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ARGENTINA

This paper  shows  the  no i se  pe r fo r -
m a n c e  o f  s e v e r a l  d a t a  d e m o d u l a t o r s  current-
1Y be ing  used in  packe t r a d i o . The b i t
e r r o r r a t e ( B E R )  i n  p r e s e n c e  o f  w h i t e
Gauss ian noise  was  measured  on  the  fo l low-
ing demodulators:

i) JAS-1 P S K  d e m o d u l a t o r  [I)
2  )  D i sc r imina to r  12)
3) AMD 7910 modem [33
4 )  D i f f e r e n t i a l  d e t e c t o r  [43
5 )  G3RUH  PSK demodula tor  [S]
6) EXAR 2211 demodulator [S]

The n o i s e p e r f o r m a n c e  o f t h i s
demodula tors i s  g r a p h i c a l l y  p r e s e n t e d  h e r e
and a  b r i e f  d e s c r i p t i o n  o f  t h e t e s t gea r
u s e d  i n t h e s e measurements  i s g i v e n  i n
appendixes A and B.

METHODS

The t e s t s e t u p f o r t h e demodu-
la to r ’ s  pe r fo rmance  measurement  i s  s h o w n  in
f i g u r e  i. The V-52 generator p r o d u c e s  a
pseudo-random test  sequence as recommended
by the CCITT V-52 standard [73. D e t a i l s  o f
t h i s  g e n e r a t o r  a r e  g i v e n  i n  a p p e n d i x  A.

The FSK modulator is  an EXAR 2206
i n t e g r a t e d  c i r c u i t ,

The P S K  m o d u l a t o r  w a s s p e c i a l l y
b u i l t f o r  t h e s e  t e s t s  u s i n g  d i g i t a l t e c h -
niques: c lock , b i n a r y  c o u n t e r ,  s i n e  l o o k - u p
table in EPROM and D/A converter. The car-
r i e r f r e q u e n c y  w a s  s e t  t o  1600 H z  a n d t h e
PSK demodula to rs  were tuned  for  operat ion
w i t h  t h i s  f r e q u e n c y ,

For b o t h , t h e F S K  a n d t h e PSI(:
modulators, a n  o u t p u t  p e a k  a m p l i t u d e  o f  i
vo l t  was  chosen . The JAS-i  demodulator was
m o d i f i e d  t o  w o r k  c o r r e c t l y  w i t h  t h i s  a m p l i -
t u d e ( t h e  iO-kS2  r e s i s t a n c e  a t  t h e  i n p u t  o f
U 2  was  changed  to  IOO-kR ).

The n o i s e  g e n e r a t o r  w a s  b u i l t ,  a s
shown in appendix B, f i l t e r i n g  a pseudo-
random sequence  (PN)  wi th  a  low pass  f i l t e r
V31 WI. This a  very  s imple  way to o b t a i n
Gaussianp n o i s e w i t h  a wel l known power
s p e c t r a l  d e n s i t y .

The o u t p u t s  o f  t h e modula tor and
t h e  n o i s e  g e n e r a t o r  a r e  a d d e d  b y  t h e  o p e r a -
t i o n a l a m p l i f i e r  A l  a s  s h o w n  i n  f i g u r e  1.
The o u t p u t  o f  t h e  n o i s e  g e n e r a t o r  w a s  a d -
j u s t e d  t o  o b t a i n  t h e  n e e d e d  s i g n a l  t o  n o i s e
r a t i o . T h i s  r a t i o  i s  d e f i n e d  a s :

Eb aCe T b a
S/N= -= EC i

Q 2.n = 2 o Q l Fb l ***

Where  Eb  i s  the  mean  b i t  energy , Q is the
one-s ided power s p e c t r a l  d e n s i t y  o f t h e
noise. a is t h e  m o d u l a t o r s ’  o u t p u t peak
a m p l i t u d  (  i v o l t  ), T b  i s  t h e  b i t  d u r a t i o n
a n d  F b  i s  t h e  b i t  r a t e  ( ii200 b i t s / s ) .

The delay shown in figure i is
a n o t h e r demodulator, i d e n t i c a l  t o t h a t
b e i n g  t e s t e d , b u t  t h i s  o n e  d e m o d u l a t e s  t h e
s i g n a l  i n  a b s e n c e  o f  n o i s e  a n d  i n  t h a t way
p r o v i d e s  a n o  e r r o r  d a t a  s t r e a m  w i t h t h e
demodula t ion d e l a y s . T h e  o u t p u t  o f t h i s
demodula tor  i s  a l so  used  t o  recover  the  b i t
c l o c k  u s i n g  a  s t a t e  m a c h i n e  [lo].

The  demodula to r s ’  ou tpu t s  are c om-
pared i n  a n  e x c l u s i v e - o r  g a t e  w h o s e  o u t p u t
i s  a  l o g i c a l  atone” o n l y  w h e n  i t s  i n p u t s  a r e
d i f f e r e n t ,  i . e .  : w h e n  t h e r e  i s  a n  e r r o r .
T h i s  e r r o r s  a r e  s a m p l e d  b y  t h e r e c u p e r a t e d
b i t  c l o c k  a n d  c o u n t e d  w i t h  a  s t a n d a r d  d i g i -
t a l  c o u n t e r .

W i t h  t h i s t e s t  s e t u p t h e errors
were counted  toge ther  with  the  measurement
o f  t h e  d u r a t i o n  o f  t h e  t e s t . A t  h i g h  e r r o r
r a t e s  l a r g e  e r r o r  c o u n t s  a r e  a c c u m u l a t e d  i n
a s h o r t time, b u t  a t  l o w  e r r o r  r a t e s t h e
t ime i n t e r v a l  n e e d e d  t o  a c c u m u l a t e  e v e n  a
few e r r o r s becomes very l a r g e .  A 1 arge
e r r o r  c o u n t  i s  n e e d e d  t o  o b t a i n  m e a n i n g f u l 1
d a t a , s o  t h a t  i t  w a s  n e c e s s a r y  t o  a d o p t  t h e
f o l l o w i n g  t r a d e  o f f :

i) A c c u m u l a t e  i f  p o s s i b l e  a  l a r g e
n u m b e r  o f  e r r o r s  ( N>iOOO  ).

2 )  A t  l o w  e r r o r  r a t e s  a c c u m u l a t e
a t  l e a s t  IO0 e r r o r s ,

RESULTS

W i t h  t h e  d u r a t i o n  o f  t h e  t e s t and
t h e  b i t  e r r o r  c o u n t , t h e  b i t  e r r o r  r a t e  w a s
c a l c u l a t e d  a s :

N
BER = ..*,.....*.....*.....**. EC 2Fb * T
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W h e r e  N i s  t h e  b i t  e r r o r  c o u n t ,  F b
1s the bit rate ( 1200  bit/s ) and T is the
duration o f  t h e  t e s t .

The b i t e r r o r ra te was p l o t t e d
v e r s u s  t h e  s i g n a l  t o  n o i s e  r a t i o  a s shown
i n f i g u r e  2  a n d  t h e  s i g n a l  t o  n o i s e r a t i o
n e e d e d f o r a BER = lE-04 i s  i n d i c a t e d  i n
t a b l e  1 .

The J A S - 1  d e m o d u l a t o r  i s  t,he b e s t
p e r f o r m e r  a n d  r u n s  v e r y  c l o s e  t o  t h e i d e a l
d e m o d u l a t o r . T h i s  i s v e r y i m p o r t a n t  i n
s a t e l l i t e work u s i n g  S S B  r e c e p t i o n w h e r e
o n e  dB g a i n e d  a t  t h e  d e m o d u l a t o r  i s  e q u i v a -
l e n t  t o  o n e  dB g a i n e d  a t  t h e  a n t e n n a .

It’s a l s o  i n t e r e s t i n g  t o  n o t e t h e
p o o r  p e r f o r m a n c e  o f  t h e  m o s t  p o p u l a r  p a c k e t
r a d i o  F S K  d e m o d u l a t o r : t.he EXAR 2 2 1 1 .

APPENDIX A

T h e  t e s t  s e q u e n c e  g e n e r a t o r  circuit
i s  s h o w n  i n  f i g u r e  3 . I t  w a s  b u i l t  u s i n g  a
9 s t a g e s s h i f t  reg;lster (  ICl a n d IC2 )
w h o s e  o u t p u t s  Q4 a n d  Q 8  a r e  a d d e d t o g e t h e r
i n  a  m o d u l e - t w o  a d d e r  (IC3A) a n d  t h e  r e s u l t
i s f e d  back t o  t h e  f i r s t  s t a g e , T h e  g a t e s
ICY, IC5A a n d  ICSB  f o r m  t h e  s t a r t - u p  c i r -
c u i t  t o  a v o i d  t h e  “all ceros” s e q u e n c e .  T h e
g e n e r a t o r ’ s 1 2 0 0  H z  c l o c k  i s  b u i l t a r o u n d
t h e  I n t e g r a t e d  circuits IC.6, IC7A a n d  IC7B.

T h i s t e s t  s e q u e n c e  g e n e r a t o r  i s  a
v e r y u s e f u l  1 t o o l  w h e n  w o r k i n g  w i t h dat.a
c o m m u n i c a t i o n e q u i p m e n t ; i t s  b i t  r a t e  i s
e a s i l y  c h a n g e d  c h o o s i n g  t h e  r i g h t  I C 6 o u t -
p u t a n d / o r  s e l e c t i n g  t h e  adecuate c r y s t a l
r e s o n a t o r .

APPENDIX B

The ncuse g e n e r a t o r  i s s h o w n  i n
f i g u r e  4 . The 24 s t a g e s  PN s e q u e n c e
g e n e r a t o r i s  f o r m e d  b y  t h e  s h i f t  r e g i s t e r s
ICI , I C 2  a n d  I C 3  w h o s e  o u t p u t s  GO, Ql, Q6
a n d  Q 2 3  a r e  a d d e d  t o g e t h e r  In a m o d u l e - t w o
a d d e r (IC4) a n d  the r e s u l t  i s  f e d  b a c k  t o
t h e f  lrst s t a g e . T h e  IC5C, IC5D a n d  IC5E
i n v e r t e r s  f o r m  t h e  s t a r t - u p  circurt t o i n -
hibit t h e ‘Ial 1  ceros” s e q u e n c e , T h e  invert-
eI+s IC5A a n d  IC5B  a r e  p a r t  o f t. he I OUKHZ
c r y s t a l  c o n t r o l l e d  c l o c k . The o p e r a t i o n a l
a m p l i f i e r s IC6A a n d IC6B are part of a
t h r e e p o l e  B u t t e r w o r t h  f i l t e r  with a c u t -
o f f f r e q u e n c y  o f  3400Hz. T h e  o u t p u t  noise
l e v e l  i s  a d j u s t e d  w i t h  a  precisi.on I O  t u r n s
potentiomet.er w i t h  a d i g i t a l d i a l ; i t  i s
e a s i e r a n d m o r e  p r e c i s e  t o  t r u s t  i n t h e
p o t e n t i o m e t e r  d i a l ’ s  i n d i c a t i o n  t h a n  t r y i n g
t o m e a s u r e t h e g e n e r a t o r ’ s noise power
o u t p u t . F i n a l l y t h e o p e r a t i o n a l amp1 i-
f i e r IC7 b u f f e r s  t h e  n o i s e  o u t p u t . ,

A F N  s e q u e n c e g e n e r a t e d w i t h  a
c i r c u i t l i k e  t h e  o n e  s h o w n  h e r e  h a s  a 1OW
f r e q u e n c y  o n e - s i d e d  p o w e r  s p e c t r a l d e n s i t y
q g i v e n  by:

Where K i s  t h e  r e a d i n g  o f  t h e potenciome-
ter’s dial ( 0 (= K <= I ), V is the p e a k
t o p e a k  a m p l i t u d e  o f  t h e  P N  s e q u e n c e  ( i n
t h i s c a s e t. h e CMOS logic o u t p u t s w i n g s
b e t w e e n  cero a n d  V c c ,  t h a t  i s  V  = 1 5  v o l t s )
and F c  i s  t h e  c l o c k  f r e q u e n c y  (  IOOKWz  ),
R e p l a c i n g  i n  E C  3  w e  h a v e :

2
2 15 I

o? ZK *-*-cl----------z
2 1E+O5

2 2
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TRADEMARKS

AMP, EXAR, WORLD-CHIP and XEROX are
regIstered t r a d e - m a r k s  u s e d  i n  t h i s  p a p e r .
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