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FM Receivers  

The des ign  of an i n t e g r a t e d  c i r c u i t  R4 r e c e i v e r  has  been 

accomplished by Camenzind and Grebene of S i g n e t i c s  Corporation. Their  

u ses  a phas~e-locked loop t o  demodulate t h e  FM s i g n a l .  

The c i r c u i t  r ep laces  t h e  i . f .  a m p l i f i e r  and demodulator used i n  M re- 

ce ive r s .  Performance of t he  c i r c u i t  is  claimed t o  be equal  t o  t h a t  of 

a high q u a l i t y  commercial FM t une r .  The f r o n t  end of an FM r e c e i v e r  is  

t h e  only s e c t i o n  t h a t  has  no t  y e t  been incorpora ted  i n t o  an i n t e g r a t e d  

c i r c u i t  form. That is ,  t h e r e  i s  no t  y e t  a way of e l imina t ing  t h e  tuned 

c i r c u i t s  ( inductor )  of t h e  f r o n t  end. Nonetheless,  t he  FM i n t e g r a t e d  

c i r c u i t  r e c e i v e r  problem has been p r e t t y  much solved.  

AM Receivers 

Amperex is marketing a s i n g l e  i n t e g r a t e d  c i r c u i t  package t h a t  

con ta ins  a l l  t h e  a c t i v e  components of a complete AM rad io .  The TAD100 

i n t e g r a t e d  c i r c u i t  has performance similar t o  t h a t  of a q u a l i t y  AM re- 

c e i v e r  made from d i s c r e t e  components. The disadvantage of t h e  c i r c u i t  is  

t h a t  t h e  non-integrable  expensive i t e m s ,  t uned-c i r cu i t s ,  are s t i l l  requi red  

f o r  t h e  receiver. 

elements. 

The u l t i m a t e  AM r e c e i v e r  goal  is t o  do away wi th  t h e s e  

Synchrodyne 

The Synchrodyne approach t o  AM r e c e i v e r s  r ep resen t s  a n  a t tempt  

t o  e l i m i n a t e  a t  least t h e  i . f .  t ransformers  of a convent ional  AM r e c e i v e r .  

This would l eave  only t h e  f r o n t  end remaining t o  be  i n t e g r a t e d  i n  some form. 

Simulation Phase 

Although t h e  o r i g i n a l  gran t  proposal  included s imula t ing  pro- 

posed r e c e i v e r  systems on a hybrid computer, t h i s  phase of t he  p r o j e c t  w a s  
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p a r t i a l l y  by-passed s i n c e  s u f f i c i e n t  information w a s  found i n  t h e  l i t e r a t u r e  

( see  References) .  I f ,  i n  t he  f u t u r e ,  one wished t o  use  computational tech- 

niques t o  assist i n  opt imizing a p a r t i c u l a r  design (e.g., wi th  regard  t o  

no i se  r e j e c t i o n ,  p u l l i n g  behavior ,  e t c . ) ,  then c e r t a i n l y  hybrid s imula t ion  

s t u d i e s  could prove u s e f u l ,  A 10 KHz phase-lock loop w a s  set  up on t h e  

Locust high-speed hybrid computer t o  prove t h e  f e a s i b i l i t y  of s imula t ing  

with c a r r i e r  f requencies  t h i s  high;  t h e  s imula t ion  was found t o  work q u i t e  

w e l l .  

From our review of t h e  l i t e r a t u r e  s e v e r a l  conclusions may be  

drawn, i nc lud ing  t h e  following: 

1. Phase-lock loops d r i v e  t h e  l o c a l  o s c i l l a t o r  t o  match t h e  

frequency of t h e  incoming s i g n a l  bu t  t o  have a 90-degree phase d i f f e r -  

ence wi th  r e s p e c t  t o  the  incoming s i g n a l .  Consequently, a second 

product demodulator ope ra t ing  from t h e  output  of t h e  loop s h i f t e d  

90 degrees  is  requ i r ed  t o  perform t h e  a c t u a l  demodulation of t h e  

AM information i n  t h e  incoming s i g n a l .  

2 .  For t h e  a p p l i c a t i o n  considered he re ,  t h e  loop f i l t e r  t r a n s f e r  

func t ion  can be simply a f i r s t - o r d e r  low-pass f i l t e r  t h a t  b locks  t h e  

high-frequency c r o s s  products  a t  t h e  output  of t h e  product d e t e c t o r  

and provides  t h e  r equ i r ed  low-frequency gain.  This i s  because w e  

wish p r imar i ly  t o  achieve frequency lock ,  b u t  can t o l e r a t e  a small 

s t eady- s t a t e  phase e r r o r .  

3 .  Inject ion-locked o s c i l l a t o r s  have t h e  same c a p a b i l i t y  t o  

acqu i r e  and t r a c k  a carrier as a phase-lock loop [ ' 

provide a l o c a l  c a r r i e r  t h a t  is  - i n  phase wi th  the  incoming c a r r i e r .  

This  f a c t  makes t h e  u s e  of in jec t ion- locked  o s c i l l a t o r s  a t t r a c t i v e .  

; however, they 
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Synchrodyne C i r c u i t s  

Several  types of synchrodyne c i r c u i t s  were designed and b u i l t .  

Each o f fe red  i t s  own advantages and disadvantages.  A d e s c r i p t i o n  of each 

type fol lows.  

C r y s t a l  F i l t e r  Synchrodyne 

A method t h a t  w a s  f i r s t  t r i e d  is  t h a t  shown i n  Fig.  1. The 

carrier i s  s e l e c t e d  o u t  by a c r y s t a l  f i l t e r  and then s e n t  t o  a m u l t i p l i e r .  

Here t h e  product of t h e  s i g n a l  and carrier y i e l d s  several components. The 

des i r ed  audio s i g n a l  is obtained by passing t h e  m u l t i p l i e r ' s  s i g n a l  through 

a low pass  f i l t e r .  

While t h i s  scheme can give s a t i s f a c t o r y  r e s u l t s ,  i t  has  drawbacks. 

The c r y s t a l  r e q u i r e s  v e r y  c l o s e  t o l e r a n c e s  i f  i t  is t o  select t h e  incoming 

carrier. Th i s  p re sen t s  an economic problem s i n c e  a c c u r a t e l y  ground c r y s t a l s  

are r e l a t i v e l y  expensive. Not only does t h e  resonant  frequency need t o  be 

p rec i se ,  b u t  t h e  Q of t h e  c r y s t a l  must bg very high o r  else low frequency 

audio s i g n a l s  can cause i n t e r f e r e n c e .  This i s  evident  from t h e  mathematical 

cons ide ra t ions  of t h e  s i g n a l  processing.  

Notice t h a t  some form of f r o n t  end tuning is s t i l l  r equ i r ed .  

Otherwise, a s t r o n g  i n t e r f e r i n g  s i g n a l  would pass  through t h e  preamp and 

s a t u r a t e  i t  (o r  t h e  m u l t i p l i e r ) .  The AVG (Automatic Volume Control)  would 

not  c u t  down t h e  preamp's ga in  s i n c e  AVC level is a func t ion  only of t h e  

d e s i r e d  s i g n a l  of frequency Eo. 

Math Analysis  of C r y s t a l  F i l t e r  Synchrodyne 

Assume t h a t  t h e  inpu t  s i g n a l  x (t) is  of  t he  following form 1 

x,(t> = + 1 ai cos W i t  cos  w t 
i=1 1 .  
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where w is t h e  carrier frequency, and w i s  t h e  frequency of t h e  modulating 

s i g n a l  of amplitude a 

C i 

(ai = 1, maximum). Eq. (1) can be  r e w r i t t e n  as 

N a i  
x,(t)  = cos w c t  + 1 - [ c o s ( o  + w.)t  + cos (w - w , ) t I .  (2) 2 C 1 C i=l 

Because t h e  c r y s t a l  i s  no t  p e r f e c t ,  i t  passes  each frequency but  

I d e a l l y ,  Bi would be zero,  b u t  i n  r e a l i t y ,  with a r educ t ion  f a c t o r  of Bi. 

i t  is a func t ion  of frequency. Thus, t h e  s i g n a l  t h a t  reaches t h e  multi-  

p l i e r  is 

This  assumes t h a t  t h e  c r y s t a l  f i l t e r  is  tuned t o  t h e  carrier 

frequency w and t h a t  t h e  carrier passes  through t h e  c r y s t a l  f i l t e r  un- 

a t t enua ted .  

C’ 

I f  t h e  c r y s t a l  f i l t e r  has  a symmetric frequency response about 

t h e  frequency w 

output s i g n a l  from t h e  m u l t i p l i e r  is  

then t h e  a t t e n u a t i o n  f a c t o r s  Bi and 0; are equal .  The 
C’  

N 
2 x l ( t ) x 2 ( t )  = cos w c t  (1 + 1 aicos w t) i i= 1 

a B ’  
fcos(2w + w )t + cos w t]  +- 

N 

* [ c O S ( h  - W i ) t  C O S , W  t] i 
ai% + c - i ; -  1651 C i i 4 C 

6 + B ’  N N  

+ 1 1 i-1 j=1 C c j  
{ +-J- [COS(2W + w j  + w i l t  + cos(2w + w - w i l t  

+ cos (w - w i l t  + cos(w + U i ) t 1  I ’  ( 4 )  3 j 
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The high frequency components are removed by t h e  low pass  f i l t e r ,  
- 

and a blocking c a p a c i t o r  removes d.c. components. This r e s u l t s  i n  a n  output  

s i g n a l  

N N a a  
+ L: 1 i=l j=l  j 

-p (Bi + 8;) [C0S(Wi + w ) t  + C0S(Wi - Wj)t1 

The f i r s t  t e r m  of Eq. (5) r e p r e s e n t s  t he  o r i g i n a l  modulating 

s i g n a l .  The second term rep resen t s  a nonl inear  d i s t o r t i o n  due t o  t h e  f a c t  

t h a t  t h e  Bi's vary  wi th  frequency. 

d i s t o r t i o n  while  t h e  f o u r t h  t e r m  r e p r e s e n t s  in te rmodula t ion  d i s t o r t i o n .  It 

is immediately obvious from Eq. (5) t h a t  a l l  t h e  d i s t o r t i o n  terms disappear  

i f  t h e  Bi*s are a l l  zero.  

Q. 

The th5rd term rep resen t s  harmonic 

This  would be  t h e  case  wi th  a c r y s t a l  of i n f i n i t e  

Standard Synchrodyne Approach 

A way of overcoming t h e  c r y s t a l  l i m i t a t i o n s  i s  by r ep lac ing  t h e  

c r y s t a l  w i th  a l o c a l  o s c i l l a t o r  tuned t o  t h e  des i r ed  frequency fo. 

I f  t h e  o s c i l l a t o r  is synchronized wi th  t h e  incoming s i g n a l  (see 

Fig.  2) ,  i t  w i l l  be  phase locked. The advantages of t h e  o s c i l l a t o r  scheme 

is t h a t  i t s  output  frequency is pure ( i . e . ,  does no t  conta in  t h e  modulation 

s i g n a l ) .  

amplitude.  I f  i t  i s  too  s t r o n g ,  t h e  sync signal w i l l  overpower t h e  

But t h i s  i s  only  t r u e  when t h e  synchronizing s i g n a l  is s m a l l  i n  
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o s c i l l a t o r ' s  feedback inpu t  and t h e  u n i t  w i l l  beg in  t o  a c t  l i k e  a bandpass 

f i l t e r ,  and t h a t  is  no t  what is wanted. I f  t h e  sync s i g n a l  is s u f f i c i e n t l y  

weak, t h e  o s c i l l a t o r  w i l l  e f f e c t i v e l y  lock  i n t o  t h e  s i g n a l ' s  s t r o n g e s t  com- 

ponent, i .e . ,  t h e  carrier. For weak inpu t  s i g n a l s  t h e  output  ampli tude of 

of t h e  o s c i l l a t o r  is v i r t u a l l y  cons tan t  and independent of t h e  input  s i g n a l  

s t r e n g t h .  I f  t h i s  is t h e  case ,  in te rmodula t ion  and harmonic d i s t o r t i o n  are 

low. 

A c i r c u i t  t h a t  w a s  b u i l t  t o  s imula te  t h e  block diagram of Fig.  2 

is  shown i n  Fig.  3 .  AVC w a s  no t  incorpora ted  i n  t h e  design,  though. The 

r e c e i v e r  had a tuned input  s t a g e  c o n s i s t i n g  of an  LC c i r c u i t ,  tuned t o  about 

535 KHz. 

Although t h i s  tuned c i r c u i t  could have been replaced by an  a c t i v e  

f i l t e r ,  i t  was f e l t  t h a t  t h i s  w a s  unnecessary s i n c e  most a-m r e c e i v e r s  u se  

an  inductor  f o r  a n  antenna,  and i t  might as w e l l  s e r v e  as p a r t  of a tuned 

c i r c u i t  a l s o .  

C i r c u i t  Details of F igure  3 . 

T r a n s i s t o r s  Q 1 ,  42, and 43 comprise a s imple mul t ip ly ing  c i r c u i t  

(Fig. 3)  which forms t h e  product of t h e  incoming s i g n a l  and t h e  l o c a l  os- 

c i l l a t o r .  44 and Q5 form a d i f f e r e n t i a l  a m p l i f i e r  which ampl i f i e s  t h e  low 

frequency d i f f e r e n t i a l  output  components of t h e  m u l t i p l i e r  s i g n a l .  (A low 

pass  f i l t e r  is formed by components R1, C1 and R 2 ,  C,.) 

ampl i f i e r  then d r i v e s  a simple audio a m p l i f i e r  c i r c u i t  (Q6). 

T r a n s i s t o r s  Q9 and QlO are used t o  form a n  R-C o s c i l l a t o r  c i r c u i t .  

The t r a n s f e r  func t ion  f o r  t h e  

The d i f f e r e n t i a l  

F igure  4 shows the  b a s i c  c i r c u i t  opera t ion .  

c i r c u i t  is 
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'OUT 

I f  w e  l e t  R = 3, R = 2 ,  and C = 1, then the  t r a n s f e r  func t ion  becomes 

'OUT 3P -=  
'IN p2 + 1 9 

which p l aces  t h e  poles  of t he  system on t h e  j w  a x i s .  This makes t h e  c i r c u i t  

an o s c i l l a t o r  wi th  t h e  c a p a b i l i t y  of being synchronized by t h e  i n j e c t e d  

vo l t age  s i g n a l ,  VIN. 

of approximately + 3. 

T r a n s i s t o r s  Q9 and QlO form an a m p l i f i e r  wi th  a ga in  

The o s c i l l a t o r  is  dr iven  by a two s t a g e  a m p l i f i e r  (47 and 48). 47 

provides  a high inpu t  impedance t o  prevent  loading  of t h e  tuned LC c i r c u i t ,  

and i t  a l s o  provides  a small vo l t age  ga in  of about 3 .  98 i s  an emitter 

fol lower and provides  a low output  impedance which i s  requi red  i f  t h e  os- 

c i l l a t o r  is t o  be dr iven  by a vo l t age  source.  

The m u l t i p l i e r  c i r c u i t  t h a t  is used i n  t h e  synchrodyne i s  shown i n  

Fig. 5. The FET, 91, a c t s  l i k e  a v a r i a b l e  r e s i s t o r  r(VIN1) and thus  c o n t r o l s  .. 
. Q1 also passes  a signal p ropor t iona l  t o  V , The t o t a l  'OUT t h e  ga in  7 

1% IN1 
& 

output  is 

Assuming r(V ) is approximately (1 - a VIN1)R, where a << 1, then  
IN1 

aR, 
L 

- g R V  'OUT E R VIN 1 VIN2 m L IN1 * 
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The f i r s t  tern r e p r e s e n t s  t h e  product of V and V , and ct 
IN1 I N 2  

i s  approximately gm/IDss. Therefore  

It i s  

p l i e r  s i n c e  one 

However, i n  t h e  

Lz- gmRL V V - g R V 
m L IN1 IN2 'OUT IDssR IN1 

immediately obvious t h a t  t h e  c i r c u i t  is  not  a p e r f e c t  mul t i -  

of t h e  output  signals, -g R V 

p a r t i c u l a r  c i r c u i t  a p p l i c a t i o n  t h e  m u l t i p l i e r  is immediately 

is  a l i n e a r  func t ion  of vIN1. m L INl' 

followed by a low pass  f i l t e r  which removes t h e  -%RLVIN, s i g n a l  a long  wi th  

any high frequency components of 

gmRL 

IDSSR IN1 

Thus, t h e  m u l t i p l i e r  c i r c u i t  i n  

V 
IN2  ' 

conjunct ion wi th  t h e  low pass  f i l t e r  gives  

t h e  des i r ed  r e s u l t  and it a s s u r e s  t h a t  no output  p ropor t iona l  t o  V a lone  

is p resen t .  
I N 2  

I n  t h e  cons t ruc t ed  c i r c u i t  t h e  El01 used f o r  Q1 w a s  found t o  have 

a resistance of about 800 ohms w i t h  VGs = 0. 

FET w a s  .25 v o l t s  and t h e  level of V w a s  about 50 mV(RYS). 

The v o l t a g e  drop acrms t h e  

IN2 
Figure 6 shows the  s e l e c t i v i t y  of t h e  synchrodyne r e c e i v e r  of 

Fig. 3 .  Notice t h a t  f o r  small input  s i g n a l s  (below 30 mV) t h e  cap tu re  

range is s m a l l  and hence t h e  e f f e c t i v e  s e l e c t i v i t y  is  high. 

is immediately obvious. A s t r o n g  s i g n a l  a t ,  say  600 KHz, can cap tu re  t h e  

o s c i l l a t o r .  

s t rong  i n t e r f e r i n g  s i g n a l s .  

c i r c u i t  is t o  p l ace  an  a c t i v e  f i l t e r  be fo re  t h e  o s c i l l a t o r  as shown i n  

Fig. 7. Note t h a t  t h e  a c t i v e  f i l t e r  has  t h e  same c i r c u i t  con f igu ra t ion  

as t h e  o s c i l l a t o r .  Only t h e  feedback ga ins  are d i f f e r e n t .  

One problem 

Thus, t h i s  c i r c u i t  is not  very good a t  r e j e c t i n g  nearby 

One method of  improving t h e  b a s i c  r e c e i v e r  
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It w a s  found t h a t  t h e  o s c i l l a t o r ' s  feedback gain could b e  reduced 

a f a i r  amount because p a r a s i t i c  feedback coupling e f f e c t s  were g r e a t l y  en- 

hanced by t h e  a d d i t i o n  of t h e  high Q (about 100) active f i l t e r .  Figure 8 

shows t h e  performance of t h e  synchrodyne of Fig. 7. Notice t h a t  although 

t h e  c a p t u r e  range has  been improved by a f a c t o r  of about 2 t o  3, much i s  

l e f t  t o  be  des i r ed .  This  i s  perhaps t h e  g r e a t e s t  weakness i n  t h e  s t anda rd  

synchrodyne approach. The s e l e c t i v i t y  i s  determined by t h e  c a p t u r e  charac- 

teristics of t h e  synchronized o s c i l l a t o r ,  and t h e s e  c h a r a c t e r i s t i c s  are no t  

good a t  r e j e c t i n g  nearby s t r o n g  s i g n a l s .  

t i v i t y  on t h e  f r o n t  end c i r c u i t r y .  But t h i s  is what one is t r y i n g  t o  avoid,  

i .e.,  t h e  superhetrodyne receiver became t h e  s t anda rd  of t h e  day because i t  

d i d  not  r e q u i r e  an u l t r a - s e l e c t i v e  f r o n t  end l i k e  t h e  tuned r a d i o  frequency 

(TRF) receiver. 

This p laces  t h e  burden of selec- 

Synchronized Modulated O s c i l l a t o r  (SMO) Receiver 

The disadvantage of t h e  s tandard synchrodyne c i r c u i t ,  a r equ i r ed  

highly selective f r o n t  end, is overcome by a synchronized modulated o s c i l l a -  

t o r  scheme. F igure  9 shows a block diagram of t h e  receiver. Inherent  i n  

t h e  c i r c u i t r y  is a n  o s c i l l a t o r  which is formed by t h e  i n p u t  tuned c i r c u i t ,  

t h e  r .  f . arnplif ier, t h e  s a t u r a t i n g  a m p l i f i e r  and t h e  c o n t r o l l e d  level feed- 

back path.  The r e s u l t  is  t h a t  o s c i l l a t i o n  i s  sus t a ined  a t  a f i x e d  amplitude 

and a t  a frequency determined by the  LC c i r c u i t .  The r.f. s i g n a l  going i n t o  

t h e  r . f .  a m p l i f i e r  is t y p i c a l l y  about 30 mV RMS. The s e l e c t i o n  of  t h i s  low 

ope ra t ing  level is no t  a r b i t r a r y ,  bu t  is  chosen such t h a t  t h e  level w i l l  be  

l a r g e r  t han  most incoming s i g n a l s .  But t h e  o s c i l l a t o r  s i g n a l  cannot be  too 

l a r g e  o r  else it w i l l  s a t u r a t e  t h e  r . f .  ampl i f i e r .  
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The i d e a  behind t h e  ope ra t ion  of t h e  SMO r e c e i v e r  is t h a t  t h e  

o s c i l l a t o r  locks onto t h e  s t r o n g e s t  s i g n a l  coming out  of t h e  r . f .  l i n e a r  

a m p l i f i e r  which is, by design, t h e  s i g n a l  due t o  t h e  o s c i l l a t o r .  Now i f  t h e  

o s c i l l a t o r  is  tuned t o  an incoming s i g n a l ,  t h a t  s i g n a l  w i l l  sync t h e  o s c i l l a -  

t o r  i f  t h e  two frequencies  are t h e  same. Suppose, now, that t h e r e  i s  a 

s t rong ,  a d j a c e n t ,  i n t e r f e r i n g  s i g n a l .  Even though t h e  i n t e r f e r i n g  s i g n a l  

is much s t r o n g e r  than t h e  des i r ed  s i g n a l ,  i t  is  probably weaker than t h e  

feedback s i g n a l  from t h e  o s c i l l a t o r .  Consequently, t h e  o s c i l l a t o r  remains 

synchronized with t h e  d e s i r e d  s i g n a l ,  The i n t e r f e r i n g  s i g n a l  w i l l  g e t  

through t h e  r . f .  a m p l i f i e r ,  b u t  i t  w i l l  be e l imina ted  by t h e  product de- 

t e c t o r  and low pass  f i l t e r .  

c i r c u i t  w i t h  a Q of t y p i c a l l y  100, i t  e x h i b i t s  an e f f e c t i v e  Q many t i m e s  

h igher  (approx. 1000). 

Although t h e  SMO receiver has  only one tuned 

Figure 10 shows t h e  c i r c u i t  t h a t  w a s  cons t ruc t ed  t o  test t h e  SMO 

r ece ive r  theory.  Although t h e  c i r c u i t r y  i s  extremely simple -- t h e  product 

d e t e c t o r  is  j u s t  a chopping c i r c u i t  -- t h e  receiver performed amazingly w e l l .  

It picked up a l l  twelve commercial AM s t a t i o n s  i n  t h e  Tucson area (where 

r e sea rch  on t h i s  receiver was conducted) and showed f a i r l y  good s e l e c t i v i t y .  

The only i n t e r f e r e n c e  t h a t  w a s  n o t i c e a b l e  was t h a t  between KOPO, a r e l a t i v e l y  

weak s t a . t i on  a t  1450 KHz and KTUC a t  1400 KHz, which happened t o  be  t h e  most 

powerful incoming s i g n a l .  Even he re  KTUC was only f a i n t l y  heard i n  t h e  

background. A good product d e t e c t o r  i n  t h e  SMO receiver would probably 

have e l imina ted  t h e  i n t e r f e r e n c e  a l t o g e t h e r .  

C i r c u i r  Details of t h e  SMO Receiver 

The e i g h t  t r a n s i s t o r s  of t h e  SMO receiver perform t h e  following 

funct ions.  T r a n s i s t o r  Q,, Q,, and Q, comprise t h e  r . f .  a m p l i f i e r .  Q,, an 
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N channel FET provides  a high inpu t  impedance and t h e r e f o r e  does not  load 

down the  tuned c i r c u i t  formed by L, C 

antenna f o r  t he  r e c e i v e r . )  

50 f o r  t h e  r . f .  amplif.ier and Q provides  a low output  impedance d r i v i n g  

c i r c u i t .  T r a n s i s t o r s  Q and Q comprise t h e  s a t u r a t i n g  a m p l i f i e r .  The 

output  s i g n a l s  from t h e i r  c o l l e c t o r s  are about 0.8 v o l t s  peak-to-peak. 

provides  the  o s c i l l a t o r  feedback s i g n a l  t o  t h e  LC c i r c u i t .  This  s i g n a l  is 

C2, 

2 

(The inductor  L a l s o  se rves  as 

T r a n s i s t o r  Q provides  a vo l t age  ga in  of around 

3 

4 5 

Q5 

reduced t o  p re sen t  about  a 30 mV s i g n a l  t o  the  r . f .  ampl i f i e r .  Q, d r i v e s  

Q, which forms a very  crude b u t  s i m p l e  product d e t e c t o r  ( i n  r e a l i t y  Q, is 

j u s t  a chopping c i r c u i t ) .  The output  of t h e  d e t e c t o r  d r i v e s  Q,, which makes 

up t h e  audio ampl i f i e r  d r i v i n g  a set of earphones. A low pass  f i l t e r ,  formed 

2’  by R1, C 

R3, R .and capac i to r  C 

bypasses t h e  high frequency s i g n a l s  going i n t o  Q 3 8‘ R e s i s t o r s  R 

7 form a low pass  f i l t e r  and b i a s i n g  c i r c u i t  f o r  Q 4 4 

which c o n t r o l s  t h e  feedback t o  t h e  LC tuned c i r c u i t .  

v a r i a b l e  r e s i s t o r  and .thus’ a d j u s t s  t h e  feedback level s o  t h a t  a r e l a t i v e l y  

Q7 behaves l i k e  a 

cons tan t  output  level comes out  of t h e  r . f .  a m p l i f i e r ,  

A s  was mentioned earlier,  t h i s  simple r e c e i v e r  performed remarkably 

w e l l ,  a l l  t h ings  considered.  It c e r t a i n l y  outperformed t h e  c r y s t a l  f i l t e r  

synchrodyne r e c e i v e r  a n d - t h e  convent ional  synchrodyne r e c e i v e r  as w e l l .  

should be  pointed out  t h a t  t h e  SMO r e c e i v e r  is  a form of synchrodyne r e c e i v e r  

s i n c e  i t  u t i l i z e s  a synchronized o s c i l l a t o r .  

It 

There is one disadvantage inhe ren t  i n  t h e  SMO r ece ive r .  Namely, 

tuning is  a b i t  of a problem due t o  t h e  very narrow cap tu re  range of t h e  

r ece ive r .  F igure  11 shows t h i s  cap tu re  range as a func t ion  of i npu t  s i g n a l  

level. (The input  level is  a r e l a t i v e  va lue  and does not  r ep resen t  t h e  

t r u e  s i g n a l  level coupled i n t o  t h e  antenaa c o i l . )  The curve d i s p l a y s  t h e  
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t y p i c a l  cap tu re  r a t i o  form, but  t h e  s i g n i f i c a n t  p o i n t  i s  t h a t  most incoming 

s i g n a l  l e v e l s  occur i n  t h e  narrow cap tu re  range region.  A s t r o n g  AM s t a t i o n  

must be tuned t o  wi th in  a couple KHz f o r  synchroniza t ion  t o  occur. A weak 

s i g n a l  may have t o  be tuned t o  wi th in  a few hundred cyc le s  f o r  synchroniza- 

t i on .  This  a l l  means t h a t  a p r a c t i c a l  r e c e i v e r  would probably need a f i n e  

tune c o n t r o l  o r  a v e r n i e r  tuning d r ive .  (C2 w a s  used as a f i n e  tune con t ro l . )  

Once a s t a t i o n  i s  tuned, t h e  SMO r e c e i v e r  remains locked on i t ;  

t h a t  i s ,  t h e  r e c e i v e r  is  r e l a t i v e l y  s t a b l e  frequency-wise. It w a s  observed 

t h a t  i f  t h e  Si0 r e c e i v e r  w a s  tuned t o  a p a r t i c u l a r  s t a t i o n ,  and then power 

was removed from t h e  c i r c u i t ,  t h e  r e c e i v e r  would s t i l l  be tuned (synchronized) 

with the  AM s i g n a l  when power w a s  appl ied  t o  t h e  r e c e i v e r  a day later. 

Summary of t he  SMO Receiver 

The SMO receiver has much t o  o f f e r :  

1. It i s  tunable  by a s i n g l e  element ( v a r i a b l e  c a p a c i t o r ) .  

(The inductor  is  assumed t o  serve as an  antenna along wi th  a tuning 

element. ) 

2. No t r ack ing  problem e x i s t s  such as i n  the  case of a super- 

heterodyne r e c e i v e r  which needs two t r ack ing  tuned c i r c u i t s .  

3.  The c i r c u i t  e x h i b i t s  good s e l e c t i v i t y .  An i n t e r f e r i n g  

s i g n a l  30 KHz away from a 800 KHz s i g n a l  has  t o  be t y p i c a l l y  about 

30 times s t ronge r  than  t h e  d e s i r e d  signal t o  cause an  equal  l e v e l  

of i n t e r f e r e n c e  between t h e  two s i g n a l s . )  

4 .  The SPlO l ends  i t s e l f  t o  i n t e g r a t e d  c i r c u i t  f a b r i c a t i o n  

s i n c e  i t  has no inductors .  A number of t h e  c a p a c i t o r s  shown i n  t h e  

c i r c u f t  of Fig.  10 could b e  omit ted i f  t h e  c i r c u i t  were redesigned 

f o r  i n t e g r a t i o n .  The few remaining c a p a c i t o r s  would be inexpensive 
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bypass and f i l t e r i n g  capac i to r s .  None of t h e  values  of t h e  c a p a c i t o r s  

would be c r i t i c a l  as would be t h e  case i f  i n t e g r a t e d  active RC f i l t e r  

c i r c u i t s  were needed. 

Synchronous AM Detector  

A f a i r  amount of t i m e  w a s  spen t  i n v e s t i g a t i n g  synchronous AM de- 

t e c t o r s .  Figure 12 shows t h e  block layout  of t h e  d e t e c t o r .  A r e l a t i v e l y  

constant  amplitude s i g n a l  is fed i n t o  t h e  f i r s t  a m p l i f i e r  whose output  is  

non-saturated.  

l y  cons t an t  by t h e  AVC.) 

a m p l i f i e r  which provides a square wave f o r  t h e  chopper. 

accomplished by chopping t h e  l i n e a r  s i g n a l  and feeding t h e  r e s u l t  through 

a low pass  f i l t e r .  

(The s i g n a l  level i n t o  t h e  f i r s t  a m p l i f i e r  is h e l d  relative- 

The second a m p l i f i e r  c o n s i s t s  of a s a t u r a t e d  

Demodulation is  

Figure 1 3  shows one of t h e  test  c i r c u i t s  used, In  t h i s  s p e c i f i c  

c i r c u i t  t h e r e  is  no AVC o r  f i r s t  a m p l i f i e r .  The second a m p l i f i e r  c o n s i s t s  

of a high ga in  a m p l i f i e r  preceding a Schmitt t r i g g e r .  The idea behind t h e  

Schmitt t r i g g e r  is t o  make t h e  square wave output  somewhat immune t o  n o i s e  

v a r i a t i o n s  a t  t h e  inpu t .  The Schmitt t r i g g e r  w i l l  o p e r a t e  s a t i s f a c t o r i l y  

with i n p u t  s i g n a l s  as low as 1 mV RYS. 

An PET serves as t h e  chopper. It modulates t h e  incoming s i g n a l  

by varying i t s  d r a i n  t o  source r e s i s t a n c e .  The low pass  f i l t e r  is  of 

f a i r l y  s t ra ight-forward design as is t h e  audio a m p l i f i e r  fol lowing i t .  

Figure 1 4  shows t h e  ga in  of t h e  system of Fig. 13 as a func t ion  

of i npu t  s i g n a l  level. For high level inpu t  s i g n a l s ,  t h e  d e t e c t o r  s a t u -  

rates, r e s u l t i n g  i n  decreased gain.  From 20 mV t o  300 mV,the gain is  

r e l a t i v e l y  cons t an t .  The s u r p r i s i n g  r e s u l t  is  t h a t  t h e  gain reaches an 

unusually high va lue  f o r  l o w  level s i g n a l s  (between 1 and 2 mV). This is  
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a r e s u l t  of a non l inea r  waveshape d i s t o r t i o n  e f f e c t  due t o  moudlation of t h e  

Schmitt t r i g g e r  by a weak s i g n a l .  

of course,  very poor due t o  t h e  d i s t o r t i o n  e f f e c t .  

The f i d e l i t y  of t h e  incoming s i g n a l  is ,  

An i n t e r e s t i n g  s i d e  p o i n t  ought t o  b e  mentioned here.  

of Fig.  13, when connected t o  a w i r e  antenna,  would pick up t h e  s t r o n g e s t  

l o c a l  s t a t i o n .  

The c i r c u i t  

No p reampl i f i e r s  were necessary.  

The synchronous AM d e t e c t o r  of Fig.  1 3  displayed an i n t e r e s t i n g  

s e l e c t i v i t y  f e a t u r e ;  t h a t  is, i t  would d e t e c t  t h e  s t r o n g e s t  incoming signal 

while  i t  would suppress  weaker s i g n a l s  (of d i f f e r e n t  frequency).  

b a s i c a l l y  a f e a t u r e  of product d e t e c t o r s  when followed by low pass  f i l t e r s .  

This is  

Figure 15 shows t h e  r e s u l t  o f  adding a n  i n t e r f e r i n g ,  non-modulated 

Vs . The s i g n a l V  has  no e f f e c t  s i g n a l ,  VI ,  t o  a low leve l  inpu t  s i g n a l ,  

u n t i l  i t  is  roughly 1 / 3  t h e  amplitude of Vs . 
V u n t i l  t h e r e  is no ou tpu t  s i g n a l  a t  a l l  when V is approximately seven 

t i m e s  t h e  level 

we g e t  t h e  r e s u l t  of Fig.  16. 

A s  V I 

s i g n a l ,  V 

range of 10 t o  30 is due t o  t h e  f a c t  t h a t  t h e  ga in  of t h i s  d e t e c t o r  decreases  

r ap id ly  as s i g n a l  level i n c r e a s e s  (see F ig .  14) .  As V becomes l a r g e ,  t h e  

d e t e c t o r  reaches i t s  l i n e a r  region of ope ra t ion ,  and t h i s  r e s u l t s  i n  a 

vo l t age  V p ropor t iona l  t o  V 

I 

VI then g radua l ly  suppresses 

S I 

of Vs . I f  the i n t e f e r i n g  s i g n a l ,  VI , is AM modulated, 

Again, a t  low levels, V I  has  no e f f e c t  on Vs . 
i n c r e a s e s  i n  amplitude,  i t  gradual ly  suppresses  Vs, and t h e  output  

locks i n  on VI. The reason f o r  t h e  d i p  i n  Vo f o r  VI/Vs i n  t h e  
0 ,  

I 

I' 0 

For high level i n t e r a c t i o n s  (V and V i n  t h e  l i n e a r  d e t e c t o r  S I 

region)  we g e t  t h e  r e s u l t s  of Fig.  17 and 18 which show t h e  d i f f e r e n c e  be- 

tween an unmodulated and a modulated i n t e r f e r i n g  s i g n a l .  

des i r ed  s i g n a l V S  is  suppressed when t h e  amplitude of VI exceeds t h a t  of Vs. 

I n  bo th  cases t h e  
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This,  as be fo re  i n  t h e  low level case, is  because t h e  Schmitt t r i g g e r  locks 

i n t o  t h e  s t r o n g e s t  s i g n a l .  The product d e t e c t o r  and low pass  f i l t e r  e l i m i n a t e  

t h e  weaker s i g n a l .  Note, however, t h a t  i n t e r f e r i n g  s i g n a l s  of a harmonic f r e -  

quency can have a s e r i o u s  e f f e c t  on t h e  output  (Fig.  1 7 ) .  This i s  because 

t h e  product d e t e c t o r  used is a c t u a l l y  a chopper and t h e r e f o r e  n o t  a t r u e  

m u l t i p l i e r .  This tends t o  l e t  odd harmonics through t h e  d e t e c t o r .  

Conclusions 

The following can be  s a i d  about t h e  t h r e e  types of receivers previ- 

ously discussed.  

1. The c r y s t a l  f i l t e r  synchrodyne o f f e r s  very good s e l e c t i v i t y ,  

but  i t  r e q u i r e s  a ve ry  high Q c r y s t a l  i f  d i s t o r t i o n  l e v e l s  are t o  be  

kept  low. The receiver i s  i n h e r e n t l y  f ixed  frequency un le s s  c r y s t a l  

switching is  allowed. The c r y s t a l  f i l t e r  r e c e i v e r  would probably be  

t h e  most expensive t o  f a b r i c a t e  due t o  t h e  c o s t  of making p r e c i s i o n  

c r y s t a l s .  Aside from t h e  c r y s t a l ,  t h e  rest of t h e  components could 

be i n t e g r a t e d .  

2. The conventional synchrodyne receiver r e q u i r e s  a h igh ly  

selective f r o n t  end design. The receiver could be  b u i l t  i n  i n t e g r a t e d  

c i r c u i t  form bu t  would probably r e q u i r e  external tuning c a p a c i t o r s  and 

ga in  c o n t r o l s  as t h e s e  component v a l u e s  are u s u a l l y  very c r i t i ca l  i n  

high Q active R-C c i r c u i t s .  The convent ional  synchrodyne receiver is 

b a s i c a l l y  a f i x e d  frequency r e c e i v e r .  

3. The synchronized modulated o s c i l l a t o r  (SHO) receiver o f f e r s  

good s e l e c t i v i t y  and wide band r ecep t ion .  

tuned c i r c u i t ,  t h e  SMO receiver r e a d i l y  lends i t s e l f  t o  i n t e g r a t e d  

c i r c u i t  f a b r i c a t i o n .  Tuning weak s i g n a l s  is  a b i t  d i f f i c u l t ,  though, 

Since it only has  one 
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and some means of f i n e  tuning t h e  receiver should be made a v a i l a b l e .  

I f  t h e  SMO receiver is  designed f o r  a s i n g l e  frequency, t h e  f r o n t  end 

tuning can e a s i l y  be  accomplished by using a s m a l l ,  r e l a t i v e l y  inex- 

pensive,  trimmer c a p a c i t o r  i n  p a r a l l e l  w i th  t h e  antenna c o i l .  

4 .  A l l  synchrodyne receivers u l t i m a t e l y  de r ive  much of t h e i r  

s e l e c t i v i t y  from use  of a product o r  a synchronous d e t e c t o r .  

a t r u e  product d e t e c t o r  i s  d e s i r e d ,  a synchronous d e t e c t o r  (chopper) 

can o f t e n  perform t h e  job, and i t  is gene ra l ly  of s impler  design than 

a m u l t i p l i e r  c i r c u i t .  

While 

5 .  Future r e sea rch  might t r y  f a b r i c a t i n g  an SMO receiver i n  

i n t e g r a t e d  form s i n c e  i t  appears  t o  be t h e  b e s t  of t h e  t h r e e  types 

of synchrodyne c i r c u i t s  examined, Another p o s s i b i l i t y  would be t h e  

design of a super-regenerat ive i n t e g r a t e d  c i r c u i t  receiver. Super- 

r egene ra t ive  receivers, l i k e  t h e  Si0 receiver, only r e q u i r e  one tuned 

c i r c u i t .  
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Fig. 1 Caystal Filter Synchrodyne 

LOW PASS r'l f / L - r € R  

A V D I  0 
F I  G I V A  L 

1_ 

7r- Fig, 2 Synchrodyne circuit with a synchronized 
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Fig.  3 C i r c u i t  d e t a i l s  of a conventional synchrodyne c i r c u i t  
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Fig. 4 Basic R-C oscillator circuit used in the synchrodyne 

Fig. 5 Synchrodyne multiplier 
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Fig. 6 Selectivity of the synchrodyne receiver of Fig. 3 
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Fig ,  8 Improved s e l e c t i v i t y  of synchrodyne 

Fig ,  9 Block diagram of t h e  synchronized modulated o s c i l l a t o r  ( S M O )  r ece ive r  
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F i g ,  10 Circuit deta i l s  of the EN0 receiver 
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Fig. 11 Select iv i ty  curve for the SMO receiver 

Fig. 12 Block diagram of a synchronous 
AM detector 
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pig. 14 Response of synchronous AM detector t o  an AM s ignal .  VI is the 
RMS amplitude of a 1 Mhz, 30% amplitude modulated s ignal .  
i s  the peak-to-peak detected modulating s ignal .  

Vo 
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Fig. 15 Low l eve l  response of synchronous AM detector.  
input s ignal  and has an amplitude of 2 mV(EbtlS) a t  1.02 Mhz. 
is 30% amplitude modulated by a 600 Ha, signal. 
unmodulated interfering s ignal  a t  a frequency of 1.1 Mhz. 
the output s ignal  from the detector. 

VS is the desired 

VI is  an 
It 

Vo is 
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F1-g. 16 Low l e v e l  response of synchronous AM detector.  
here are the same as i n  F i g .  15 except that the interfering 
s ignal  is 30% amplitude modulated by a 1Khz s ignal .  

The conditions 
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Fig. 1 7  High level response of synchronous AM detector.  
s igna l ,  i s  a 100 mV(RMS) 1.02 Mhz s igna l  with 30% amplitude 

VsI the desired 

modulation at  600 Hz. 
Vo is the detector output s ignal .  

VI is an unmodulated s ignal  a t  1.1 Mhz. 



Fig. 18 High level response of synchronous AM detector. The conditions 
are the same a8 in Fig. 17 except that  the interfering signal 
is 30% amplitude modulated by a 1 Khz signal. 


