared to   those   ob ta ined   a t  
18 GHz. In add i t ion ,   a f t e r   t he   r e f l ec to r  diagram was overlaid on 
t h e  phase p l o t ,  small adjustments  which would a l s o  improve t h e  KU 
band results were determined  and made f o r  a s m a l l  number of support 
screws. 

This measurement  program shows that   p lanar   near-f ie ld  measurements 
a re   indeed   prac t ica l  and  valuable i n   a l i g n i n g  and  evaluating compact 
ranges. I n  addition  the  planar  technique  provides a convenient 
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way  to  precisely  and  accurately  measure  cross  polarization  levels. 
It  will  only  be  mentioned  here  that  cross  component  levels in the 
order of 28 and 33 dB below  the  main  component  were  measured  in  the 
120 cm  measurement  plane of the  test  zone  at 18.0 and 54.75 GHz 
respectively.  Future  work,  both  analytical  and  experimental,  needs 
to  be  done on compact  range  evaluations.  In  particular,  compact 
range  studies  should  include  other  probes  such  as  the  broad-beam, 
open  ended  waveguide,  which  due  to  its  broader  beamwidth  (when 
compared  to  the  beamwidth  of  a  horn),  does  not  attenuate  variations 
caused by edge  diffraction and feed  spillover.  Some  results  have 
been  obtained  for  this  case. 
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FiCure 1. t,ieas-sencnt  facility  schematic end coordinate  systen 
compact range, MBS, Boulder,  Colorado 
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