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1  I NTRODUCTI ON 

 

As t he r adi o spect r um get s mor e congest ed and t he demand 

f or  mor e accur at e f r equency sel ect i on i ncr eases,  t he 

phase- l ocked l oop becomes mor e and mor e i mpor t ant .    

The phase- l ocked l oop ( or  PLL)  pr ovi des an easy and 

accur at e met hod of  ensur i ng t hat  a t r ansmi t t er  or  

r ecei ver  ar e t uned exact l y t o t he r equi r ed f r equency and 

r emai ns t uned cor r ect l y.   Thi s i s most  necessar y when 

t he f r equency t o be t r ansmi t t ed i s i n a r adi o f r equency 

band ( RF band)  assi gned t o mi l i t ar y f or ces.   I f  t he 

f r equency i s even sl i ght l y of f ,  unpr edi ct abl e and 

pot ent i al l y danger ous r esul t s can be expect ed.  

 

The PLL was f i r st  descr i bed i n 1932%wy H.  de Bel l esci ze 

[ 1]  but  t he t echnol ogy was f i r st  used ext ensi vel y by t he 

Amer i can aer ospace i ndust r y.   Now t he maj or i t y of  home,  

aut o and por t abl e st er eo syst ems use PLL t echnol ogy t o 

pr ovi de accur at e t uni ng.   What  was once an expensi ve 

t echnol ogy i s now commonpl ace.  

 

Thi s r epor t  i s pr i mar i l y concer ned wi t h t he PLL as i t  i s 

i mpl ement ed i n t he AC Tel emet r y Tr ansmi t t er  ( model  ETT- )  

as desi gned by Emhi ser  Resear ch Li mi t ed ( ERL)  and 

manuf act ur ed by Emhi ser  Manuf act ur i ng Li mi t ed ( EML)  and 

Emhi ser  Manuf act ur i ng I nc. ,  Nevada ( ERI N) .   Thus i t  wi l l  

not  show t he uses of  t he PLL i n demodul at i on of  FM and 

AM si gnal s or  i n mot or  cont r ol ,  but  r at her  i n t he 

i nt er est s of  f r equency synt hesi s.  
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3  THE PHASE LOCKED LOOP 

 

Ever y PLL ci r cui t  has at  l east  t wo par t s:   a phase 

det ect or  ( PD)  and a vol t age cont r ol l ed osci l l at or  ( VCO) .  

 I n addi t i on t o t hi s al l  but  a ver y f ew al so cont ai n a 

l ow- pass f i l t er .   The connect i ons bet ween t hese segment s 

ar e shown i n t he bl ock di agr am i n Fi gur e 1.   The basi c 

oper at i on of  t he PLL i s as f ol l ows ( a mor e det ai l ed 

anal ysi s i s i ncl uded l at er ) :   A r ef er ence f r equency i s 

i nput t ed i nt o t he phase det ect or  whi ch i s equal  t o t he 

desi r ed f r equency.   The PD compar es t he phase wi t h t he 

f r equency out put  of  t he VCO.   The out put  of  t he PD i s an 

er r or  vol t age whi ch i s pr opor t i onal  t o t he di f f er ence i n 

phase of  t he t wo i nput s.   Thi s er r or  vol t age i s f i l t er ed 

so l ar ge changes ar e i gnor ed ( as l ar ge changes ar e ver y 

di f f i cul t  t o t r ack) .   The f i l t er ed er r or  vol t age i s t he 

i nput  of  t he VCO whi ch out put s a f r equency whi ch i s 

pr opor t i onal  ( i deal l y)  t o t he vol t age i nput t ed.   Thi s 

out put  i s f ed back t o t he PD.    

 

The t ot al  ef f ect  i s t hat  a pr oper l y desi gned PLL wi l l  

t r ack a si gnal  wi t hi n a wi de r ange,  capt ur e t he si gnal  

wi t hi n a nar r ower  bandwi dt h,  and l ock t he si gnal  wi t hi n 

a yet  nar r ower  r ange ( See Fi gur e 2) .   Once t he si gnal  

has been capt ur ed,  t he PLL wi l l  r api dl y pul l  i t  i nt o t he 

l ock r ange.   Ther e i s al so t he necessi t y t o have t he 

si gnal  dr awn f i r st  i nt o t he t r ack zone and f r om t her e 

i nt o t he capt ur e zone.  
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Figure 1 -  Bl ock Di agr am -  Gener i c PLL 

 

Figure 2 -  Oper at i ng r anges of  a PLL 
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4. 1  Phase Det ect or  Bl ock 

 

Ther e ar e t wo t ypes of  PDs t hat  ar e used i n PLL 

ci r cui t s.   They ar e t he Phase Det ect or  and t he 

Phase/ Fr equency Det ect or .   When usi ng t he Phase 

det ect or ,  t her e i s a necessi t y t o ensur e t hat  t he 

VCO i s dr i ven t o t he l ocki ng r ange on power  up as 

t he PD wi l l  not  di r ect l y f aci l i t at e t hi s.   The 

Phase/ Fr equency Det ect or  ( PFD)  i s mor e ver sat i l e.   

I f  t he f r equency of  t he VCO out put  i s l ower  t han 

t he r ef er ence,  t he PFD wi l l  appl y a hi gher  vol t age 

t o t he VCO t o dr i ve t he f r equency up,  and l i kewi se 

wi l l  dr i ve t he VCO down i f  t he out put  f r equency i s 

t oo hi gh.   Once t he f r equency i s cor r ect  ( or  near  

t o i t )  t he PFD act s as a PD.  

 

Wi t h ei t her  t ype of  det ect or ,  t he r egi on of  

oper at i on t hat  i s usabl e i n a PLL i s wher e t he 

out put  i s l i near l y pr opor t i onal  t o di f f er ences i n 

phase ( or  at  l east  pi ece- wi se l i near ) .  

 

4. 2. 1  Phase Det ect or s 

 

As t he use of  a pl ai n PD causes t he need f or  a 

mechani sm t o dr i ve t he VCO i nt o t he l ock 

r egi on on power - up,  i t  i s mor e conveni ent  not  

t o use t hem.   Never t hel ess,  i t  i s wor t h 

ment i oni ng t he t ypes of  pl ai n PDs and t hei r  

basi c char act er i st i cs.  

 

Di ode Ri ng 

The di ode r i ng ( see f i gur e 3)  i s usual l y 

dr i ven wi t h si nusoi dal  wavef or ms and al so 

f unct i ons as a mi xer  ( when t he f i l t er  i s 
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el i mi nat ed) .   The er r or  vol t age i s 

pr opor t i onal  t o t he phase di f f er ences f r om 

90°.   The di ode r i ng can onl y be consi der ed 

l i near  when t he i nput  si gnal s have const ant  

ampl i t ude and when t her e ar e onl y smal l  

devi at i ons i n phase.   ( see Appendi x A f or  

mat hemat i cal  der i vat i on)   The mai n pr obl em 

wi t h t he di ode r i ng i s t hat  t he out put  i s at  

most  a f ew hundr ed mi l l i vol t s,  so i t  must  be 

ampl i f i ed causi ng excessi ve noi se t o be added.  

 

Excl usi ve ORs 

The excl usi ve OR PD uses a si ngl e XOR gat e t o 

act  as a PD f or  use wi t h di gi t al  si gnal s 

( squar e waves) .   Thi s i s suf f i ci ent  as l ong as 

t he t wo wavef or ms have t he same dut y cycl e.   

I f  t he dut y cycl es ar e vast l y di f f er ent ,  t he 

same out put  can occur  wi t h di f f er ent  phase 

di f f er ences.   To avoi d t hi s,  a pul se st r et cher  

i s necessar y t o make t he i nput s have equal  

dut y cycl es.  

 

Excl usi ve- OR det ect or s ar e usual l y sol el y used 

when t he f r equenci es ar e hi gh ( ≥ 1 MHz 

t ypi cal l y)  and cl ose t oget her .  

 

4. 2. 3  Phase/ Fr equency Det ect or s 

 

Phase/ Fr equency Det ect or s ar e usual l y di gi t al  

devi ces ( wi t h t he except i on of  t he Sampl e/ Hol d 

Det ect or ) .   These ar e t he devi ces t hat  ar e i n 

most  common use,  par t l y because of  t he ease of  

i mpl ement at i on,  and par t l y because t hi s i s t he 

t ype of  det ect or s t hat  ar e gener al l y used i n 
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t he PLL I C' s whi ch ar e ver y commonl y used now.  
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Figure 3 -  Schemat i c Di agr am -  Di ode Ri ng Det ect or  

 

Figure 4 -  Schemat i c Di agr am -  Di gi t al  Tr i - St at e 
Compar at or  
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Sampl e/ Hol d Det ect or s 

Sampl e/ Hol d det ect or s ar e accompl i shed wi t h 

t he use of  pul se modul at i on.   The anal ysi s of  

t hi s t ype of  PFD i s l ong and compl i cat ed and 

beyond t he scope of  t hi s r epor t .   The 

Sampl e/ Hol d det ect or s r equi r e f i l t er s known as 

zer o- or der  dat a hol d ( ZODH)  or  boxcar  

gener at or s.   These conver t  pul se modul at ed 

out put  i nt o a t r ai n of  pul ses wi t h var yi ng 

wi dt h whi ch can be used by t he VCO.  

 

Di gi t al  Tr i - St at e Compar at or s 

The di gi t al  t r i - st at e compar at or  i s t he 

det ect or  t hat  i s used i n most  PLL ci r cui t s.   

The basi c t r i - st at e compar at or  i s shown i n 

f i gur e 4.   The oper at i on of  t hi s det ect or  i s 

as f ol l ows:   t he out put  of  t he t wo D- t ype 

f l i p- f l ops go hi gh on t he l eadi ng edges of  

t hei r  r espect i ve cl ock i nput s and r emai n hi gh 

unt i l  bot h i nput s ar e hi gh when t he f l i p- f l ops 

ar e bot h r eset .   I f  bot h i nput s ar e of  t he 

same phase and f r equency,  t he NAND gat e wi l l  

ensur e t hat  t he out put s r emai n l ow.   The t wo 

out put s ar e t hen connect ed t o an op- amp 

conf i gur ed as an i nt egr at or  ( act i ng as a 

l ow- pass f i l t er ) .  

 

Thi s t ype of  det ect or  i s t he one t hat  i s most  

commonl y f ound i ncor por at ed i nt o PLL I C 

packages.  
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4. 3  Low Pass Fi l t er  

 

The l ow pass f i l t er  i s added t o el i mi nat e unwant ed 

har moni cs caused by mi xi ng i n some det ect or s.   When 

used wi t h t he di gi t al  t r i - st at e campar at or ,  i t s 

pur pose i s t o conver t  t he cur r ent  pul ses i nt o a 

r amp wavef or m t hat  i s usabl e f or  t he VCO.   I n 

ei t her  case,  t he f i l t er  shoul d be as i deal  of  an 

i nt egr at or  as possi bl e.  

 

Ther e ar e t wo basi c t ypes of  l ow pass f i l t er s:   

passi ve and act i ve.   The passi ve f i l t er  onl y 

i ncl udes passi ve el ement s ( r esi st or s,  capaci t or s 

and r ar el y i nduct or s) .   The act i ve f i l t er  adds an 

op- amp ( or  r ar el y t r ansi st or s)  and pr ovi des a f ar  

super i or  i nt egr at or ,  t hus makes a bet t er  f i l t er .  

 

4. 4. 1  Passi ve Fi l t er  

 

The passi ve l ow- pass f i l t er  was t he choi ce of  

t he past  as DC ampl i f i er s ( i . e.  pr esent - day 

op- amps)  wer e not  of  ver y good qual i t y.   Now 

t hat  op- amps pr esent  ext r emel y good dr i f t  and 

of f set  char act er i st i cs,  t hi s i s no l onger  t he 

case.   However ,  t he passi ve f i l t er s do not  add 

noi se t o t he syst em as al l  component s ar e 

passi ve.  

 

Passi ve f i l t er s do not  pr ovi de a ver y good 

i nt egr at or ,  but  nonet hel ess a passi ve RC 

f i l t er  ( f i gur e 5)  i s cheap and ver y easy t o 

make,  and t hus ar e st i l l  i n use.   A passi ve LC 

f i l t er  ( f i gur e 6)  i s ei t her  pr i cey ( i nduct or s 

can cost  f i ve t o t went y dol l ar s api ece)  or  
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di f f i cul t  t o bui l d ( i f  t he coi l s 
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Figure 5 -  Schemat i c Di agr am -  Passi ve RC Fi l t er  
 

Figure 6 -  Schemat i c Di agr am -  Passi ve LC Fi l t er  
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ar e handmade) ,  but  gener al l y cr eat e a bet t er  

i nt egr at or  t han an RC f i l t er .  

 

4. 4. 3  Act i ve Fi l t er  

 

Act i ve f i l t er s have t he advant age of  bei ng 

near l y i deal  i nt egr at or s.   Thi s means t hat  

t hey per f or m much bet t er  t han passi ve f i l t er s 

i n al most  al l  r espect s.   Act i ve f i l t er s based 

on op- amps ar e si mpl e t o make,  al t hough 

opt i mi zat i on of t en must  be done by t r i al  and 

er r or .    

 

Typi cal  second-  and t hi r d- or der  act i ve f i l t er s 

ar e shown i n f i gur es 7 and 8 r espect i vel y.   

The hi gher  t he or der  of  t he f i l t er ,  t he mor e 

i deal  t he i nt egr at or .  

 

4. 5  Vol t age Cont r ol l ed Osci l l at or  ( VCO)  

 

The most  st abl e f or m of  VCO i n cur r ent  use ( and t he 

onl y one cover ed by t hi s r epor t )  i s t he Vol t age 

Cont r ol l ed Cr yst al  Osci l l at or  ( VCXO) .   A common 

conf i gur at i on,  a modi f i cat i on of  t he Pi er ce cr yst al  

osci l l at or ,  i s shown i n f i gur e 9.   For  hi ghest  

st abi l i t y,  t he cr yst al  XTAL1 i n t he ci r cui t  shoul d 

be a hi gh- Q ( ≈ 2 x 106) ,  vacuum- mount ed,  2. 5 or  5. 0 

MHz,  f i f t h- over t one,  AT- cut  cr yst al  [ 5] .  

 

Thi s cr yst al  osci l l at or  depends on t he cr yst al  

f unct i oni ng as an i nduct ance.   Thi s cr eat es a t ype 

of  LC osci l l at or  i n whi ch t he var i ance i n f r equency 

i s caused by t he var act or  ( or  var i abl e capaci t ance 

di ode)  changi ng t he ef f ect i ve 



 
 

 

  13 

Figure 7 -  Schemat i c Di agr am -  Second- or der  Act i ve RC 
Fi l t er  

 

Figure 8 -  Schemat i c Di agr am -  Thi r d- or der  Act i ve RC 
Fi l t er  
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capaci t ance of  C2 as di f f er i ng vol t ages ar e appl i ed 

t o i t .   As var act or s do not  var y capaci t ance over  a 

ver y l ar ge r ange,  t he hi gher  t he Q ( Qual i t y Fact or )  

t he cr yst al  posesses,  t he smal l er  t he t uni ng r ange 

of  t he VCXO wi l l  be.   The VCXO shown can onl y 

achi eve f r equenci es at  or  above t he f undament al  

f r equency of  t he cr yst al .  

 

The RF Choke ( RFC)  i s used t o i sol at e t he r adi o 

f r equency ( RF)  out put  f r om t he cont r ol  vol t age 

i nput  ( f r om t he Low- Pass Fi l t er ) .   I f  t hi s i s not  

done,  t he hi gh r eact ances of  t he cr yst al  and 

capaci t or s can cause under i r abl e RF f eedback t o 

di ssi pat e i nt o ear l i er  st ages of  t he VCO.   Thi s i s 

especi al l y cr uci al  i f  t he out put  f r equency of  t he 

VCXO i s ver y hi gh ( ≥ 100 MHz or  so) .  

 

The t r ansi st or  ut i l i zed i n t he VCXO shoul d be as 

l ow- noi se as possi bl e t o mi ni mi ze t he noi se on t he 

RF out put .   To obt ai n t he best  si gnal - t o- noi se 

r at i o ( SNR) ,  i t  i s i mper at i ve t o oper at e t he 

ci r cui t  at  t he hi ghest  RF l evel  t hat  wi l l  not  dr i ve 

t he cr yst al  i nt o i t s non- l i near  r egi on.   Typi cal l y,  

VCXOs ar e made t o out put  bet ween 10 and 500 �W 

( much l ower  t han t he r at ed maxi mum power  f or  t he 

cr yst al s)  as t hese power  l evel s ar e of t en f ound t o 

be opt i mum [ 5] .  
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Figure 9 -  Schemat i c Di agr am -  Modi f i ed Pi er ce 
Osci l l at or  VCXO 
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5  AC TELEMETRY PHASE LOCK CONTROL BOARD 

 

The anal ysi s of  t he AC Tel emet r y Phase Lock Cont r ol  

Boar d was t o be t he mai n f ocus of  t hi s r epor t ,  but  t o 

accompl i sh t hi s a descr i pt i on and br i ef  anal ysi s of  t he 

PLL was necessar y.  

 

The AC Tel emet r y Phase Lock Boar d ( her ei n r ef er r ed t o by 

i t s par t  number  -  310410F)  i s one of  t he si mpl est  PLL 

cont r ol  boar ds desi gned by Emhi ser  Resear ch Li mi t ed.   

The number  of  par t s i n t he ci r cui t  i s appr oxi mat el y 150 

( as compar ed t o about  400 f or  some of  t he mor e compl ex 

PLL cont r ol  boar ds) .   The boar d i t sel f  i s about  2"  x 3"  

( about  50 mm x 75 mm) ,  a smal l  si ze t hat  i s a di ct at ed 

by t he si ze r equi r ement s of  t he t r ansmi t t er  i t  i s par t  

of  and al so by t he ext r emel y hi gh f r equency of  oper at i on 

( bet ween 2200 MHz and 2300 MHz) .  

 

The mai n sect i ons of  t he boar d ar e:   t he vol t age sour ce 

f or  t he r est  of  t he t r ansmi t t er ,  t he maj or i t y of  t he PLL 

ci r cui t  ( i ncl udi ng t he l ocal  cr yst al  osci l l at or ,  t he 

mul t i modul us di vi der ,  phase l ock I C and i nt egr at or )  and 

t he ci r cui t r y pr ovi di ng t he t el emet r y modul at i on 

( Fr equency modul at i on)  t o t he l oop.   These can al l  be 

seen on t he schemat i c di agr am ( Fi gur e 10) .  

 

6. 1  Vol t age Sour ce 

 

The vol t age sour ce f or  t he r est  of  t he t r ansmi t t er  

i s suppl i ed by t he 310410F as i t  i s t he l ar gest  

boar d i n t he t r ansmi t t er  and because i t  was put  

r i ght  next  t o t he power  connect or .   Most  of  t he 

component s r equi r i ng t he power  ar e cont ai ned i n 

t hi s one boar d.  



 
 

 

  17 

( cour t esy Emhi ser  Resear ch Li mi t ed)  

Figure 10 -  Schemat i c Di agr am -  ERL 310414F1 
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The vol t age sour ce sect i on of  t he ci r cui t  i s shown 

at  t he t op of  t he schemat i c.   The maj or i t y of  t he 

ci r cui t  i s qui t e st r ai ght  f or war d ( a +15V and a +5V 

r egul at ed power  suppl y) .   The onl y par t  of  t hi s 

ci r cui t  t hat  r equi r es much anal ysi s i s t he +20V 

suppl y ( f or  t he power  ampl i f i er  l ocat ed el sewher e 

i n t he t r ansmi t t er ) .  

 

The power  amp shoul d not  be t ur ned on unt i l  t he PLL 

est abl i shes l ock.   Thi s i s even mor e i mper at i ve as 

t he oper at i ng f r equency i s i n a r ange speci f i ed f or  

mi l i t ar y use ( t he S Band) .   I f  t he t r ansmi t t er  i s 

sendi ng out  si gnal s of f  f r equency,  t her e coul d 

possi bl y be cat ast r ophi c r esul t s.  

 

To guar ant ee t hat  t he +20V l i ne does not  t ur n on 

unt i l  t he PLL i s l ocked,  a f i el d- ef f ect  t r ansi st or  

or  FET ( Q5)  conf i gur ed as a gat e f ol l ower  i s 

connect ed t o t he l ock det ect  l i ne of  t he PLL I C 

( U5) .   Whenever  t he PLL i s l ocked,  5V appear s at  

t he dr ai n of  Q5 and t her ef or e at  t he base of  Q3 ( a 

PNP t r ansi st or )  

 

6. 3  Fr equency Synt hesi s 

 

The mai n pur pose of  t he 310410F i s t o pr ovi de an 

accur at e f r equency out put  ( wi t h f r equency 

modul at i on -  FM)  t hat  wi l l  subsequent l y be 

t r ansmi t t ed.   Thi s i s accompl i shed wi t h t he use of  

a PLL,  of  whi ch t he maj or i t y i s act ual l y on t he 

310410F.   The r emai nder  ( t he VCO)  i s on a separ at e 

ci r cui t  boar d ( ERL par t  number  206591X) .   The onl y 

sect i on of  t he VCO boar d t hat  wi l l  be ment i oned i n 

any det ai l  ar e t wo di vi de- by- f our  bl ocks.  
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Channel i zed AC Tel emet r y Phase Lock Cont r ol  Boar d 

( cour t esy Emhi ser  Resear ch Li mi t ed)  

Figure 11 -  Bl ock Di agr am -  PLL i n ERL 310410F 
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The t wo ci r cui t  boar ds ( 310410F and 206591X)  ar e 

connect ed by f our  wi r es.   Two of  t hem,  t he +15V and 

+5V l i nes ( t o power  t he I Cs on t he VCO) ,  ar e 26 AWG 

st r anded wi r e.   The ot her  t wo,  VCO RF/ 16 and 

CONTROL VOLTS,  ar e car r yi ng t he f r equency f r om t he 

VCO and t he cont r ol  vol t age t o t he VCO 

r espect i vel y,  and ar e t hus mor e sensi t i ve t o noi se.  

 For  t hi s r eason,  t hese t wo connect i ons ar e done 

wi t h ver y smal l  shi el ded coaxi al  cabl es.  

 

A bl ock di agr am of  t he f r equency synt hesi s PLL i s 

shown i n f i gur e 11.   The sect i ons t o be anal yzed 

ar e t he cr yst al  osci l l at or  pr ovi di ng t he r ef er ence 

f r equency,  t he di vi der  net wor ks,  t he phase l ock I C 

( Mot or ol a' s MC145152)  whi ch cont ai ns t he phase 

det ect or  and t he cont r ol l er  f or  t he dual  modul us 

di vi der  ( Pl essey Semi conduct or ' s SP8789)  and t he 

i nt egr at or .  

 

6. 4. 1  Cr yst al  Osci l l at or  

 

The l ocal  r ef er ence f r equency i s gener at ed by 

a modi f i ed Col pi t t s osci l l at or .   The 16 MHz 

cr yst al  ( Y1)  oper at es at  a poi nt  wher e i t  act s 

as a hi gh Q i nduct or  t o pr ovi de a r esonance 

wi t h t he capaci t or s C36 and C37.   The 

combi nat i on of  C33,  C34 and C35 pr ovi de a 

bal anci ng ef f ect  whi ch al i gns t he cr yst al  

f r equency t o 16 MHz.    

 

The t her mi st or  ( R35)  i s of  t he negat i ve 

t emper at ur e coef f i ci ent  ( NTC)  var i et y.   Thi s 

means as t he t emper at ur e i ncr eases,  t he 

r esi st ance appr oaches 0 ohms.   The ef f ect  of  
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t hi s i s t o pr ovi de a gr eat er  ser i es 

capaci t ance t o be pr ovi ded by C35 as t he 

t emper at ur e i ncr eases.   Thi s i s necessar y as 

t he cent er  f r equency of  t he cr yst al  changes 

sl i ght l y wi t h an i ncr ease of  t emper at ur e.  

 

The out put  of  t he cr yst al  osci l l at or  i s 

appl i ed t o t he OSCi n pi n on U5 ( pi n 27 on t he 

MC145152) .  

 

6. 4. 3  Di vi der  Net wor ks 

 

To be used f or  f r equency synt hesi s pur poses,  

t he PLL must  al so cont ai n f r equency di vi der s 

or  mul t i pl i er s.   The use of  di vi der s i s mor e 

common as di vi der s ar e si mpl e t o manuf act ur e 

( si ngl e modul us di vi der s can be made wi t h 

f l i p- f l ops) ,  and ar e mor e dependabl e t han 

f r equency mul t i pl i er s.  

 

I n t he 310410F,  t he desi r ed out put  f r equency 

i s i n t he S band ( act ual l y bet ween 2. 200 GHz 

and 2. 300 GHz) .   As i t  i s not  f easi bl e t o 

cr eat e a r ef er ence f r equency of  t hi s 

magni t ude,  i t  becomes necessar y t o use 

f r equency di vi si on.  

 

The f i r st  f r equency di vi si on i s i nt er nal  t o U5 

( t he Phase Lock I C) .   I t  i s pr ogr ammed by pi ns 

f our  t hr ough si x i ncl usi ve.   Thi s di vi des t he 

f r equency on pi n 5 ( OSCi n)  as pr ovi ded by t he 

cr yst al  osci l l at or  t o a mor e wor kabl e val ue.   

The r ef er ence f r equency of  t he phase det ect or  

shoul d be set  as hi gh as possi bl e f or  f ast er  



 
 

 

  22 

l ockup t i mes,  but  t her e i s a l i mi t  ( i n t hi s 

case 44 kHz t o 46 kHz -  see Appendi x A f or  

mat hemat i cal  der i vat i on) .   For  t he 

speci f i cat i ons of  t he t r ansmi t t er  t o be met ,  

t he i nt er nal  di vi der  was set  t o di vi de by 512 

t o cr eat e a r ef er ence f r equency of  31. 25 kHz.  

 

To al l ow t he PLL t o f unct i on,  t he out put  

f r equency must  be di vi ded by a f act or  of  70400 

t o 73600.   I f  onl y si ngl e modul us di vi der s 

wer e used,  t he f r equency st eps woul d be ver y 

l ar ge ( somet i mes as much as 10 MHz)  whi ch i s 

not  ver y pr act i cal .   For  t hi s r eason a 

maj or i t y of  t he di vi si on must  be by dual  ( or  

mul t i pl e)  modul us di vi si on.  

 

Bef or e t he VCO out put  r eached t he 310410F,  i t  

i s di vi ded by 16.   Thi s i s per f or med by t wo 

di vi de by f our  modul es l ocat ed on t he VCO 

boar d i t sel f .   Thi s causes t he r emai ni ng 

di vi si on t o r ange f r om 4400 t o 4600,  a much 

mor e managabl e r ange.    

 

The r emai ni ng di vi si on i s per f or med by a dual  

modul us ( or  pul se- swal l owi ng)  count er .   I n t he 

case of  t he 310410F,  Pl essey Semi conduct or ' s 

SP8789,  a 20/ 21 di vi der  i s used.   The dual  

modul us count er  i s cont r ol l ed by ci r cui t r y 

i nt er nal  t o t he MC145152 t o di vi de by 20 N 

t i mes and by 21 A t i mes al l owi ng any 

combi nat i on of  di vi si on.   Thi s al l ows f or  any 

di vi si on r at i o bet ween 60 and 21783 t o be 

sel ect ed ( t he l i mi t s ar e i mposed by t he 

MC145152 I C) .   The f r equency st eps when usi ng 
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t hi s ci r cui t  becomes 500 kHz whi ch i s a si ght  

bet t er  t han 10 MHz.   The val ues of  N and A ar e 

pr ogr ammed by t he manuf act ur er  of  t he 310410F 

t o pr ovi de t he cor r ect  di vi si on r at i o ( t o be 

di scussed l at er  when deal i ng wi t h t he 

MC145152)  

 

6. 4. 5  Phase Lock I C ( MC145152)  

 

The phase det ect or ,  t he cont r ol  f or  t he dual  

modul us count er  ( U3)  and t he r ef er ence 

f r equency di vi der  ar e al l  cont ai ned i n a 

si ngl e package,  U5.   The package used on t he 

310410F i s t he MC145152FN2 whi ch i s a PLCC 

( Pl ast i c Leaded Chi p Car r i er )  devi ce t hat  

measur es appr oxi mat el y 1"  squar e ( 25 mm 

squar e) .  

 

The phase det ect or  i n t he MC145152 i s a 

di gi t al  t r i - st at e compar at or ,  al t hough of  a 

sl i ght l y mor e compl i cat ed desi gn t han t he one 

shown i n f i gur e 4.   The out put s PhaseR and 

PhaseV ( pi ns seven and ei ght  r espect i vel y)  ar e 

appl i ed t o t he i nt egr at or  i n a di f f er ent i al  

manner .   The behavi our  of  PhaseR and PhaseV 

ar e as f ol l ows:   I f  f i n i s gr eat er  t han f r  or  

i f  t he phase of  f i n i s l eadi ng,  t hen PhaseR 

goes hi gh and PhaseV pul ses l ow.   I f  f i n i s 

l ess t han f r  or  i f  t he phase of  f i n i s l aggi ng,  

t hen PhaseV goes hi gh and PhaseR pul ses l ow.   

I f  f i n equal s f r  and bot h ar e i n phase t hen 

PhaseV and PhaseR bot h go hi gh and bot h pul se 

l ow i n phase f or  a mi ni mal  t i me[ 3] .   These 

pul ses ar e t hen f ed t o t he i nt egr at or  whi ch 
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conver t s t hem i nt o sui t abl e VCO cont r ol  

vol t ages.  
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Si mul t aneousl y,  t he MC145152 pr ovi des a l ock 

det ect  pi n ( pi n 28)  t o si gnal  t he PLL i s i n 

t he l ocked condi t i on.   The out put  i s anal agous 

t o t he l ogi cal  AND of  PhaseR and PhaseV.  

 

The cont r ol  ci r cui t r y f or  t he dual  modul us 

di vi der  i s al so i nt er nal  t o t he MC145152.   The 

N and A count er s ar e l oaded di r ect l y f r om t he 

pr ogr ammed i nput s ( N0- N9 and A0- A5)  at  t he 

begi nni ng of  each count  cycl e.   The cont r ol l er  

pul l s t he Mod Ct r l  pi n ( pi n 9)  l ow at  t he 

begi nni ng of  each count  cycl e si gnal l i ng t o 

t he SP8789 ( dual  modul us di vi der )  t o di vi de by 

21.   The Mod Ct r l  l i ne r emai ns l ow as t he A 

count er  and N count er  ar e decr ement ed each 

t i me a pul se ent er s Fi n ( pi n 1) .   Once t he A 

count er  r eaches zer o,  t he Mod Ct r l  l i ne goes 

hi gh si gnal l i ng t he SP8789 t o di vi de by 20.   

Thi s cont i nues as t he N count er  i s decr ement ed 

on t he ar r i val  of  each pul se on Fi n.   When t he 

N count er  r eaches zer o,  t he count  cycl e i s 

over  and t he count er s ar e r el oaded,  and t he 

next  count  cycl e st ar t s.  [ 3]  

 

As an exampl e of  t he r equi r ed pr ogr ammi ng,  f or  

an out put  f r equency of  2244. 5,  t he N count er  

woul d be pr ogr ammed t o be 224 ( or  0011100000 

i n bi nar y)  and t he A count er  woul d be 

pr ogr ammed t o 9 ( or  001001 i n bi nar y)  -  see 

Appendi x A f or  der i vat i on.   These val ues ar e 

pr ogr ammed by connect i ng al l  of  t he pi ns t hat  

must  be set  t o zer o t o gr ound and l eavi ng t he 

l ogi c ones unconnect ed.   The pi ns t o be 

pr ogr ammed ar e 11 t hr ough 20 f or  t he N count er  
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( l east  si gni f i gant  bi t  LSB t o most  si gni f i cant  

bi t  MSB)  and 23 t hr ough 25 and 10 f or  A ( 23 i s 

LSB and 10 i s MSB) .  

 

The f r equency r ef er ence di vi der  i n t he 

MC145152 has ei ght  di f f er ent  di vi de r at i os 

t hat  can be sel ect ed by pr ogr ammi ng RA0- RA2 

usi ng t he f ol l owi ng code:   [ 3]  
 RA2 RA1 RA0 Rat i o 
 0 0 0 8 
 0 0 1 64 
 0 1 0 128 
 0 1 1 256 
 1 0 0 512 
 1 0 1 1024 
 1 1 0 1160 
 1 1 1 2048 

A l ogi c one i s r eal i zed by connect i ng t he pi n 

t o +5V and a l ogi c zer o by connect i ng t he pi n 

t o gr ound.  

 

6. 4. 7  I nt egr at or  

 

The i nt egr at or  ci r cui t r y on t he 310410F i s 

vi r t ual l y t he same as t he l ow- pass f i l t er  

r ecommended i n t he dat a sheet  of  t he MC145152.  

 The f i l t er  i s a t hi r d- or der  f i l t er  ( wher eas 

t he r ecommended one was a second- or der ) .   The 

out put  of  t he i nt egr at or  i s a ser i es of  r amp 

f unct i ons ( as t he i nput  i s a ser i es of  

pul ses) .   These r amp f unct i ons make up t he 

cont r ol  vol t age t o t he VCO.  

 

6. 5  Tel emet r y Modul at i on 

 

The 310410F i s used f or  AC Tel emet r y,  so t her e i s a 
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mor e compl ex f act or  at  pl ay.   The t r ansmi t t er  sends 

out  an FM si gnal  ( f r equency modul at ed -  t he 

f r equency devi at es sl i ght l y t o encode t he i nput  

dat a) ,  so t he l ock r egi on must  be wi de enough t o 

cont ai n t he maxi mum devi at i on of  t he si gnal .  

 

The t el emet r y i nput  i s f i r st  i sol at ed f r om i t s 

sour ce by use of  a FET conf i gur ed as a gat e 

f ol l ower .   The i nput  i s t hen put  t hr ough a 

second- or der  passi ve l ow- pass f i l t er  ( consi st i ng of  

C14- C16 and R11- R13) .   The f i l t er  i s t emper at ur e 

compensat ed ( by t he NTC t her mi st or  R11)  t o adj ust  

f or  t he change i n t he capaci t ance val ues as 

t emper at ur e var i es.  

 

The t el emet r y modul at i on i s t hen mi xed wi t h t he 

cont r ol  vol t  l i ne t o t he VCO.   Thus when t he 

t el emet r y modul at i on si gnal  i s hi gh,  t he cont r ol  

vol t age i s i ncr eased,  and t he VCO out put s a 

sl i ght l y hi gher  f r equency.   When t he t el emet r y 

si gnal  i s negat i ve,  t he cont r ol  vol t age i s 

decr eased,  f or ci ng t he VCO t o a l ower  f r equency.  

 

The PLL cor r ect s t he changes caused by t he 

t el emet r y as f i n as seen by t he phase det ect or  wi l l  

be ei t her  hi gher  or  l ower  t han t he r ef er ence 

f r equency.   The out put  of  t he i nt egr at or  ( t o t he 

VCO)  wi l l  be decr eased,  f or ci ng t he VCO back t o t he 

cent er  ( or  car r i er )  f r equency.   Thi s i s t he r eason 

t hat  i t  i s r ef er r ed t o as AC t el emet r y.   I f  t he 

310410F was a DC Tel emet r y boar d,  t her e woul d have 

t o be no cor r ect i ve act i on t aken by t he PLL.   Thi s 

i s f ar  mor e compl ex t han t he AC coupl i ng.  
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GLOSSARY 
 
Duty Cycle The per cent  of  t he squar e wave t hat  i s i n t he 

hi gh st at e 
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APPENDI X A -  Mat hemat i cal  Der i vat i ons 
 
Sect i on 2. 1. 1  [ 7]  
 
 Di ode Ri ng  
 
I nput  Si gnal :   tA= 0ii ωθ sin 1 

Ref er ence Si gnal :  )+t(A= 0rr φωθ sin 2 
Out put  si gnal :  

)+t(2K
2
AA-K

2
AA== 0

riri
rie φωφθθθ coscos 3 

( K i s t he mi xer  gai n)  
 
The l ow pass f i l t er  i s t o el i mi nat e t he second har moni c 
bef or e i t  r eaches t he VCO,  so t he out put  si gnal  becomes:  

φθ cosK
2
AA= ri

e 4 

 

I f  t he er r or  si gnal  i s zer o,   φθ cosK
2
AA=0= ri

e 5 

whi ch r educes t o:   °90=
2

=    0=
πφφ _cos 6 

Thus,  t he er r or  si gnal  i s pr opor t i onal  t o t he phase 
di f f er ence f r om 90° 
 
For  smal l  changes i n phase:   

 φφπφπ
θ ∆∆∆ sincos_ K

2
AA=)] +

2
(K[

2
AA= +

2
riri

e 7 

For  ver y smal l  phase change:   φθ ∆
2

KAA ri
e _ 8 

Si nce t he out put  i s f i l t er ed t o:   )-(K= rie θθθ θ 9 

The phase det ect or  scal e f act or  i s:   
2

KAA=K
ri

θ 10 

 
For  l ar ger  devi at i ons i n phase i t  becomes nonl i near :  
 φθ θ ∆sinK=e 11 
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APPENDI X A -  Mat hemat i cal  Der i vat i ons ( cont i nued)  
 
Sect i on 3. 2. 2 
 

The maxi mum r ef er ence f r equency of  t he phase det ect or  i n 

an FM PLL i s l i mi t ed by t he f ol l owi ng f or mul a:  
 

 
 
wher e:  f r  max i s t he maxi mum r ef er ence f r equency 
  f o  i s t he out put  f r equency 
  Devmax i s t he maxi mum devi at i on i n f r equency 
  Modmi n i s t he mi ni mum modul at i on f r equency 
 
 

I f  t he r ef er ence f r equency i s gr eat er  t han f r  max,  t he 

f eedback l oop f r equency can over t ake t he r ef er ence 

f r equency.   I f  t hi s happens,  t he PLL wi l l  l ose l ock.  

 

For  t he t r ansmi t t er  t hat  t he 310410F was bui l t  f or ,  t he 

val ues of  t he above var i abl es ar e ( as t aken f r om t he 

cust omer ' s speci f i cat i ons) :  
 Devmax = 1 MHz 
 Modmi n = 20 Hz 

 

For  f o = 2200 MHz 

 

For  f o = 2300 MHz 

 
)Dev(

f
=f o

 r

Modmin

max
max  

 

 kHz 44 =Hz   1044x =  
)

Hz 20

Hz 101x
(

Hz 102200x
=f 3

6

6

 r max  

 

 kHz 46 =Hz   1046x =  
)

Hz 20

Hz 101x
(

Hz 102300x
=f 3

6

6

 r max  
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APPENDI X A -  Mat hemat i cal  Der i vat i ons ( cont i nued)  
 
Sect i on 3. 2. 3 -  N Count er / A Count er  Pr ogr ammi ng 

 
For  a gi ven f r equency f ,  t he A and N count er  val ues ar e 
as f ol l ows:  

 

 

 
For  exampl e:   i f  f  = 2244. 5 MHz 

 

 

I n or der  t o pr ogr am t he MC145152,  i t  i s necessar y t o 

obt ai n A and N i n t hei r  bi nar y r epr esent at i on:  
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 = A modmod  
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20
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20
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 9 = 20  4489 = 20 )
kHz 500

 MHz2244.5
( = A modmod  

 

 224 = 0.45-224.45 = 
20

9
-

 MHz10

 MHz2244.5
 = N  

 

 1001 = 2 + 2 = 1 + 8 = 9 = A 2
03   

 11100000 = 2 + 2 + 2 = 32 + 64 + 128 = 224 = N 2
567   


