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the Input fr~qyency p
~ 
+80 kHz. This output serves as the local oscillato

signal for a sensitive netero~~ne detector and must be essentiall y free of th-
rect generator input component to avoid a spurious receiver response.

The design approach used is to first produce a crude offset signa l by phasin g-
type single-sideband techniques and then use a phase locked oscillator as an
active filter to obtain the required spectral purity . The electronic circuits
which implement this design are described in detail. The report contains the
resul ts of tests made on three Offset LO units . All requirements wete met and
a viable design was achieved .

The report also contains an analysis of an electronicall y tunable microcircu it
RE bridge suitable for the automatic measurement of quartz crystal parameters.
It is concluded that the measuring system studied indeed has the potential of
making the desired measurements automatically. Possible sources of errors
have been analyzed and corrective solutions pro~osed. Expected performance is
in accordance with the latest guidelines for the system.
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Summary

This final technical report covers the work performed by GenRad, Inc.
under Contract No. UAABO7-75-C-l34l between June 1975 and July 1976 on an
Of f~;et Local Oscillator and an electronically tunable microcircuit admittance
bridge . The contract was issued in May 1975 and extended in May 1976 by the
U.S. Army Electronics Command , Fort Monmouth , New Jersey. Research and
development work was carried out which led to the design of two engineering
m o1~ ls of an Offset LO covering the frequency range of 0.8 to 220 MHZ.

A theoretical analysis of the behavior of an electronically tunable
microcircuit bridge was performed. Although the details of a completely
automatic balancing operation utilizing a tracking servobridge detector were
not examined , the circuits required for automatic balancing appear realizable.
The most practical method to obtain a direct readout of the resistance of the
resonator under test apparently will involve digital microprocessing . In
addition , the microprocessor can be used to compute other parame ters such as
Q or equivalent inductance . Because it does not appear possible to keep the
direct accuracy of the bridge within acceptable limits throughout the entire
frequency rancje, it may be possible with a microprocessor to make automatic
corrections and to produce accurate display readouts.

The major deviations from the performance objectives expected are
a reduction in the measurable resistance range at the highest frequencies ,
a reduction of the allowable drive level to the resonator being tested , and
a limitation of the capacitance measurement accuracy at the lowest frequencies.
The loss of capacitance accuracy results from the roll off of the bridge to
detector coupling.

Li
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S e t  j C ) f l  1

( .  i ’ - ; t - :~ j ,(x ’ .‘ ‘ OSC t LI u I  1

1 . I l’’-~ ’’ ‘ (ti ‘5

1.1 Ob jectives

‘lire Tr a c k i r i , ’ ( ‘ c r 0 B r i d l e  I .  I t  i t t ’ ;  r - t ’ ; t n t l y d~~v e J o ped b r

; i e ; ; c ; r i n g  q u a r t . ;’ c r y s t a l s  r & q u i  r e s  i le ;  ii csi . i i  l ito r s ; : ‘ . n a l  which

is o f t  se t  h’’ e ’;a ;- l v  85 k u ; ’  I rtn ; a ~i e r r e  r a t  or  f r t - c o ’n ~~ y over  the

raTi o ~. t  .8 10 220 :ui~~. This  r ep o r t  p r e s e n t s  t h e  r e s u l t s  or a

I t  v e 1 ; ’p ~ .r ’i i t pr ( s’, rar .i I t ,  d e s i c e  and ~ r cd ; ’  , t wo  i ;;; incerin c ‘ iodel s

ot art O f i s t  t LO ‘cdt  f o r  t h i s  a p p l i c i t  i on .  T h e  des  ign p r i n c i p les

a re  d i s c u s s e d , c i r cu i t a n d pa t  kag 1 J 1 ;  c i T c C p t  s desc r ibe d  and t e s t

da t a is presented. ri b ’ ; -  1or rn~~ , ot ‘tr i k i o r  Si rv ’- - i  id qe
N .’ ’ or w a s  ; v ; ’ ’ - l y i i ; ; > n~~ un d e ;  Sc r i t r a ’ t Ai.j~ , j ct_ 7 ~~ _ _ 5 i , 15j

1.2 Gene ra l  Req~~ir eT ; ;er ;t s

T h e  ~u r p ose of the O f i s c i  LO u n i t  is t o  p roduce  a si gna l

o f f s e t  b y ~~— ( I  kHz i rom a -cur ator i npu t  b r  use as the local

c ’sci l  i a t o r  in t i c  r e c e iv e r s ’  1 ion of  the T r a c k i ng  Servo Brid ge

Dt t ec t or .  The r e c e iv er  1np;rt m iser then w i l l  p r oduce  a c o n s t a n t

80 khi z i i  f r c q ; ; c o c v  is t h e  ‘c ” l c r a t O r  va r i e s  over the  0.8 to

220 ~1hc ra n 5i ’ .

i t  is v i t a l  t 1 ;t. the  O f f s e t  LO si n a i  be f r e e  of spur iou s

f r e q u e n c y  cc~T ; i p & ;ucu t S  which  r e s u l t  in any  8 1> kIiz IF s i~ ’, n a l  in the

il se n t  e c f  T e c e  i v ( r RF i n p u t .  Art y  such  spur ious  response  l i m i t s

the  a b i l i t y  ~ f t h e  r e c e i v e r  to  , J t t t ’t  t and lock  to t ho ’ c ’orrec I

h r i d ; ’e  b a l a n c e  cond i tj O f l .  The i dea l  s i tr i a t  ion c ’; i st s  when the

r e c e i v e r  ‘ i t t  c i  i v i t y  is l i m it e d  onl y by noise .

The use of a v e ry  w e l l  l ; i l a n c c ’d  m i x e r  a t  the cut  e iver  inpu t

r e s u l t s  in about  ‘ ( )  dL u f  LO i s o l a t i o n . This  eases t h e  r equ i remen t

i c r  IA) s p e c t r a l p u r i t y ,  hut  i t  is s t i l l  very s t r i n g e n t .

The noise l ev e  of t h e  r e ce i v e r  ( random f l u c t u a t i o n s  of the

synchronou s d et er  fo r  m e t e r s )  co r r e sponds  to an RF inpu t leve l of

about  -153 dBm . The LO d r i v e  t o  t he  m i x e r  is 4-7 dBm . Wi th  50 dB

of mixer  i s o l a t i o n  the s p u r ic is genera to r  component on the LO

si gna l must be 110 dB down to he no more than the noise .

- 8 -



1 .2 Genera l  Requ i r e n i e n t  s (coot  i n t i e d )

There are ot h e r  poss  ih i  lit i t ’ s  I or s p u r  ious responses besides

an LO component  a t  ( l i e  I 1 r eq ue r i c  y .  A ( 1 > . 4- 160 klIz )

spurious LO component is e q u a l l y c r i t i c a l .  So is a spur ious

g en er a t o r  component a t  t h a t  f r e q u e nc y  - t he ’  receive r imagt~ response.

A n o t h e r  mor e  s u b t l e  p o s s i b i l i t y  is  the  c o m b i n a t i o n  of an LO

spur ious  c o m p o n e n t  w h i c h  c ’i’. ; F i n e s  w i t h  a g e n e r a t o r  s p u ri o u s

component  to  p r o du c e  an 80 k ll z i F  s i g n a l .  I t  is not s u f f i c i e n t

to simp ly i nsurc ’  he absent  e’ of f - N O kflz s id eb a n d s  on t h e  LO signal;

any LO spu r can p o t e n t i a l l y  r e s u l t  in a ta lsi receive r response

in  c o m b i n a t i o n  w i t h  a c e r t a i n  e e ’ i i e r . i t or  sp u r .

S in c e  th0 gerit rator is a I r i qu e n c y  s y n t h e s i z e r  and the ou tpu t

s i~ n a l  is  passed  t h r o u g h  a h i  i d ; ’e w ir  I cl i , at null , reduce’s the

m a i n 
~c ; ’ ~ 

component  le~ p e r h a p s  80 dli , t h e  r e l a t i v e  leve l  of the

i ne v i t a b l e  s y n t h e s i s  sp u r i ou s  p r o d u ct s  u s u a l l y a re  sr e at l y

i n c r e a se d .  Th i s  s i t u a t i o n  is  i t r t i c u l a r l y  had because  i t  is

d i  f t  i cul  to  p r e ’ i i c t  t h e  p a r t  i c u l i r  I r quenc  its and levels of

t h e s e  r e c e i v € r s p u r i ou s  r e s p o n se s .  An 8(1 dli down spur ious  l e v e l

i s  a t v p i c a  1 spe c  ii icat ion for h i lt qua l i l y  s t a r e — o f —  t h e — a r t

synthesizer which t. “‘i r s t h e  i~~q t i r e d  1 r e quency  range .

The des ign loal  t e l  t l ie O t t  set LO s h o u l d , t h e r e f ore , be an

o u t p u t  w i t h  no s p u r i o u s  componen t s  less t h a n  110 dB down.

A summary of the  e f f e ’ c  Is of sp u r i o u s  components  on the

p e r t  ormance of the  Tracking Servo B r i d g e ’  I ) e t e c t  or Sys t em Is shown

in Fi gure I L

8oise s i d e b a n ds  on the  LO si gna l mus t  a l s o  he c o n s i d e r e d .

LO noise  s idebands  at ±80 kliz add t o  the ’ r e c e i v e r  noise  and should

be below the -110 dB r e l a t i v e  l e v e l e s t a b l i s h e d  f o r  d i s c r e t e

spurious components , measured in the post detection bandwidth of

a few Hz. LO noise sidebarids close to the main component can also

contribute to receiver noise. The isolation of the input mixer

makes these sidebands relative ly unimportant compared to those of

the generator signa l itself . The receiver IF bandwidth is 2 kHz

and , therefore , it is the noise sidebands out to about ±2 kflz from

the LO carrier which are of interest. This establishes the l oop

bandwidth that is desirable in any phase-locked oscillators that

are used.

- 9 -



SUMMARY OF TSBI)/OSL O SPl it 1 01) 5 REsl ’oNsl:S

Case Gem LO 
1 
Coments

Pure Pure

Yes Yes The on l y s p u r i o u s  response is leakage of
g e n e r a to r  s iu n a l  into receiver input.

2 No Ye ’s The I’e eiver  has no RF s e l e c t i v i t y  so a
generator spur at the image frequency
f( ;~ 1~ +- I (~O kHz w o u l d  produce a spur ious
response.  Spur ious  level set by synthe-
sizer specs and ratio is enhanced by
brid ge balance. Other synthesizer spurs
can produce responses caused by harmonic
intermodulation products in receiver
m i x e r .

3 Yes No h” c e dt h r ou g h of genera tor  s igna l  in to  the
LO output makes a leakage signal. An LO
component at 

~Gen +160 kHz could also.
No other possible LO spur can, by itself ,
cause a false response.

4 No No The comb ination of any two spurs with
80 kHz sepa ration can cause a false
response (or any such harmonic inter-
modulation). The level of any such
possibility is set by synthes ize r specs
and the ratio is enhanced by br id ge
bal ance.

FIGURE 1 .1

- 10 -



1.2 Genera l Requirements ( c o n t i n u e d )

The Offset LO has to operate over the entire frequency

range of the Tracking Servo Brid ge Detector. Range switching is

permissible , h u t  wideband techni ques are desirable where practical

to reduce  cost  and comp lex i t y .

The o t f ~~e t  a - c u r i c y  i s  d i c t a t e d  by the  synchronous detector

re l& re rice’ crystal oscillator lock range in the Tracking Servo

f;riilgc i8te ct or. An accuracy of ±50 ppm is acceptable.

[ s p t t t  and  o u t p u t  l e v e l s  are  dictated by those specified for

t h u  Tracking Ser v o  B r i d ge’ D e t e c t o r :  0 dBm generator input and

‘10 dlim LO o u t p u t .  The O f f s e t LO u n i t  w i l l  ob ta in  power and

c e r t a i n  con t r o l  and a l a r m  s i gna l s  from the Tracking Servo Bridge

[ictector. It is to he housed in a separate bench/rack package

with as low a he igh t  as poss ib l e .

1.3 Goal Sp e c i f i c a t i o n

These factors thus lead to the fo l lowing  l i s t  of t en t a t ive

specifications for the Offset LO unit for the Tracking Servo

Br idge Detector system. These specifications served as goals

for the development work and some changes are necessary based on

the actual test results described later.

Frequency Range: 0.8 to 220 t’fllz

Range Switch ing: as follows -

No. MHz

1 125-220

2 75-140

3 45-85
4 28-52
5 17-32

6 11-20

7 7— 13

8 5-9

— 11 —



1.3 Goal Specifications ( o nt i n u e d )

No. [111z

3.2-6

10 2. -3.7

11 1.3-2. 1

12 0.8-1.5

Frequency  O f f s e t :  ±80 kHz ~50 ppm w i t h  respec t  to genera tor  input

Generator Input: 0 dlim nomina l  in to  5~~’2

O f f s e t  LO O u t p u t :  f - b dBm - 1 15 i n t o  5~t2

Spur ious  Output  Components :  All non-harmonicall y related components

-. 110 dB down. This app l ies to a l l
discrete components and noise components

at ±80 kflz from the carrier measured in

a 1 Hz b a n d w i d t h .

Output Harmonic  D i s t o r t i o n :  . 25 dB down

Power Supp l ies :  -5 .2V at 0 .7A max

-22V at  0 .2A max

- l8V at  0 .2A max

± 18V at  0 .2A max

Interface Signals: Range information and unlock alarm compatible

with Tracking Servo Brid ge Detector.

Package : Ra ck/Ben ch un it sim i lar  to Tra ck ing Servo Brid ge Detec tor

with minimum heigh t and b l ank  panel.

- 12 -



2. BLOC K DIAC,RAN

The generation of a signa l sl igh t l y o f f s e t from ano ther

over a wide frequency range becomes a challeng ing job when stringent

demands are p laced on the spec t ra l  purity of the offset output. The

approa ch taken in th is des ign , based on the resul ts of a stud y of
several al ternatives in 1974~~~ , f i r s t genera tes a crude offset signal

by phasing type single sideband (SSB) techniques and then uses a phase

locked loop as a filter to achieve the required spectral purity. A

basic bl ock diagram of the method is shown in Figure 2.1.

Generation of the SSB offset reference signal is done at

half-freq uency in order to reduce the spurious generator component

on the LO output and to permit the use of digital techniques for RF

quadra ture generation .

The LO output comes from one of twelve band switched voltage

controlled oscillators (VCO’s) which is phase locked to the offset

reference. In order for the lock loop to serve as an effective filter

to remove spurious output components several requirements mUst be met :

(I) Modulation of the VCO via the varactor control line must be

red uced by a loop fil ter.

(2) Modulation of the VCO via reverse transmission from the VCO

input to the phase de tec tor mus t be reduced by an isolation

amp lifier.

(3) Coupling via power supply lines must be reduced by effective

filtration .

(4) Coup l ing via radiation must be reduced by effec tive shield

enclosures.

A more comp lete block diagram of the Offset LO unit is shown

in Figure 2 . 2 .  There are three separately enclosed modules: (I) VCO

(2) Lock-Loop and (3) Low Pass Filter.

(1) Ri ley,  William J., “Design Stud y For A Frequency Offset Generator”,
Fina l Report on ECOM Contract No. DAABO7-74-C-OlO ,

General Radio Company, Bol ton , Mass. , 24 August 1974

- 13 -



OFFSET LO BASIC BLOCK DIAGRAM

tg + f + to
GEN
,[121 4

SSB 1_2 J O -~Fj .{ vco J ~ LOIN 
_ _ _ _  I GENI ~DET J _ _ _ _  

OUr

t012 t t q t o e (1 ut 12 h~u e kj

SOURCE J 
IF OFFSET]

= 0.8 - 220 MHz
80 kHz

FIGURE 2 .1
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Block [1idgram (continued)

The VCO module contains f ive sections , four VCO hoards , each

holdi ng three VCO ’s and one Output Amp li l i e r board.

The Lock-Loop module’ also contains five sections. These are:

(I) The Offset Source board which generates the 40 kHz half-

offset signal.

(2) The SSB Processor board whi ch accepts ,‘enerator and offset

inputs to produce the reference siena l for the lock loop.

(3) The Isola t ion Anip li lier board which provides a VCO samp le

for the lock loop .

(4 )  A Phase- -Frequency Detector hoard .

(5) A Loop Filter hoard.

The Low Pass Filter module is a sing le section which contains

six switched filters necessary for proper lock l oop operation on the

lower frequency ranges.

The individual sections are described in more detail in the

follow ing pages.

- 16 -



3. Ct ~o ’ t l U  l-:sc:If r p TI )N

1 .1 Voltage Controlled Oscillators

The LO output signal is generated by a ser ies of twe l ve

vo l t age  c o n t r o l l e d  o s c i l l a t o r s  (VCO ’s) which  cover the f r e q uency

range between 0.8 and 220 ‘fllz . Each VCO has a tuning ratio of

abou t 1.85:1 and adjacent ranges have at least l07~ overlap . The

exac t  f r e q u e n c y  ranges are ’ p a r t  ot the specifications for the

Track ing  Servo Bridge Detector. The VCO ’s are packaged on four

etched circuit boards , each containing three VCO ’s and one

associated summing amp l ifier.

The same basic VCO circuit is used for the nine highest

f r eq uency ran ges and is show n in Fi gure .1.1.

The circuit is a grounded base amplifier with pos itive feed-

back from collector to emitter. The impedance step down in the

feedback path, a necessary condition for oscillation , is accomp l i shed

b y tapp ing off at the junction of the two series-connected tuning

varactors. Alternate methods , such as l ink coup l i ng, an inductive

tap or a separate capc~citive divider are less satistactory at high

frequencies where leakage reactance is troublesome and additiona l

shunt capacitance limits the  tun ing  range.

A series of hyper-abrupt tuning varactors are used which

can achieve tuning ratios well over 2:1. In practice the varactor

vol tage  range is r e s t r i c t e d  to l i m i t  the frequency range to only

slightl y more than the alread y overl apping nomina l ranges to

avoid extreme changes in the  slope of the  varactor tuning

characteristic , A series of powdered iron toroidal cores are

used as tank coils.

Low harmonic distortion is obtained without impractical low

pass fil ters by the use of an automatic gain control (AGC) loop

which senses the LO output leve l and varies the oscillator loop

gain by means of a PIN diode attenuator network.

The three low frequency VCO ’s have the basic circuit configura-

tion 8hown in Figure 3.1.2. They differ from the other VCO ’s only

in that the feedback is taken from a tap in the tank coil. This

- 17 -
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3.1 Voltage Controlled Oscillators (continued)

conf iguration is better at the lower frequencies where leakage

reac tance is no t a problem, but the RC low pass ne twork caused by
large coup l ing capacitors on the varactor control line would add

excessive phase lag which would make the lock ioop stabi l iza tion
more d ifficult.

The wide overall frequency range ( 300:1) and corresponding

change in varactor tuning sensitivity has a grea t impac t on the

lock loop , of course. A pass ive compensa tion ne twork is asso ciated

w ith each VCO to permit lock loop servo stability and will be

discussed in detail in Section 3.8.

The varac tor tuning characteristic is also compensated for

by a nonl inear  loop amp l ifier as discussed in detail in Section 3.8.

Each of the four VCO boards also has a grounded base summing

ampl ifier which combines the three VCO outputs , onl y one of which

can be ac t ive, in to a s ing le output.

VCO swi tching is accomplished simply by app lying -22V only

to the desired oscillator. A diode network also applies power

to the correspond ing summing amp l ifier.

The circuit schema t ic for the four comp le te VCO sec tions

is shown in Figure 3.1.3.

- 1 9 -
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3.2 Output A n i p U t i e r

It is the funct ion ot  t h e  Output Amp i i f i  or sect  ion to accept

the sima l f rom the ~~‘1ectcd VCO an t provide a +10 dbm LO output

t o r  t h 5  Tracking Servo h r i , I , : e L  !)etector . An a d d i t i o n a l  ou tput  at

-10 (IBm provides t h e  VCO samp le signa l for the lock ioop .

Figure’ 3.2 show s the circuit schematic tor this section. A

~ rU ,uf l t e d  I t  sunm~in~ amplifier combines the outputs from the

tou r ~(O sect ions (only one of which is active) and drives a

cascn t - o u tp u t  S t L 1 ~~~(. A diode detector samples the main output ,

produc i~~ . a dc vol tage wh ich is compa red w ith a r e f e r ence level by

an operational amplifier. This device provides an output which

drives a PI~-~ diode attenuator in the VCO circuit , maintaining a

constant output level and reducing harmonic distortion.

The Output Amplifier section is powered by a diode network

from the active VCO section.
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3.3 Isolation Ainplifier

The Isolation Amp lifier section provides a signal at

to the Phase-Frequency Detector section which serves as a sample

of the VCO for the lock ioop . Since the lock loop operates at

half frequency, th is sec tion must contain a b ina ry  d ivider. It

is al so necessary tha t there be sufficient reverse isolati on from

the 0-F Detector into the VCO so that the effectiveness of the

lock loop as a filter will not be limited by the presence signals

(such as f ~ via this path.Gen
Figure 3.3 shows the circuit schematic of the Isolation

amp lif ier section . A cascode amp l ifier, a configuration having

high reverse isolation , accepts the -10 dBtn VCO samp le signal

and drives a Schmitt Trigger which provides an ECL waveform for

the binary d ivider. This section uses both the -22V and -5.2V

supplies.
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3.’+ Ot iset Source

G e n e r a t i o n  of the  40 kllz offset signal beg ins with a crystal

osci llator at 1280 kHz . A f t e r  d i v i s i o n  b y 32 the r e s u l t i n g  40 kHz

square  wave is app l i ed  to a quadrature hand pass filter to produ ce

the  r e q u i r e d  sine wave si gna l s  w i t h  90 ’  phase diff erence. Low

harmonic distortion is necessary to reduce spurious components on

the  LO output.

Figure 3.4 show s the circuit schematic of the Offset Source

Section. The quadrature bandpass filter consists of three op

amps. Two are integrators and the third is an inverter. Without

the 100 1~~ resistors across the integrating capacitors the circuit

would oscillate at a frequency where the ioop gain is unity. The

loop phase shift would always be 180° through the two integra tors

and 360 i overall. The frequency of oscillation would be set by

the loop amplitude condition via a variable resistor.

When the 100 1~2 resistors are added to the integrators they

can no longer  produce a f u l l  180° phase shift and the loop can no

longer oscillate. The c i rcu i t  becomes an ac t ive  f i l t e r  w i t h  a Q
factor set by the integrator feedback resistors. The 100 I~~

resistors result in a Q around 50. The two outputs are still

very nearly in phase quadrature. Harmonic distortion is at least

40 dB down. The zener diodes across the second integrator limit

the signa l amp litude under t ransient conditions to insure stability.

One of the outputs is adjustable in amp litude to the condi t ion

which results in best suppression of the lower sideband .

An on-board IC voltage regulator provides ±15V from the

preregula ted ±18V input.

The frequency stability of the offset is specified as within

±50 ppm , sufficient to insure lock up of the IF reference oscillator

in the Tracking Servo Brid ge Detector.
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3~~S ~-Sl Processor

Ge-ner,tt ‘t” ~ U ) t  the pr oc ise +80 kflz offset required for the

l o c a l  os~~i I 1 a t o r  s icti.i l is accomp lished over a greater than 8

t ) c t , I v ( ’  range b y a d i g i t a l— p h a s i n g  type SSB processor. Quadrature

s ~en~~l s  a r l -  p r o d u c e d  at  both the offset and Cen frequencies and a

;ai r c l i  m ix er s  ~-e n er a 1 u  DSB s ignals w h i c h  are sunu-ned to produce a

S”P et ise t rcf ’rcnce signa l for the VCO phase lock loop. It is a

iel at i v o l y  simple matter to produce quadrature signals  a t the

:ixed of ise ’t. t requency, hut conventiona l quadrature h yb r i d s  or

ot  nor 90 ’ p hase d i t t  erence networks cannot cover the 275:1 RF

r o quen~~y range withou t s w i t c h i n g .  The use of digital techniques

p r o v t d e - s n w ideband  approach  which  is simp ler and less costly.

SSB processing is actuall y done at half-frequency. Not only

hoc ’ s this make practical the digital implementation of the SSB

p rocessor and Phase-Frequency Detector by reducing the maximum

RF frequency to 110 ?fl-lz, hut also , by chang ing the offset to

40 kI lz , greatl y reduces the level of 80 kHz sidebands on the

Offset LO output.

The required half-frequency RF quadrature signals are produced

as shown in Fi~-u re  3.5.1. The differential outputs of a high speed

ECL l ine receiver are used to clock two flip-flops. The flip-flop

outputs are , therefore , half-frequency quadrature signals. The

flip-flops are interconnected so as to always produce the same

relative output phasing .

It was origin a l l y intended to extend the use of digital

techniques by using Exclusive-OR gates as balanced mixers as was

done in the demonstration LO unit. It was recognized , however,

that there were potential difficultie s with both balance stability

and off set frequency harmonics. In particular , spurious sidebands

were produced as mixing products between the desired (f
G f l

+ 
~offset~

”2

and harmonics of f /2 which can lie arbitrarily close to theo f f s e t
des ired l ine and , therefore , cannot be filtered by the lock loop.

- 27 -
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1.5 SSB Processor ( c o n t i n u e d )

Th i s  p r o b l e m , as w e l l  as t h e  lar g e  t h i r d  order IM l eve l s  of the

di gital mixers , was solved in the 37 - 85 MHz demonstration unit

by using small amplitude sine wave offset drive signals. That

s o l u t i o n  was not u n i v  inadequa te  fo r  the low f r e q u e n c y  ranges , but

a l s o  compromised carrier balance at the high freq uency end , and ,

t h e r e f o r e , ano the r  c o n f i g u r a t i o n  was devised.

The single-balanced mixer configuration shown in Figu re

3.5.2 was found to give better results. It is extremely simple

and i n t e r f a c e s  d i r e c t l y to  the ’ ECL devices. A pair of series

connected low offset hot carrier diodes is connected between the

two complementary  ECL outputs and the offset sine wave is applied

to  the j u n c t i o n  of the diodes.  The ou tpu t  is , for alternate half-

cyc les  of the RF , e i ther  the o f f s e t  si gnal b iased at the ECL

re fe rence  l eve l or s imply the dc l e v e l .  The output  spec t rum is a

DSB suppressed ca rrier signa l , p lus the offset signal. Figure

3.5.3 shows the spectrum of the DSB mixer output at 0.8, 10 and

220 MHz.

The out pu t s  of the two quadrature paths are summed (actually

differenced) by a hybr id t ransformer combiner and the offset signal

component is removed by a high pass filter. The resulting SSB

si gna l is the desired reference signal for the phase lock loop .

Figure 3.5.4 shows the spectrum of the SSB reference signal at

0.8 , 10 and 220 MHz .

It is necessary to conver t the SSB reference signal into an

ECL waveform for the Phase-Frequency detector and this is

accomp l ished by an AM685 compara to r .  U n f o r t u n a t e l y, any c omparator

or limiter is also effectively a mixer. It is necessary to low

pass filter the SSB reference signal ahead of the comparator to

avoid spurious mixing products.

Ser ious diff ic ul t ies can ar ise from the odd harmonics of

the squarewave RF signal. The spec trum of the SSB signa l at the

output of the hybr id combiner is shown in Figure 3.5.5. The

desired component is at (f 4 €) ,  wh ile a strong (3f -€~ component
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3.5 SSB P r o c e s s o r  (coot  j~ u & ’ d ;

c x  i s t s  in t h e  t h i r d  harmon ic r - ~’, o t t .  I f  any  m i x i n g  occurs  in a

subsequen t  St .i~~~’ a t h i r d  o r d e r  TM te rm (3 { - E)  - 2 (f 4 =

f a -3€) is F t - l i c r a t c ’ d .  ~t i c l i  m i x i n g  i n e v i t a b l y does occur in the

c’ o T nj ) a r a t L L r  w h , f c h c ’ L c . v l ’ r I  s t h e  low leve l  r e t e r e n c e  s i g n a l  i n t o  an

H i ,  w av e l  i-rn. S i mi l a r  t enn S  occur  due to I - i i~ her odd order  RF

h ar m o n i c s .  The ’ spect  ruin around  (f  i €) w i l l  c o n ta i n  many r a the r

st r o n y  ~€ “p i c ke t s ’ which  can cause enoug h p hase-  j i t t e r  on the

I- C ’! r e t  e r~ - t i c  ( s I t -nO 1 t h a t  the  1 ’op cannot  l ock .

T h e  des i red  component  of the  loop r e - f er en c e  si gna l need

on i  h e  S L j O ( t t  10 dib St  r e n I - 4 r than any one o t h e r  to ob t a  in lock .

Once’ in l o c k , the  LU output s p e c t r u m  is pure  b y v i r t u e  of c a r e f u l

s h i c ’ I d i t i t ’ , i s o l a t i o n  and loop f i l t r a t ion. However , the compara tor

o u t p u t  s p e ct r u m  w i l l  c o n t a i n  s e v e r a l  ~Ecornpo nents  o n l y  abou t

10 dO down - i t  the ’ low f r e q u e n cy  end of the  range if the  S~ B s igna l

is fed d i r e ’c t l v  i n t o  the  compara to r .

The’ o n ly  c i  h ct i ’,’e s o l u t i o n  to t h i s  p rob lem is a low pass

f i l t e r  ahead of the c o m p a r a t o r .  The SSI3 r e f e r e n c e  si n a i  is ,

th e r e f o re , r o u t e d  to t h e  Low Pass F i l t e r  Sec t ion  b e f o r e  r each ing

the  compara tor  on t h e  s i x  lowest  f r e q u e n c y  r anges .

The impor t ance  of th e’ low pass f i l t r a t i o n  is i l l u s t ra t e d  in

Fi 1~u r e- 3 . 5 . 6 t h r o u g h 3 .5. 8 which  show the  e f f e c t  of v a r i o u s  low

pass  f i l t e r s  on the c o m p a r a t o r  i n p u t  and outpu t s i g n a l s .  A

~( - n ( ’r a t o r  f r equency  of 3,0 Ia-I I fx  is shown w h i c h  r e s u l t s  in a 1560 kHz

SSB reference signal and norma l operation on the 2-3.7 MHz range

with a nominal 2 Mh z LPF cut-off frequency. As successive l y higher

cut- ott filters ar c ’  used the si gnal wave-form s and spectra deteriorate

and proper ioop loc k becomes impossible.

I t  was t o u n d  necessary to amp l i f y the  offset reference signal

ahead of the comparator. The outpu t of  the  DSB mixe r s  is limited

by 111 pr oduct generation. The SSB reference signal is efficiently

summed b y the hybrid transformer , hut is attenuated by nea r l y 10 dB

in the more comp lex low frequency LP f i l ters and associated d iode

SW i I .ching. Furthermore, it was found desirable to introduce a

considerable amount of hys teres is  (100 mV p-p) in the reference

- 34 -
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3.5 SSB Processor (continued)

comparator. Consequently, an amp lif ier with about X 4 gain was

added ahead of the comparator. This circuit is shown in Figure

3.5.9, and is stra ight forward except for the PIN diode switched

100 p F capacitor at the amplifier output. This serves to restrict

the bandw idth for the low frequency ranges , reduc ing pu lsed

noise p ickup at  the comparator input.

The schematic diagram of the complete SSB processor is

shown in Figure 3.5.10.
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3.n Low i t s -’. F l i t i  i b

) \  [ < 1 1 0, c i  5 1 .~ lo .s ‘ , i t ~ s ‘ i t t  ‘r i .  i S a, ec ’i e— i ! V  t o  < v o i d  < - c e s —

S i  V~ - s p u r i ous  4 < < ‘ l i i  1 , ’n  i i i  ( I I ,  r -  t e - r i - I 1 L , -  s i _ ’na l o l - h a t - a t t l r .  The

t i l t e-is < r i -  , w l l c ) i < - i  1o 4 - , - t h t - <  w i t h t i ; - 0 ’ s H - i  t h e ’  < ‘w e - s t  s i x

I t t - q u e - n c ’-’ tau , -~’- ,. o’ I i l t r~i ar c -  r e’qu~~t e - < i  f o r  t h e  it t - l u - s t  s i x

1’ ‘ ‘ 1  I ’ I I C  V I , I I I , i  S

- a-~~~~t l  s - i n s t  o 1 t ; s  t h i <  h i , - e c - s t  n - . s s i t l 4 ’  r < - f . - r e - n < - f r e q u e n cy

r - i n - ’ w h i t -  - i t t - n - i t ’ tog t i n  l w -  ~,t  p o s s i b l e  t h i r d

I t  - < ;  < I i :  mp t  a c i i  I . ‘115 ‘4 1 , -  4 i c e ’  ‘ or  at  — o f t  I r eq uen - v is the

lc ’w , - r  ‘ 7 11< - 1 _ I t C H ’ 1 ’ < b u I t  I I , - 4 ’~ I ; -  V I i 1 ’ i C t  f o r  , - - i ~ 4 ;

Tb C ‘ S(’ I o t t  t I I t ~
- rs  a t  - < i - I  l e t  ~ . - - n 0. ~

- - — 3 . 7  t—Ul z where-

i t , i i i n < , t i ~~~ a t  t e nu - i l  I ‘ 1 i c ’ ( i t i r l - ; : . - ’ ; t S  < t a - m ost  S& ’V e i <  - I’wo S e c  t i o n

f i l t c - r s  a r e -  c < s < - c  ~- - ‘ ‘ ‘ &- n ~.2 — ‘3 ~-fI Iz . At I t i t t e r s  a r e  2 dh

r i t t i 1~ M hj ’ [v ( - h ( - \  c a - s i i ~us  < 1  Cl < ‘~~~2 1 t ; I r ; - < [ I t t C l ’  I i  ‘el  . The LPF a t t e n u a —

Hon characti’ r j stie ; ; ar - a!~,<~,- --~ I ! !  i ’ < i l I ( ’  3 . 1 .1

F i l l  t-  r sw ~ t c i t  t r i g  is < t o i t - w i~ I ito ’;-~ < e- n t; ive P I N  d i o d e s .  The

numbe r t < f  t ’ x p c - n s i  ~‘~~‘ f~- < ‘~L l i r u  c - t p ~t C  J t o rs  i s  m i n i m i z ( - d  by encoding

the  C u l t 1 , ’ , M I t ;.t on f o u r  1 i e c - s  ( w I i i - . II a l s o  c a r r y  dc power in to  the

mod~i l e t  . A dj o d ,  ni ; I r ix - t i c o ik ’s  l t ; ~~ - rangc- da t a  ou t s  ide the module

whi i i& ’ a s tan d a r d  TTL dec ec l c i / d r i  en ’i i s  used inside. The encoding

of r a n - - c’ in !  c - i - n a t  1 1 ) 1 <  was ; i c t ~ i ded  upon  a t  a t ime when nine  low pass

f i l t e r s  w er e  used .  T h r e e  I i1~~e’rs have  now ln ’~-ri  p roven  unnecessary

and d I r : c  r a r g c s w i t c h  i u 4 ’  w i l l  he recon s  idered for  the n e x t

de s ign i t e r a t i on .

The b -a ~~ic f i l t e r  s w i t c h - t i n t ;  a r r a n g em e n t  is shown in Fi gure 3.6 .2 .

The SSII I & I e ren d ’ S igna 1 f t  ( It ) the -  h ig hi pass 1 i I t e r  can be routed

inside the SSB Processor section directly to the reference signal
amp l i f i e r  or t o  the LPF’ modu l e- and th rough  one ’ of the low pass

f i l t e r s  be fo re  r e t u r n i n g  to the  amp l i f i e r .  The c i r c u i t  provides

reverse bias on the “of f ”  PIN d iodes and a forward current of about
5 mA through the “on ” diodes.

A comp let e- schematic of the Low Pass Filter Section is shown

in Figure 3.6.3.
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3. 7 Phas e ’  — Frequeu~~_ jt~ - t i - i  t < <r

The pr li-na cv I utic t I - < i i  o f  I his c I rcu it is t compare  t h e  p hases

of t he  SSB r e - i e ’ r c ’ I I l  < -  - e< 1 VCO s ; t i ; - I ’  I t -  s i n i C t i s , p r o v i d i n g  an error

si gna l f o r  the  p h a a c ’ — l o c  1- ’ oop . N t - c  c ’ - u T , I r v  I n o e l  i n s  ar c  to  p r o v i d e

loop nab , to  ( let  c c  t a l l  nnl< ’c k i d  < ‘ i - t i t i o n  ; l 1 1 < I  t o  p r ov i d e  I r e quency

d i s c r i m i n a t o r  < c t  ion t o  g e - r i - l i t  I n c  k i i p .  Tin l a t te r  f u n c t  ion is v e ry

i mp o rt a n t  in a l oop of  t h is t ’- ’p & -  i~i i e  r e -1 w i N  n i n e- VCO is  to be

loc ked w~ t h  a n a r r o w  I i -op  I ’ - ii i , iwi dt lr .

The [ < s i c p itCI ”~c ’ — t  t~~~ ’ l j I l C l l ( V t c ’ t c ’ -~ t o r  i c - n i t  <1 S( - d  is ShioW li in

F i ; ’ ur e  3 .7 . 1 .  I t cc — i i ’- I s t S  c ’f t w o  s e t — r e s e t  l a t c h e s  (each [top ic-

mente <l with two 2—input posit i ’- e  ‘~A N I )  ,‘Cl t Os) and a n o t h e r y a t e -  w h i c h

is us e d  as a r e s < -  t < - n t ,  j u t  or The’ I - I t - n  < I  ion - t 0< ci r u it is

as f o l l o w s :

The f i r s t  i n p u t  p u l s e  t o  - < r r i ” e  I; I s  i t s  cor r e s p o n d i n g  l a t c h .

The c i r c u i t  w i l l  r e - m a i n  in L O i s  s t a te  u n t i l  a pu l s e  a r r i ve s  at

the o ther  i i i p  I (wile t h e n  CO not a Id it iona 1 pu 1st - s a t ’ r lye at the

first input). The- p u l s e  - i t  t i r e  othe r  i n p u t  f i r s t  se-~~s t h a t  l a t c h

and then t i r e  r e - s e t  ; ‘ C t t 0 i m t , i e i l i a t < - J ’ ;  r & - s e t  s bo th  l a t e h , - s .  Thus ,

the  c i r c u i t  w i l l  p roduce  t h e  f o l l o w i n g  o u t p u t s :

~i > The Q 1 o u t p u t  w i l l  be- a v a r i a b l e ’  d u t y  r a t i o

pulse  t r a i n , ‘ar i n g  t rot-ti a p p r o x i m a t e l y ( 4 t o

1007 a t  the r a t e -  f = f
1 

- 

~~~ 
The Q2 

output

w i l l  be low e x c e p t  f o r  the’ d u r a t i o n  of the

narrow input pulse.

f 2 
-
> f .~ The Q

1 
and Q2 

outputs will i~~- the  reverse  of tha t

described above .

One of the two outputs will he low except for the

duration of the narrow input pulse.

The- other output will be a certain fixed duty

ra ti o wh ich is dependen t on the phase rela tion
of the two input signals.
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3.7 Phase-Frequency Detector (continued)

In use in a phase-lock loop with high dc am , th i s  phase

detector will operate at a nomina l 0” phase relation. Both

outputs will he low except for identical positive pulse’s during

the duration of the- (coincident) input pulses. The ou t put , which

is taken diff ere-ntia ll y, is the nearly-zero signa l determined by

tile static error coefficient Set by the dc loop gain. Since

both outputs are identical it becomes imaterial from which

direction thu- loop approached lock. But before lock , when 1
~ 

~ f2 ,
an error signal is produced which forces the ioop toward the

condition f
1 

= f 2 and 01 =
Various implementations of this basic 0-F detector logic are

available in integrated circuit form , but none has sufficient

frequency range (110 MHz) for this application . It was found

necessary to use subnanosecond ECL devices to insure proper

operation . A Fairchild Fl00102 quint 2-input gate used in the

configuration of Figure 3 . i .E has considerable marg in abov e

110 MHz .

This 0-F detector requires that the inpu .s be short positive

p u l s es wh ich ar e genera ted by the arrangement shown in Figu re

3.7.2. Th~ output pulse duration is determined by the propagation

delay of the first gate plus the RC time constant.

The phase-frequency detector produces coincident output pulses

onl y under locked conditions . This is the operating princip le of

the unlock-alarm circuit shown in Figure 3.7.3.

The coincidence of the detector pulses is sensed by the

exclusive-nor logic function which has an output that is high

when the ioop is locked and a variable duty ratio pulse tra in when

the loop is unlocked. The resulting change in dc voltage is

de tec ted by a comparator which drives the unlock-alarm light. The

unlock alarm will warn of any of the following conditions :

1. No reference signal.

2. No oscillator signal.

3. Reference signal outside lock range of oscillator.
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3 • 7 Phase — F i ~~~j~i < ’t n c v I ) ~, t c i l & -r  I I  < n t  jn<<ed )

4 . A ( on I eic k m o p  f o r  -ro y re ason .

5. F a i l u r e  i t i n  ‘‘C O , O u t p u t  A m p l i f  i e r , I s o l a t i o n

Amp I i  I ie- r , 01 fse- t Source ’ , S SB P roc  essor  or Loop

Am p i i i  i c r .

6 .  Le n-i s c < t  — 5 . 2 , — I S or t I  8V supp i i c - s .

7. ~ i <s I I i i  l u re - s  of  Phase— Fr e qu e n c y  [ e L  c’ c t o r .

Loss of t h < . — 2 2 \ ’  SUJ ’i p i v , wit l ie  not In d i c a t e d  b y the  a l a r m ,

w i l l  r e s u l t  i n  no LO ou t p u t , t i t u s  no wrong  o u t p u t .  The a l a r m

ci r c u I t  i t  s i -h  ca t i  be - ch c -ck ed  b y simp l y s w i t c h i n g  t o  an imp iope - r

f r e q u e n c y  can e and o l I n - n e r v i n g  t h a t  the  a l a r m  1 ig h t comes on.

The e r r o r  v o l t a g e  f o r  t h e  p ha se  lock  loop is produced  b y an

o p e r a t i o n a l  a m p l i f i e r  which a c c e p t s  the d i f f e r e n t i a l  s i g n a l s  f rom

t h e  0-F Detector. This  a m p l i f i e r  has severa l  pass ive  n e t w o r k s

a s so c iat e - < I with i t  t h a t  p r o - i de  pulse ’ f i l t e r i n g ,  dc t r a n s l a t i o n  and

ac ga i n sIi t~< i n g .  A d e t a i l e d  d i s c u s s i o n  of the  loc k loop des ign

is i- ion in t i n ’  n < - ’-~t r e p o r t  section.

An i m p o r t a n t  f a c t o r  in tile ’ a p p l i ca t i o n  of t h i s  typ e of d i g i t a l

P h a s e - — F r e - qu e n cy  d e t e c t o r  is i t s  sens i t  i v i t y  t o  p hase  d i s c o n t i n u i t i es

of the  i n p ut  si ~~n a l s .  The- c i r c u i t  is t i - t i e - r a n t  of c u t  inuous phase

jitter on the- input signals , with a d e v i a t i o n  a-< 1 up to  a consider-

a b l e  f r a c t i o n  of a c a r r i e r p e r i o d , b u t  w i l l  i n t e r p re t  a sudden

phase < ‘ g l i t c h ” as a f r e q u e - n ~cv  e r r o r  w h i c h  w i l l  dr ive ’  the  d et € - c t o r

against t i n  s top . Loop f i l t r a t i o n  w i l l  not m a t e r i - i l l y  smooth  such

a d i s t u r b a n ce  of t h e  broadband  Phase -Frequency  d e t e c t o r  I t s e l f .

It is especiall y important in this app lication to avoid any q u a s i-

coheren t  pu l sed  no i s e  p i c k u p  w h i c h  can d r i f t  through the reference

comparator  t h r e s h o l d , caus ing  a sudden p hase d i s c o n t i n u i t y  w h i c h

can s e r ious ly p e r t u r b  t i i < ’  lock ioop .

The schematic diagram of the complete 0-F i)etc-ctor circuit

is shown in Figure 3.7.4.
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3.8 Loop F i l t e r

The I re -quen cy r’ e s p o n s & -  of ‘t he  VCO lock loop must  he r a t h e r

c a r e f u l l y shaped to pro cluc e a sat  i s f a c t  or - <’ LO s in’nal output. The

l oop bandw m d t h  mus t  be wid e ’  en our ’lt  I o i n s u r e’  n t low noise  l e v e l

near the carrier and t - ‘ pr i v ide n t d & - q u a t e -  response  speed I or loc k up

and sweeping. i ; i t  t h e’ m o p  i - - n - i s  i a ls~ so ccc as an ef f e - c t  ly e- f i i  t e r

I or spntr icus s i d e - h a n d s  i t t  -
< I t  and SO khl z . l u  r th e r m or e  , the ’  LU

s p e c t r um  slte ’u id he 1 ct- c -  f r <~ ’n p r o n o u n c e d  ‘‘bunp 1 ng  up ’’ of 001s t -

s idebands  ~r t t h e  loop nato r -<  I freqn -n- ucy . ‘h u u e -n-n ’ c o n s t r a i n t s

r eqoire  care ’~ u] c o n t r o l  of t i r e  phase  and rna~-n i t uci e of the- open—

l oop g a i n .

An a n a l y s i s  of tile lock loop is si-town in F i g u r e  3 .b . 1 .  The

loop e l ement s  a rc :

( 1) The ECL 0 -F  De tec to r  w i th  a t r a n s f e r  f u n c t i o n

0.2 volts/radian .

(2 )  The Main Loop Anp lifier w i t h  a midband  t r a n s f e r

f u n c t i o n  K = 2 . 5  v o l t s / v o l t .
a

(3) The Cauer Loop Filter with a null at 40 khlz .

(4) The Varactor Linearialti p Am plifier and Voltage Lhiiting

Ne twork.

(5)  The Lead-La g Compensa t ion  Ne t w o r k  a s s o c i a t e d  w i t h  each

“CO.

The m a i n  o b j e c t i v e  in the  l oop desi gn is to  o b t a i n  both  a

steep increase in gain below the  u n i t y  ga in  f r e q u e n c y  and a steep

decrease  in ga in  above the u n i t y  ga in  f r e q u e n L y  w h i l e  i n s u ri n g  a

stable- servosystein . A nomina l 5 kflz u n i t y  ga in  f r e q u e n c y  is

chosen as a compromise between the 2 kh lz d e t e c t o r  iF b a n d w i d t h

(where loop gain is desire- il) and the 40 kHz o f f s e t  f r e q u e n c y  (where

loop attenuation is desired) . The Main  Loop A m p l i f i e r  and VCO

Ccmpensation Network each have downbreaks at 1 kilz which contribute

a rou nd 10 ’ phase lag at 5 kiIz . The- VCO varactor feed circuits have

30 kHz downbreaks which also contribute around 10” phase lag a t 5 kHz .
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3. 8 IArop Filter (continued)

The- in trin sic \ ‘( ‘ ( )  i nt e ; ’ i ’a l ion  t’ o n t r i l < < i t  en - ;  [0 pha s - l ag ,  b r iuin- , ing

the total to 120” . Ii a phase m a r g in < - f  25~ is des i red  f”r t h e

overall svst ca-in , th e’ Loop F i l t e r  may cc -t ntri b utt - 35’ a t  <
< k lh ~

A Cau e- r ( E l l i p t i c )  Low Pass F i l t e r  was chosen ‘I s l) est. s u i ted

for ia-his application . The design has -i 18.2 k hl z  c u t - o f f  f r e q u e n c y ,

a n u l l  at  4 ( 1 k }hz ,tnd ;i r - n - i n i r n u ni s t o p  band a t t e n u a t i o n  of 35 dB .

Such c a r e f u l  I - p  s h a p i no  would  be- lu t i l ’ i f  app l i e d  d i r e c t l y

to  a v a r a c t o r  t u n e d \‘CO whhh exhibits the typ i ca l  5 : 1  t u n i n g  slope

variatie)n <<k -er the - c o n t r o l  ~- o l  tage - r ange .  The - sc-  v a r i a t i o n s  a re

reduced b y r e s t r i c t i n g  the- app l i e d  v o l t ag e  to  avo id  unnecessary

over ran .~- - and by a n o n - l i t e  ar  dc ~t n - n - C p l i t  i cr  w h i c h  p r o v i d e s  a 4-

segment a p p r o x i m a t i o n  to ompe-nsate for t h e  v a r a c t o r  c h a r a c t e r i s t i c.

The v a r a c t o r  c h a r a c te r i s t i c s  are shown in Figur e-  3 .8 .2 , and the

l i n e a r i z i n g  a m p l i f i e r  in Figure’ 3.8.1. These circuits are packaged

on the Loop Filt er Module shown in Figure 3 . 8 . -’~.

E:~tensive t e s t s  were  made- on the  dynamic  b e h a v i o r  of the

l o c k  loop fo r  c-ach of the ’  twelv e ’  VCO ’s. The i oop can he-come unstable

for either high or low -- a in conditions as evidenced b y excessive

ringing of the control voltage t o  step changes in frequency and

by a “bu m p i nc  up ” < < 1  t h e’ noise  s ide-bands  on e i t h e r  side of the

output  f r e q u e n c y .  The low ga~ n condition is particularl y

undesirable because- it re-suits in a low natural frequency of the loop,

longer transient settling t ime , poor VCO noise reduction and

pronounced “bump ing up ” of noise s ide-bands close to the carrier.

The ser ies  r e s i s to r  (R i )  of the VCO Compensa ti on Ne twork was

adjusted during these tests (during which a direct lock was made

to the reference input without offset) for each ~(‘O.

Typ ical  r e su l t s  obtained in these tes ts  are show n in Fi gure

3.8.5. The 4 .0  and 5.0 M h z  t rans ient response and spec tra represen t

the extreme conditions of a hi gh (4.0 ~~t z )  and low (5.0 Mhlz) gain

loop . A c omparison between the spectra sh ows sli ght noise’ bumping

at ~
I+ kliz vs more pronounced noise bumping at t2 kHz. A comparison

between the transient responses shows a relativ el y f a s t , r ingi ng

response vs one that is  alower and more slugg ish.
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Varac tor C h a r a c t e r i s t i c

Typ ical Capacitance vs. Tun ing Voltage (T A 25°C)

l 000
500 ’

~~21R
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~~~~~~S?O 8
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0
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I 3 3 4 6 I t O  30 30
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FIGURE 3 .8 .2

- 55 -



I t c  t_ — — I - u i <  - i i  I —
- ‘ I I I-

I i  - u i I ~ I c - I  i i  o t t  - — t -- C I - - I I

1

Horizontal Scale : Vin I vol t/div

-8.5 volt center

Vertical Scale: V 2 volts/div
out

- 9 . 5  vol t cen ter

FIGURE 3.8.3

56 -



( 0 , ’~
- Ca- —

- ---s -a-~~~
a-
~~

’
~ 

- *

- - <“i i k
‘~~~~~

-~- -
~ 

-

~~~~~ ~~~~~~~~~~~
4, ‘ a -~~~ ~A~-””~~ “ (U

-a - - 7 ~~~~~ ’~~~ ~t ‘
~ ~~~~~~• -~~~i a-~’a  —7-

2 <1) O~~~ -

a
_

_ -
-

7
.( V !-

~~~ 
•— - - - a

-
-.

c a-, o ,
2 ‘ 7- S - ~
— ‘, - ( - ‘ 4  ‘ 4 ’  

-

- u. a - - e / \ a 
-- 

- 

f l  4 ’~

~ ~
a -

‘, 
~

-I - 4

. / )  • ‘~~~~~~~~ -w - - *
‘a-” ‘Cl ‘ I - - - 

‘4 “~~~ —~~ ?
a- - * ~~~~~~~~~~-a - I— ’

— I- - - a-.
— H- ‘ - ‘ - -~~ 

- -
~‘a-~

- - - -

~~~~~ ~~~~ a - f ?
0, - t a -~~~-- 8

• 4’~~1a- -a --
-

‘<7 ’ I 
~ -~- a- ,

~ 
~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~ 

~~

:~~~~~--~~ ~~~~ i~~~
U, ~~ ~~ ~

-t
~~

- 
~

-

a-” Qa - c i I~

~~~~J ~~~~~~~~~~~~~

- 

~~~~ ,

~~ 

<7 - ’
a-:~ 

° ,_i

- 
00 I . .

-) a- ’ - .

- - = -
C) U~

S.

‘S.

- 57 -



‘H:

I~~F

aII .~~—alt,
aaaat~-

a.
•UMU

a-~~~~~~~~~~~ Ail

111W1ap?~Il L



3.8 Loop Filter (continued)

Figures 3.8.6 through 3.8.9 show typical results over the

entire frequency range . It is believed that the ioop design achieves

near-op t imum performance for this application.
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4 .  M~ 1IA NI A1 ,~~I t A  J N ;

The most  i m p o r t  an t  p a c k a g i n g  c o n s i d , - r a t ,  i - . f o r  the Of f set

LO is a ci  rcu i t  hoti s i n ; ’  w h i c h  p r o v i d e - s  e x t r e m e ! y c it ec t  lye I-i c , t  rica I

shielding . A solid h o u s i n g  w i t h  a-F i gas ket  i ’ o - ., h i gh p e r l o r m a n c e

feed thr u l i 1 t c r s  I’or a l l  power le a d s  and SMA c o n n e c t o r s  w i t h  s o l i d

jacketed coaxial cal ’  Ic  f o r  a l l  si gn ;t l l e a d s  was prove i m a n d a t o ry  during

t he pr e- l im in ar v  d e s ign  s t u d y w h i c h  p r e c e d e d  t h i s  w o r k .

The Oi f se t  LO c o n s i s t - s of thr ee ’  m o d u l e - s .  The VCO and Lock-

Loop Modules e a c h  contain five s e - i t  i ons (3 .i-s ” x 1.8” et c h e d  c i r c u i t

boards) and are ide ’n t  i c a l  ex c e p t  b r  power and s i g n al  l e a d s .  The

smaller Low Pass Filter Module contains a sing le- section . All module

h o u s i ng s  arc m a c h i n e d  f r o m  solid brass stock and silver plated. Top

and bottom cova- -r s  of the  sama-’ m at e r i a l  compress  RFI gaske t s  se t  in

c’rooves which s h i e l d  each s e c t ion  s t -p a r a t e I y .  The modu l e- hous ings  are

shown in F igu r e s  4 .1  through 4 .3.

The o v e r a l l  mechan i ca l  des ign  cons i s t s  of a ske l e ton  f rame

which  suppor t s  the  t h r e e  module ’ hous ings  in a 1-3 /4”  h i gh un i t  w i t h  a

bl ank front pane l and depth compatible with the Tracking servo Brid ge

Detector. The unit weighs 23 pounds i n c l u d i n g  the outer cover.

The Offset LO is des igned  to  meet a l l  environmental conditions

specified for the Tracking Servo L g i d i n - e  Detector. Vibration tests were

made during mechanical design to verify the st reng th and r ig idi ty of

the package . All m e t a l  surfaces have a corrosion resistant tinish .

Input and output signals are brought to SMA connectors  on

the rear panel , which  also holds a 24 pin Amphenol connector for power

and control leads.
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5. ‘ti~;’r d~t ; : ~I c t : r ~_

A t o t a l  t i  t i l l / - c -  ( I t  s t  Ltd 5 1 0 1 ( 5  l i - i - ’ , I ~~~~ b u i l t  - i c - I  t . - s t t - d .

A l l  u n i t s  have  p e r t  ‘n ~c Od s ,t t i s t , l c t  ( C I  i i v  ce1d i t  1~ H I i ec , . -d  t h a t  , t

v i a b l e  c l . - s i g n  has ia- c - l i  achh-v -d . Th is r I - i l o l t  s a -ion w i l l  - i t - s e x  i l - c

the  r~- s u l t s  01 t h - s i -  t -sts .

The’ l o c k  r a n - - i - s  f o r - - 1 C I I  u n I t  a rc sh t - w n  in F i g u c -s  ‘
~~. I

t hr o u~~!c 5 .3 .  The’ r a ;l e-S  a r c - ( i l - l i l C e l - i l  , ly  r * - s t r i e  t , - - i  f i ’ - c - ’ ’ o  I - I - d I l l , ’

t I n -  n o m i n a l  am ount  s in I - r de -  r t~ c ac -a-id I - i r ~ e c h a n g e s  in t n o  [ 2 ,

sons i t  i v it y  and cons -quc ’n t 1 y l e t  t ~~- r I t~op st a b  i i i  I V - F l u  nomina 1

ranges ~1re- a r r ~i n - : t -  i I  t o  h a v e  c o n s i d e r a b l e  o v - t l a p  and t l l r t h e r  o v & - r l a p

is of no p a r t  i c u l a r  a d v ; i l l t a g e  . A l  I u n i t s  h a v e -  c~~- c i  o r l a l -  I c -  l o c k

marg ins at b o t h  f r e q u e n cy  e x t r e m e s .  The-re arc - a I t ’w p I a - . c- s wh i r,-

the a c t u a l  tunin g ralcgc - is not p r o p e r l y  c - e n t e r e d , b u t  can  he - e t - r r e - c t e d

s imp ly by adjusti nc the’ \‘CO tank inductor. Adequate overlap was

still a v a i l a b l e , h o w e v e r .  The onl y rea l  q u e s t i o n  r e l a t e - c l  to t h e  VCO

d e s i g n  is a t e n d e n c y  t o w a r d  “sque -gg ing ” on some of ’ t h e  LF r a n g c - s

under certain load c o n d i t i o n s .  This  prob l em is cause d  I cy RF p a r a s i t i c

oscillations and whil e the present units seem satisfactory, f u r ther

wo rk may h~- r e q u i r l ’ I i .

The low I r e q uen c y  VCO ’s use h i gh c a p a c i t a n c e  h y p e r ab r u p t

t u n i n g  v a r a c t o c - s w h i c h  have shallow , large area junctions and are

subject to “popcorn ” noise caused by surface defects. The noise can

be observed both on the oscillator RF spectrum and as fluctuations in

diode- reverse- leakage current . A test procedure based on dc leakage

current is necessary to screen out had devices.

One unit (S/N I) showed some locku p difficulties above 200 MHz ,

a problem attributed to slightl y poorer carrier suppression in the SSB

reference signal , It was occas iona l ly  necessary to  rotate the handswitch

out of and back in to the upper range to ge t  lockup,  hut  once locked

there were no prob lems. This difficulty may also require further work.

The only other problem area was short bursts of unlocking at

certain generator frequencies on the lowest ranges. This was traced to

the pickup of quasi-coherent pulsed noise by the- reference comparator.
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OSLO S/N_________

~~ 

/ -
~ ~ j 7 (_~a-DATE - ‘ 

a
-

LOCK RANGES
(MHz ) — - -  - -  -

Range Minimum Maximum -

125 -720 _________________ 239
75-140 ________________ I 5 1
45 - 85 40 ,q i

~~~28-52

17-32 i1~ 3G
- 

11-20 10 _________

1 7 - 1 3 7.0 14
[5 9  5. 0 10

_ _ _ _ _ _ _  

3.0 I -
2 - 3 . 7  2. 0 3- ct C

1. 3 - 2 . 3  1
q
• 0 ______________________

0 .8- 1 .5  0-. ~ 1. 9

FIGURE 5.1
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OSLO S / N  I

DATE 7/i4/ 7~~
LOCK ~A~~:F~

- a- a- , _ a - __ _a-. c
’
~~ .i~~ _~~~~~~~, a- - — —~

Range Minimum_ - j M a x i m u m  
—-

1 2 5 - 2 2 0  13~~ 2 3 2
75-140 154-
45-85 3’9 ~ I

_ _  _ _

r
2 8 - 5 2  

_ _

17-32 ~~ I ~34_ __

11-20 ___a-_ _~~~~~~~~ __,a-_ _ _ _ 1 __ a -a-_ _ a- a-_a -~~g__~~~~_______-

7-13 - --a
-
— a--—---4a 

-
a

-
a-J 4

_ _ _

5~9 4 .G H
3 .2 - i - 2. c~ G . c ~ 

I

- 2-3.1 I ’  7 3.~ 
-

1.3.2 .3  I . 2.. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.8-1.5 O. G ~~~~~ - 1 .5 
_ _ _

I I (~l T I ~l~ T .2
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OSLO S/N ~2.
DATE 7/ ( 3 / 7G

LOC K I-~kNGl - : - -~
_ _  - -- - - a-a - - -

Ran~~ , a 
-
a

-
_ a  

-
a

-
- —  a 

-
a

-
_a -~~~~~~ a - - ~~~~i~~~~ a- a- a-a-a-_. , a  - —

a- 12 5 -2 20  
______ 

I I C) 2 3..5 
—

75-140 I~ ; I
45-85 40 9z

- 

28-52 
_ _  

27 1
a-ll~~32 . a-_J~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~a-~~~~~

_ 34
11-20 

_ _  
9.4 23

7-13 
_ _  a-~~±2 a-

5-9 , a- _ a-_A~~~~~~
3 

— 
9. I

_ _ _ _  

2.7 
_ _ _ _ _ _

2 -3 d  i~~ ’ ’ r~ 3. ‘~~,
La -1.3 -2.3 / .2 ’ 2.2

0.8-1.5 
—a-

--a 
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a-~~a-,~ a-~~~~~~~~ a-a-~~~~~~~~~~ ,,a- a-L fa-,a- 5 a - a-a- a-a- a- a-a-a-J

1-’l t ’~d- 5 . 1

— 11 —



5. Test Results (continued)

The prob l em was temp oraril y solved by ban dwidth reduction , but an improved

board layout should ofle r an even better cure.

The sing le most important requirement of the  O f f s e t  LO , that

of low g e n e r a t o r  f r e q u e n c y  l e a k a g e , appea r s  to be met without difficult y.

The r e s u l t s  of l ea k a ge  measurements using the Offset LO with a Tracking

Servo Br id ge D e t , - c t o r  are shown in  Figures 5.4 t h r o ug h 5.6. No leakage

was observed that cou l d be directly attributed to the Offset LU. The

results for S/N 2 , w h i c h  showed no detectable leakage at 220 M h z , give

a calculated rela t i~~ - ce-nerator component leve l on the LO output of

better than 110 dli down .

No r e al l y accurate dir e-ct measurement of the generator leakage

level  has  been macic , bu t  the important thing is that the desired result

has been obtaine-d: the LU leakage does not limit the performance of

the detector. 
-

At certain low frequencies there occurs spurious harmonic

intermodulation components which are unfilt i-rable by the lock loop .

Measurements of these spurious levels are shown in Figures 5.7 through

5.9. They are beli eved to he of no real concern. These spurs cannot ,

by themselves , cause a spuriou s receiver response and their contribution

to the receiver noise figure is comp letely negligible.

Other RF parameters of the LO units are shown in Figure 5.10

through 5.12. The inpu t sensitivity is adequate and inpu t level changes

have no e f f e c t  on the ou tpu t  s i g n a l .

The LU output properl y drives the detector. The harmonic

distor tion of the LO output increases at the low frequency end , but

does not cause any problems in the detector.

The power consumption of the Offset LO is with in the limits

provided by the Tracking Servo Brid ge Detector except for the -5.2V

supply cur~ ent which exceeds the 0.7A spec by about 0.lSA . It will be

necessary to make a s imp le modi f i ca t ion  in the ex i s t ing  de tec to r s  to

increase the current  l im i t  va l ue on t his supp ly. A m o d i f i c a t i o n  k i t

for this purpose has a l read y been supp l ied to ECOM . Power consumption

charts are shown in FI gures 5.13 through 5.15. The total ac input power

to the TSBD/OSLO is about 55 Watts at 110 Vac l ine.

- 72 -



LEAKAGE TEST OSLO S/N C)
TSB~ S /N iS

Date

OSLO
~Gen ,MHZ Range,M1-lz Leakage,div No ise.djy

Not +
0.8 0 . 8- 1 . 5  bQt ~~~C. t O L b ( Q .  —

1.0 0.8-1.5 ‘I  0

2.0 1.3-2.3 •1 I I  
-

3.0 2-3.7 i i  ‘I

- 5.0 3.2-6 0

7.0  5-9  1~ 
I ’

10 7-13 
— 

I I  “ 
-

15 11— 20 
___________________ ___________________

20 17-32 
—

~~~~~~~~~~~~~~ 
_____________ -

3 0  1 7- 3 2  I ’

50 2 8-5 2  
ft

70 4 5-8 5  
II H 

—

100 75-140 I -  
—

13 0 75—140  ~1 H

150 125-220 
f t 

-

180 
— 

125-220 ________________ 

• - 
—

200 125-220 5 ,

— —

220 1 2 5 - 2 20 3 - - 
—

Test Conditions : CR 1062 ~ou rce . Gain Adj . for -120 dBm 12 div
non-exp .  R e a d i n , s  on exp s c a l e .

FIGURE 5,4

- -



LEAKAGE TEST OSLO s/N _________ - 

-

TSB~ S/N 15

Date 7a-L22J7G

-q

OS LO

~Gen ,MHz Range~ MHz 
— 

Leakage,d iv No ise ,djy
—4-

0.8 0.8-1.5 ________________ —

1.0 0 . 8 - 1 . 5  3 _______________

2.0 1.3-2 .3 ~Qt QCtO .b~~t ___________ -

3.0 2-3.7 ________________ _________________

5.0 3.2-6 
_________________ 

_________________ -

7.0 5-9 __________________ __________________ -

10 7-13 ___________________ - ‘ 
-

15 11—20 ‘ 
-

20 
— 

17-32 
___________________ ___________________ -

30 17-32 
__________________ __________________ —

50 28-52 It l ’ 
—

70 45-85 I ’ 
—

100 75-140 - 
___________________ —

130 75-140 ___________________ ___________________

150 125-22 0 ~1 II

180 125-2 20 
_______________  _______________

• 200 125-220  .5 
___________________ —

220 125 -220 3 
__________________

Test Conditions : CR 1062 Source. Gain Adj. for -120 dEm = 12 div
non-exp . Readings on cx i- scale.

FIGURE 5.5
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LEAKAGE TEST osto S/N 
__________

TSBD S/N 1 .5
Date 712 ( j l C o

OS LO
____________ 

Range,iii-lz Leakage,div Noise.djy

4-
0.8 0.8-1.5 _ _ _ _ _ _ _ _ _ _ _  

—

1.0 0.8-1.5 __________________ __________________

2.0 1.3-2.3 
___________________ 

i i  
-

3.0 2-3.7 _______________— 
U 

-

5.0 3.2-6 
- 

I I  I S 
-

7.0 5-9 U “ 
-

10 7—13 Il ‘a 
-

15 11— 20 Ii 
______________ -

20 17-32 i i  “ 
-

30 17-32 U 
___________________ -

50 28-52 ii a ’ 
-

70 45- 85 II ‘I 
-

100 75— 140 I i  ____________________

130 75-140 “ as 
—

150 125-220 Ii ii

180 125-220 “

200 125-220  ‘5

220 1 2 5- 2 2 0  _________________ ___________________

Test Conditions: CR 1062 Source. Gain Adj . for -120 dBm = 12 div
nnn -cxp . Read ing s on exp scale.

FIGURE 5.6
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OSLO S/N C
DATE 7J23/ 7~

LF SPURIOUS LEVELS

(Spuriou s sideband s on LO output as a result of harmonic intermodulation

products between (f + f )/2  and N f  /2 which lie inside
Gen offset off8et

loop bandwidth. Tests are made at spot frequencies near bottom of LF

ranges wh ich result in ± 1 kHz spurs.)

~~en Spurious Level
kl-lz dBC

802  -57
1362 -5~~ i
2002 — ‘5 3

1 3202 

- 

<—~~5
1 504 2 <— (~5

FIGURE 5.7
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OSLO S/N .1.
DATE 7 !23/Th

LF SPURIOUS LEVELS

(Spuriou s sideband s on LO output as a result  of harmonic inter modu lation

produc ts between (f + f )/2 and N f  /2 which lie inside
Gen offse t offset

loop bandwid th. Tests are made at spot frequencies near bottom of LF

ranges which resul t in ± I kHz spurs.)

1
Gen Spurious Leve l

khlz dBC

802 — 5 3
1362 — 5 3
2002

3202

5042 
( < -~~5~J

FIGURE 5.8
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OSLO S/ N_________

DATE 7/23j Th
LF SPURIOUS LEVELS

(Spurious sideb ands on LO output as a result of harmonic intertnodulation

products between (f  + f ) f  2 and N f  /2 wh ich l ie ins ide
Gen offset offset

loop bandwidth. Tests are made at spot frequencies near bottom of LF

ranges which result in ± I kllz spu r s . )

~~en Spurious Level
kliz dBC

802 1 -5O~~
1362 

~ 
— 5 1

1 2002 — 5 ~1 3202
k042 <-~~5 ~

FIGURE 5.9
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OSLO S/N C)
DATE 7/ ZO f 7G

RI LEVEL AND DISTORTION

OSLO Input Level Ha rm . Dist. ,
Gen , Range, Limits , dBm Output dB down

MilE MHz Mm Max dBm X2 X3

0.8 0.8-1.5 ~~~ >+20 -~-~ O .G  1~ 34
2 1.3-2.3 It  

_________ - 
.÷ 101 S i 5 3 C) 

-

3 2-3.7 
________ _________ 

~j.. • 0 4- z ~
____ I 3.2-6 U 1 ÷ ~3. 3 21 29
7 - 5 9  

_ _ _  _ _ _ _  

+10. 3 Z2 30 1.
10 7-13  I I  ( I  

t Z3 3 ’4-
15 11-2 0 — ÷ iO. 2 ~ 5 

_______

25 17— 32 1 ~ I I  i i  i s

50 I 28-52 -~5 L÷io.or 27 3Z -

70 45- 85 — 4  -t-
~~~~~~~.~~~~~~~ Z~ 35~

100 75-140 L— 3 +9, O~ 3! 37
- 150 125— 220 ~‘r 9~ ~ 

-

L22o 125~220 +2  -

FIGURE 5.10

lIt —



OSLO S/N 1
DATE 7 / Z 3 J 7 (~

RI LEVEL AND DISTORTION

OSLO Input Level Ha rm . Dist . ,
~Gen , Range, Limits, dBm Output dB down
MHz MHz Mm Max dBm X2 X3

0.8 0.8-1.5 ~~ ~+Z0 ~I0. 3 20 33
2 1.3—2.3 __________ __________ ______________ I 9 

_________

3 2-3.7 ________ _~
_____ ____________ 

2 I 
-

5 3.2-6 
_ _ _ _  

‘I -j - i O.2 23 94-
7 j 5 9  I I  + 13. 24- 

_______

10 I 7-13 — S I  35
15 11—20 “ I? 

______________ 
1 2 5 “ .1

25 1 17-32 11 I I  -
~
- Ic >.. C I 2~ ______1 28-52 

— 

5 -÷ 9.~ J2 7  _ _ _ _ _

70 45-85 — 4 is + c1 ~~ 5

_ _ _ _ _ _ _  

_ j  I +9 ,4 !2~ 3,~100 75-140 ________________________________________ ________

150 125-220 1 + I -
~ 9. 1 ~‘4 -‘:34-~

~~~~~~~ 
I

220 125-220 + 9.4... 23

FIGURE 5.11
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OSLO S/N a
DATE 7/~~~~~i / 7 C~

RI LEVEL AND DISTORTION

OSLO Input Level Harm. Dist.,
Range, Limits, dBm Output dB down

MHz 
___________ 

Mm Max 
— 

dBm ~ 2 X3

0,8 0.8-1.5 ~ 7 >÷20 - i - ) C .4  15 32
2 1 . 3 - 2 . 3  U 22. 37
3 2 — 3 . 7  U 

_____ 

Ii 21 3 G
5 3.2-6 

_ _ _ _  _ _ _ _ _  

4 13.4 24 34-
7 5 9  I I  

_ _ _ _ _ _

I + t0. ’3 24 34-
10 I 7-13 G [ +

~~~
Q. 3 Z4- 35 

-

15 11-20 
_______ 

Il + 13, 3 25 3 5
_ _ _  _ _ _ _  

i — c  
_ _ _ _  _ _ _ _  _ _ _  _ _ _

25 17-32 I —..- i i  + 10.2 Z (2 34— I

50 I 28-52 ~ 4 
- 

+ 9 9  ~7 33
__________ ________________ ___________ 

I I  ~~~~ i t  i t70 45-85 
________ _________ ____________ ________________

100 75-140 1 3 
________  

+ 9.~ 24 1 3 G
~5-~) 1 125-220 1 ô -‘-~~~~~.~~~~~ 

1~~ 9 35
220 1 125-220 ~~~ 4 I I  22 33

FIGURE 5.12
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OSLO S/N_________

DATE 7/23/7G
PCME R CONSIJMPT IO N CHART

Supply Currents, mA 
________

Section -22 1 - 5 . 2  -18 - +18 Power , mW

VCO I I O~ ¶~><~
‘ 
~~>< >~ 

24 20

_ _ _ _ _ _ _  ><‘ ::>( I 0 4 1 04- 4

~~~cessor 
~~~~~~~ ~~ 0 

~~~<>< M 24

~~~ector 
4

A 

350 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Zt 2 ~
~~~~er ~ 3 )~K ~: <T 

___ 
2 ~

Isolat ion 
_ _ _  ~C 

_ _ _  _ _ _  

777

TOTALS 152 ~~~ ID 4~ _ _ _ _ _

* Inc . LPF & F i l te r  Switching ckts

1 inc. Ref. Comp. Pos. Supply

A In Lock

FIGURE 5.13
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OSLO S/N__________

DATE 7/ 2 2/ 7~~
P(~ ER CONSUMPTION CHART

S u p p l y  Cu r r e n t s ,  mA 
__________

Section -22 -5.2 -18 + 18 Power , niW

Entire VCO 15 * 1. : - - -
~~~~ 

-

Module 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  — - . - - 

_______________

_ _ _ _ _ _ _  _ _ _ _  

-
~~~ t2 44- i 0 3 8

cesso r -_

. 3~~ 
.-
~
_I__

~
‘ l 9 ~~

~~~ ec t or  14 340 
___ ___ 

zo7G
Loop - - - 

S

-
- - - 

___ 
3~~~2~Fil ter _________ __________ - 

-

I s o l a t i o n  14 
___ 

-
. 

~~~~
— - 745

TOTALS

____  
159 ~O4 I Z 44- 

_ _ _ _ _ _

* Inc. LPF & Filter Switching ckts

4 inc . Ref. Comp. Pos. Supp ly

A In Lock

FIGURE 5.14
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OSLO S/N 2...
DATE 7/i ’3/ 7 G

P(MER CONSUMPTION CHART

Supply Currents , mA ________

Section -22 J - 5 . 2  -1 8  
- +18 Power , mW

Entire VCO * 

~~~

- --

~~~~~~~~~< ~~~~~ ~~ 
(8

_______ >K. )
~K 10 3 G ~ 28

SSB ~~~ 3~0 ~~~~ T>( ~ ~ q ‘7G
Processor - 

-. 
—

fl-.

________ 
1 5 340 >~~ ~~~ 20 ~Detector ________ _________ - - - 

- - _______________

~~~~er 
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5.  Test Resul ts  (continued)

No environmental testing has been done on any of the Offset

LO units. While no difficulties are expected , some testing would be

desirable before a production lot is built , par ticular l y tempera ture

tests.

A mockup of the Offset LO was subjected to vibration testing

during the initial design. While no problems were encountered with the

basic structure some minor work may be required on cable supports. The

unit does not contain any components (such as meters ) that are sensitive

to shock and vibration. All tuned circuits use toroidal inductors.

Materials and finishes have been selected for acceptable

humidi ty  tolerance , based on experience with the detector unit. There

are no cr itical h igh- impedance circuits.

No trouble is expected with LO operation over the +15 to +45°C

ambient temperature range. Similar circuits were temperature tested in

the TSBD and the single range demonstration LO unit. More effort may

be required to desi gn a better means of heat-sinking the high power ECL

flat pack devices. The present un i t s  have small convectors , pl us a
post to conductively sink them to the housing covers. The devices have

a case t emperature of about +65 ° C in a unit operating at room temperature.

Figure 5.16 shows the actual offset frequency for each unit.

The o f f se t s  are well within the lock range of the IF reference section

of a Tracking Servo Bridge Detector.
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OFFSET FREQUENCY

OSLO DATE OFFSET ERROR CONDITIONS
S/N 1976 ppm

0 7/23 +6 Warmed up in
cabinet at bottom
of TSBD

1 7 /2 2  -21 Warmed up in
cabine t at bo ttom
of TSBD

2 7 /22  -14 Warmed up in
cabinet at bottom
of TSBD

FIGU RE 5.16
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6. CONCLUSIONS

These Offset LO units have proven the feasibility of the

design approach . The units operate over the full 0.8-220 MHz range

and meet the requirements for use with the Tracking Servo Brid ge

Detector. The method used for producing the Offset LO signal ,
genera tion of a SSB re fe rence s ignal a t hal f  freq uency followed by
active filtration by a phase lock ioop, seems en ti rel y sa tisfac tory

for the app lication. In particular , the level of genera to r leakage

is generally undetectable and in no case limits the performance of the

detector. This represents a considerable technical accomplishment.

There remains, how eve r, a fair amount of design “c leanup ”

work which must be done before Offset LO units can be produced.

Nearly every etched circuit board needs some revision, some

mechanical and assemb ly draft ing work is needed and there are a few

loose ends concerning the electrical performance. Some environmental

testing also needs to be done.

An important part of the program to imp lemen t pre c is ion brid ge-

type crystal measurements has been accomplished now that a design has

been proven for the Offset LO unit. No serious difficulties should be

encountered in building production units for use with the Tracking Servo

Brid ge Detector .
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Section II

AUTOMATIC MICROCIRCUIT BRIDGE

7. INTRODUCTION

7.1 General

This section of the report describes a paper study of a proposed
microcircuit bridge for use in an automated system for measurement of
the parameters of quartz—crystal resonators. The study was based on
experimental work done by ECOM in the Frequency Control and Signal
Processing Area and fo llows the guidelines entitled , “Automatic Micro-
circuit Bridge,” dated 12 February 1975. The first experimental model
was provided to GR for “hands—on ” operation and to evaluate the “Relcom”
bridge transformer system. Three sample varactor chips were also
supplied for evaluation of leakage and the control characteristics.

This study analyzes possible sources of measurement errors and suggests
corrective methods and construction details for the next development br idge
model. Further development work on the bridge has been performed by GenRad
under ECOM Contract DAABO7-76-C--l380. The contract also authorized the
design of an automatic balancing uni t to interface the br idge with the
Tracking Servo Bridge Detector. The results of bridge development and
balancing unit design will be reported as part of the ECOM contract.

7.2 Complete Measurement System

Figure 7.1 is a block diagram showing the elements required for
automatic measurement of the parameters of quartz resonators. While it is
possible to make a fu l ly  automated system, the use of some manual set-up
adjustments is probably most cost e ff e cti~re.

The system must be able to make and store initial—balance settings
before the device under test is connected and must provide the proper
phase adjustment of the servo bridge detector so the corresponding outputs
will properly control the resistive and reactive balancing of the bridge .
The basic readouts required are the Frequency and Resistance of the resonator
under test with a secondary measurement of Q or L. The secondary readout
is derived by measuring the change in resonant frequency as a result of a
capacitance-balancing offset. Q and L could possibly be automatically
obtained and displayed using the computational ability of a digital
microprocessor.

7.3 Major Areas of Investigation Required

7.3.1 Residual Bridge Parameters and Effect on Measurements

1. Stray L and C in circuit.
2. Q of and reverse leakage in varactors..
3. Varactor feed c rcuits and compensation .
4. Detector coupling efficiency.
5. Non-linear varactor voltage characteristics and effects of high

HF drive levels .
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7.3.2 Readout Errors

1. Due to control voltage to G and C conversion .
2. Effect of temperature on above.
3. Accuracy of possible high-frequency corrections via microprocessor .

7.3.3 Use of Digital Microprocessor

1. To obtain desired direct readout (to subtract initial and final
bala n ce val ues and take reciprocal of C to read out R ).

2. To correct for  errors . X

7.3.4 Servo Problems

1. Loop stabilization and settling time.
2. System for automatic setting of servo bridge detector phase. Loop

stabilization and settling times as well as the possible servo
system for set t ing the phase shi f ter  in the servo bridge detector
have not been considered in any detail in this  study .

8. DETAILED CIRCUIT STUDY

3.1 Schematic

Figure 8.1 shows the proposed bridge configurat ion with parameters chosen to
cover the required measurement range with the capacitance range available from
suitable chip varactors . A single varactor chip is used for Cl and four in
parallel for C4. The use of parallel varactors minimizes the parasi t ic  induc-
tance in C4 and available chips of the values chosen have twice the Q of those
with double the capacitance. Physically there is adequate space on top of
the associated blocking capacitor for four chips.

It would be desirable to use higher bridge resistor values to minimize the
e f fec t of parasitic inductance and improve resolution when measuring higher
valued “unknowns” . The values shown are necessary when using high-Q abrupt
junction varactors which have capacitance control ranges of the order of 3
to 1. Recently some high-Q, hi gh-voltage, hyperabrupt-junction varactors
have become available with 7 to 1 capacitance control ranges which makes a
4 to 1 increase in the bridge resistors values possible. The use of these
should be seriously considered.

8.2 Chip Varactor Diodes

It is proposed that the varactor chips be bought to available ±2% tolerance
to minimize the spread in calibration that must be provided. Low reverse
leakage is essential and if it is not possible to purchase to desired limi ts,
units as received will have to be tested and those outside acceptable limits
discarded for this use . Varactors from a given lot are quite likely to have
similar leakage characteristics so sampling checks may be satisfactory .

8.3 Unbalance Due to Resistance Balancing~ Va ractor Feed Circuit

C8 and P5 introduce a leading phase shift at the low end of the frequency
range which must be corrected by increasing C4 initial balance setting. A
compensa tion scheme was devised which introduced the same RC phase lead in
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the opposite arm of the brid ge but was abandoned in fav or of increasing the
range of c4 to provide for the offset in addition to the required measurement
range . Wi th the values shown on the schematic the offset amounts to less
than lOpF at 0.8MHz while a total range of plus and minus 6OpF is provided.
Analysis shows tha t very good low-frequency compensation could have been
provided by the added elements but they would have added some undesirable
paras i t ic  inductance with serious e f f e c t s  on the high frequency performance.

8 .4 Brid ge Output  -Trans form er  L imi ta t  ions

The character istics of the  cutput transformer can seriously limit the per-
formance of the brid ge. Of princ ipal c-’ucern is the common-mode coupl ing  of
the ou tpu t  t r a n s f o r m e r .  This  is due to unbaian ced coup ling in the trans-
former which produces an ~.utput t~ the detector even though the brid ge it self
is perfec t ly bala nced . The f u l l  v o l t a g e  acr-~sc the “unknown ’ is a pp l i c d  to
both input t e r m i na l s  of r },c- o u t p u t  t r a n s f ’-’r~ er at balance w h i l e  tl~ des ired
output signal  is due to the vo l tage  b etw~ cn the input  t er r  i. r t a l s  which is a
very small fraction of t he former for the resolut iort desired.

in th~ f i r s t  models  of the b r id ge th ree  “R e l e l t  BT8C ” , 200- to ~0-oh.n trans-
formers are cascaded to produce the output transformer. Figure 8.4 .1 shows the
circuit configuration and measured interwinding capacitances. The common-
mode rejection is produced by cancellation of the capacitive c-~u p l i n g  in the
grounded center-tapped windings of the two transf~’rmers nearest ftc detector .
The scheme depends c n  the lac1~ of significant leakage inductance and resis-
tance in the cen ter-tapped windiogs , since any voltage to ground is cauaci-
t ively  c’ upled to the det ec t o r .  Figure 8 . 4 .2  shows the measured common—mode
coupling. Figure 8.4.3 shows the measured normal output coupling under the worst
case condition when the bridge is set to balance ~tn  “uuka~ wt ” recistance of
2 ohms . The coupling factor was neasured by t; imulating the bridge o u t p ut
ii.ipedance w i t h  a serie s 5SpF capacitance which represents the  - .~roxim~ te
equivalent circuit when balancing 2 ohms .

Wi th the  br idge impedances shown on the schematic at 0.8N1t~’ , a capacitance
change of lpF ac rn ss  “u t i < n o w n ” t e r m i n a l s  produces  a q u i d r ~stu r e  vel ta~ e of
5.18 X 1.0-6 tin es the  “u nknow n” voltage when measuring a 2 -oh m r e s i s t a n c e .
The coup l ing  f a c t o r  f rom Fi gure 5 is 1.85 X 10-2 so th is i rodn cos a voltage
of 9.6 X 10-8 t i n e s “unkn  wn ” voltage in to  a 51)-ohm d e t e c ter .  Fi gure 4 shows
that the common-mode coup l ing produces 7.25 X l0~~ tin e s ‘unknownt’ vol tage
into the same detector. Depending on th~ relative phase ~f the two vol tages
this could represent up to a 7.6pF capac itance error (7.6 X unbalance voltage
for lpF) . A better output transforme r is indicated. There is a good possi-
bility that a miniature triple-shielded transforme r can be built giving a
20dB or greater improvement in the ratio of desired to common-node coupling.
It is a lso  e s s e n t i a l  t h a t  the ac t u a l connect ions  to the transforme r from the
desired poin ts in the  br idge be a r ranged  to produce no e xt r a ne ou r  coup l ing
to r-f currents in the bridge elements or the true balance car ~d it i . uu  w i l l
not  be observable.

8.5 Detector Sensitivity Limitation on ~1easuring Accuracy

Wi th the “Relcom” gut~ ut transformer system , a capacitance offset ot lpF
produces 9.6 X 10 t imes the “unknown” voltage into the detector when
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measuring a 2-ohm resista~ ce a t 0 .8MHz. With 0.1V across the “unknot i n ” c~ I s
is a vol tage of 9.6 x l0~ across 50 ohms or -147dB . Chang ing t h e  output
transformer turns ratio from 2-to-I to 3-to-i as shown on schema t ic will g ive
a 3.5dB improvement but it looks like t-lpF is about the safe measi’t ing resolu-
tion limit set by the detector under worst case conditions at this RF level.
The corresponding Unit f o r  parallel resistance is -‘-2001< oh ns . The capaci-
tance-measur i ng reselution improves as the square of the frequency in terms
of C , and the resistance-measuring resolution directl y with frequency up to
10MHz then graduall y fla ttens and turns down above 4Olfliz , as I i  it ed by
detector sensitivity (the drop above 40Mhz is not thoughL to be si gn~~ficant
compared to other probabl y hi gh-frequency errors).

8.6 Maxiauu RE’ Drive L i m i t a t i o n

Figure 8.6.1 shows the measured increase in effective capacitance of the chip

varactor diode , a t increa sed app lied 1~F levels , ah o.’c the c ap a c i t a n c e  ~ea s ur ed
with 141 millivolts app lies. 141 mi llivolts is thought t . n be sufficier .tly
low to give the true incremental capacitance over th e entire control range of
the varactor.

Figure 8.6.2 shows the approximate errors in the indicatet1 values of the parallel
resistance of the “unknown”, R~ 0, 

relative to its actual values. The maxi-
mum power level  to the “un known ” was determined by limiting th e  app l ied r -f
vo l tage  to the resistance-balancing Varactor to 0.707 v o l t s  a t  ~n i~~ial ba lance .
Forward conductance of the varactor does not permit the 1n3 ’ial balance to be
made at significantl y higher th an  l Vrms a t tile minimum co nt r o l  “o l t a~ e and
0.707V is already ser~ ousi y increasing the effective capacitance . The measuring
error of is shown for this maximum power level  as well as could be deter-
mined from a linear extrapolation of the curves of Figure 8.6.1. The 0.707 vo l t
curve becomes extreme ly steep near intial balan ce and extrapolation for higher
values impossible. This , with the ‘- .Ol pF readability of nh .’ curves , makes
the e r ror  d e t e r m i n a t i o n  for  mea sured resistances greater than 50 omits iml~raC-
t ical , but at this point the error tas reached 14 percent . The resistance
measur ing  e r r o r  at  1, 4 t i~ maximum power Le -.’el is a l so  shown and , while the
ability t o  read ond extrapolate the curves still limits the a c c u r a c y  of t h i c
determination , the errors see . quite acceprati ic over the R>~ 

ranges shown.

TI-c par allel capacitance measuring accuracy is nlsn adverse ly nf~ cctoJ by
increase ] r - f  lr iv .~ lcv~~l . The effeet is to nn ike  a g iven  c a p a c i t an c e  o f f s e t
r e q u i r e  l a rger  capac i t ance  ch ange a t  “unknown ” t e rm i n a l s  to r e s to r e  the bal-
ance . The approx imate  e r ror  in the i c o su r e d  c a p a cit a n c e , Cx it  iC sh(” .’ i  i L
Figure 8.6.3 with 1/4 the maximum power into the “ unknown ’ .~

For err ors caused by the non- L in c a r i t y  in the v ar ac tor s  f”r  th  It an d C
n e a s u rc m nt s , it w ou l d  a~ pe ar  L i u t t i  r r a c t  ica l  I m i t  w. ,u l d  ,e the “~ power
leve ~ iIoWL1 in the c nrn~. whir : :,ec ’ln t h a t  Lw a c t u a l l x i ,  ~~~. . pcw~ r int ’ the
‘unknown ” ~.i’ old decrease from 9 ml ilivaLto n ’i t h  I: . < t 2 ohn. .s ~~)  

~..3 it
watts at R~ ,, = 1t)( ohms , and 0. 14mw at. l}Iç~. As a practical tat te r ,
maximum spe~~i f i ca t i”n  ot 300 tnt] l iv  1 t ~- across thi . “ulI. ’nnL~ .’rt ” ‘ ,~~u u l i c t  the
a c c u r a cy  r e q u i r e m e n t s  for  al  v a lu e n o n  1

~~ I ,  md ~. 1’ is 1 “c i  t s ’ .’ u i th

~ ‘ ‘ t k n  w n ’’ cr ’nn ec  E r d  o io l ’  age f o r  ii i. t i n  )A ~~~~ w ’  I ‘ s t  t~~l t  accept -
ab le  h i t s  for  t e  n ’ E a s l l r u  ‘nt .
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9 RES ISTANCE AND CAPA CIL’ N CE U.’i OUT

9.1 ( ;encral

The value s of connected ‘unknown” p ar a i  lel resistance a . J  c a pa c it i ce are
de te rmined  fr o ti the i ni t i a l ari d fina l balance capaci aicc ~,ettings of
varactor s  in the br id ge wl ich in turn are functioiis ~ f t In ’  ° i i  1 i i - d c ’ i ’_ r o i
vol tages. Not onl y are cite r~ lation sb ips hetwct n vol tage and capacitance
n o n l i n e a r  bu t these r e t a t  H ini~mps ar e a f f e c t e d  ty the terape l-o ture  of t o
v a r a c t o r s .  The readout sche ic n u s t  t h e r e f o r e  ~ rovi  do for  L~ ie :L ç ’liI’ed I
ization as W C I I  as temperature compensation n or the  reç iired nperatind
range cf  t t c  br idge. Tht r e a d ou t s  f r et  the dif ferences beteeen i ~i t ial and
final balance val ues give he capacitance a i d  conduc tance  v a lu e s  if th e
unknown. Readout in ter~ s of ~ara lie 1 res irtance reqi~ire s u r t h °  r r oci ; r ccal
process ing  of the cond uc r ar ice v a l u e .

9 .2  R e s i s t an c e  geadout

Fi gure 9 .2 .1 shows the nominal voltage required for various values of R and the
nomina l deviotiort in voltage tha . must be resolved to 1eter~ ine resista~~ e
value to w i t h i n  57,. Indiv idual v a r a c t o r  d iodes  w i l l  have s i t ~~ht l y d i f f e r i ng
c i t a r ac t cr i s t  ics so t h a t  i n d i v i d ua l  c a l i b r at i o n  w i l l  be require for coch
br id ge asse’bl l to l)rovid e the ~I ir e c t  r e s i s t a n c ?  readou t de s i r ed .  N ct e  that
the vo l tage  increment  f r  a l~ ren  in t anee  chan ge hecome ’t qu i t e  sm al l  ar  ~he
hig her values  and the s it u a t i o n  would be hopeless  if i t  we re not  for the
fact tha t an initial balance is made before the “unknown” is connec t e d  and
then the difference between t h i s  and the final balance used tn  de t e rmine  the
value of the conn ec ted p a r a l l e l “unkn own ” re sistance. What really is deter-
m ined is:

I 1 ,
R
~ 0 

R 3 C 1-2 C 1-11

Cl-l and C1-2 are ~he in i t i a l  and f i n a l  balance v a l u e s of C 1, r e sp ec l iv e l y.

Figure 9.2.2 is a possible scheme for obtaining the desired direct parallel
resistance readout consisting of the following : An auxiliary varactor diode
is placed in the same t emp e r a t u r e  environment  w i t h  the brid ge arid supplied
with a constant current fixed frequency sig n a l .  Thie c o n t r o l  vo l tage  t o  the
resistance balancing input of the brid ge is a l s o app lied to an adjustable
gain , a d j u s t a b l e  o f f s e t  d-c amplifier whose ou t p u t  supp lies the control to
the auxiliary d iode. These adjustments provide the means for making the
capacitance of the auxiliary diod e c losel y track that of th e brid ge resis-
tance balanc ing varactor over its entire control ra~~ c , and s ince the diodes
are in the sa ne t e m p e r a t u r e  env i ronment  this condition should be maintained
over the  desired temperature range . The r e su l t  ing signal  vol tage  across t u e
auxiliary diode is proportiona l to I / c 1 so th e difference between the initial
and f ina l  balance is l / R

~~~. The actual gain and bias adjustments might better
be provided wi th pure resistance elements to elim inate possible d-c ~mpli-
f i e r  d r i f t .

It is proposed t h a t  a d ig i t a l  microprocessor  be used to subtract initial and
f i na l  v a iuE S w i t h  an a p p r o p r i a t e  s c a l e  f a c t o r  and t ah e  the  r e c i p roc a l  tO
p rovid e a d irect disp lay of P)~ in oh s.
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~.3 Capacitance R e a d o u t

Figure 9.3.1 shows the nominal voltaqes required for various parallel capacitance
va lues  and the  no~~ina l d• v i at ion In vol Lage th a~ n i ot  bc resolved t deter-
mine the value to  w i t h i n  ~ . i pF. The s i t u a t io n  i n  regard  to r e so lu t ion is not
q u i t e  as c r i t  ical  as fo r  E x 1 -wasu rement btit  i t  is e s s e n t i a l  t h a t  the d i f -
f e rence  between the i n i t i a l  and f i n a l b a l a n c e  v a l u e s  be take n to  det e r ~i ine
cxp .

A scheme sj Hj  l ar  t~~ t h a t  iscd fo r  t~u• res i s tance  readout  n a y  be used f r
c a p a c i t a n c e  b u r  in  t h i s  case no r e c i p r o c a l  o p e r a t i o n s  a re  n e ’ s ~ r~ to g i ve
an in d i c at  ioa lJr ~~p or t  i n a  I t , c a p a c i t a n c e .

I t  is not c e r t a i n  if th  i s  sc~~c i  s is j u st  i f i ed  for  t h i s  r e a d o u t .  . aia 1 j f l  -

e a r i za t  ion  and i~ imp le t~c ~)c ra~ ur e  counpen sa t  ion  nay be sat is f a c t  ~r v . A n i c r ’-
processor  is u s e fu l  f o r  s u b t r a c t  ing the  i r i t  ~ a I and f i n a l  b a l a n c~ ~‘. l u e e  for
d i r e c t  d i r n l a y  of in p i c ) f a r n ~L and f t  av be p o s s ib l e  t :  i r c l u : I e  le p e r —
at u r e  i n fo r m a t i o n  ohLi i~~~d f r o~ a sensor  rn the  b r i d ge asse’;5 1y ) c o r r ct
the d i s p layed v a l u e  over the d e s i r e d  t e m p e rat u r e  range . For L h er  si ud y r • i t l I
be r e q u i r  d to  see if t h i s  is the  hes : way t~ ob t a in  the  ,-eadout w i t h i n  the
accuracy des i red .

10. ANALYSIS OF POSSIBLE HIGH FREQUENCY ERRORS

A numbe r if r e s idua l p ar a i et cr s  have a La rge  e f f ’~ct  on ih.: accu racy  of en:--
urement  and i n i t i a l  i a l an c e  si i C t : ~ ç~~r~~icul~~r l y  at. he hi  : ier f r equenc  ies.
Ser ies  i n d u c t a n c e  i t i  e uro st  i~~n o r t a n t  r e s i du a l  because  n i  the v e r y  low
impedance level  (~ 

4 ohms)  of  the r i d ge a r L ~s and the s m a l l  cap a c  i a ic e
range . It i.s d i f f i c i l t  t keep r e s i d u a l  i n d u c t a n c e  oi connect ions  below I
nanohenry which pr ud cee a r e a c t a n c e  of s o : e w l t a t  over 1 ols i at  22 o~:1~z (See
Append ix A).

It  does not a p p e a r  p r a ct  ca l  to u - e~~~ce the r e s i d u a l s  s uc f i c ie n t l y to  iceep t i~e
e r ro r  in d i r c t - re d i n g  e a s ur e ~~t n t s  t ; l t l u i r  t h e  de s i r e d  a c c u r a c y  and  e i t h e r
cor r e ct i o n s  mus t  be a p p l i e d  t the  r e s u l t s  or some method of aulo a t i c a l ly
c o r r e c t i n g  the i n d i c a t i o n s  must  be used .

The most i up or t an t  r e s i d u a l s  are :

1. Inductance in ~he cunaection to the UUT . Th is  i n du c t a n c e , even if a
f r a c t i o n  of a n a n o h i e n r y  w i l l  have a very  la rge  c f f ct en R and 2 a t  the
higher f r e q u e n c i e s  if  ‘h e  measured R is ~m al1 .

2 .  I n d u c t a n c e  in the re i st a n c e  a ru . Th i s  i n d u c t a n c e  w i l l  cause a s h i f t  in
the i n i t i a l  ha i ance po in t  of the capac i tance  measu r ing  v ar a c t o r  which is
independent of f r eq u e n c y .  There is also an e r ro r  in the measured capaci-
tance which Is a function of the measured resistance which is independent
of frequency. This inductance can be compensated by a shunt capacitance
but with the low resistance , a very large capaci tance is required. There
is a possib ility t h a t  t h i s  error can be compensated by adding a resistor
in series with the capacitor In the fixed capacitance arm .

3. Inductance and loss In the varactors and connections also causes signifi-
cant errors in measured resistance and capacitance.

_ _ _-  -

~~~~



BEST AVAIL,4gj~ COPY
11. CRITICAL CONST RU CT 1O~ 1)ETA ILS

11.1 Cen cr a l

The ch i p v ar a c t o r  ~li~ dcs as well as any comp onents conn cct d t o  h& ’ir  c a thodes
must be pr otected rU a ny  c on t o i n i n a t  ion w h i c h  co ul d  cause  current leakage .
It is a l s o  esseri t i a l  t h a t  li ght  he exclu ded f ro~ 1 the  di h c to prevent photo-
conducti on. Her !:e t ic seal ing of  at least the port Ion f t h e  b r i  l~’~’ c on t a i n in ~
these e lc ient s is tl ’ re fo ro  recommended .

1~~•~ P r e c i s i o n  Br id~~e R e s i st o r s

It is reco::~ iended that t h j i i - f j  i i  tantalum n i t r i d e  r e s i s tor s  ~ ~~~~~ fo r  the
m a j o r —  l o w — v a l u ~ b r id ge re~. i s t or s , adj us t e d  to v a l ue  by h i j + t o  p r a t or e
oxidation. fl~~se re sis t r s  ust have extremely low pa ras it i c  i : i iuctance a a d
low coup l in k ;  t one ano t~~er as w e l l  as Ut  her  p o r t i ~~n~; of  t b  b r i d ge .  I t  is
recommended tha t t he se  r e s i s t o r s  be p laced on the cerar~i.c w 1 r ’~~~)w of a t~et a l
c a v i t y  c o n t a i n i n g  the \‘ r L ; c t ) r  c h i i ~s , chi r c a p a c i t o r s  and h igh v a h o d  resis-
to r s  , w i t h  a d i r o c t  co nn e c t  ion  U’  a sea . i  “unknown ’ t e r  i na l  t h r o .igh t h i s
window . A t h r e e  d imcn~~ic i i a l  ar r a i  (‘ l en t  & f  r e s i s t or s  m ay  be or~ desir-
able to  reduce s~~’ie i nde s i r e d  co u p l i n ~ but  ~ is e s s e a L i a i  no t  to  a i J  ai~y
p a r a s i t i c  i n d u c tan c  i~ riti ~’ o~ the  c on n e c t  i o ns .  1.as r t r i t ~v :L n~ of tbc•  r e s i c —
t r s  in the  c v p l e t . ’ i s sc H~l y to ca l  i b rat e  the br~ d~ I ‘r v a r i a t i ns in he
cap a c i r  ivo e 0 : - i en t s  ~iay he a s i d  ht: t is not  t i .u~~ ,L t  U be ‘ s ;er .~~ a l  s in c e  i r
is e xpected th~~t S ~~e ad j l s t n c n t  ( an  be r ov i d e d  i t. 0: r c a d ou  : y s ~. ” . If
l’~’p e r a b r u p r  v ar act ~~rs a r ’  f ll fld ~o bo sat  i s [a c tor ~ hi gher  va uL d r es~~~c”r s

i i  reduce s :s: o L i  to p r~ b I er s

11.3 Ch i f l  C aj a c i t r s

I l i b h Ic ~ ratur sta h i l i i y,  h i gh ,~, c t :  c l~) . L 1 U ) r s  i’lr t ~ c u::~ . C~~ ‘ u s L be
sele c tec t o  pr ( A l c& ’  ‘.~~~. 

‘‘ w i t h ~~n ~ ~o rc  n t  in c r  h i~~a i i o i ~ w i t h p I r . i ~ i t

c a p a c i t a n ce . C6 aid (~~. are a v a i 1 a b i ~ i a ‘ 1 ( ~ cers .  :j c cub r i t h i c  si 2

~n ~hu v a l u e s si wn .  t~ i s  rcc end eu  l i t  a : a p a c i t i ~~s ‘ e r e c  ‘~ ed in : .~
t~~~.’d ( 3 ~~ 1t i C 5  tO  i L ~~~~~1 / o  ser ie s i l i d u c t al c I .

11.4 l( ii~h 1 ’ *l u ’  t~’~l s t o r s

~~ i~ad : ~ fl~ ~ ctandard  5 c ’i i~ r , ’a i st r s .

11.5 Br i~~~ Outpu t ! r an r 1 o r ~~er

The c or, —T edc cool  I in~~~’ f casc aded ! inlatur. t r a l t s i o r . !  t~~~•d  iii

r i~ fli. ) ‘~~‘ I 1 be ’  r i s~ r i ’ ~l y i i  ‘ . i  L t ‘ I ’  l i i  ii l~~~’ . I t e l  t
t h a t  a i n i a t r e — t i  i 1 l~~—~~~~~ 1~~~a r i f o r ier  ~~~ ~ d i t  i o  ‘ o r  ~ ido
hen or ~ r f r ’~~. ,ct ’  . r~ : h y s i c ; l v i’ r o~ uc i I c a n s :  r I I  r i’ 

~~~~ 
b. s ’ —

w h i t  grE ~at e r  t I i ’  i :  r i , i t t l  a r t  i ’  ~~~ 1 •~~ ( . ~.‘U  ~ ‘ s~ ~ ;lr pr ;I h
is net . 

~. a r v  U h i m  o e r f r ao de~~i i e ~~.

11 .€ 5cr i I ad i~ U ~ ‘t an  T(. t t i n a l  I ion ’ .

i ) ’ t a i ) ~ o t h  i ’ y ’ i a !  n r r ~~a~~ ’ o: f nh .  2 ( , 30 , n od 37p !~ s r 1 ,  ~ ~~~.d ca~~~—
cit o r s i e ar ~ f i i l  I ’ , w i  , 1 ti t t o  I r ~ v. nt  ~d’H t ion of ~cessi’’ ’ suri
i ndu  r a t e ,  bet w.’.n C q i r t  z reso: tator ti nder te ’ t and b ’’ I : ,  , is t r .  t i L  ~cr ~ —
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na ls  of  the  b r i d ge . The n i i y  p r . l C t  i c a l  a r p r i a c l is i o c l ’ h ”  t i ” ’s e  capa c  i~ ‘rs
in se p a rat e  i n t e r c h an g e a l ” ’ .  a s s ’ h !  i C ’ s  a l o n g  w i t !  t h  co n ne ct  i s ,
Ex t r en e l y c l o se  t o l e r an c e  on the c a pa c i  t a nc .  v a l u e s a c  sp&o i f !  od ci ‘.U ’i C
a d j u s t m e n t  ean s  w i l l  h a v e  to  he p r o v i d e d .

12. COi t l ’ A R I S O N  liP I : XP EC T I : I )  PEF F0R:~\NCE WITH OR I G I N A l .  OBJECTIVES

12.1 Frequency Range

0.8  to  22 0MH z r e qu i  ro d , It  w o ld  be d i f ~ i c ul t  to  o xt e u d  th i s  range ap p r e c i a b l y.
Output  c ’tup l tng  p rob le ’ c are  the  p r i n c i pa l  l it n i t a t  i on hut  t h e  r e a ct a n ce  an t -
anc ing  range is becomin g (‘Xl re re ly s m u  a t  the  I ‘we m t  f r e q u e n c y  w i t h  oi l y a
42O pF c a p a c i t a n c e  b a l a n r in g  range .

12.2  R e s i s t an c e  Range

Less than  2 ‘d i  is to over I l ego l .  do fred . W h i l e  the b r id ge can e ns  L I  y
ba l ance  ec er  t i  ran ge ~ 2 ohms to i n f i n i ty , the r e s o l u t i o n  and a c c u r a c y
become i n c r e a s i n g l y poor at  the  h i 1 her v,.lue s of ~~~~ A p r a c t i c a l  h u t  o f
5}~I is p robab l y as good as  can be exp ec ted . R e s i d u a l  i n d u c t an c e  in r e s i s t a n c e
ba l anc ing  arm w i l l  l i m i t  bo w end of r e s i s t a n ce  range to  p c r h i n p ~ 3 r ’htns at
f r equenc i e s  above IOOMl4 z .

12 .3  C a p a c i t a n c e  R a n 1jo

~20pF m i n i r i u n  d e s i re d . Tl’e t o t a l  rang  pro v ided by p r o j ised c ir c ’i i t  is ±60pi~
but S t e  a l l o w a n c e  r u s t  b.’ ‘ ide I r i n it i a l  ba lance  o f f s e t .  At  ihe l owest
f r e q u e n cy  where the  w i d ’ s~’ range  is t’tO . L imi or t a n t  i t  is exp ec t d t i n t  the
i n i t i a l  b a l a n c e  o1~~~ ’t can 0 held to -~lpF i f  low f r e q u e n c y  c p en s a l i on  is
added , so mos t of the  t o t a l  ra i l Ce can be used . W i  r l i ou t  t h i s  Co rr l . on s a t ~ Ii

the o f f s e t  w i t h  the c i r c u i t  shown is lOpF so w i t h  a ~ 6OpF ran~,’ the re  shou ld
be no problem excep t  tha t an o f f s e t  i n  m i t  i al  h i a l n n ~ .: wi I i  be r e q u i ro d  as
the f requency  approacher  c l ower r a i u , i h u t

12.4 Resistance Accuracy

~7. m i n i m u  desired . It is expect en tha t, t h i s  a c c u rn i  v cau  b e ’ .’ i i~~ ,i ined
f r u r  2 ohms to over 200 ohiut s even at the low.’mt frequency wi ii I ‘o a c ro ss
the “unknown”. r)ue to t i  • conductance ~,ieas’iri: nature of t t i t ’  b r i d ge , r adout
resolut ion bec en ver” pr or at i i  reas ing values i f  I~~ ~ 

and it i t  e~ e i t ~at cd
t h a t  i t  w i l l  be very difficu lt to r e so l v e  a v a l u e  01 SKh within . bette r than
5(~~ , a l t h o u g h i t  shou ld  be possib le to d e t u c t  the p r . s.’nc” of 5O~~ f ’i a t  th e
l ’w ~~~t ep erar  ing  f r e q u e n co  w i t h  100 v i i l l  i v o l t s  a c ro s s  “u . iknown ” . b u l l —
frequency accuracy w i l l  depend on care fu l  con t ro l  of p a r a s i t i c  i ndu ct a n c e .
(See Par. 10)

1 2 .~~ C a p a c i t a n c e  A c cu r a ,~~

+0. l pF i i i  imut i d~~s i red  . A t  the I ‘ e s  oper al  i np f r e q u e n c y  w i t h  t h e  t~x imu i i

a va i l ab l e  s e ns i t i v i t y  of the  serv -b r id ge de tec t o r  i t  i s  ~ sI i m n t e d  t h a t ,
wi th  100 millivolts across the “unkno wn ” , “ l pF is ibout  o i l  t h a t  can he
reso lved  by the de tec to r . •“ hove 2 .  5MHz j t  is expected tha ’ s u f f i c i e n t  r es,t -
lu t ion for  the d e s i r e d  t O .  lpF accurac y  can be ob ta ine d  at this drive
leve l .  I f  the drive l e v e l is incre ase d to 300 m i l l i v o l t s  i t  is ex p e c t . ’ 1

— 9
5 
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tha t t h  I t . i r v d  r e o l u t , i i i i  cOn 1 .  t 1 .L a i ’ i i ’d  above l .~~~i1z , but  w i t h  I
d r i v e  i t  can  o n l y  be obra  i t i ed  , i l  ‘i 25 l U ;  . I ‘) — f ECquI ’ IlU ~.

‘ a c c i t r u i c y  depends
on care fu l control of p a r a s i t i c  in d u c t a i ;c e . (See Par. 4) F u r t h e r  experi-
m e n t a l  s~ u dv  w i l l  be r e q u i r e d  t o  . l et erun i n e  p o s s ib l e  a c c u r a c y .

l d . 6  Te t ’p e r a tu r c  R a n g e

—50 t o  II ) 5°C .  C. r d t e b r a t u r e  coinpen sat  ion of the c~m n t  r I c har i c  t e r  is tics
and r. ’ado ’ ,t i i ;  t h e  r i ’s  i st , mc. ’ and  c ap a c i t a n c e  t r u l a n c  i ng  v a r a c t  i r s  w i l l  b.
r equ i r ed  t ~ retain the  dc ’ i red  m e .i s u r i o g  acc ur ’i~’y uve r t b u  i s  r a n~ . . I t . is
exp e c t e d  t a t  t h i s  c a n  b.’ .iccocup Ish~’’l in  t u e  des i gn r~~~ t i e  r ’ n d ’ u ~ ‘

~~:‘~~~~~°“

the re ’as i t  svu t o ’  f i r  I he m t U i, ’ ’ , ,r  c r it  i c a l  , ‘ s it  i t  s h~~i u l !  be p os s i b l e
to ~‘e. p err ‘rs f r n -  to l~~rat or var f -it ~~~~t i  c o m p a r ab l e  to those f r a n  it ’u er
so u r c e s .

12. 7 Drive  Level  ~an~ e (A ros ~~Un~ sown)

lr’u V to l V r ’ s  des i red . ~ u i. e~.c v a r a t u r s  wi  I c r n ’ i d ’ r n b l y ‘U gl i e r  r u t r
vol tages are  a i’d , t b ’  u p~’ ’ ‘ e t u d  ‘ f  the  r a l i g i ’  i i  Vo t ages  a c ro s s  t it ’ ‘t nk n r i
w i l l  ~ ye t m be r i ’  t r i c t i ~~ to ~~l’. o it t  300 ‘Ii I ivol Is or t ’~~ ’ reid sluice a nd
capacitance ue rms ur i n~ accuracy wi l l be d e s t r o y e d . \t  ab u t  I ‘ U t  w i t h
p re sen t  “ a r a c ter s  the i n !  i a l  b a l an c e  can no longe r be made du~ t i  for’ard
conduction of the v a r a c t  r d iodes  on si gna l r e ak s .  The capa t ’i t a n c e -c e a su r i il
accuracy  l i r i t s  U .“ low e t i  of d r i v e  range  ~~t the low end o f f req uency ran ge
as sl;own under  p a r a g r a p h 6. ~~~.

12.~ D i r e c t  P e n i h i uL  of Resinta nce and Capacitance of “U nh n ewn ” ,,~ n a L i n e a r
F u n c t i o n  i f  ~‘ p i i e d  C o n t r o l  V ol t a ge

This is poss ib le  for  p a r a l l e l  c a p a c i t a n c e  but uch t ire  J i f t i c ’j l t  f i r  the
r e s i s t a n c.  readout  due to reci p r o c a l  n a t u r e  of the m easu remen t . I /FI~~ , or
the measured  conduc t ance  can be t rade  a b i nev r  f u n c t i o n  of tb . chan ge  in con-
trol v o l t a g e  f m ’  the initial balance value , if d e s i r e d .  It  is expec t ed
that the direct disp lay  o f R xp can bes t he pr ovid ed ‘iy a d i g i t a l  icro-
processor to give the  d e s i r e d  read ut . It is expected tha t the se rvo-p rob lems
al though n u t insi gnificant can be successfull y solved.

12.9 Initial Balance and Resistance and Capacitance Ca l ibration Independent
of Frequency and Temperature

Residua l unbalance output at least 4tidB below ‘ laxi um u u n b a l a n c e  is i l e s ir e d
when e i t h e r  f r e q u e n c y  or t .’ p e r a t u re  is v a r ied  over the spe ’ ifi ed r~~iges. It
is improbab le  t h a t  t h i s  ca n  be accomp l i shed  over the e n t i r e  f r e q u e n c y  range .

13. RECOMI•I ENDATIONh FUR F1’RTHE R STUDY

13.1 Br id~i,e Compensa t ion  fo r  P a r a s i t i c  E l e m e n t s

There arc probabl y some impr ovemen ts possible by judicious addit ion of com-
pensation elements to the br idge circ uit. However , it is diff icult ti ’ pre-
d ict the performance tradeoffs that result. it is recommended tlt ~it the next
step in this investigation consist of b u i l d i n g  an a s s e i b l y ,  us ing  best
availah,le ‘m icrocircuit techniques ,, based on best jud~ ciuen t as t i  phy s i c a l
configura tion t o  minimize all parasitic Impedances consistent with t i e  des i gn
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objec t ives  and e x p e r i m e n t a l  p e r f o r m a n c e  of the  f i rst  ‘s t e 1 ~ of the  b r i d ge .

13.2 Measurement ka~ge

P o r t  of the  d i f f i c u l t y  w i t h  the or i g ina l circuit conui gti rati ori stems fror a
very  l i m i t e d  r e a c t a n c e- b a l a n c i n g  range at the  lower frequencies. A method
was worke l out for  compensa t i ng  the  capacitance initial balance r . f f s e t  i n t ru -
duced by the  r e s i s t a n ct ” -v a r a c t o r  con t ro l  feed  c ir cu i t .  w h i c h  pr e se rved the
a v a i l a bl e  c a p a c i t o r  v a s u r e ient  raage , hut  it was f ea red  t i ia ~ the added
e l emen t s  would s i g n i f i ca n t l y  reduce t h e  h i gi t - ~~requ ency  r c s : st an c e  n s t i r c  en i
range di ~’ to add ed p a r a s i t i c  i n d u c t a n c e . 1b.e b e t t e r  appr  sicP L ’ . to
the cap ac i t a n c o — b a l a n c i t ~ range  ~‘h i ch i  is d e s i r a b l e , u t  o i u i ~ ‘or ho Ca ut ’c
meri t i f q u ar t z  r e sena to r s  at the lower f r e q u e n c i e s  but  a t  so f i r  O L I l e r  general
impedance measurepicnts. The p rac t a ’iul ity of using four ;ara~ 

1 e~ ‘- c ’ ,aci tance
h a l a i i c in f  v i r a c t i ’r s  in a su i t  a ide  !t ’ ,’ r ; i c i l  co u f  i 1~~, 1’nt I i  a • 

~~~~~~~

s h o u l d  be i nv e s t i g a t e d .

13.3 i’le,is ’; r e ’iient A c c i : r a c~

M easu ’ - e r c o . a c cur a c y  d . ’ i i  ‘ I s  on u a t j ~i ‘ , ;j d ~~s U ‘ .�ff . ’’: .
‘ 

‘ , , ,  t i _ i ’ .

i ’npeda mc s in  t i e  b r i d ge c i r c . i i t  I s t ’ l f . i t  ‘ ‘~ ‘.~~. ; i r c  U i ’ o c~ ‘ Ct  r i p

s p e c i f i c a t i o n s  w i l l  s t a u u d a r  li ze c ’ i~~~ t i - ext. o r a l t , ,  t i ,  i~~~
’ s

i ’ robab i  y i n t r o d u c e  a r e o s o n a b i v  s o t  nu t  I ix& ’i l  n c r  ~cs i o ,’ j c  n c .  . ‘~‘h a l s o
can h. co r rec ted  f~~r ~y t h e  t i c r o p r icess  i . m ’h~~~1 ‘ia~ :~ sot - pr etil i ’~~~”. w ft
m t  roduc t on 01 t h e  ser v u  l un d copa c i  ‘ ‘i -s t t i ,’t  ri i i  E r ’ e r’s_ U ,

Tt ;e s e n s i t i v i t y  of the d e t e c t :  ‘ir rr i cl tb , co’~~~ j i b  i f f i uj e n i  , i .

e f f e c t  the  r e s o l u t i o n  of ’ t h o  un tu aru r e nen t  ~ , , l  i ’ i : i se qu e n h l y Si ’t. .1 ‘ I t  on
ic a s ur i n g  a c c u r a c y .  Tites ’ c f  fects Lave been ‘s t ’ i i a t i ’ ,i i~u i  .‘ed t o  ii ’ ‘, ‘s ’  r i -
m e n t a l l y v e r i f i e d  w i t h  in a c tua l ~‘r i d i~e ou t p u t  systi . Thi si sit.ivh y
the  s e r v o — b r i d g e  d e t e c tor  ce ,t l d  be improved by r i dcc i n ~; t h e baod~.’: I t

t h i s  w i l l  l i m i t  h i ’  re ~I~’ n s”  speed and r i t t  b~ c ,)fl s ide to I i i i  i e n  0: ‘ i !

r equ i red  h a l a n c in , ,  t imes.

The major  f a c t o r  a f f e c t  l u g  m e a s u r l u l d  • .ccuracy i s  t h e  a h i  I lt ’ y ‘i t ’ t b .  r o a d ’
s y s t e m  to  de t e r r ine  t r u l y the i n i t i a l  no d f i n a  ba at uc e  v a t  ‘us
c a p a c i t a n c e s  in the h r i d ~~u ’ f r om the r e s p e c t i ve  con t r o l  &i g ‘ Is a~ d ‘ i coinp ,I t
a ccura te l y the va lue s to d i s p lay .  Due t o  requ ! r e s i a t  ‘f s t o r i n g  t h e  i n i t i a i
va lue s , then  s u b t r a c t i ng  l i r i a l  v a l u e s to c u ’p u t e  t h 0  v i d e o s  to d i s p l a y ,  i t
is felt t ha t  d ig i t al  p r ocn s s in g  is more s u i tab l e  t han  a n a l u g  met h o ds  ~‘ar t ’c u -
lar l y since readout  in p a r a l le l  r e si s tance  r e q u i r e s  a reciprocal operatlan in
the process .  A n a l o g  methods  c e r t a i n l y ir °  needed i n  the cony - m t  i ng  i f  c o n t r o l
vo l t ages  in processing t i c  r e a d o t u t  I n c l u d i n g  compensat ion f. r t ’ . ’ effect :c
temperature on varactor characteristics. Furthe r stud y is needed I i ‘in.J
the mos t effective use ‘i f  bo th  met h ods for obta lting th required accuracy.

The problems with parasitic inductance in the resistance elements ‘if the
bridge will be greatl y reduced I f varactors with wider capacitance ranges
can be obtained with ou t othe r characteristics such as q being degraded since
the resistance value s can then be substantia l ly increased. This shou ld a l s o
improve resolution and accuracy of hi gher valued unknow n resistances.
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13.4 Recommended O rd e r  of i n v v s t i L~,a t i u n

1. Desi gn and ,i 1~ t i ‘iz e  the b as ic  b r i d ge assembl y w i t h  n e a s u r eu n e n t s  on
e x p e r i m e n t a l  m o d e l s  to determine and minimize p a r a s i t i c  e l .  rents.

Use hi gher valu ed resistors wi Lh ~ wide control range hype rabi up t
function varactors if possible.

2. Deve lop a r eadout  sysc e rt  i n c h  ud I r~g t emp e r a tu r e  cumpensat, ion w i t h
considerat ion of any l i m it a t i o n  t h i s  night hiave on auto-balancing
servo systc’ .

3. Resolve the serv o p rob l em s  f i n  the comp le te  sy s tem and :ic- d I i t to
de t e rmine  o v e r a l l  p e r f o r m an c . ’ .
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