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A SSB-T IIANSC I·; IVEIl WITI I SILICO N T HANSIST O H COM I' I.E I\ I I~NT

I' AII T 2 : T in: 9 Mi ll THANSC E IVE H

by G. La u ra , D1. 6 IIA

1. INT HOIl UCT ION

Pa rt 2 or thl. 55B Ira"Mr('(vl'r aj-t icle- de>lcri b l" lIlt' dr<'lIJt. I'C - Uoa r d a nd
com ph-rm-nt o f th .. 9 Mil l Iran ll('l·!v.' r atl 1!Il'lI1U Ih.· allJll1lntnt o f thl. moduh· .

Th l, I ra nacl'lv.' r I. bu ilt up of individual modulve whkh l' a n be ul...d for other­
application. b'-ald"11 bf'lng u • •'d In the VIIF t r all lln ' l v, ' r ; th.' I>o••ibillty of c on ­
IIl nle llna II .horl ..... . Y,· Iranacd ... .-r- ....a. mentlom-d Ln I'a rl 1 {II .

F l guro' I .how. IhL' block diagram of lIlt' L'oml''''U' I ran ll{'L·l vl·r IIYII I.., n. Tht·
MOS ~' ET c on v r-r-te r- m edule 0 1. 6 11A 00 1 wall alr.-ady dl · • •· r Hlt' d In Part I .

Pari 3 a nd 4 wUI ut-.crlb.· Iht, 9 MII ~ · 1 4 Mil l I r a nlllll lt - ro'c .. l v.- ronvr-r-ter-; the
14 MlI l. - 144 Mil t. I r a n llm il conve- rre r; VFO a nd 10w -l'a ,.11 flI h 'r all wdl a. t ho
l' 0wL' r Ilupp ly a nd A F am pl Hler- mcduh-e.

2. C iltC UIT 11I-:T AII .S O F r u» 9 Mil t. T1tANSC l':IVElI

Th.. c ircuit d iae ram of Ih t· 9 Mil l. tra n ec etvur i ll s h ewn In V1gun' 2. T ht- fn'·
qu ,-ncy p r Ot·.·•• lne of Ih.- I ra nllmJt signal , Ih,· recetvo I F HmpllflL' r with a uto­
matic gai n eonrrcl and Ih t· demodulator-s a rt' ahto s how n In Ihl . d l.g ram. Th.·
c e r- r te r o.('\ lIalo r ( UFO I i. acc om mcdat ..d on a . ,·pa r a t t" p r ln t ..d ci rculi l>oard
( ~'I g , 3 I, wh ic h ha . Ih.· foll ow ing advantag".: T h.· unwantt't.1 cou pll ni o f t he'
c a r r i.. r .Ienal l o Ih ,' fll h 'r ou lpul I. rt-duc l'd o n Ih t> I r a n. m lt .Id .~ . Thl. ml'anll
th a t . mor,'favou r.bl.. c a r r l t> r ..eppre•• lon I. o bl.hlt'd withoul n 'qul r lng ec r-een­
Ine pial"'., On th e rec e tve etde, It I. n.'cl'a",ary for Ih.' UFO to Ill' .....d) d, ' ·
c ou pl ed from the H' a mplHI", r Inpu t . If th t, aulomalk ~lIln ,-ont rol I. to bt
drlv"n fr om Ihl' In ll' nn t·dlah · I r-eqeency • a . II i. In our ('IU t'. O rlt' or th"
main n 'a . on. why t he control vol tage I. oll t'n obt a tr n-d fr o rn Ilw ."I<UO V()1tIlK'
an' Ih t· dlfrtcullh·. Involved In kt-"plng the' rt' lalivt'l y hi gh vol l'lj ' or Ih,' rurl h r
oectt te to r from Ih., • •-n lltt l v.· I F a mplifier .
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In tht;> deac r-tbt-d ct rcu It, a com mon cn r ewr cectttator and ery",tal fIltt' r n rv
u sed for bo th trsnllmU and r N ' t>! v ,' , Tht, nIlt'r Is no t Bwltch"d ; i t III contlnuoullly
cc nuec t ed t o th e tran",m il an d n ' n ' l v" pc ruon. A 9 Mill crystal fIl lt", tYIl"
X F ·9A ( o f KVG I we e l.J1lt·d In th . · protutyp('. In spill- or t h l' iood r<-sult", ob ­
tamed with th ll n ite r , th t' au tho r r-ecom m r-nde Ih ,' UIH' of e X"'-9 U typ" e r-ys ta l
fIltt;>r . The c ry s tal rtu cr X}o' - 9A IB, of cour-ae, Bufnclt'nt fo r th e d emu nds of
tht;> tran smit po r tlon, but It III poaalbl e t hai c e t-tuln recctvc c c nd tt ton a woul d
requtr-c the UIH! o f lh ., h l glwr p"rform anct' X f' · 9 1l lYIlI' ,

A two'lIta il' ampl ttter compris ing tran 81slo r s T 5 and T 6 ( HF 113 ) III utll'd
In me rec e tve mod e. Tbe lran lli sto r ill" 173 t'xh iblt8 a ver-y low r"I' dbac k ca­
pacitanc e a nd a high teen en Ir-equr-ncy , 'l'hr- au tomatic gain cont rol III m ade
ullng pa s . transi llton t n tilt' ..m ttter- branch . Ch eap AF lrnnlil8to rs j Silicon·
NPN) c a n be u sed hl'rl', the typl' II uncrit~al.

The contro l volragv arnpl t fte r ( T 7 ) ill connec ted t o thl' balit' o f Ih., ",,,,'OIIU IF
ampl Hler- , Thl 8 means th at t he sr-cond am pllfl e r Hta~w Ilf ,,0ntI"011.'u by ro rwsrd­
a cti on, The d t'c ou pl1ng of lin' IU"O s ignal at the baae of ur e ar-cund I ~' Rm pll rtl'l '
Is lIur rtcit'ntly :{rl'at that no c ont rol voltage 18 g.'n t'ra!<·d by t he Il FO ,

After amplifi cation . the control voltagl' hi r l'ctlflt'u In a voltage doubler- cln,ult
( n 5, D 6 ) and fl'd t o tran 811llor T 9, T his t r a nel s ro r IB b h' '''''d so th at II ju et
dO" B not takt' c urr e nt, H Ih l s translllto r III d rtven , colleetor- c u r- r-r-nt w ill flo w
and will atmultaneou aly altl' r th. ' ha llt' bla ll vo ltag,· of 1I'lln",llltor T 10 . Undvt­
qu tc s c e nt condutcne, thi s trans i st or w ill conduct, TI ll' balil' blsll v"ltage or tilt'
Iranllistor can b<-' va rl t' d by n- en et e t o r T 9 t HI II 18 awttr-hed uff In ext re-me
ca eee . A v(JUag" of +1 2 V wi ll I' ,' s u ll on tl 1.I' control voltagt· lin t' If tran s tetor
T 10 Is conduct i ng ; If thl .tl tran s l sl or Is ewitehed orr, zvt-o volta wil l 1" 'llult,
Tht· pRIlS t r anslstOI·a In tilt' IF nm pli rIe r- ( T 5a , T lia ) ,",' ill l n- ov er-loaded und"r
fu ll ga in condtrtone , wh ,'n'a s und<-'r fu l ly cont t-clh-d , 'olldltlonll, thl' baK t' r c um-e->
lion s will b.' g r01.l nd t·d vi a 1'''6111101'11 II 35 , R 38 a nd It 4 4.

Th .. demodu latl on In tht· A 1 ( C W ) a nd A 3 J ( SSB ) m od. ' iB m/u ll' in a pro '
du ct detector equ ipped with t h l' doub t <-· gll t t' MO SFET TA 7 150 ( T 8 ). T Ilt' oUI ­
put Im jwda nc t" of the p roduct detec tor IB Io r-med uBi nA Ih, ' I I'analti to r A f ' dr- Iver­
t r-an a for-m er- C h 2. An "nv(' l op " demod ulator- u lllnglh,- diode U 7 IB p rovltl ,'d fo r
Iht' dem odulatlon o f A 3 ( AM ) signalll,

In the transmll portion, a tw o stage AF am p ll fit- r e qu tppvd w it h t ra nllllltorB
T 3 and T 4 III uae d t o In c rea s v t he out put signal of a dy namic mtc t-ophone to
th e 11''1.-1 requl r ed t o d rlv.. t h.· bajanc ed modulato r ( n I , D 2, () 3, n 4) , T h,'
ce r-r ter signal of al'p ro x . 0 . 8 V wh ich IB contlnuously c onnec t ed t o t he produc t
detect or a nd balanc ed m odulato r, III lIupp n'aB<'d In th,' ba lanc.-d m fxe r , TIlt' n'­
su iti ng d ou blt' IIld,>ban d signal w ith liU pp l't'IIIU-d ce r r te r III Ied to tr-en e t e t o r T 2
which Is u ee d li B a n Im p" da nl' " conv<' rt l' r a llow in g it t o b. , m atch ",d 10 the c ry ,,!al
fil t e r . A burrl"r s tagt' ( T 1 ) i ll p r ov tded at t h.· Hlte r- ou tput 110 t hat tht· Illlh·
1I . 'qut;>nt mlx.. r cannot Ca Utll' a m l ttm atch condtuon for thl ' Hlter.

A c a r rl t' r injection d t;>vice III provld.'d for Ih l' o p"I'aUII I: mod. .. A awl A 3
( Illngll' stdeband with ca r rlt' r In jl'c tl on) , In o j-der- to IIlJ<('\ " C "I'll I. ;, \'
r ia ble DC voltai!" c a n be place-d ac r-oe e tb r- balan".-d m odu li. lu I" vi ... ",,,,,.. , Il<'/<
point I't 5,

67 ·
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Tht· t"irl' u l1 dl al rll m o r th,' ca r r lt' r o.cUlator la .ho..... n In F laurt' J. Th 1..... 0
c ryatal. rcr tht· uppe t- a nd lo......· r .Id.·ba nd o.c ll ia t e In . t· r h·. · r t·.on. nc .· b.,t ' ·'·n
Ihv coll t'c to r . nd tht' ba.. .. o r tran .l.tor T 101 , Tht' a id .·ba nd . ..... lt chln, c.n e Ith t· r
bt· c a r r ie d OUI mt'ch.nlc. lIy u.lnl' rela y o r . .... Itch . o r ..h ·. ·tronlc. ll y with Ih.·
aid or two di ad." . Th e r.·qulrt°d t"ircull ry I. g lv t' n In tht· c i rcu it d l.g r a m .nd
on tht· c om pon..nt loc.tlon plan . Th.. c.rrie r- I lgnal I. r..d vi• • burt.. r- . t ' g.­
(T 102 11 0 conn..c tion po ln l Pt IDS .... ht·r.. It I, .VIIUablt·. t • vo ltal o r . pproll.
0,' V, Tht'" o~ratlnl volta.t' o r Ih.· c. r r h· r oacm.tor I hould bt· . t.bllt:r..d.

J. MF.CIIAS1CAl. ASSt:MULY

Aa ..... . al r ...dy m .. nllonll'd In th... pr vloua a..e uon . th ... 9 Mil l t nan l cel vt'"r I.
buill up on Iwo prlnt..d c i rc u it bOlrtla . t-'1 I Urt· 4 ah ow. I ph ot o l raph o r the
luthor. pr-orotype,

f it- 4 . : P'bot..... of DL I HA 002

fit- 4 b: Photopaph of DL I HA (XlJ

- ..



Tlw lar.ll:,·r <o r tilt' tw o prmlo>d dr.-ult board. ha s th,' dim. n.IOf'I. H 7 mm by
IO:lll1m , Thl . l'rinto'd drcult ~rd whkh a<·commodatl'. t h,' ccmponvnt e show n
In ~ ' I II ' 2. Ill" b. ·. ·n d , '.IlInKt! ·d Ill , I> lIA 002 and I. Ulu.trah'd In F111. 5. Tho'
P C . boa rd has b. ·.·n d.,.ll1n('d ao that both t h" old and th o' 11" .... yo·rllion or tho·
cryatal rUh'r X.··9A or X~·.9U ("a n bo' 1.1»"0 . ThO' amalh'r prlnh·d ("!rcult bOllrd
accommodloto'. th e Com ponl nt s o r thO' c a r r lO' r oadllator. Th. · prlnt..d cln::ult
bc»rd , .hkh haa bt- ..n d.. a1Inah·d UL 6 it A 003 . Is Illustrated In . ' l lU r .. 6 , Th..
dlm ..nalona are 70 mm by ..0 " " "
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T ht· component location p lan l o f th e tw o p rlntl"d ci rculi bOllOrd. In' ilvNI tn
Jo'lru r"'l 7 I nd 8 .

~
~
•s

!
•
1

J

I

I" I~. "•
lI I:I •

T rln.ilto r T 8 I hou ld be th II .t c ornpon..nt 10 be m ounl l"d . Tht· _m~ pro"
('lutiOnsl")' m O!' I . url"1 I hould be la k..n fo r thl. M0 5f.' 1.'1' lranl l. tor al we r-.. ilv"n
In P lrt I 0 ).

~I. i ! J ...

III • 71
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Mattnal m. lol pla t. 0.5 th,ck OL 6 HA
Fit- 9 : Ser....i'"_ wIth eowf. DirnenlM)m in bt."'« lor PC-bo-d DL 8 HA 003

14'
170)
••

T Ilt' fo\l ow ln i palnn s hou ld til' o ba e r-vvd rt-ga r din g the exte rnal connect tcne o f
t h. ' pr-Inte-d ct rcut t boa eda: The In pu t c onnt'c t lon 1'1. 7 and th e output ccnnect tcn
1'1 11 ",hould b., conn ected via h " 'dthrou llh- cBI'"c1t ora o f approlllmat.. ly 150 p ....
T h. ou tpu t conncct tc n PI 12 III h 'd via a low. p" •• fil ter of 15 kfl and B 10 n F
f(·\·d t h r ou Kh oapacttor- , Thi ll low - pal" m"'r I. p s-nvtded to lIu pprt' 1I1 tlw rl, .ldual
ce r r tcr fr " qu" ncy volle ge a nd (0 etop It 1"" II(:hln g the AF .mplin,·r. In addltl on
10 th l . , th.. DC volt_ it' co nn..et ten poi nt . PI 4. PI S. PI 8 a nd 1'1 10 . 8 wt'll • •
1'1 10-4 a nd 1'1 106 I hou ld be ft' d via the ac n·" n ln i ul lna Ieedthr-ou gh c a padtor B
of 10 n'" ..a c h .

Th ... rvqut r ed .c r t-'-n ine I. m a d e trom thin t in - plate . It la po a a lble 10 euhe r­
fonn 11 c om p te-to cal lna wh.-n' by a IIpa d n ll of 8 mm m u st bt· m a lnt aln.' d bt-tw,'.-n
Ih.· conductor la nl' 1 and th e bottom o f t h.. c a Rin II, o r for a 01 e m t tn -pjet e s t ri p
t o b.' b. -nt a round t h.. P C-board 110 t ha t It c a n bl' lIold.' n ·d t o th l' llr ound o f tht'
p r-lnt r-d c i rc u it boa rd. T hill c an Ih v n b. , p rov ld .-d wit h a e o vt-r a h lo mad. , ou t
of ti n -platt · . T h .· c i rcu li lan "lll then rema in e c c eae tbl o, n il. 9 IIhow. l ue h a
"er" " nl ng u rr-nn gement In the form of II Ilk.·tt'h .

TI ll' d h· c t! v. · IIt' r " " n ln K o f eec h Indi vi d ua l p r lnt ...d c i r-cult board, In c onj u nc ucn
with 1111' U,It' o f fl" 'dthl'ou gh ('a l'lld to ra a nd c oa xi a l ('a b h 'lI for th r- II'" r-on nec -.
tlonll , I·. ·..u l\ll In a v'- I'y h igh ..purl"u I IIlgn lll r.-j.' ctlon In th.- Ira n KmU a nd "" ­
C't' l v,' m odi' . 1,'untlll llll' llla ll y " Iwa k lng , two o"dll a to r. Ilhou ld nevvr- h. , !"ncl o ... ·d
in Ih.· IlIlITll' "" r '-I'nl llg ('ail in g In o r1l.' r to u vojd 1I,'m' ra ll"n o f c om bina t ion 0 11 ­
c1J1nlh>nll du. · t o IlIh·rlO('l lon.

72 -



4. 1. C O IL DATA

Coil rc r m e r e : 4 , 3 m m ou ter d lam ..t er-, 14 mm long with SW co r-e
Wl r l' : 0,1 m m diameter ( 38 AWG ) enamet te d , IIll k-COVI"'I'd coppe r wl r .,

L I
L J
t.,
L>
I. 101

4 tu r n s onto Ihl' c en tr-e o f I. 2; L 2 • 16 tu r-ns
15 tu rn s , In scree ntng c a n 10 mm by 10 mm , 16 m m h ig h
15 un-n e , In ac r-ee nf ng ca n all for L 3
15 tu r-na, ccu ta p a t 3 turnll . Coli \I 'n gth 5 mm , IIc n 'l'nlnR ca n all fo r I. 3
: 20 tu r ns; I. 10 2 • 6 tu rn ll woun d onto I. 10 1

C h 1 R F c-hoke- , a pp r-ox, 50 jJlI
Ch 2 : high im peda nce IIld ,' o f a d r-I ve r- tran .sfo rnw r lo r a t r lln Sl!lt Or AF a mpli fie t-

4 , 2, Sl'; M IC O NDUCT O HS

T I , T 2: B F Y37, 2N706 (B1"224 , 2 N91 8)
T a, T 4 : 2 N 2926 , BC 108 , Be 18 3
T 5, T 6, T 7 : BF1 7 3, B FI 67, 2N4934(HCA)
T Sa , T Ga : 2 N 2926, IIC 108 , BC 183
T 8 : T A 7 U O, TA 7 151 , 40604 ( Uual - ll"tl ' -MOSFt:T, RCA)
T 9, T 10: 2 N 2926 yellow, HC 108 H, BC 183 U
T 101 , T 102 : BFY 37 , 2 N 706 (UF 224, 2 N 9 18 )

Il I t o n 4 : 4 x OA U 4 Q ( AEG -Teld unk. 'n )
J) 5 , n 6 , u 7 : AA 112 o r sim ila r german tum tit- mod. di od e
!l10 1, u 101 : 1 N 914. Ll A Y 38

4 . 3 , CA P AC IT O RS

C 3 , C 9 : 10 ~ 40 ,JF , ce raru lc dl ac t t-lm m e r- , 10 mm dla .
C 13 : 3 _ 13 pF ce ramic dille t r-tm m er- , 7 m m dla .
C 10 3, C 106 : 10 - 60 1'1" ceramlc dlMC t rtmm e r-, 10 mm dla ,

A ll c a pac no re o l 1.. 1111 t han I nF are c e ram lc tubul a r or di sc type s ,
A ll bypalill capact rcs-e over I nF ar-e ce ram lc d t s c type e,
Capacl torll be-low I j,lF e r-e pla stic fo il types ,

s. ALlG NMf,;NT

He-I o r-e ewt tch tng o n a ny of th e m odu ll' lI, attenttcn IIhould b.· pa id t ha t t h r- com ­
ponl'n t ll ha vr- been mount ed co r-r-cc t ly ,

5. 1. A LIG NME NT O F Tin ; CA HUl f,; H OSCIL I.A TOH

A vohag!' of 9 V 18 connecn-d t o polnl P t 104 or pr-tnt e d ci rcu it board Ill. 6 IlA
00 3 , T he IU ' pp r olll' o r a valve vo lt m l'lc r ( VTVM ) III c onn ec ted t o th e HF output
I'l 105. Onl' or lhl' tw o crY llta l1l III now sw tt ched o n Ullin,!! a wlru brld ll:' " Th i ll
III Iollowed by aligning Inductann ' I. 101 fo r m axim um outpu t vol tage. If n t rv­
qUl'ncy counter- or ot h.. r Ir-equ vncy mea a ur-In g Inlltrum t' nt Is ava llauh- , thl'
c r-y etel econt t-otb-d fr .' qu .' ncy IIhould bl' allgn l'd to :t I . Ii kil l frum thl' (' I'nt l'"
frt'(lu l'rwy of th,' c r-y ara l fll tt' r, If only om' IIld l'ba m l III 10 ln - used, Ihl' othl- I'
c r-y xt a l ca n be adjull t l'd to a fn'( ju l' ncy s paced 1. 3 kH l (rum Ih ,' Cl'ntr< (1" '­
qus-n cy of tin' Ifl ter-, Th i ll nllowH Il hl ,!!hl" " ou t pu t vo llngl' t o tw obtalrll'd afh'r
th" Hl ter- In th e A 3 and A 1 mod.. tI , If no (I'l 'qul'ncy IIwnllu rlng Instrunu'nt h i
n va ll a bh·, t h.. all ll:n ml'nt IIhoul d ln - m a de all Iojlowa:
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'l" ' I-m ina(o ' tilt' In pu t and ou t pu t of Ifu- ery eta l f1lt .. r with Ii 560 I i r . · .. Iat o r-. Tht·
,'a l' rh' r' ol'ldllatu r IlJ now c ouple-d 10 t ne fUll'r via a c-apac tt or- ol a pproxlrn a tely
10 p l". T h,' In' vol t nge III mr-a su r ed a t the ou tpu t. Uy varying tr-Irnmer ca pa ­
d to r C 10 3 o r C 106 , one Iti u ul (' t o tum' with in tin' pa s sba nd o f th t' cryll t a l
Iilt er-. T Ill' t r-Imm er lor till' uppvr s td ob a nd c r-ya t a l s hould now be Inc rea s ed
until tt u- output vol tagr- hi rt'duc " d by a pp r-oxtrnately 10 t o 30% o f the maximum
valu.·. T ht' rr tmmer for th .· low e- r- s tdeband c rys t a l shou ld u(' r ..duc e d until the
Ha m .' ou tpu t vol t age Ia obtn tm-d .

An a d j u etmcnt o f till' c e r-r- te r l rt'qu l"nc h' s to corn pcnea t e lor the voice and th e
m ic r-ophcne In queet jon s hould n ot b(' m a de u nti l the t ranllmlttl.' r I. com pl e t e .

5.2. A I.IGNM ENT OF rns T HAN SC E IVEB

Th e t runsm tt portion o f t hlll modul e Is firstly br-ought Int o ope r a ti o n, T'he ope e­
at in g vol tag(' I II connec t ed 10 point I't 8 , The ca r rier Is In jec t e d by c on nec ti ng
a vo ltu ge of +12 V to th., c a r d .. r Injection c on nec t ton Pt 5, One should now
a a ce r-ta tn whether the c a r- r-te r- o scill a to r p r ovld(' 11 a vcnege ot epproxlma tcty
0 . 8 V a t the balanced m odulator. T h e VTVM Is n ow c onn ect e d to th l' output
Pt 2. T'hv r-eso na nt c i rcu it o f th e ba lanced modulator Is now aligned wit h the
aid of Ind ucta nce L 2 fo r max imum ou t pu t voltage , OUl.' t o tht' dam ping by the
bala nc ed modu la to r , t h.' r e e onanc e cu r-ve III r e le t t ve ly b r oad , T Ilt' velrage at
th e c a r-r- Ie r- In ject ion ccnnect to n III now r-em ove d a nd t r lm m e r potentlomete t­

1' 1 a ll wI' 1I a s tdmmt' r c a pac it o r C 13 o f t he balanced m odula t o r allgne d for
m in im um ou t pu t vo lfage. Thi s all gnm ..nt ot the ca r r ier s uppression c a n only b.'
made cca r ee ly ; a r vc etvvr- m u s t U., c onnect ..d fo r the Hna l adjustment .

T h e mlc r-ophon.. III now conne ct ed. The level ahould be adJustabl .. with the aid
o f a pon-n tt om eter , It Is now poaatbl e to c bs e r-ve t h e output vel tage wh ll at ta l k ­
Ing Into th., m tc r-ophone , [ f an a udio signal gene rator III available, It is po a e tb le
to a li gn th e pa aeband r a n g.' o f the rute r fo r m in im um r-ipple . Trim m er c a pa ­
CltOrll C 3 a nd C 9 IIhou ld U,' e d ju ated 1I0 that a virtually c on et e nt output voltagc
III obtained with in tht' pa s aba nd ra nge of 300 t o 27 00 li z .

Thi ll Is Iollowe d by a li gnm t'nt o f th t' r ..c e i vt' po r ti on . Thc o pe rettng voltage 18
c onnoct.. , ' to point f' t 10 , and po int P t 9 o f th e H I" gain conn ..c t e d t o g r ound, A
m etr-r- ha vin g :1 rnA F SI) sboul.d now b.' c on nect e d via a tr-Imme r potenncmetc r
of I k H to the g - mot e r connec t lon . A volta g.' o t + 12 volt III fed via a 10 kl1
r t' tlill tor to t he cont rol vcl ta ge c on n..c tion P t 4 , At Ci r llt , t he UFO IH not pro­
vlde d with vo ltag.·. A 9 MH z IIIgna1 g..ne-r-at or- s hould now be c onnect e d t o Ihe
Inp ut I't 3. Il no lligna l gene retor III a val la bl e, th t, UFO muet be brou ght Into
operation and conn e c t e d to the In put via a c a pac it o r ha ving a fe w pl cofarad a ,
TIlt' VTV M c a n tfn-n be connec ted t o the colt e c t o r ot each IItage and the Indi­
vidual re s onant c l rcu it ll all gn('d tor maximum . T h e Svm ete t- wil l ehcw a d .. Ih-c ­
ti on a lthough tI\I' c ont r ol c f r-cutt Is s ti ll not oper-a t tv.. , The o pe r a tion o f th e
conn-of ci rcuit c an only b.. c he c ked wnen th., vol tage on t he c ont r ol vo Uag.' li n.'
hall lI".·11 n ·m o vt'd , The c ont r o l voltage can b.. m ..Rllurt'd uil ing a h i gh - Im p('da nc e
DC vol t m t't.' r, Tht, c ontrol vo lt a ge amountll to a pp roxi m a t e ly 10 V under no­
signal c ond iti on s , With Ilt r ong Ili gnalll , the voUag.' wil l fa ll to app r ox lmatd y
+1 V, Tht, eont rol c ha ract l' rla: tic ca n lI., In n u .' nc .'d w ith t h e vadabh' rl.' s !stor
Ii 33 conn.'ctcd In 1I1.'rl .'a: with the S · m t' t t' r. If t ht' rt' al stanct:' Is t oo Ilmall , the
{'{'c l'\ v"r wUI bl' oVt' r -cont rolle d. Thi ll m ..anll th ai IIt rong IIlgnahr will produc('
h'tllI A I-' po w.' r than w.'ak on.'lI . If on thl' otht' r ha nd , th.' r l.'ll ilil o r 111 t oo g r .' a t ,
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a IJm itln ll: ..rf,·d wi ll occ ur- ' · ....·n un ......·lIk IIla tl mu lind c aUII,· t h.· Dilello It-vqu r-nr-y
t o b~' ,1l.lo rt .' d. Th~' rinal value- of rt·. l lItor It 33 rn ust bt · found by ~' Ill,,'rlm.' nt

. Inc ., It III d,·p,· nd t·nt o n till' Intn . l lltor u II.·d anti on th.· lmpeda m-v o f ti ll' S .m,·h· l' .
F in ally, t he UFO I . COU I)!t'd in and an A F ampll fh'r connec ted 10 th~' ,I ru<.luc t
d ,·h'c lo r. Ir a h um o r ot h l.'r lnte r-fe re-nce la .udlbh ·, it .... 111 b.. nee .. . . . ry fo r
th.· po.....-r- supply fIl lt' rlng to b. · Impro....-d by conm'ct ing a 500 ,.... / 15 V c apa .
c lto r ( C 45 1 b et we..n th .. !II h' r rt·. I.tor It 53 and g rou nd. AR.'r ttu- m od ult·
haa bl't'n .1li1l~d. It I. po••lb l.. t o connect it 10 tho ot he r- m odu l.. . and the
o p" r a ll ng cont r-ol e ,

6. M fo;A SUH E D VA LUES

The foll ow lng value s we r-c m ,·a .u rt'd by the author:

6 . I. TRANSMIT I' OHT IO N

Outpu l volt.gt· in the A 3 J mode ( 5.'i B J 0 . 5 V I'm _
H" pa uband : 300 10 300 0 I"
P a ••band rippl e : 1e 11. than 3 dll
Ca r ri e r eupp r-ee e to n : appro " . 50 dU
Lln..ar c routal k ( .Idt>band . u pp r .. . . lonl at 1000 117. ull in g th .. X"- 9A
ruter : eppr-cx . -40 d B
Non-Un ."ar c r o u t a lk (lnterm odul.Uon) appr'ua , · -16 d B

6 .2 . H fo:C EIVE I'OHTlO N

S'·n . ltlvlty : 10,..V for 10 d B S IN
Co nt r ol ran ~w : 60 d ll
Control ra ll tim .. : a ppro" . 1 II
Band width : acc ordin g 10 tilt' fl lI .' r

Th." 9 Mil t r vcetve r input hi not dt"'oup!t' d by a buff.. r- a la i " f"om th., c ry llla l
ru h· r. Wh..n conn.'c Ung a r ..c .. I....· con ... .·rl .. r- , it III the r.·fort· m·Cl"II.ary for thv
c ryatal tilt e r match ln i t o b. , m alnta lrw d. Ir the cryatal fil l1' r I. Incorr.·cU y
match(·d . thl . wil l c au... an inc r ea..· of Ih .. pII11 llband r ipi'I e ,

7. xor us
Fu r the-r- dl' l . 1I11 r .. ga r dlni th~' cont rol ~'h'm"ntll and com pon..nt . not aceommc ­
d.to·d o n t he d " .l'rlbe d p r-lntvd ci rcu li boarda will b. · gl ",,'n arh'r d~' lIcrlblni t he
fu rt ht' r madul .. . .

8 . AVAI LA BLE P AUl'S

The p r-Int e d ci rcu it boa r da il L 6 IIA 001 t o 1H, 6 IIA 009 . t h.. coil rorm or-• • nd
th.· t r lm m .. r r- a pa c lt or-e a s w. ·1\ R S com p tet .. kit. of pa rts and th.· c ry. t . 1 rllh"r
ar.' ",va llablt· f rom me pu bll"h .. r . o r Ihef r- na l lonal r-epr-.. a'·ntatlv"' " . I' I..a"t' Ill' "
advl"rll . ln g pa ge ,

9. HEFEIlENCES

0) G . J.a uf . : A 558 T ranllc e Ivo r with Sil ic on Tron lli .lo r COIn"I~'m ,'nl

Part I: Th,' 144 Mil l Con ... .-rter
VII'" CO MMU NICAT iO NS 2 {I 9701. !':elltlon I. P a g" 11 1 ·1 1
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STAn l.1-: IU: F ERENCE VOl.TAGES

by u ,oJ Frankt' , OK I PN

INTHOJ>UCT ION

A i rl' a l numbt' r of va r labll' Ir-equency oacillalo rl a rt' now In Ulil t' o n the two
met r-e ba nd , A la r ge number- o f the ...• olcllil lo rl uee ve rector dlcdes (or t un in g;
Ih.· Iun ln i vO]laal' for Iht' l t' ve recto r d lodt'lt m uet be kt'pt t' xtrl'mE'ly c c n ats nt.
If om' a .. llu m .'11 that all other po tnt e that arrt'ct IhE' ItabUlty of a V fo'O ha ve been
lak.. n tntc conetdo rar ton , Ih , ' h 'mp"ralurt· eeaponae of t hl' r-efe re-nce voltage t'1E'­
m.'nt a nd t hul o( the tunln a vo ltait' n ·ma ln l . Stn ce Hnte hllol b.,.'n publi ..ned In
th l l reepect for the rad io a m a teur-, tht' a uthor wou ld Hke t o ue ec rtbe Ihe de, lin
a nd rcnet ructton of r-efe-r-ence vo lta gl' t' h'mt'ntl tha t e r-v , ta bl r In both t he volta lit'
and tem per-at ur-e- l(' nlJe.

J. IU:Q UIRFm VOl.TAGE ST An lLlT Y FOR VARACTOR-TU NE U V F O ,

In o r-de r- 10 obtai n an Idt'a of how c onetant the vo ltal '" m Ult be for varactor o
tu ned VFO. for uee on th.. t ....-o mt·trt' band, thi ll ill t o be d e sc r-Ibod In conj unc­
t ton with Il 8 Mil l VFO :

Thr- r r r-qu ency ran ge of thilil oec Illaror- b fr om 8,0 Mll z t o 8 ,12 Mil l; t he output
h " 'clu" nc y of Ihl l o a c t llato r- I I m ultiplh'd by 18 to o bta in a I r-equ..ney In t he Iwo
m e-tr-e band , A ' lum ln g. for in"tanl''', that a volta il' variation o f 01 .5 V I, n..eded
to obtai n thc ' frequ.'nc y variation o f 12C kll z, a voltast" variation o f on ly I mV
will t'autII., a fr" qu t>n cy . hift of 27 liz , AftE' r e onllch' r lnS the rl'qulN'd Ir-eque ncy
m ult iplic a ti on . th l lil ..... 11I rl' lII ult In a fr-equenc y variation of 480 IIz / m V on the
two mt'tn' ban d .

A lii c eu b.· r alculat ed, a 72 Mil l VPO b n o b ette r In t h l a r e e pee t , Thill value
may not 1I.·.·m constde rab te, however-, the foll owln s conlld t"r a tlonlJ wl1l IIIhow
h ow cu rrkult it Itil t o keep the rete r ene e vo lt a gt· lJOUt"C t" a a c on. ta nl 110 . th l s ,

2. Z E N E H lJIOUES

Udor.· It I' pOl lllbl t' to di llc u " the mt'an . of rl'du c1ng the volta at' flu ctuation
of rt'ft,rt'oc '. ' volt ltg .· lIou r et'. , it Ia nl'ct>lItII8ry that tht· c ha r act t' r i . Uc . of 1. t'0
n .. r d iod"1iI tl wm lilt'lvt>1 a rt' e xe m tne d. 1"1 i\lrt· I . how. a ty pica l c ha r ac t t' r1 atlc
cu r vt· of a l .. n ...r- dtode , A a e ne r- dlodl' o pe rat... In the r t' v t' r . t"- b la . range a nd
the opt' ratlng poinl la t o be found .om r wh t"r t' on tht' s tee p po r tion o f the c ha_
r a ch'rhttlc c u r-ve, Two Impo rta nt c ha ractt' r latlcll c a n b.· obee r-ved from thi .
lII utl t rlIotlon: F lrlltly that the c ha raclt' rl. tlc c u r-ve I. not vt' rt lca l and secondly
t hat It Ia va rh"et ali a func tion o f n-moeratur-e . Tb e flrllt point mt"a n. that the
ll' nt'r vo ltagt· U1. a ll10 va rl .... a . a runc u on of t he aene r- c u r r .. nt II. ' T hla il
t> ha r ac h'rll: t' d by th.. 110 call1'l! d Ufe rt'lltla ! rt"8I1tanc l' r i!: ' Tbe m ore diagonal
ti lt' r-hnru ctor-ls tlc c u r-ve, t he g r t' a tt" r will be t he voUait· va riation. A Ui!: RII a
r t'lIult o f cur- r-en t fluctuation " A l l '

Th.· 11I "1:00,1 point m,'an , tIIlmply thll t the 1.ene r- volta i[t' U:r. allo ve rtee alii a
Iu nct lon of tilt' t em p.. ralur.. T . T he ma ll:nUudt> o f thl, dl'pt'ndt'n c t' II c ha ract l' r ­
b t'd by th c' h- mpl'ratu r t' cO" fnc it'n t T C . Tabl.. I gt...... t'xampl .. , ba.rd on a
popula r I t·n.'r diad.. 8 l'r1 t'8 thai a r t· to b.. r xplalnt'd In th.. foll owing ' t'Ctl onll.
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3. T HE n "F ECT OF OPERA T ING VOLTAGE FLUCT UATIONS

From the 1...·0 pr evloualy ment tcned, unwanted cha racte riitici ot eene r- diodes ,
It I, the variation ot Ur I ' • func ti on of nuctuaUona of the ope ratl ng voltagt'
Uu th at ia 10 be exarntned (j utly. V, r{ou a d rcu it. a re to be desc r-Ibe d which
all ow thi s 10 he a vctded .a Ca r . a po ea tbl e ,

3.1. SIMPU: STABILIZAT ION C IRCU ITS

uatn, aene r- d iode•.
.a a runc ttc n o f t n -

•d U,

fo'llUre 2 .howl t h e b.,1e ci rcui t fo r VOU'Il!' a tabUlntion
For our .. x_min_ tlon, only th e r es idua l volt l ll'" nuct ua ti on
put vall'it· va r lationa I, 10 be calcul ated :

.is UM It rl
ltd

I' r a c t ica l e llamplt· . are now to be I tv l' n 10 show the e tr lde nc)' of the following
ci rcuits ul ln g thl, calculation:

1':XIIo m pl ... I : Th e circuit a c c o r d lng to Fli _ 2 ha a the foUo wlni valuea :

ve • 30 V !. 10,,", Rd· 3 en, U1 • 15 V, ee • 25 rl
I from Table I for UZ Y 85/CI5 )

T hi ll 1l1l0WII th e voltaie n uc tuatlon .:3. U1 to be calculat ed a t an
0 I"' ral lnR vo llaRt· variation of 10,," ( • 3 V I

3 ,,25
30 00 • •
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Typ'" ". '. TC TC
Volt Ohm 'IorC mV/oC

UZ Y 8S/C3 V6 ,., •• a.• tn < '0 -0.6 -20 . 01 I• - 22 . 8

C3V9 '.7 •• '.1 .0 < .0 -O.H - 18. 6 I• -1 8 .01

CoIV3 ' .0 •• ,.. " < " -0 .2S - 10 . 0 I• -1 I. S

CoIV7 ,., I. '.0 '0 e 70 -0.04 I. 76 •• 2.0

CSVI ,..I. .., H < .. -0.02S 1.20 •• 1. 3S

CSV6 '.2 I. '.0 " .c ss -0.0003 O.U I. 0 .1 8

C6 V2 ••• I. ••• 16 < " +O. Ol S + 0.87 I. + 0 .99

C6 V8 .., I. 7.2 ... < • +0 . 030 + 1.92 I. • 2 .1 6

C7 VS 7.0 I. 7 . B 2.0 < 7 +0. 001 0 + 2 . 80 I. + 3 . 16

C8 V2 7.7 I. ' .7 2. B < 7 +0 . 04 7 + 3 .62 I. + 4 . 10

C9 Vl ••• I. ••• 01 .7 < 10 +0 .O S4 + 4 .60 I. + S.20

C 10 B. , I. 10 .6 7 < 18 +0 .O S9 + ~. 5S I. + 6 . 25

C II 10 . " •• IL l! 10 . 5 < 20 +0 .06 3 + 6.55 •• + 7.3 0

C 12 11.4 •• 12 .7 18 < " +0 .066 + 7 . 52 •• + 8 . 38

ClJ 12 . 5 I. 14 . 0 20 < ' 0 +0 . 068 + 8. ~0 •• + 9 .~2

C18 13. 8 I. u.~ " < " +0. 070 + 9. 66 I. +10.8 5

C 16 15.3 •• 17 .0 ' 0 < ' 0 +0 . 071 +10 . 85 I• +12.1 0

C 18 16 .8 I. 19 .0 " < " +0 . 072 +12.1 I. +13 . 7

C 20 18.8 I. 2 1. 0 ' 0 < ' 0 +0 . 07 3 +13. 7 I. +15 . 3

C22 20 . 8 I. 23.0 " < " +0 . 074 +U.4 I. +1 7 . 0

T"'l: D... of__ dIOde . _ eZY Ifi tAfO-Tflr.I ; ... ..... _b.-l on IZ - fi """

".I
I.

I
I
".
I

'.
• "Bo--c:::J--'r-~ 'u,

>"', ....v

•

Fie. 2: B-'c circuit for voIl. nabll~.llon

u~'"_ diod..
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Th i ll Il hUW8 that It Iii not a tlvhllab lt' t o UII " liuc' h It 1I1111 p lt· c1 f'(~u ' t fo r s la blllza­
lion of tht, ol't' r a tlng vo ltagt· fo r a tun ing diad,' , IlIIlCC Ih" pOlllllb h' o p,'ratl llg
voltalW V6lrill tion of , 10'- hi proba bly too oprtmtauc. It I. thert'fon' t o bo.. t' X_
arnfned If an Iml' r ov, ·m.'nt ca n b., mad .. by Inc r t' aulng tht, 0 l' ,' r l< t lnll: vo lt l<lI: " a nd
Ih u ll tilt' value- of thr- d r-opper- rt' llilator ltd ,

"; ",a m p l., 2: T in' cir.'u lt a cc o rdin g to Fi g. 2 ha ll the followin g va lu l'll :

Un • IOU V :!:. IU,,", lt d • 17 kU , a ll o t h t' r valu.:. a . in Enmpll' I.

T he vo ltaliW n u ctu atlon. 4 Ul! a t an 0l'eratlnll voll6l g., va ria tio n of
IU"!. ( • 10 V J /10'011 61mount 10 :

10 .. 25 3
.dUz • 17000 · 14,7 .. 10 - V· 14 . 7 mV

It will b t· 1I .· .· n that a nol le .' abh' Im p rovt' ll1t' n t ha ll In-i-n a f'hlcv.'d, howeve r- , It
I. IItlli not Aa l l_faclory . fo'u l1.h " nllo r .. , an o pe t-atln g voltage o f 100 V I, not
prad lca l fo r batt .. r y d r-iven ..qulpm t· nt.

3. 2, S~RI~S CONNE CTI ON O F Z i-: N E Il UIO DES

Ane r Itudyln g Tablt' I , u ..n.. r dlod.. . will he ve bet'n found Ihal po.Ilt' U an e ll­
p..c la lly low dlfft'rt'nUll r" lllstance r a- Thl. II due t o phy .lcal-tl·chnoI Qg lcal
con a td e r-at lon a and I. t her-efor-e Indt'rwnd,' nt o f Ih.. manurectu r .. r-. It muy Il .,..m
advi llable, to o bta in h i gher een .. r VQllagl' va h l" . by u' r l"l connecnon of aev e ral
z..n.. r diad.. . w ith vo ltagt' ll In th .. o r der of 8 V. n gur.. 3 . ho wll Iluc h a c i rcuit ;
Ekllm ph ' 3 IIhO""' 1 t he e rr.·ct ll of th l •.

4 x I O- 3V ·•

Ekllm ple 3: The ci rcu it enown in F I ll: . 3 ha l the roue ..... 1nil va luel :

t'u • 30 V :!:. 1 0",-, Hd · 3 kfl , Uz • 15 V, r z • 2 U + 2 U • 4 U
( T a kt' n from T'able 1 fo r two UZ Y 8 5! C7V5 d lodt' ll In ... 1'1 e 11)

A t a n c pe rattng vQlla g., variation of 10'- { • 3 V I the follQw ing
va riation of th., ee net- volla i l' I II obtalnl'd:

3 , •
.:1 Uz • 3000

Th l . Im provement 11 very ccnetdorsble, howe ves-, It I, , tUI not lIufficient 10
nti llfy t he dt'mand. made u po n it . Fu rthe rmore th e e aa mple III based on the
o pllmhtlc a n umptlon that tw o 7 , S e ene r- d lodell p r-evtdc Ih e requ lred vo ltage ,
wh ich is net al .... ay . th... c a . .. In peacuce ,

Rdl U,l ~2

+ U8~ :...-c:::J---i - U'2

i
o--- - ,,-- - !_

Fit, 4: Double tUbilizst ion 1D9't'- wilh
..~n":1I0n 01 rwo IS.....

diad "
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J. J . DOUB I. E STABI LIZA TION

Figu re 4 ehow a wha t ill meant with tne term double Ilta bUh.aUo n. The operating
voltage o f tne ee con d stabU l 20lng Iltage ( U20 l ) III al ready IltabUized by the firllt
atabtl tzatton s t a ge . Example 4 wil l explain th e deg ree o CII tabUization ob tained
with su c h a ci r c u it :

0. 17 V•

E xa mplt' 4: UB • 30 V ± 10",". Rd l • 800 O. U20 I • 22 V. r 20l • 45 0
( T a ke n fr om Table 1 Co r UZY 85 / C22 );
Hd2 · 1.4 »n, Uz2· 15 V. r 20 2 · 40
( T aken f r om Table I fo r two nz¥ 85!C 7 V5 in s eries ) .

3 x 45
.1U;d. 800

The va riation of Uz2 Is now to be calculated :
4 0 .17x4 3

.:.I U20 2 · 1400 • 0.482 x 10 - V • 0.48 m V

T he r- eq ufrvd Inde pe nde nc e of operating voltage fluc tuation. III now obtaine d
with t hl .. r-a the r- e laborate circuit com prtatng three eene r dtodea and do uble
th e current cons um pt io n ( 2 x 5 mA) .

T hE' r e s u tt of the ae e xa m pfea ca n al.o be o btained by analy zi ng the voltage
fluct uation fo rmula: If th e value of the d roppe r r e .i.tor ( lt d I were t o ob tain
the va lue Infinity , the vol tage nuc tuatlon li Uz wou ld be ze ro. T hl ... how ev er.
on ly m ea ns that Hd m ust be r ep la ce d by a constant c u r ren t source . T h is m o..t
Ia vou r ab le solution Is t o be given In Se ctfon 5 .

4 . T HE E F FECT OF TEMP E HATU HE FLUCT UATIONS

In Section 3, on ly th e effect of ope r a ting vo ltage flu ctuation . wa . examined.
Howe ver, th e tempe rature IIta bUlty o f th e volta gt' I, e qually important . It should
be pctnwd out that al rea dy tempe r ature com pe ns a t e d diode , ~ re avaHable on
t he ma rket . Some examples a r e gi ve n In Table 2 . Unfortunat e ly, the prices of
su c h diode combinat ion. a re somewhat expenetve ( Appro xim a tely OM 20 , ·- to
OM 35 , -- acc o rdi ng to th e TC value ) . T he followlni eect to ne , there fore, de­
scribe com pe ns a tion polll lbUltiell th at ca n be ach ie ve d by amat eu r- m ea n ••

T y pe U, Ptot I , " TC
Volt m w at 45 0C mA Ohm mV ! OC

B Z X 51 8.'
, O• • 250 10 9

,
0. 086

B7.X .52
.,

250 10 , ,
0 . 04 3

B ZX 53 .. as» 10 9 :t 0.017

BZ X 54 .. 250 10 9 :t 0 . 00 8

BZ¥ 22 8. •
, o. • 200 5

,
0 . 5 15 25 :t 0 . 084

BZY 23 .. 200 .. .. :t 0.042

BZY 24 .. 200 .. .. ,
0.017

BZ Y 25 .. 200 .. .. ,
0. 008

T8b.. 2: Two _in 01tllmperdur IXlmpllllUlm rerMr diodes. Bl X 51 to 54 : AEG·T"&lunlt,n.
eZy 22·25: ITT·I.,t..met, n
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~ . I . Z EN ER D10UES WITH Of'POSIT1-: TC VAI. UES

T.bl.. I ahowa that th e T C value of eene r d lod.... h eom eum ..a poernve and
aom ..Um... nt' gatlve . Thi . I. IIlao dependent OIl phy . lca l conll idt' r.Uun. , The
T C va lul' Itlwlf Is dependent on thc 0p t'ratinK po int. Th.. rt'vt'real point bl·tw,,~·n

pc etnv.. . nd n" i.tlv e TC val ue a (TC ~O) I. appr-o xlm at ..ly 5. 6 V. t towev .. r ,
th l . ve tuc h not m e • • me fo r each tt'chno logy, which mt'ans that It v.rh·.
som ewhat from manutacture r to manutact urer.

+ Ue~"---<> U.
- elY 85

ceve
I

~.&- BlY fl5

- C5V Io .~
Fig. 6: Simp" clrCUI'l for TC oompen..tw:m of

un.,diod..

Two zene r- dl odes havini cppoet te T C value . can be connected in ser-tee to ob­
t. in u-rn pe reture com pen• • tlon . 1"li . 5 showl s uch. c i rcu it . Exampl... 5 . nd
6 .rt' to I how how lIr ...t the voltaie nuctu.t lon s c,uled by a temp.. r .tur.. va ·
rlstlon of on ly I 0c a r-e ,

1-:xampl.. 5 : Thc 15 V zener- di ode u '~'d In the c i rcuit shown In
1"lg. 2 poaae8lles. accordin g to Table 1. a TC value ot "0.07 "-/oc.
or wne n cxpr esst'd In mY: T C • +10 . 5 mV l oC . Thl . m e an . that
the ae n e r- voltage wm tnc r ...... by 10 . 5 mV for each de g t-ee ( OC )
of te mpe raturt· Inc rt· ast' .

Wit h the glv e n volta ( tc> depende nee of th e V1"O Ir-equency g tvon at the comm on­
cern..nt of th ll a rt lcl.. o f 480 IIz /m v, It is eaaily poaefble to calcu late that a
t e mpe r-atu r e v. rl a tlon of only I 0C would rt·.ult In a Ir-equen cy va r ia tion of 5 kll z.

Jo;xample 6 : The tota l T C value of the ci rcuit ahown In 1"lg . 5 II :

BZY 85/ C6V8: T C • +0 .03 "-1°C.
UZY 8s lc5VI : T C • - 0 , 025 "-loc •

+2 ,0~ mV / oC
- I. 28 mV / OC

+0 .76 mV/oC

Thb T C value I. extrem.. ly good fo r amateu r m ean . ..ven when th e lndu atrial
T C com peneared zene r- dl od ea po ase aa v.lu.. . one or two orde r. 0 1 m a inltudt.'
bette r- ( T.blE' 2 ) . Unto rt una ttc>ly. thl a ci rcu it I1mlta th e u ee r- to a aenet- volt­
a ge of approximately 11.9 V.

For late r dllcullslon. tho· va lue or th e dlfro' ro'ntlal rt·,l at an n · t'z I, to be cat­
cula tt' d tor the ci rcuit glvI'n In Io'i g . 5 :

Accordlne to T .ble I, th .. followln e wUl r ...u lt : r zt ot • 4.5 n + 43 n· 47 . 511
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~,2. TE MI'E HATU HE COMPENSATION USING DIO Dt:S

T'he fac l that all germanium and silicon diodt-8 I' Kh i bil a nt'ga llv.' TC va Iu.. in
tht, fo~srd voltait' r a ngt' , ml'an. that tht·y can b.. u'l'd for nmpe reture cern­
pt·nulion of aene r- dlod... havlni a pol!lltlvt' TC vatul' I Uz I 6,2 V ) .

The TC vslue 01 diodt's I. depend..nt on th e 10r'A'ard currt-nt It·. The individual
valuf'. can be determtn..d from t'igurt' 6 .

Wh..n only con.idf'rini the t ..mpe ratu re com penaet ion, It will be .....n that aU
diool."a can be used . Since, howeve r , th t' voltagt' d e pende-nce "KaminI'd In Sec ­
lion 3 must also he conetdered, the dUft'rential reslatance values r t are given
for sam .. dlode typee uaed as exemptee , The ta b le ahows thai il."nnanlum d.·­
modulation dlodea are, due t o th e tr- hlih differential rt-aiatance r a , uneu lta bl e ,
On the oth"r hand, it'rmanium iold-bondO'd dtodee, auch aa OA 180 , OA 18 2
and AA 135 art' mor-e Iavou r-able , P r a c tic a lly all aU Icon junction and planar
diodt'a a r .. eunable,

Dtod e t y pl' " at I F . 5 rn A

BA Y 67 ( Stt tccn ) 9.5 n
Hl. 10 ' ( SUlcon l 13 1I
IIZV 87 ( Silicon l 8 1I
OA 18' ( Ger-m an i um 13 1I
A A III ( Ge rma n lum 100 1I

"

22

18

•4 6 11 llO mA,4 6 II lD,

<,
<, .....

<,
......... ; 2,2 mVr C

<, I ,,"'"'<, i
<, I <,

I'-..t-.. I

rt"1.'7!1 mV/"C

I SilICon

I r-, r-.. OKIP N
I

I I
!l m~l

12
01

,.

"

,.
Ie

Fig. 6: Tamperatu re coefficient of dood. a.a funct ion of tNi f_ .-d cu,..,..,t IF
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From m e a rt!at numbe-r- o C d iode com btne t to ne that ca n be UI ... t! Co r T C ccm -,
Iwnla tlon , th t-ee polllbillUel ha ve bt-vn c h osen for the fo ll ow in g .·ltamph' l :

Eum pl .. 7: The c i rcu it shown In F ig , 7 ope rat es in conjunc t ion
with the eene r dl od .. BAY a5 / C5Va and th .. eutcce diode DAY 57.
The dropper r . i.to r lt d allow . a c u r r ent oC I I. - 5 mA to n ow .
The T C value o f the ccrnpen..Un g di ode II, accordlna to fo' l i . 6 ,
the re rcr-e T C • -1 . 75 m V1°C. The TC value of the zenet- dlod..
II taken Crom T able I which r-.. l uU. In a tota l va lut, o f

+ 2.001 m V/oC
1.75mV /oC

T C tot • + 0.29 mV 10C

Th .. to tal dlffer"ntial r e s i s ta nce amount l to :

"e tot - 01 . 50 + 9 . 5 0 • ..!.!.!!...

,
• u, <>---[::}--~--_ Ur I H>V

BlV n
ClVI

I
~ BAv n

Fig. 7 : TC oompenwtion u,ing I ' ilicon d iG:Ia

BlV I!I
CliV I,

~ OA '1l 2

0-__1__
Fig, 8 : TC COfflptnSltion uling IlJIII'manit.lm diG:I.

Example 8 : Th e ci rcu it shown In t ·l i. 8 0pl'rat ... a ccordini to
the aa m l' consldt' rat lon ll aa th at glv ,' n for fo' I&, 7. H oweve r , in
thil CIUIt', 8 ger-man tum di od .. OA 18 2 1& u I ed fo r tempe rat u re
cornpenea t ton . Accordln , to fo· li. 6, t he T C va lu e I.
T C - -2 .2 mV/oC . T he r ejercnc e volt_it' eou rc e therefore
hal a TC va lue o f : + 2.001 mV /o C

- 2.20 m V /oC

TCtot - - 0 . 16 mV /oC

The tIlfferl"nt lal rea latanct> of thl a circuit c om b ln atlo n amount . to:

" e tot " ". 50 + 130· 17 . 50

Example 9 : T be thi r d compensation c1rcui t , lIhown In "'ii . 9 ,
Ule l one i t' nn a nlum and one aUIcon dlod.. tOit'tht'r wi th a
a.2 V , ..net- diode . A. In all othe r- example a, the dropper
ee et etor lt d la a lao dtmen etcned ao that the aene r c u r r e nt
It l a 5 m A, The TC valul' l Itven In the pr-e vtc ue e ltampll' !I
Ire ui c r crc r e !lti ll valid.

Thl. com bination achie ved:

T Ctot • ~ 0.1 mV /o C

r ... tot - 2.aO + 9. 50 + 13 0 ·~
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R

• u8~-i-ul'!UV
Bl'l' I S
CI "'2,

", OA IU

.!:: BAV 67 Fig. 9 : TC tomp«oWlion u,ine I .dic:on.nd V-mlnium
diode

Thr- dUh'rt'ntial r " IlI' l a ne !' va!ul" glvl" n In all ex arn ple••how thai the dea c r-Ibed
eom peneutton ci rcu it. rl' llult In a h tgh dUfl" r t." ntlal n ' , hlt an c l' , They ther-efore
ha ve an un ravcu re ble b"havlour with r-eapec t to nuc tu atlon . o f the o pe r a t ing
voltagr-. In o rdt' r to llchlf'vl' both tempe r ature ccm pe nea t tcn and a hi gh mdepen­
denoe of c pv r a tin g voltsiW nuctuatlona. th e d r-oppe r rt'llt8tor Rd mU ll! bl" f t' ­

pl uc t'd by a ccnemnt cu r-r-ent IOUr e t' all Willi aIn·ady m t' n t lorw d In Sl'C tioll J.

5. CONST ANT CU HIU; NT BOUnCES

Constant cur r ent 1l0U rCl'II can bl' L>1I,Uy r ea li zed u lln a pentode s , tran ellter. o r
rl l'1d (, rrl'cl tra n.llllon . Tht' principle I. ba l ed on th e high Impedance of th es e
compcru-nte , The t'Ch'cl o r t hla la that a con atan t a node ( cct tecto r o r dra in I
cu r- rent will now If the I rld ( ba at' or l a t t' ) voIta l t' la kept conatant, The c u r ­
rt'nt Is thl' rl'fo rt' vi rtually Independent or the a nod e ( c oll ector o r drain) vo lt ale,
l're r t-qu laJh', howcvee, la th at th e vo ltage la g rt'a le r Ihan th e re aidual volta ge,

T hl'8l' r l' l a t ion ah lp li arl' I raphically s hewn by the fa m ily o r c u r-vee l iven In
"' Ig , 10 . Th e Im pedanCl' v.lut' Is chllractt' r ll. t'd by thl' slope o r the cha racte r­
istic cu rve. Thl' n SUl' r Ih t· cu s-ve, the hi gher wi ll be th e tm pedance , I'a r am t' te r
for th la ia th ,· vo ltafW to bt.' 8ta bUized al the cen t ro! el ec t r-ede ( arid, be ee,
ga te ), The valu l'lI art' valid to r junc tion fiel d e ffect tran lltatorll where the s-e­
IIldusl vo ltagt' II te rmed "plnch- oU vo lt age" and a m ounta to a pprOlllma le ly 2 V.

A conlta nt cu r-r-e nt eour-ce I, to be de ee r-Ibed that I_ equ ipped with II Held t.'Uect
t r sn lli lltor. In principle, a ny ot the c ha r act e r i lltic c u r ve, l ive n In Fi a , 10 could
be ueed, t towc vc r , th l' tran lt at or il op e t-ated at a ga te- aource volta ge ucs of
o V In order- to a void ha vin g to gl'nt' ra t t' an addll lonal atablll:t ed volta gt' Cor t he
gat l' (Fi g . II ) . Il owt'vt' r, the drain e u r-r-ent nuctuatt' l II: r l' a Uy be tween Individual
t r an a t lltors . In ordl' r 10 e chte ve a c e rta tn cu r-re nt lIultabl e tor the refe r-ence
voltagt' eou eee , a rt' s i litor wil l be reqcrred .

In add ition to Ih l ', the d ra in c u r- r-e nt or the He ld etrect transi,tor I, tempe reture
depen dent ( a , wllh all othe r ee m tccnccctc re ) . T hl a, however, can be ealily
co mp..n l a h 'd u llina a diode . Such 1 cl rcuU t a ain'n In . 'I a, 12. The com pton.. ­
tlon d iode al lf' rs tht' l a te volta Ie, which In turn s-educe e th e drain c ur-r-en t,
Thll II t'a ally compen..ted ua ln l the rr tmm er- re ll al or.
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5.1 . MEASU HE Mfo:NTS MADE ON A CO MP LETE D
HE FE n t; NC E VOl.TAGt: SOU RC E

The cu r-r-en t o f the r e te renee vo ltagt' eou t-ce b adju. ted to 5 mAo The tem pe r a ­
ture coetrlcle nt of th e aene r- diode wa . com pe nsated u.lng tw o etuccn d iode.
BAY 95 manu fac tu r-ed by AEG-Tlc'l t'f\lnkt'n ( ca n be replaced with IN 914 ) , AI .
th ough on paper, only one dlod e IIhoul d 1J t" s uffici e nt to obtain compeneat ton ,
dl frt' r e nt TC va lue. wert" o bee r-ved In pra ctic e for the e ene r- d iode tha n were
g iven In T able 1. T he follow ing mea sured value s finally r esult ed :

F luctuation of the referen ce voltage on va rying th e o pe rating vo ltagt'
betwe e n 12 and 25 V: Non e could be de te rmined on a tour pOIIUon dl.
gital vct tmete e . Tem p~t' co e Hlcient of the r efer-en ce volta ge In th e
tem perat ure range o r ··WoC to +50 0 C : TC. -0. 5 mV / oC .

6 . AP PLICATION OF T ItE HE F EHlo: NC E VOLTAOfo; SOU RC E

Tb e htgh -i mplc'da nc l' vo lt agc eou r-ce a ccordill g to fo' IJUre 12 ca n unrortunately
not be loaded to a ny great e xt ent . Thl l l a , o r eour'ee, not a dl ladvantag(' wh en
ul illg the sce r ee In conju nc tion with va rec tcr dfcde e becau se a hi gh-rt'alatance
pctenucmeter- ca n be ueed, T he pcte nnom ete r a hou ld be a hlgh-quaJlty type
ha vill g a conllan t T C value ove r the whole r e s tsu ve au r flc e a a well a a e ncw­
Ing a ve ry nne adju .tment; helica l type potenttcmeter-e are very revcc rebi e . It
ia not po ••lble to co m pensa te th e tempe rature response of th e tun ing d iode
( va racto r ) with amat eur m ean • • It II there fore advl lable fo r It to be located
togeth er with the o ther f requency-dt"tl" rmill in g ccm pcnente of the VFO 10 lom e
form o r ccnetem-tem pe r ewre device,

Jo'lnaU y, a ft'w po illtl are to be menu cnee In conjunction with niUre 13 that
a rfect t he d lm l'nalonl ne:

The cur- r ent nowlng via the voltage d lvldlc'r a hou ld , Cl ntly no t load tne re fer­
ence volta ge notfceahly , bu t ehoctd , seco ndly , be approllimately ten Bm t' l
ert'ate r than the h1iht' lilt reve ee e c u rre nt of the va ractor d iode . A va l ue of
I,.. A ha ll the r e fore been choa en a a th e vo lt age di vider c u r r e nt . This Il obtal""
ed with: R 1 + R 2 + n 3 • 8 . 2 Mn . Rea lat or R 01 ia on ly uaed a . a Rio' choke j a
l ultable va lue I. 100 kO .

VOL UME 1 (liI69) OF VHF COMMUNICATIONS

We would li ke to po int out that all previous copies of VHF COMMUN ICATIONS
ar e st1ll ava ilable. Pl ease tnrcrm your It-tends that they have not missed
their copies. SInce ou r magazine contai ns only technical articles of con­
tin uing inte rest and va lue, we eneur-e that bac k ccptee can alwa ys be pro ­
vided (or later subsc ribe rs. The price of the co mple te Volume 1 (1969)
re OM 12, -- for s ur face mail or OM 4, -- for Individua l copies . The atr­
mail pr ices can be obta ined fr om your national r epreeentat tve or from the
publi shers .
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A L:NIVt: RSAI. v m --vur T1tANSMITTtm FOR AM ANI> FM

by n. 1."l'Itz . 01,3 WI{

I. INT ROUUCT IOS

Th.. followll'll . rticl~ h 10 deee s-tb.. I I ran , l llo r b ed Ir.nlmlttl"r which cln bP
Iwitch..d for V FO or cryal.l-controlh'd ope r-etton . The trlnlmiltt'r c.n 1110 b..
Iwltchrd to ImpUtud or frequ ncy modullUon . nd poilent'l. In Idditlon, VI­
r.c lor lr1pl~rI for 0132 Ml h: .nd 1296 Ml b , Tht' requlr..d opt-ntln. volt.... I,
in Ih.. n nl" of 10 V t o 13 . S V tor AM or bet........n 10 V Ind 18 V tor t 'M and
tt'lt·I"'phy. Tht' 14 S Mll z poWfOr ImpllClt' r provid"l I It ..• clrrler outpct pow.. r
of Ipprodm'lt'ly 1.7 W I t In 0PC',..tln. voltall." of 12 V. At 18 V, Ihe OUlpul
.... 111 Incr ale t o Ippro:dmltt'ly 3. S W. Th.. v.,..ctor trlplt'rl for L'HF t'xhlbtt

trlclenclel of ecrne....hlt over So" which meal'll t ha t In QUtput power- of Ibout
I W ( 2 W a t 18 VIII anilablt' It 432 Mll z and O.S W (I W i t 18 VI It 1296 MUz .

For po rtlblt' ope ra t tcn , the trl n l m ltt .. r- c an be o pe r lllt-d from n lnt· It'ri.. a -con­
m-e t.. d I . S V baUerll."1 ( 60 mm 101'11, 33 mm dll. 1 whlch .... 111 still not be ea ­
haulted l!tt.'r t'llhl houri or tntenetve c<.>nlt'lt cpe rettcn .

/o'or h orne atatlon o pe r-a t ton, th l' au tho r UI" I a I labill lt,u pcwv r lu " "ly. At a n
<'>Jlt' ra tlnl voltait." o f 18 V. the deec r-Ibed trl n am itt l." r pr-ovtdee lurllc h-nt output
10 driv a 4 X ISO In a r " l onl nl Ilnl." I'A I tait· to r ! 4S Mil l. (I I tully Into clan
C oJWrlUon. If 70 cm ope r a u c n II r t·qul rt'd. I t r-Ipte r- , with or without .mplifier
llait- t·qulpp.. d with tne tub.. l:C 8020 (2 1 can bt· und o Such I circuit will pre ­
vldt· pt'a k-pow t'r Il."vt'11 of 10 W In t h.. FM I nt! CW mcde-e, Thll puwt- r II autrl­
ch-nt to drive. 4 X ISO ""Ionanl lin.. P A Itill" for 432 Mllz (31.

Th authorl VIl "'-L'JlF tranlmitt r ("'11 . II "t'lihl 2 kl ( with ccve r but without
bfIt1t' rlt'I, mtc rophone and cOlI.III r e lay I . Th.. minul pete of thco o~raUn.

voUIIlt' la il"OUnd t'd.

fit" 1: front ...1tw ol u.. VHF·UHF uansmin...

2 . C IHCU IT I>l:SClUPT ION

Tht· VH F-U"F trlnlmln t-r conalatl of al .. lub·lllt"mblh-I, whtch ar.. jotncd
t Oi t' th t' r Iccordlnll to Fli. 2 10 fonn the complete trlnlmlttt."r. ThfO ht'lrt o f
th is tra n.mln.. r I, the p r int e d circuit board UL 3 Wit 003 which Iccommodalt"'
the t tv - .ta llt" t ran am ltt.. r Ind th .. th r t' l' . l t a i l' AM modulator c<.>mph-t.. with
m od u la Uni trlnafonnt' r .
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T he va rla bh' f r" qu I'ncy oacilla to r ( VFO I provtdee a n ou l put fr-e q uency o t
2·L 0 Mll z to H . 34 Mlh . Thla VFO I. a lao p j-ovfded with an !-'M acccuory,

Tbe A F prl·ampHfler la , 'qull'!,cd with a n active audio fllipr a. de ec rtbed In
(4) which I' rovldt- II an ettenuet tcn of 6 dU at 320 li z and 4 kil l , A changt'- oVl.'r
s wit c h tor "AM-"'M" .wltc ht'li the ou tput ofthlll fll lt'r to a rev er pot entlomete r
fo r eac h of thl' IWO m odu lating m ode s ,

A hem e-m a de wlrt'·wound rest-tor I n II I III p r-ovided aD thai the ccnectcr
eu r rvnt o f th e final trana lator can be m ea sured a a the valta lle d rop a cros a It .
T f u- met e-r- ca n 110 1110 0 be 1I ...-Itched to a Uo w ind ica tion of th., n,., voltage . Thla I.
m ad.· ulling the ps-Inted ci r cu it board il L 3 wn 004 , whi ch poall'a lle . .. rt' llonanl
circ u it !' om prlalng a printed Inducta nc e . a dern odu l.at or- d iode a nd a HI" fil ler,

T wo Ir-equency t r- tpte r-e equl ppe d with the va ractor diode tyr'" nAX II [ A";G­
T e It' funkt' n I art' connec h'd 10 th., out put of the t ran ern ttre r-, Tw o pluh-bulton
IIwitcht'1i lIu lt a blt, tor VII ,.. a rt' used 1100 that th e ou tput power I. available In
IW O met r e. 70 e m, o r In tn e 23 e m band.

A rced -eonract rt') ay aa d ee c r-ibed In {!II III u eed ror 111(' anlt'nna c hanee - o ve r­
IIw ilchlng, It I. prc vtded with vo ltae" from the tran am ltt t' r ualn e an addit ional
plug and s eeker, 1100 that It ca n b, ' uae d In the a ppr-op r-Iate antenna cablt"

T h.' ro ll ow lng a .·c tlonll art' 10 glv.' dt'talh'd de sc r lptlon a of th e Individual lIub ­
a.a.·m bll t' ll.

3, TH E I NUlVIUUA L SUU-ASSf-:MUL!ES
3. I. TnANSMITTfm AND MOUULATOIt UOA ltO UL 3 W it 00 3

n eur.' 3 Ilhows th ,' ci rcuit d Iagra m o r tht' f1Vt' - lIt lililt'. crysta l -cont ro ll t'd two
merrv t r a nam tt te r ( tran al stora T I - 'I' 5 I and the t r e qu.'n cy t t-ip te r- IItag., with
Ira nlli llto r T 6 ro r VFO o por-a t ton 11110 w.'11 a a a vo lt llgt' II ta bUlz e r with tra nal litor
T 7 and a Ih r ...·-Iltall:,· collt'ctor- volta g. ' modulato r co m prh lng t ranslll lorll T 8
to T il , The a e atag.'. are e c e ommcdat ..d o n t he pr-Inted crreu tt board DL 3 Wit
00 3. The HI-' vct t egc ind icato r , who. .. c i rcu it I. 111 80 gl v..n in . ' Igu r e 3. Is
buil t up on a a,' pa ra lt' amall p r-Inted circuit boa rd ( 1>1. 3 WH 004 ) ,

3 .1 . 1 , CIRCUIT m :TAII.S

Th e c ry llta l -c o ntroll ed tren em tn er r \,p l'''8''n l s a l'urther de ve lopm e nt or th e two
met ro t ranarnttte r UT S 5 (6 ) which pr-c vtth-d an output pow e I" of 2 W at an ope r ­
a ti ng vo ltagt' o f 12 V. T h.. cl')' bta l-controll l"d oscillator ( T I ) and th e 7211.1 11 1
buffer s tage ( T 2 ) a l'l" e qulppod wun high i a ln tra n s lsto ra of the 2 N 918 type
In.tes d o f lilt' originally used 2 N 708 ty pe e , Thl . m eans that the feed back a nd
the coupl lne need not be .0 t ight and th at th e ItF power r-equfr-ed for the doub­
Ilf' r . t agt' ( T 3 l ca n be achleved at a fa r lower Inpul po we r-. In a dd ition to th l.,
th e c ry.tal holder ca pac u e nce I. nt'ul rllllzed by Induc tance L I.

A I\lrthe r e lecr r- tce l modifica tion to th e UTS 5 trans m lll t' r i8 till' use of Ihe
I ran lli alor 40290 in the fr..qu e ncy doubler- II t a £l' ( T 3 1 in lll t'ad ot Ih .' morv ex­
pen etve 2 N 3553.
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Fu rth., r rnon·, Ih~' modulation ot the d r-I ver- ate g.. III made using a diod,,"-rcsI8tor
netwo r-k ( l) I , [l2 , It 9. It 10) In c rde r to avoid thr- lap on th e modulating
tra n s form er. T h is circuit Is ba llt'd on Intorm a tlon glvt'n In t h l' da t a a heet for
t ranaf ato r-e 40290 - 40292 ( IlCA) ,

Fu rthor- ci rcuit dt-Ianll we r-e gtven In m o t-e d,' lali for th .. t r an s mkt f e t- UTS 5 In
(6) . It shoul d b. , noted, howe ve r- , t hat some o f t he com ponent nu mbe r a may
ha ve ch nng od.

Since the tr-an a m it t e r- wa s n l eo to be ulwd from a 24 ro.UIz VFO, a n a ddit ional
Ir-equ e ncy t ripl er ( T 6) WllII r-e quf r e-d. T he hl eh- ga in tran si sto r type 2 N 9 18
18 al s o u sed In this stage so that only lo w HF and DC powe I' Ieveta e r-e r-e ,
qu i r e d , All 1nput re eona nt ci rcuit is 110t p r-ovi d e d bvcau ae the a uthor a SSUmt'8
th at a ll va r-tabt e Fr-equen c y oectttatc r a po aee ae output r e s onant c trc une . This
81ag t' Is p rovided wtth a bandpa s 8 tII te r tor th e tr-Ip le d rr-e quency ( Indu ctanc e s
1. 10 , L II ). An tnoucuve cou pll ng ha s been c hose n bec au ae a c ou pl ing c e pe ­
c ito r wou ld provide a n j .... r n ·lu in g low Im peda nce path for h lgh t'r o r d e r ha r m o ­
nlc s , Sin ce th e ItF pow er l ..vel e fr om th e c ryflta l c o nt roll e d 8tage and the
t r-lpl er- are 8u Hlc h' nt ly g rea t , It III pos sible for both s tagl's to be conn ..c te d
t o gt·tht'r nt h igh I mped anc e L ca pac itor-a C 4 and C 36 ) . The lo w c a pac itance
valul'l:! ensur-e that tnte r e c ucn onto th e tu n In II: l.s emau , This rne an a that th e
awi tching betwe en crystal -controlled and VFO ope rat ion c on be mode ea euy by
s wi tchi ng the ope r a t tn g vo ltage, ThIs Is a ch iev e d by s witch ing the stabUlz e d
vo ltag., of 8,6 V pr-o vided fr om the voltage II t abll h e r circu it . equ ipped with th e
t r-anatetor T 7, 'rne e re bme eo vol tage then fl' l' dli e n ne r the c r y st a l -cont roll ed
oac tllat o r- or the VFO,

T Il(' pr-Inclplv of the thrt'l' - lita ge cct te c to r vol tage modulator 111 known a s a
ft'rroua -fn'{< a udio a m plUll'r e qu tppcd with th., c o m pl e men te r-y Lr-anakator- pa ll'
AC 11 7 /A C 175. Art .. r s e ve rat failu r e s caused by o ve rvoitagl'S, t he rrane teter
AC 117 ha ll be en r epl aced by t h .. hl ght'r br-oekdown- vo tt a ge type AC 12 4, and
thl' ty p" AC 17 5 by tht, et ucon NPN tran sistor BSY 84 , The ci rcuit fo r th e ba s t'
blas vcl ta gv for the com pl e rn cnta r y out put pair Is a t m pl frte d In thl l manner;
ho weve r -, it ill nec e eea ry for a ce r tain h igh t r-..quency bl ock in g to b e m a de
( c a pac tto r-a C 33 , C H ). The a udi o ou t pu t power II le a s than when u e tng t he
trun e tato r AC 175 due to Ih e h igher I"e liidual vol ta ge of the eiucen tran .slstor ,
Howcvt·r. t he powe r III jUlit lIu Utcll<nt to fu lly m odulate the t r-a n am tt t e r- . Th i ll
rneun a th at en ov.. r load o f tht< m odulator wil l n ot c au se ove r mod ul atlon, but
only a high er AF hann on ic disto rt io n fa c to r,

Th., stucon t rane tetor- T II must ha ve a pe rmia a tb l.e coll ec to r- cu rrent of I A
a nd n cu r-r-ent amplt t tcatton of at It' all t 40 III thl ll c u r r ent va ju e . Tra n.slilto rs
hav ing too lo w II cur-r-ent am pll rJca Hon at peak col fe c tor cu r- r-e nt will not be
d r fven lIufrlc!t'ntly fr om the dr-Iver- II t llge , wh ich meune that the ma xim u m ')u t­
put po wer wil l not be reac hed . It Is , o [ c ou r-se , pc a etbte to u se the Ol'lglnal
m odula tor ci rc u it , wh ich ts th t, rvs ao n why It 111 a i lio glv..n in Flgu rt' 3.

In o r de r to ea ve II paet' a nd wd Rht , o s we l l 118 to ha ve 1<11 c omp{,n<'nhl on th e
main p r- In ted circ uit board, a a m al l type C cor-e Ie UII<'<I rOl' till' m odulattun
trun a ro rmer- ( Tr I ). Of cou ree , a normal t ran e fo rrn e r- u s Lng dynam o t1 ht,..t can
e te c be u s e d an d m ounted bes lde thl' p rinte d ci rcu it boan!. Th., "l....cl fic a llons
fo r th e ae tw o tr-an e tormer- t YIl"s are gt ven III Scot to n 3, 1.3 ,
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3. I . 2. MI~ASUnEU VAl.UES HlH '1'11 1': S UU·ASS t; MUL V UL 3 WI« 003

"u 8 , 6 V IOV 12V 13,5 V I5 V I8 V
alab,

T I ' .5
T 2 12 " " 15 16
T , 30 aa 40 ., .,
T 4 ae 60 80 100 ras
TO 150 180 22 0 240 310
T ' 5.7 e 6.2 ' .5 7.3
U4 I 5 8 12 15

I~od " 16 17 18 20
Itot 260 "0 39 0 460 66 0

Tab]1;' I : Orh-ntaU on valu",a of th e Indi vidua l ataeea whe n adJuaUne for optimum
a mpli tude m odulallon with 50 n h ·nn lnalion .

'The cu r r e nt valul-'s o f drtvo r- and I'A Sta.lll· tran slator. 'I' -I and 'I' 5 c a n g r t·aUy
d iffl' r from tht' va l ue . elvt'n in T a bl t' 1 H tu n lne and dr-Ive po wvr a rt" d Hfl' ri'nt
o r it t he load de vfa te s fr om 50 n, Ir m od ill th e qut eecent cu r re-nt of th e whole
Ihrl'l· . ata .ll l' m odulato r; Itot ia Ihl' tot a l cu r rent o f the t ranamllh·r. whe r -e th e
c u r-r-ent valul-'a fo r VFO a nd a udio prea m plHIt"r a r-e Included. Uu II tht' opl' rat ­
Ine vol tael'.

Tranilitorl T ranl - "" I r mod ' ma x I'AF max eflleil'ney A>'
fo rme r Into -1 0 n l':Rftv age
T'I V mA mA W ~ mV

AC 117 , AC 175 wit hout 12 17 360 2.7 64
" " (lnt04 . 7 11)
" " normal 12 17 " 0 2. 0 60
" " type C 12 17 26 0 1. 7 66 30
AC 12-1, USY M nonna l 12 16 26 0 1. 0 aa
" " type C 12 18 24 0 I. 25 .,
Table 2: Val ue I m ea su r ed o n th e AM speech a m pUl1t'r

Th e vlllu ea of the output po we r arl;' obta ined at a magnetlc bia a c u r-r-ent o f
300 m A, The a udto po we r- o f 1, 25 W a mount l to l'xaet ly hair tne input pow e-r­
o f tra na t l to r T 5 a t 12 V , T he half- power po int. o f the thrl'e- lita gt" modu la to r
when ul tng a type C co re tra natorm t'r art" a t 150 li z a nd 15 kilt . T ht" a ud io
bandw ld lh of the whole tra namltt er I. dt· tt"nnln t"d by th e aet ive audio !ilt .. r In
th .. preamplil1t' r .
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3, 1,3, SPECIAl. COM I'ON fo~NTS FOR SU B-ASSE MBLY Il l. :l WI{ 003

T I . T 2. T 6 : 2 N 918 ( ReA). urx 73 ( SGS)
T 3, T 4, T s : 40 290 ( il eA I
T 7: 2 N 708 o r 11mllir llIieon NI'N Imall powe r t ranetetor
T8 . T9: UC 107/UC 108 , UC I 47 /BC H 8, BC 182/HC 183 . 2 N3903 , 2N39 04
T 10: AC 117 . AC 12 4 {A EG -T,·I.. rUllk,·n J, AC 188 K ( SIt'mf'nl o r Phll i pi J
T il: AC 175 (A EG - T f'lt·runhn J. At: 187 K ( SI ...mvna or Philips) or

USY 84. ll SY 86 (ITT- lnt ...rmda U I. U"'X 97 ( SGS ), 2 N 22 19 A
n I , U 2 : BAY 86 (AEG-Tt' It'run k.'n I. I N 2858 ( HCA 1. (any Sllicon r e c1lrl t'r

dl odf' for SO V/2 00 rnA )
l> 3: UZY 92 / C 33 ( AEG-Tel l'fu nk " n), Z U 33 . Z M 33 ( IT T-Intl',·m.'ta ll I

IN 3032 A, I N 4174 A 1 33 V/I II.' acn er- di od e J
I) 4 : HZY 8 5/ C9 VI. UZY 85/D IO, OA 126/10 ( A":G-Tf'ldunbnl IN 1932

( 9.1 V o r 10 V xvne t- dlod.. I
D S: UZ Y 87 . I N 91 4 or simila r 111Icon dlod,'

Ch I , Ch 2. C h 6: 6 m rn dla. r...r rltt- cor-e, 10 m m lo ng with 6 aKial holel :
2. S turn l Ihrou llh tht- rl' r rltl, ( Z • 8S0 fI I

Ch 3. Ch 5: .. Ch 1 but only 1. 5 t u rnl ( 7. • H On I
Ch 4 : epprcx- 1.5 J,l 1l; wound on thl' .!'W ce r-e or a ti m m dla. coli tonn t'r;

th ... thn'Ad II tull y m il'd with 0. 5 mm dla . ( 24 AWG I .'namt'll ...d c opper
w i r r- ( approx , 16 turn e I

Ch 7: Wld.·band re r- en e c ho ke ot 30 to 70 J,lll

I. I : 10 tu rnl ot 0 , 6 m m di a, ( 23 AWG I Il.'ound on a 6 mm to r-rnc r , 1t'lf-
supporting , coil ,e ngth 10 mm

All f'urt h t' r COUI a n." from I m m dla, (18 AWG J et lve e-pleted coppe r wi r e.
1f'lf - l up portlng ,

L 2: ti tum l on a 8 mm rcrm e e, tap tw o turn s from g round e nd
L 3: 4 t u rn e on a 8 mrn form e e, coli It'n fth 13 mOl with c ent r-... tap
L 4 : S t u r ne on I 8 rnm torm er-, coil il'n ilh 13 m rn
L 5: 3 tu r n e on a S mrn rorm ...r , c oil il'nglh 15 m m
I. 6, L 7: 2 ru r-ne on a 8 mm forme r , coU If'nilh .6 mm
L 8: 3 turnl on a 5 m m fo nne r, coil I...nilh IS mm
I. 9: 3 .75 t urn l on a 8 mm fonn e r, coil ll'nilh 13 mm
L 10 . L II: 7 lu rnl o n a 8 mm rcrmor, eon lenilh 20 mm, coupling link:

('nlo niatt'd 0 trom Inl ulatt'd coppe r w i re bl'twl' l' n Ihe I II a nd 2nd
tu rn trom th t- cold ... nd . Inl l'rt t>d a pp rox. hil t wa y .

C 2. C 5, C 13. C 24. C 27: 6 - 30 p fo" c e rarn le dllc t r lmm l'rl o f 10 mOl d la .
C 8 , C 12, C 16. C 18, C 21 , C 22: 3 - 30 pfo' al r-space d (Philip.) I r lmm e n
C 9 : 10 - 60 pfo" ce ramjc d i.c trimmer at 10 mm dla ,

Modulat Ion trlln llro rmf'r Tt- I :

Type C c o r-er SM 30b; . h.. ..t material: Pf'nnalloy N 2. With ai r i l p, (I x scotch ­
film) . Suita bl t> to r P C - boa rd m oonllni (avallablt> rrom the publt lhp n l

Primary : 75 tum a ot 0 , 4 mrn dl l , (26 AWG I e nam e l1pd coppe r- wlrt'
Seeonda t-yr 225 lum l ot 0. 4 mm dla. ( 26 AWG I p na mpll t'd coppe r- wh-..
Cenv e nt ic na l type t r an lronnt'r u . ln i tran afonnt' r lamlna t e d pl.t e 1 ( 1,;1 48 I
with ai r aap .
P rim a ry : tiS turn l ot 0 ,6 mm dl a. ( 23 AWG I en a me-ll ed ecppe e wtre
Se c onda ry : I !lS tum l o f 0 , 5 mm d la. ( 20/0 AWG I ename tted c o ppe r- wlr..
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3.1.~ . MJ,;CIIA NICAL ASS ..:MIi I. Y ( W IH. 3 Wit 003

Th.· two rnetr{" tranarnittl'r s hown In "'Irun' 3 i • • llo'i1h " lI.c .' pt ion of th.· I'A IIl ll11' ·
cornprilll.ni u-anlil ator T!) lind th., Itt' voltllil" Indica lo r I IH . 3 Wit OO~ I... ' e om­
rnodated on a prlnt"d circuit board having th .· d lm .·n llion a 210 mm by 80 mm.
T h l a p rlnl"d circuit boa rd la 5 mm enor-te r but 35 mm widt' r th an til>' pr-tnred
ci rcuit board of me two m vt r v lra n llm iut>r UTS 5 I n .I I NU oo. n. (' r int e d ctrcuu
boa rd Ill . :l WI{ 00 3 I. Illulltnh'd In Fliurto ~ ; Ihl' c o r-r-c- epoud tu g component
location plEin la giv,·n In Fl iI\l' "to 5_

T h.· caa.·. of tra n. lat o r ll T 3 and T ~ mU lit b,' d frectly adjac..nl to th., pr-inted
circulI board; all other- Iranaillton c a n b, ' 1I0ld"r"d Inl O plact· I"a vln i approxl~

mately 5 mm loni ccnn vc uone , Tranallllor 'I' ~ l a p r-ovided with c oollni fln a.
C.' ramlc tu bu l a r c e pec uo re art' ua.-d for bypa llalna:; th.· c onn.·c liona of the ev
capacltora should b.· aa a ho rt a a poalllblt· . The c a pac it a nce valu ... . hould not
b.· I.. . . tha n 390 pF and not rnor-.. Ihan In ..·•

r•
1

I I
I

I e.nd,ng a.n d'lIQ 1
: li n.

I
l ifl. 1 I

". l ~
,

I ,, •
~

I- 20 - " I-- 20 1I
I )Q I'VO'I

T he t wo circuit poulbUlti .. . tor th .. m odulato r oulput atall" IIre elv.'n In t he
component location plan_ The lI.. r m anlum tran.lllora art' e nc loaod In a rec r ­
angular he at al n k whi c h la ac n·w..d to th.· acn·..nl na: and cooHna: plat.. ahown
In fo·ie. 6. If a a1llcon output tranal, to r la ulI..d . II ahould be provld..d with
aomt' what nattt' nt'd cool1nl f1na;an Insulated mountlna brac ket for IICrt'W mount ­
Ina will lJ(' mort' revcurebte . Th .. h t> at alnk plate Itaelt s hould b.· aoldl'rt'd to
t wo aolde r ta ga ( gr-ou nd a a enown In FlllUrl' 5 I .

If .. no rmal tra n d o r m,· r hi u8 ,-d Inll h'ad o f Ih.· ty p. ' C cor- e trnn efo r-r m-t-, ttn­
nc n -r-e qutred co r-ner- of th e pr-tntvd ci rcuit board c an b.' r-emoved. T hl a pruv ld,' a
enoullh room t o mount lh.· modulation tran.form.-r bt'aidt> th e I'A .Iai" .

The I' A . tall" l·qulpp..-d wit h t h.· tran.lato r T 5 I. mou nle d on a braaa b rac ket
that ha. ~·..n pr e par-ed a ccording to Figure 7 . A s econd brac ket. wh ic h la al ao
.hown In Fig, 7. I. u ae d t o c o m pl et e the ac r e l' nln i and to mount tht.' tra n . m lll e r
Into th e c e btnet , T beee m l-tal b rac kt.'tll are amalle r Ihan tho ll.. ulI..d in th l' tran.·
mltter UTS 5 I DJ I NB 004 I and ailio aom e wha t a lm ph· r . In addition to lh ia .
t ht' I'A alaet' h a a been r ot llt..d by 1800 and mounl"d on Ih t, printed ci rcuit boa rd
in auch a m anne t- th at tilt' m e ch antca l build - u p I. on th e compont'n l . Id... Th ia
m ea'I. t hat th e conducto r a ide r ..m a in a tr-ee, a ltowlne the p rinted circuit board
to bt· c1oa"-IIJlaced t o Ih{" cabbll't plaIt'. In epne of t h" II" m odl fic a tlon a , It I.
po.albl.. t o ual' the final arnplifll'r of the tranam lt l" r UTS 5 It Ihi••hould be
avallabl..... .
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Alt er hevtng mounted uw I'A II tage, the metal br ac ke tll are ec r-ew ed to the
printed err-cult boa rd 80 t ha t a good cont ac t to the g round area i. made . Ptnat­
.ly , they are solde r ed ulii ng a lar-g e soldering Iron ( 80 W I. A th in Bolde r Joint
that has been eclde red qu ic kly will be lIuttic h-n t.

FljU rt'. 8 to I I Illust rate th e pr-e pa r a t io na a nd m ou nting of th e P A al age and
should provide aeatatance du ri ng con lit ruction. They show t he PA staee graphi­
ca ll y o r as a pho tograph In thr-ee d if fe rent pe r-a pec t tvea. It wUl be ee en tha t
the coll ecto r co nnect ion of the fin a l tran 81s tor III very s ho rt a nd I_ ao lde r -ed to
a am all te n on ( P TF'E 1 Ieedth r ough , T his I. m o r e favou r able than to feed th e
co ll ec to r connection lea d through the hole . T he emrue r co nnec tio n i _ _leo very
e ho rt and Ie c onnected to the m('tal plat e . T he la r i (' heat s ink of the final
r re n etet or ~ which Is very nece eae ry fo r F M o pe r-at lon a t 18 V _ Is mounted
o nto th e m etal b r-acket uling a ny lo n sc r e w and ce r-am tc Wi s he r . A good th l.'r ­
mal cc nnec uon between th e t rane teto r and the heat link can be m ade by de­
pre lling the aluminium ca r e full y u8 1ni a ce ntre pun ch . Th l l r ather elaborate
cooli ng ar-r-angement II used in o r de r to avoid the mo re expena tve tran s isto r
type 40291 , whic h could also be u sed.

Th e connection points I't 4 ( at one e nd of the pr-Inted c i rcu it boa rd 1 a nd Pt 5
( o n the m et a l btac ke t ) ca n bee seen In th e pho tographs. Screw clamps are
eolde red to th('st' connec tions onto whic h th e home-made r ea t_tor R 11 Is con ­
nec ted ( T his r-eatetcr- ca nno t be a nlder-e d , . T he r-eetato r- Itself 18 covered with
1nlulatlng tube .

T he ind ividual o pe r a ting voltage conn ect lena Ire c onnected in th e given order
during the alignment proces s .
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3 . 1. e. ALlGNM KNT 0 1" THA NSM IT T KIt AND MO[) UI.ATOH

The' alignment la to be' I:'xplalnl:'d mo re' e'xte'nalve'ly beceuee It doea not r-ep r-e-.
aent a aim pie' " tcne tor maximum" pr<x:l:'aa . So me ge nl:'ral notea are al.o to
be given.

Atwo met ee r eceiv e r ahould be u.... d to monitor the cry.t.l-cont rolh.·d t requency
or the tran.mitt er du ri ng the .Hgnml·nt pr-oce••, with which th e ban d I. cbse r-v­
ed for a pu rloua aignals. T he a ll"n mt' nt can ei the r be m ad e at 12 V, or 13. 5 V
( so th at the HI-' Indication lamp light. quic ke r when aUIV1I'hg the firl t Itages I.
Thl'tot al ope rating voltaglO r angl' ahoul d be te sted a tler comple llng thlO allgn­
m ent to rind th e m e et favoura ble ccmp r-omtae bet ween the adJustm l'ntl fo r the'
highe st and loweat vc lta ge , T he alignment or t rtm m e r capacltora C 8 and C 12
Is aomewha t e en tcat . T hlO bandwidth ot tht" tran llm itte r II more than aurrtchmt;
hcweve e, th e final allgnmlOnt ahould be made at a pproximately ba nd cemre . The
cur-rent valulO. ot the flnt th rlOlO a lagea and the tripll'r atage with tranalato r
T 6 can be meaeured aa t he voltage drop acrosa the tUtl"r rlOsl.tors It~ , It S,
R 7 and H 12.

T he operation ot th e s tablll:ir:er I. flntly te ated by checking it . output voltage
which ahould not va ry noticeably whim loa d in g with a pproximately SOO n.

The cry.tal -controlled oscillato r chould c ea ee oacUlation It capac itor C 2 la
detuned . T'he Inducta nce L 1 wUl r-equt r e m ore Inductivlty It the eee ntetor atlll
cperatee on dl"lu nlng towards lowe r trequenc tee, and vice-ve rsa .

The flra t two . t."l'S with tran . h to r . T 1 and T 2 arlO alllV1lOd whUat obal'rvlng
a 6 V10.6 W lamp which h cloal"ly-coupled to Inductance L 3; trimme r capacitor
C 8 ahould be a t It a poin t o f minimum cepecttance ,

To align the dou bter- atage com prla lng tranalstor T 3, the lamp la now cloal'ly ­
coupled to Int!uc tancl' L 6 and the cctlector current mlOllaured. T hla la followe d
by Incrt·a.ing the cepacttance or rrtmm er- capacitor C 8 allghtly lind IlHgnlng
tr imm e r ce pect to r-e C 5 and C 9 tor maxim um ccjlector- cur-r-ent o r tran al sto r
T 3. T hl.'a"" two tr tmm e r-e t he n r-emain in thl a posit ion . Trimme r capac itor
C 8 can now be r-otated 10 approximately ha lt Ua cepecttence , ant! trimmer
capacitor. C 12 and C 13 allgflt'd for maximum lamp b rightness"

The dr-tve r- and lind amplttter- atagf' art' aligned tcgethe r- , T he ccnectoe cur­
r-ent valuea ahould be measured ualng aepar-ate mete r-e a nd Ihf' common operat­
ing voltage .hoold be Ied via an elec t rome rualO auch aa desc rtbed In (71. A
6 V/2.8 W la mp 1a now ectde r- cd to the outpu t ot the rrwnem tu e r . T be d rive r
ant! doubler atagea are no w aUgnt'd tor maxim um current th rou gh th e PA tran.­
Ie to r-, T he I'A atage ItBelt IB align\'d rc r- maxim um tamp b r lehtnea•• The allgn­
m ent ot t r-Irnmer- eapac ito r-e C 12. C 16 lind C 18 I, eornewhet critica l. The
dr-ive to the three powe r t r an ,I . lo r . can be r lO gu lat t'd u. lng t rtmmer capacitor
C 6. Too high II dr-Ive will ('auat' an un nt'c t'aaary high cu r-rent ( l'.pt"c1l1l1y In
the driver atage I; on the ether- hand, It the drive Is 100 low , the t r an am ltte r
will nOI ope rete at opt' ratlng voltagt'li or 12 V or 11 V. or will nOI allow neetr
to be poeftfvely modulated .
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Art e r thIs pr-e l Im fne ry pea k-powt' r a llinmt.'nt . the t r tp te r- s tait" (Trans1Bto r
T 6 ) s hould bo' ccneioe eed. Tht" collector- cu r r ..nt o r this tran s 1Bto r and rrene ­
Istor T 2 s hould be Indicated on eepe e-a te m ete r-e, T he trimm e r poteur tom ete r
P I Is nratly adjusted to Its maldmum va lue , T h.. V!"O Is tuned 80 tha t a weak
.Iinal Is audiblt' a t 1-1 5 MUz. T ht· value o r pcre nuomete r- P I Is now r-educed
unt il the cu r- r-ent ilvo'n in Ta blo' 1 nows via t ran s la to r T 6. If the d rive voltage
is too g rt'at , a n ' l l l tor s hou ld b.. aold(Ort"d be tween the VFO ou tput and ground ,
The 72 Mill bandpa s l ruwr I. now coant' ly a l1gned using t etmm e r- ca pacitors
C 24 and C 27 fo r m a ximum cct tectcr- cu r- r- ent via trans ist o r T 2. Art er this ,
Indu ctance L 11 I, ca r t" fu lly dumpvd with a Clng"" r 80 tha t th .. c oll ec tor cu rrent
at tran s l.to r T 2 II s ti ll just Indlcated on the m ete r- . Thl . I. Io l lowed by align ­
ing t r im m e r ca pacito r C 2-1 tor m a ximum m et e- r- n ·adln g. Inductanc e L 10 is
now da mped, and t r frnme r capacito r C 27 allgnt"d fo r the hlghe l t em-r ent read­
Ing. The VFO i s tht'n t uned trom one bend lim it to the othe r whUs t obse rvln e
the collecto r current of tra ns 1Btor T 2. Ir It docs not rt"msln constant. it wil l
be nece s . a r,y for th e coupling li nk to be varied and t he aU iflJfI t" nt pr oc edu re to
be r epeated. T ht· corr ect posUion II whe r e the loo se st coup1lnll re l ultine In a
con.tant cu r-r-ent vii t r an s is to r T 2 II outa lned .

T he celt ..c to r cur rent o f trans lato r T 2 should be as high when driven fr om th e
V FO a s it II whvn d r-iven by the c rys ta l -cont r o ll ed cec m eto r ( o r e ven hleh e r ).
This I. ec hie ved by Clndlng the m ost Ia vou r able adj ustm en t of th e trimmer po­
ten tlom ..te r l' 1. It m ay be nece ssary fo r th .. c ryslal-con t rollt"d osc il lato r to
be r1 na Uy t r-Imm ed due to the eue ree im p..da nce of the re l onant c i rcu it c om ­
prlsinll Inducta nc e L II and capac itors C 26 and C 27.

The peak- powe r- a llll nm t" ni can now be ca rdu lly cor rected at 145 MHz. us ln ll
th e Vfo'O . The t r im m e r cepecn c r-e C 5 a nd C 9 m ay only be adjus ted when
trtmm er capac ito r C 8 is at vi rt ually m inimum capac itance.

For a li gnment of the modulato r , a vo ltm e t e r- s hould be connec ted be tween the
m inu l pole of th,' el ect ro tytic ca pac ito r C 35 and grou nd . With potentlom e te r­
I' 3 In it l c ..ntr.. poaft lon, the vol tage rt'ad ing at thla po in t II adju s ted , us ln ll
potcnttom e t.. r l' 2. to ha l f the opl' ra tl nll vo!tagt"; to 6 V for 12 V ope ration.
T his Is valid fo r th e g.. rm anlum comp!t' m t' ntar,y (>air; If a eme on tranl lsto r i .
uaed fo r t rans i s to r T Il . the voltage r eadlnllahoul d be adju s ted to 5 V . At thl!
eam e ume , the quteecent cur-rent o f th e whole m odulator Is alli"ed to th e VIlue s
gi vt.- n in Ta ble 1 by adj usting potcn rtomere r- I' 3. A m ore accura t e adjul tm ent
fo r m axim um output powe r withoul " nat - toppl nll" can only be madt" with the aid
of an oectltoscope. In order to do this . a reslator of a pprox imately 40 0 / 2 W
Is solde red bet ween connt"ctlon points Pt 8 and Pt 7. and the connection to th e
t ransmitte r d taccnnect ed.

Th e transm itt t' r II now to be align t'd for th e m ost favour a ble a m pli tud e modu­
la tion : T he m odulation depth Is ke pt low at Cl r at . T rimme r ce pecnc r-e C 12.
C 16, C 18, C 21 and C 22 a re adJu lll t ed fo r maximum Ught brl ghtn e.., The
mod ulation depth II Inc r eased a nd Ihe IIUllnment repeated fo r I!'ac h s te p. The
modu lat ion I hould be removed at re gul ar inte r vals to chec k whe ther th e brlght ~

nt"a l rea lly inc reases du ri ng m odu lation . No s plaUe r s hould be audible on a
rece iver t uned to a t rf'quency approxlmatl!'ly 10 to 25 kHz fro m the tran sm it
f requency when fully m od ulating.
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Stncc th.· lam p dot'lf not l·t· prt-·Iw nt 8 t rue 50 II load, It ill llt' c t' lIl1 a r y fo r Uw
a ll l{nm.'Ot to be cor-rvctvd with m o dul ation nn a wc-llemntchr-d a nt enna o r dum my
load, It s hould only b., nt'ct'llsory to rl'allgn tI'!mmt' r capsctror-s C 2 1 and C 22.
It III now pOlllllb h ' t o c1wck tht· opcr-attng vol tngv r-ange of t he t re nern n te r: t o
a chievc the larg.' rang., o f 10 V 10 13 .5 V. some ccmpromtses i n ure tun in g
wil l b.· r equir-ed .

3.2, IH' VO LTAG.,: INDI CATOR DL 3 WIt OO~

Th e ci rcui t of th e £IF voltag., indicator ill give n In F i g . 3, Th., rue on ant circuit
or th ill Indicato r . wh ich III tuned 10 th ., t ransmit fn'qu('ncy r-ange, ha s tilt' ad ­
vant age i n c o m paris on t o the no rmal wIdeband de modula t io n circuit that ha rm o­
nic and epu rtoue po wer- ill not indicat ed, If t he tranamHter la de rec ttve 1. e. if
It g"nt' r a tes pcwe r a t a num ber- of dlff"r..nt rrcquenctc s, t h e lndica ted voltage
level will fall. An y defee t lve ope r-n tion will br- In dlcated In t hla manner on the
Hi" ...ouege Indicator.

In a dd ition to th te, a DC cectttcecopc can be connected to t he ou t put of this
circu it ( po int I't ~ 0 2 and 40 3 ) a nd be u aed t o c h ec k t he modulation dept h and
dilltortlon . T hi8 ia d one by d tsconnecttng t he met o r and r ('p la C'ing 11 with a
1!) kn r eeteto r-, It th l a reetetc r- wall not p rovlded, Ih.' time cone tanr wou ld not
be co r r ect and th.· modulation woul d not be vlatbte ,

oDl 3 WR
00'

o DlrJ,.WR

The rc ecnent ci rcuit s hould be altgned 10 the band cent r -e Ir-equency , Howeve r- ,
d U(o to Ita r elat ively h igh Q, the indica tion will not b., compl ct e.ly consta nt wh en
tu nin g t ht' V FO f rom one band limit to Ih e other-.

,,-

Fill, 12: RF·indicalor oo.rd DL 3 WR 004 Fill. 13: Compo ....nlloca1ion pltn 10 DL. 3 WR 004

3 ,2. I. ASSE M BLY OF' 'nne HF VOLTAG E INDI CA TOn

T'he IH' ...cnage ind ica tor Is buil t u p on t he p r lnle d ci rcu it boa rd D L 3 WH OO~

wh o s e dim.'nslona o r e ~O mm by 30 m m. F lgur" 8 12 a nd 13 ehow the p r-Inted
d rcult board and the cor- re s pondmg com po nent location plan , The trlmmer ca ­
pa c itor ill of t h.. earn c type all used In Ih . ' n-anemutc r: th e dlode l a a c on ven ­
t ion a I germ anium type. Th... prln!t' d ct rc utt boa rd ( II mounl t'd In the vic in ity of
the output soc ke t fo r t h e tw o mvrre ant e nna . A IIho rl pi e c .. o f wire I. rod from
conn ectton po int I't ~O l t o near the poattion whe r e t h e coaxi al cab le f rom t he
t ranamtuer t o the cha nge eo ve r- s witc h "Ant. soc ke t - 7 0 I'm 'r r tp te r" III fed.

HEFE HE NC f,; S t o be continu ed

(I) D. G r 08 11m ann: Si m ple. Compac t I'A Stag"'l1 fo r T wo Metre s
VIH ' CO M MU NIC ATIO NS 2 (1970), Edition I, pages ~ 5 · 5 5

( 2) II . J , F ra nke : A 'ren Wat t T j-an smtttvr- for 70 em
VIIF C Or-.1MUN IC AT IO NS 1 (1 969 ). f: d lt loll~, pag.,s 243-24H
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rter .n t:FFECT T RANS ISTOHS IN T ilt; 28 / 14" MHz T UANSV ERT E R
DJ 6 ZZ 00 1

by F . We lngllrt nt'r, n ,l 6 ZZ

E

lO p

1i.2 N 3819 g~
410p L Tla 4~~

I ~

" "I

A tr-en etet cr-taed n-en evern-r wa s desc r-Ibed in Edit ion 4 / 1969 of VII 10' COMMU­
NICATIONS (1) which a llowt'd a aho rt wa ve 55 U t r anllc l"!v t' r to be ex te nd ...d ro r
YJIt' opt-ration. In n e original Itatto. tht' t r -a neve r-te r- only pr ovided an output
power of a pprcx. 200 mW If no rmal en tcc n t r an l i lltora ( t· . g. UF 224 J wen'
ueed in the tran smit m t xee. Mr . 1' . Gr- Iebe l , DJ 9 PC . augllt'Bled th t, ,lOlIslbi _
Uty of ulling tw o Junction fie ld l"fh'c t t r ana lat o r s in th t.- t r ansmit m ill.l'r in suc h
a rnannvr- that it wa s 8t ll l pOl s lu l., to achit.-vl' the output jlowl' r o f 200 mW , a nd
to o btain I conll ldt.'ra bly h lght' r Intcrmoduletton ra t io . Thl' c i rcu it wa s h ,. l l'd
and the r t"qulrt'd m odi fi ca tion s art' now to bl' de sc r- Ibed , stece only a nt' c on ­
ductor Iione ha s to be br oken , It I. pos.lbll' to UBI.' th l' orlilnal prin ted c i rcuit
boa r d ( DJ 6 ZZ 001) . It thl' printt'd ci rcuit board has bi-en eom ple t eu , the
modHlcaUon wil l not takt, m o rv than on e hour .

n61+11 h om L10

h. ro.

fl> G F

OJ 6 ZZ

I, T HE

I

! 410
PI

."
MODI FIED CIJ(CU lT

~

Rl

'" Fig. 1: Cif(:Ult ..tr lCllhowtng lhe
IMW FET min'

A c i r cu it d lagrlU1l of the new F l-:T-t r ansmlt m txer is IiIlv t'n in Fi lii . I. The os ­
cillato r vol tagl' IB fed to the tw o ga lt' conn t"c tlon. In push-puBh via two 20 p F
ce pe c noee , T he lIt" rlt"lI-connt'c tion o f Ihe l t" two capacito r . a180 res-m e t he
r e sonant ci rcuit cs paclty fo r the 10 metr-e in put circuit.

Two 4 . 7 kU r ("sl ato r l ( It I and R 2) rt'prt' lt'n t the DC ccnn ec ucn betwee-n the
ga le connect tone and ground. Tb e r-equ fr-ed blal vo lt age il gent.'ra tt"d al tht'
vo lt age drop ac rol a a rt' l l ltor In the llou rct' ci r cuit. In o rde r to balance thl'
oPt"r a t lnlil poin t , the r-e et et or ia In the fonn of a pott· ntlometer. Each aou rc t'
ceen ecuen ia individually bypaased with a 410 p F ca pacito r . The d raIn eeemec­
tion a are c onnec ted to the pu sh- pull r e aon ant ci rcuit , which II not a lh'rl'd ,

2 . f,IOOIFI CATIONS 01-' -nuc ASSEMH I.Y

AI al r eady menuonec , only a ft"w. lim I'll' m od iflcatlon l a rt' eec eees ry on tht"
original pr-Inted c ircu it boa rd OJ 6 ZZ 00 1 a nd It I eom ple ment , T'he r equ lrt'd
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m odltlcat lon a a r~ no.... t o be explained briefly; w e recom mend that the o rlalnal
deec r-ipt tcn (II be a lao atud led fo r ccm pe rt ecn.

2, I, The re al l to n It 1 and R 2 ( ori l inally 220 (1 ) mUlt be r emoved, a nd
repte ced by a wire bridle on th e conducto r sid e . Two new hole s 8hould now
be drHled In the ad jacent g round an'a , These holea are requi red fo r th e new
r e lilltors R 1 and R 2 ( 4. 7 k O ) which are m ounted vert ic ally .

2. 2. The ou tput c oupling Ilnk . A • U and C • 0 of lndu ctanc e L I a r t' no longe r
r equlN'd; they I hould be un eclde red a nd ca refully r emc veo . The Inductanc e
connectionI G a nd H a re al s o unaolde red and eeeo t de eed lnto the hol e a where
the connecttone A a nd 0 were eolde red , No m odHlc ation o r th e coupUn, l lnk
E - I" 11 r-equired .

The 470 pI" c a pac ito r between po lnt a U and C a nd the two t rim m e r potentto­
md" r ll P 1 /lnd I' 2 an' no l(ln~" I' r "'lulr"d an d C8n ut' r- r-m o vr-d .

Fill. 2 : MOllif ic.tiom to be mMla in lhe
low... rillhthand corne r 01 PC·boa rd
OJ eZZ 001. Com ponentllllftn
from the cond uctor lida .

2. 3 . The re l lat or It 3 ( 560 (1 l and the parallel - conn t.'cted ·L 7 nF bypa aa ca ­
pacltor a re now unaol dered and replaced by tw o 470 pI-' ca pac lto ra . The con­
du ctor lane be twe en the ae tw o capacU or l II now di llconnected ( broken I ul ln a:
a knHe . The location on the printed drcult board 11 ahown In 1"1, . 2 . Th la
Ulu 8tratlon al lo I ho wl where the additional holea for the balanclnl pot ent tom ete r­
ehoul d be d rilled . The wiper of th e pot entiometer la connect ed to ground u l ln g
a wire brldgej the other- tw o connect lona can be bent and sojde r ed to the cor rea ­
pondln g conduc tor lIne a .

2.4 . The a uthor found that the field effect t ran li lto ra r equired a hI ,her 01­
dilator voltale than conventional aUIcon tranaiatora . The load e xh ib ited by the
mixer Ita ,e II r el atively 10.... ; th e olc Uia to r vo lta, t' ca n be Inc ree eed t'aaUy
by placing the coil tap of Indu ctan ce L 10 two tum l toward a the " hot" end
( 3 tu r n . Inltead of I turn I and by lncreaaln , th e va lue of r e lllto r It 12 from
120 (1 to 270 n,

3. REJo'ERENCJo;S

{III" . Welnilrtner : A 28 MlI z /144 Mil ! Tran al at orlzed T rana vt' rtt' r
VHF COMMUNICAT IO NS 1(19691. Edition 01 , Pa i es 189 -19 5
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A DIGIT AL DISC IU MINAT O H A CC ESSOH Y FO n F M DE MODULA TI ON

by D. 1'; , Schm tt ee r, DJ 4 UG

INT RODUCTI ON

A e pectal demodulator Is requt red to r t he r e c ept tc n or Ir-equenc y modulated
signals. Such a d em od ulato r conve rts th e Ie eq uen c y varia tion II o f the Hfo' or
I F IIlgnlll into vcl tage - u m plttude ve rteuons. T he m os t po pul a r fo rm o f F M
demodula to r e III t he ratio de tectc r , T he d lsadvantagt' of th l ll ty pe o f de tecto r
II that the ratio fil ler requrree a ce rtain a m ou nt o f m ea llurln g ln lit rum ent ll fo r
th e a lignment proc e ae. A circuit that III lellll know n bu t III gain ing popu la r it y
In m od ern FM Iiylltl;"mll hi a ci rcui t o pera ting In a digital manner. T he ad va n ­
tage of th l , ci rcu it Is th a t no a ll gnml'nt III r l' qu lrl'd a nd that It possene. a
ve r-y Hnea r- r- e la t ionahlp between Input Ir-equency a nd output vo lt age am pl ttude .

In order to Ind icate the lndustrlal Int e r- e et in this new circuit t ecnnolc gy, It
s hould be po inte d out that a 8pecia l Integrate d c i rcu it { T AA 710 manu tectured
by IT T -I nte rm e ta ll I ha . be en de ve tcped. Thl . In tegrated c ircu it c on ve r t e a
tet evt e lcn s ou nd I F IIlgnal ot 5.5 MHz to approxImate ly 20 0 kHz where It Is
de m od ul a ted ulln g a dIgita l dhlc rlm ina tor.

1. TH EORY OF' OPE RAT ION

A ba llic ci rcuit d ia g ram ot t he dIgital dl.crim ln a lor 1. s ho wn In fo' i gu r e I . Th e
m ost oecte tvc po int to r Ih o pera tion a re the cu t -orr tr-oqu encfe e ot the RC - link ll
R uc: I and R 2/C 2 . Th e cut -orr t r-eqe ency fc l Ill:

I
tc l • 2 '1:' x R I x C I

It mu s t be som e wha t higher than the h lght' llt In put Ir-eq ue ncy , whe r-ea e the c u t ­
o ff Ir-e quen cy fc 2 :

t ' I
ea " z rr x H 2 x C 2

s hould be c nceen eo tha t It 18 ta r g r t'a tt' r than the hlght' s t a udio fr-e qu ency to
be de modulated . For- a n Int e r-medlate f r e qu ency o f 50 0 kllz a nd a h igh t' st m o ­
dula t ion freque ncy of :J kllz . t he dl m !.'nlllolii ng ehcutd be all to ll owa :
te l" '" 1. 6 Mll z ( R I • I kn, C I • 100 p fo' I a nd tc2 ~ 6 . 5 kH z
( It 2 • 47 kn. C 2 • 2.2 nF ) .

1
C2

I I Fit . 1: Principii of • dill iUlI d i.etimi l'lll101"
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Cnd t' r no n-dri"'t, condltlonli. bolh tranlilli lo rli o r Ih .. dilital dl.crlmlna tor wil l
bt' blocked . Th.. capec tto r C 1 I. c ha rl..d via th .. r ...hl to l' It I .nd d lc de IJ I
to Ihe value or th .. o p.. ratln , vo lt ag.. UU, The urn .. III vaUd to r ca pac itor C 2
which III c ha rled via. the r " II I.lor R 2. U a poett tve vQlta ge Vln of m ore than
0 , 7 V e pp..a n at the Inpu t ol th e circu it . tM . wUl ca u.e t r a nlli.to r T I to
condlct, 1)1,1 (" to th e cenecrc r c u r r e nt , th e vol tagt' d rop . Cr OIiIi re.l llto r It I wUI
be 110 g r ea t that th e voltage acro lill tranlli llto r T I wil l be r ..due ..d to th .. value
Ql th e re . idu.1 volt.,,,, T h i ll ",olt all " . urK" I. pa ....d via capac ito r C I to the
em u te r o f th e second tran. i.tor . The ..muter of t r an . l lltor T 2 bec ornea th ull
ne g.t lv.. with r-eepect to th e ~.e wMch enec tll a c u r r lion t now throulilh t r an.­
i lltor T 2, Thl . cu r-r-ent contlnu lt'li to now via T 2 unt l1 capacito r C I I. dill­
c ha rgl'd . Since the collector cu r-rent ex hibit II p ractically th e lIam .. valu .. a . th..
e rn itt e r cu r-r-ent , the .hort pe r tcd o r th .. coll ..c to r c u r- r ..nt now r ..du c ... Ih ..
c ha r't' ot ca pacitor C 2 by the 1,'.11,1.. t ha i wa . p rt·vlou.ly II tor.·d In ca pacllo r
C I. T hl . cau .... th .. vo lta a" acroll C 2 ( ou tput voltage UC2 ) to fall, U the
voltage Uln Ct'a.('. artlt'r Ih l . chargl' tran.f.. r- p r-oc.... . th e cu r-r ..nt now via
tra n lil ator T I will a h a cease and ce pactto r-e C 1 an d C 2 will rt'{'ha r l l' them­
eetv... to tbe In itia l value ( un ) ,

If an a lt e r nat ln a voltage havln l a lIult.ble Ir-eque ncy . nd a mplltudt' III connected
to the Input In.tead o l the DC pul ... . tht, c ha rge eye!e o r lh .. c h.rge tran . ff'r
and the n 'ch.ralt' wlll be rep..ated In rhythm wHh th e Input Ir-eque nc y , Th e cu t ­
ott fr,·que ne t... o r the tim e cona ta nt. a r t' no w dlm e netoned according to the pre ­
viouli ly m e ntf oned rule • • 0 that the Urne betw een m e ch. rl" t r.nalt' r p.. rlod .
I. not lIurnde nl to rull y c ha rglt' cap.cltor C 2, The charg.. p roc.... via r e lll.tor
R 2 a nd Ihe dl.cha ra" du e to the cu r- ee nt pul .lt'. vi a t ra ns lato r T 2. wh ich are
In tu rn ca used by the input volt a lite, th .. re rero ha ve oppo site orrec rs . Since the
cur-r e nt pu lee r-a re ill proportIona l to th t· Inp ut fr..quency, th e hlght'r Ih.. Input
l r ..qu ..ncy. th e low er wil l b.. th e c ha rge ac roll. ca pac ito r C 2. Th.. voltag.. aero••
capacito r C 2. wh ich r ..pr... ..nU th.. ou tput vol tag.. o f th t' dlaltal dlac rlmlnator.
thu . fa U. on Inc r ..a. lnlil th .. rr ..qutoncy of th .. Inpu t AC voltag'" T hl . r ..pr.....nt .
the required conver.lon o r h '..qu toncy va ria t ion. Into cor r e.pond l.ng vol tage am­
pli tudt' va r la tiona,

2, I' ltA CTICAL C IRCU IT Of.' A lJIG IT AL DIS CRIMINATOH

Th e com pl ..t t' circuit dia gram o r II FM de modula lor acc.. lll1ory ror an exl.tlng
r ecclv.. r la i lv .'n In F lgur... 2. Th .. FM acc.'a llo ry la ..qu lplwd with a n Int ..g r a t ..d
circuit a. a wldt·band amplHi.. r, a dllltaJ d l . crlm ln . to r comp rlalna t ran.latora
T I a nd T 2. aa wf:'11 aa a 3 kll z active lo w - pa ll. fIl t tor ( t ran.lll tor T " ) . nd a
burrel' atal" with tran al . tor T 3 at the lnput of the RC low-pan lllter, Th ..
ci rcuit . hown In Flaurt' 2 i••ult. blt' fo r a ny Intenn..dlatl.' rr ..qu ..nc y b..t wto l'n
100 kll z a nd a pp roxlm llt .. ly ~~O kll z , Tht, lIel ec tlv lty mUllt b.. ca r ried 01,1 1 pre ­
vlou. to thla acct·.lio ry; th e ~ndw ldth a hould not b.. na rrow.. r tha n 12 kll z .
Such a ba nd wid lh correapond. t o th., valu.. 1t Ilv.'n In r .. fe rt'n ce (I) lo r a m o­
du lation Ind .. x o r M • I ,

Thl' Inte nn ..d la te lr 'equ ..ncy III r..d to thl' Jo'M acct' lI. o ry vi. I cou pling lin k to
poi nt E a nd E ' . The numb.. r ol turn a a nd the d"l r to .. ol coupling .houl d b.,
c holl "n .0 th at th .. wt'.kt'al .udlble .lgn.l. r to ltu lt In an I f.' volta ito o f approxi­
mately 10 m V at pglntll E and f.;' . Si ron i .. r alanala a re Ilm ltf:'d l.n the Inleirat ­
ed ci rcuit a nd by d lod .. J) 2 In conj unc tion with Ih t' baat'-emltlf'r diode path ol
t r a n. l . to r T I. Th la Il m Ulni proc.... au ppr t'.lI t'lI a m pl lt ud ... mod ulatt·d . 1"na1I1 ,
lIuch aa linitlon lnll' r lton'nc e ,
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Fi9. 2 : FM demodul.tor with digltlll dilCl'imi~1or.nd 3 kHllovql... fill..

. .. . . . , C,I.~a A r·~ ...
4

• III: 11 ,(;\ ..en:-_ H. ----l'1_..

Q
~ :NQ.~ l -~i-'Ot'~ --6T~T6r'~4' ~"i IQ.

X .. I x o, Cl __ . '0 n=
CI I'" I "{ Y'' u.
110 '"' - - - - - -~ '·. ·Ioll.leotlt.... " , . ... ,

I,. It ' " 11oC 1". ' " 1'1010.. ,
111,(11. , .. ... . l1li" ... . .(1""" ...

In or-de r to ton.u re that lh t' dt'dalvt' c om poe e nt e or t h.· ac tual dlgttal d l ac r lm ln ­
a to r cln;:ul t can be eaaHy found , th cy art' dll'lI!iIlll lt'd In the same ma nne r- in
F Ii'Jre 2 .a in th t' prm c t ple ci rcuit d l.ara m givt'n In F l i _ I . Th'" prt'vloualy
menttcaed cut-off rrt'qut'nc! " 8 have been di mensioned .0 that lnt t' rmt·d!a tt' Ir-e­
que nctee o f a pp r ollim ate ly 100 to 550 kHz ca n be p roceeeed, The ccnveretcn
c he re ct e r-leuc cur-ve of the circu it I••hown In t'lgun' 3. The vo lt age UOUI I.
thu . th e volt llgt' a t t he DC out put ( UDe ). Th e su bee quent A I-' a mpll flt'r only
r ecetv ee the AC com po ne nt vi a c a pac ito r C 6 . T ht! . mpli tud e o f t h l . AC vo lt­
. i '" I. d ependent on th e Ir-equency devtatlon and on t he t eanecon ductence o f t he
con ve e-eton Ilope. The elope o f t ht, charactf!rllUc eu r-vv II In turn de p...nden t
on th e dim en l lon ln g o f th e RC - Iln k It I/C I a nd th u l on t he hlgh .... t Input fre ­
que ncy for wh ich It I. ctmenetcned. T he hlgtlt' r the up,wr frtoquen cy li m it. th e
lower wUI be the I/.Iut'l for re e tetor It I a nd capacftor C I , a nd t h",r t' fo ", th e
n. tte r- the c ba re c t ... rlltlc c ur-ve wi ll bto , Since, how e ve e, a r t'latlvl' ly n . t che ­
ractt'rh l lc cu r-ve o nly p r-cduc e a e l ow AI-' vol t e ge at a c e rtain Ir-eqe en cy dl-vl. ­
li on . It II ali l/l l a b ll' to sel ec t a low Interm edla te f requ ency In o r d e r- to o bt.ln
th e hl ihe l t poulbh' AI-' vo llage a nd to Ilul ta bly d tm un etcn th e dig it al dhcriml­
nat or- ,

T he c ha racte rlltlc cu r-ve s hown In I-' IKU n' 3 I ho wl that t he deec r-tbed ci rcuit
provtdee an AI-' volt.it' of a pproximately I. 3 V pt'ak-to- p..ak a t I frt'quen c y
eevtauen of !: !l0 kill. Dl vb lon of t ht'11' valut'l by 20 aho wil th.t amateu r- I ii ­
n.1 1 wll h • t r ...qu enc y d ..vlatlon of !. 2, 5 kHz will o nly prod uc t' an A I-' Ilgna l o f
app rollimatt'ly 6!l mV . T h l l cc r-reepcnde t o a m ean valu .. (f o r IIlnulold,,1 vo ltage l )
o f epproxtm at ely 23 mY. An A F amplUIt'r I ho uld follow the ecc.. . . ur'y , whoat'
I ...n l ll l vity I. Ipproxim ately t hat requrred fo r a dynamic m ic r-opho ne ,

Tht' re etetor R 3 . not Ihown In t ht' prtnc tple c i rcu it diagram . lint'a rl :lO.·1 the
c haract t' ria tlc cu rve to a ce rtstn deg r-ee . Hc we ve r , the Un earhy o f the ci rcu it
II au fflc lE'ntly iood 10 th a t no dU f... r-encee can be ob.t'rvt'd bet ween the c ha ra c ·
t ('r i llt ic c u rvl'l o f th e p rtnclpte circu it a nd the com pfete circuit d ia g ram ehcwn
In F I,(Ure 3.

A I ha a be en b r Ie fly m en ti o ned prevtcuely , the dlll('rlmln.to r h Iollowed by an
Im pedance conve r-t e r- e qUipped with Iht" tranl ht o r T:I ami an acttl/t- A fo' fil t e r .
Tht' low -pal. f1It", r II p r o vldt'd fl rltly fo r . upp rt'lIlon of tht, r t.'llldu a l IF volt­
age a nd It'condly to limit the A~' r a n gt' t o approximah-Iy :I kll z , T hll rol'an l
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thaI fre qve ncy m odulated nOl lll' c om po lw nt. tha t an' pa •••·d throu gh Ull' IF pa ll' ­
band ( wh ich mU '1 be mort' than 3 k ilt 1 and c onv e rted by all ty pe o f u i ec r t ­
minator ci rcu it. into AI-' nctse vo lt ai"'•• n ' . u pp r t' II,,·d at rrt' qu t' ncl ea hi gh t'r
then 3 kn ~ . The dl mt.' n lllo n ing of the lcw -pae e fIlt .. r fo r o t her- application. o f
the digital dtec rtmtnator c a n b.· m ad", a. de ac r- Ib..d in rt·!t·rt'ncl' (2) , T'he HC­
link c om prll ing H 2! C 2 I houl d a i llo b.. conllld,· n,d.

fo' leur.. 3 a l . o ind1c a tt'1i e xcell ent I t-m~raturt' . ta bil ity of the c i rcu li. Thi. i.
t' lIpt' clally du e t o the ue e o f com ph'm l' ntary t ran . illto r . tor T 3 and T ~ . Tht'
ope ruttn g point d r lf l o f tilt' Indt vidu a ! Iran ahltorll It! t lH'rdo rt' c ompvneated .

!"·Ieur.. ~ \.nd lcah ". Ih t- ou tput DC voltai" Uou t of t ht· circu it ( F l•. 2 I a. a
fun c tion o f the input IIlgna l voltag" Uin a t t h ree dlff",r ..nt intermt'd lat t' frt-qut 'n­
ct cs . It will b e IIl' l'n t hat a n .·!It"t'lI ..nt AM eupprv•• lo n III pr-ovided at IF l ",vl·l .
ot mort' t han 20 mV ( nwa llu!'t· d ln-tween point . t-: and E' I.

At thl. point , a . !X'clal ctrcc u h 'atu r", IIhould bl' d"lIcrl b,'d: A. IIhown In Fig. ~ ,

th.' c i rcu it t-xhl bltll a rdatlVl' ly 1I1t-'· p thr-e shold 1.1 inpu l vo !t ai"'l1 bd.... "'l·n 10
a nd 1& mV ( c ont tnuooe line. ) . Thl . Ihr,·,holl.l ca n b.. u " 'd a . a e quelc h cl rcu lt
by dl m t-n.lonl n. th .. cou pli ng li n k to Ih .. IF c trcun 11 0 Ihat Ih.. IF nctse vo lt ai t­
I. b.. l ow th .. thr-e ehold In the orde r of 5 mV .

TIll' th r .. . hold ,how . It ... tr wlu-n tran . llltor T I opt- rah' . In ela ll' C without bill II
vo lt.i", Thl. m t'an . that till' th r-e s hol d can b., . uppr.· ....d ( d••h,'d line . ) by
p rovl dl nl t r an .l llto r T I wi lh a polll tlv(' bi a . voltag" via reetsto r- H 8 110 th .t
t r a n . hlt o r T I JUIII tah" collecto r c u r-r-en t ( c hI" B). In o r-de- r- t o mak.. th e
squ elc h ci r c u it IIwltl' ha b lt" a ccnnoeucn mar-ked Sq . I II provtded,

3, CONST RUCTION OF r u» U1GITAL I>ISCIUMINATOR

The FM accell llory s he w n In F1 gu rt' 2 Clln bo' bu ilt u p on the prtnted ci rcu it
boa rd [)J -4 UG 00 2 illvo'n In F ig . ~, The d lnll'n llionll o f t h l . I'C ~ boa rd e r-c
68 mm by 50 mm . Tbe co r-r-eapondtng ccmpcn vn t l ocation pl an for t h e PC -board
UJ ~ BG 00 2 i . l iv..n In ""Igurt' 6. T h.. con.truc l1o n ill un c r itica l; It III only
nt' ce . llary fo r au..ntlon to bl ' paid t ha t no s pu rlou. algna l. art' Int roduc ..d Into
the Input o f thl' "'n" IUv t- widcba nd arnpUIh'r IC I, a nd Ihat Ih l' o p.' r a tl ng volta.lW
UB . ho ul d b.. well fIItt-rl'd du e t o th e high at' na Ulvlt y o r the au b . t-qu o· nt AI-'
amplifier,

3. I, SPI-:ClAL COMP ONENTS

IC I : L\.nt"llr Int"i r a tt'd c ircu it CA 3026 A from IlCA
T I to T 3 : BC 183 ( Til or BC 108, 2 N 2926 , 2 N 39 03
T ~ : BC 213 (T I ) o r 2 N 39 05 , 2 N 37 02 , 2 N 2907
n I a nd II 2: 8A 100, OA 127 -1 31, BAY 86 - !lI, IN 914 o r aim liar typ,' a
C I : 68 pl-' ce remlc or . ty r o nex
C 2 : 2,2 n F . Iy roncx et c •
C 3 a nd C ~ : ~. 7 n!'" .!. 5" . ty ron ,·x e te .
C 5 : 2 , 2 nl-' :. .5" . ty ron t-x et c .
C 6 to C 8 : I jl,F /20 V tanlal el ec t rolytic
C 9 : 10 nl-' c .. r a mlc dl »c
R I to It 10 : a. ill v..n In ci rcuit d ia l ram ; to le r-anee .!. 10ft
It II to It 13 : 10 xn !' .5 '-
Il H : 01 , 7 kO !.IO,,"
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3.2 . AVAILA OLt: l'AnTS

T h. p rlnlpd circuit bo&rd I>J .. BG 002 •• wt"1I •• all ...mlcooductor. a ",
_ Vll II. bl . from tne publtahpra. P it· ad" .. rU aln, ~r.
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-I. EIJITOIUAL NOTES

Whe r e It may be lm poll.lbl e to Ullt' a n additlollil l coupling li n k , till' lI i ~ltal di ll·
c rim ina to r ()J -I BG 00 2 ra n aillo be con nec ted to Ih e IF et rcutt u liing a cou pli n g
ca pacttor-, Stnc e t he Input Impedance ot the .lI acrlm lnator III rctau ... .,ly low
( ......e ral k fl I. a ve r y lo w ca r llc Ha nc .. va lu .. mu et be uaNI It only thl' non ­
Ic a de bl e "nor -end" of th .. IF circuit I. IIvalla bh, (tu b..d e qutpmvnt} . The r.' ault ln g
vol tagl' dlvl.lon, ml'an ll that a r d a tlvl'ly h iih It· vo ltagl' l e ve- l I. r-equtr-ed if
enou gh volt ag l' 111 to b. , a vallabll' al Input t: vi a thv lo w c ou pling c e pacnos- . It
III tlwl'.'(on· m o l''' Ia vc u re b!e to me kc the conn..e tten via II la rK" r c a pa cit a nc e
conn ected to a c apaci t ive vol tag.. d i vider acro lill the IF circu it,

In addi tion to th i ll, a Il C path m u.t b., a va ilable between conncc t tcne fo: and E '
when ulii ng a c a pacl liv.' coup ling, Thi a ca n be m a de by con necttng a 1',· .111101'
ha vin g a max imum o f -1 ,7 kl1 b.. tWI'I'1I thclw tw o polll t • •

If th e IF am pllfl.. r of the recetv.. r do ell no t t":lhl bit the eequ teed bandwidth ot
12 kIll . ve ry unp h'a u nt dl, to rtlonll will be a udl ble , Frequency mod ulation ha a
s dlfferenl bl'ha vlour In Ihi a re e pe ct than A M wh.'rl' too lo w II bandw idth w1l1
only c a ulw th.' re a ponae to be ra ther ba " .y du.. to th e ml l sing t r-ebfe tone e ,

Th.. d...c rib.·d digit a l d i scrimin a tor eonv e rt ll II fn·quency to • DC voltag.·. Th i ll
p r oce sa can . o f cou r . .. . al s o be u II..d fo r othe r appllcatlonll, II la , for Ina t a nc e ,
po a etbte to u at' the dilic r imina to l' in a revolullon counte r , Ire quency m .. t .. r a ll
well all In an A F dtac rtmtnator- lIuc h a. t-equlj-ed for HTTY , Howe vcr-, t h i. 111
not to be d..a lt with a t thl, point ,

5, HE I-' E HI-; NC ES

(II O. E. Sc hmitze r: III I-'r ..quency Mod ula tion Advantageou l on th.. VIIF ba nda?
VIII-' CO MMU NiCA T IONS 2 (19 70) . ":d ll ion I. pagl'll 21-2-1

(2) D, E . Sc hmlt u 'r : Ac tive Aud io F ll h ' ra
VIII-' CO MMUNICATIO NS I (19691 , Edition -I. pa gea 21ij .235
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SI MPLE , CO MP AC T P A STAGES F OR T WO M!';T1tES

by D . Groaemenn , OJ 4 HX

PAHT II

Continuation t r om VII!" C OM ro.1UNtCATIONS 2 (1 970), 1':d1tlon

5 .2 . A J'A STAGE WITH HELiCA l . IN NE R CONDUCT OR

The dtmenetcne ot P A IItageli tor th e tw o met r-e ba nd can be dec reaeed stUI
fu rther If somewhat more elabor-ate metal work III made, T hl' tmpl·danc.' of t hr­
neucet u ne ulted hI approxlmatc ly thn't' umce that of a normal Inne r conductor.
which 18 also t rue o t t he I'Jl'ct rlcal l"ngth ( Z eppr'ox- 150 n). In order to ob­
tain a more conetent cur-rent dl st t-lbut to n Ih an that obtainable with a stmpte
h,,'lIx. the Inne r conduc tor hall b..-en buUt up In thl' rorm or a triple helix.

5,2,1. CONST HUCTI O N O F T H!'; INNE R CONDUCTOR

!" Igu r . ' 5 IIlu8t ra h'lI tht' conet ructton of the inne r- conducto r a nd helix. Fig. 5a
I;howlI a Oal prcject fc n o r the 101'1"1' conductor, which III In tact ccnet rc ct ed
t rom a 45 mm diameter- bralill tube. The Inner conducto r 18 lIrl;tly c ut to th e
correct length o f 168 mm a nd the end tiled 110 that It ill exactly ve rttcet to t he
aurrac", or the tube. T he poln t s indtc ated by the th in cr088e8 In F laure 5a are
now m a r-ke d on th e oute r su r-Iac e of th e tube. Si nce It III ve ry dl frlcu lt to c ut
t he he lIx in the round eu r rec e ot the- tube, t hll; can be m a de more eallUy by
Jo in in g e a c h c ..-ru re poi nt ot the Ind ividual CrOl;lIl'lI ustng a 81.'1l-adhl'slvl.' tape
wh ic h III pa a eed a round the tube In the hel ica l df r- ec tion , T he tu be 18 now cu t
at one l'dgl' o r th Is edheetve tape . T he t h roe eut s ceaae a t both ends o f t he
ln ne r conductor In 6 mm dtamete r bote s; one or t he he-ltca l cut II s to ps In a n
elongated 6 mm cu t-out wh ich r-eaches to t he end of the tube ,

Unfo r-tuna te ly. conventional tubee POIINl'IU~ condd.. rabl.. m ..chantce! IIt resN wh ic h
will show itHe ll by dillto!'ting th e he l tx , It 18 t he rerore nece ssa ry to bend the
tube back Into Itt:l o riginal fo rm after tilt' lIawl ng p r-oce ae ,

The 4 2 m m inn.. r- dia m ot .. r of t he braSil t ube uaed ( Nee F i g. 511. ) II somewhat
g reeter t ha n the cc te r dism ete r a t t he 4 X 150 tube's a node radiator (a pp r ox.
4 1.2 mm diamet e r ). Purthe r rnore , t he Inner conductor will expand somew hat
a rt e r- cu tting the helix , Tbu a , If the I'A tu be and the Inne r con ducto r 11 1''' m ount ­
ed exactly concent ric to enothe r , no galvanic contact wil l e x18t at lIrlit between
t he ee two pe r t e. In order to clamp th e he llc a l tube ov e-r- the a node r a di a tor of
the 4 X 150 tube, t wo :IImall b rac ket s are mounted at each side or me pr-e viou aly
m e nrtoned elongated 6 m m cu t -out (st'e I-' ig , 5a , Il.'fl) which a re joined toget her­
by a tom Nion ln g scr-ew in t he manne r :II ho wn 10 Figure 6, On .. of thl'N" bra c kets
is ec r- ew e d t rom t he inner eu r-rac e of th e he l lce l tu be usi ng a cou nt e r-aunk ec r-ew.
T be sl'cond brac kl't ia 1I0idered t o the othe r s id e ot t h.. cu t-out uiling a soft
eotde r ha vi ng a low melting point. If t h e I'A tu be Is overloaded, th e anode
r adiato r a nd thul also th e cor r e e pcnd in g en d ot m e inner conductor will he
heated to such a n extent that th e s ol de r ho ldin g t he br-acket will melt a n d th e
hellcal t ub .. wi ll expand. Si nce the anode voltagt' of t he t ube Is fed viII. t he he ­
lical tube , the whol .. arrangem ...nt ope rates al a the rmal fuse which wi ll 11'111'1'­
rupt th e anOOI' voltage supply und r- r Sl'Vt'I'l' ove r-load r-ondttlon a,
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5.2.2. C ONST HUC T ION O F 'r n e CO MP AC T PA STAGl';
WITII IU: l.I CAL INNl';R C ONDUCTOR

Tb e Inne r- condul l" ( P a rt I In Fi ll. 5a I Is plec ed Yt'r Ucall y with It s non ­
alcued en d to the ccnrre ot th e plat e ( Part 6' s hown In Fi g . !H and ec tde r-ed ,
Aft t' r all parts ha vl' bee n manufact u r-ed accord In, to th e tollowln, part . list o r
n Q'U rto. 5 and 7. It I. po u lb l l' to cOm m t'nc e m ount1ll e the >. /4 anode circuit.
T he com pleted ccnet ru ctton la ah own 10 Fi i\lre 8.

The lone r conductor n anit' ( Part 6 I ta Insulated on both sldl'. uslne the inau ­
la tlon ( Part 3 sho wn ln Jo'1 i . 5c , . A!t t'r th l • • P a rt 6 \a sc r-ew ed t o the plat ... .
( P a rt ll -l and 2 ahown In F i ll;' 5t.1 a nd 5b ) a. w",U a. to the tour bracket s
( Pa rt 5 I . Th l••hou ld be m ad e a ••hewn In Fi e. 8 . Th l . repr e e ent e Ihe nt'
by!'a •• IIr r lln Keml'nl al the cold e nd ot t he anod e li nt'. In o rde r to o bta1ll t h e
r l'quln·t.1 In s ul a Ho n. the holea In t he nanel' ( Part 6 ) art' i reate r tha n tnoee ot
Pa rt s 2. 3 a nd 4 . The-se cut·out. art' centr-ed by placlna In8ulation dl ac . havln i
a n ou lt'r dl amt'te r o f 6 mm a nd a n In ne r- dlarnet e r o f 3 mm ( 2 mm thick 1 101 0
th e 6 mm ncl e e of Part 6.

The base , elde a nd cov .. r ln , plat t' . ( Part. 7 . 8 an d 9 10 F ill. 7 I ca n now be
mounted onto the brackl'ts( P a rt 5 [ , Th.. fou r bracket ll ( Pa rt 10 10 l" 1i . 7e I
provide 1I1abllity for th e oute r conducto r call1ng, At the o ther end of the ca .lnll.
four br-acket e (Part 12111 F ill. 7f) an d th e billie p la te (PlIrt II I are ec rewed
to the tube scc ket ot the 4 X 150 . A ce r amtc c hi m ney Is used for the ccct tng
v..nt ll al lon . The ou tpu t cou pling Is m ounted on th e cove r-tng plate (Pa rt 9 I,
whic h c onslels o f Ih e coax ial lIoc k.. t , Ih e coupllnl loop a nd a trimmer .

I'hotoe ra ph ll ot Ihe ccmpteted PA Bta ge ar-e i lv l'n In FIQ'Urt' l II and 10. Si nce
th e pr-ot ot ype PA stai" wa s, with the escepuon ot plat l/' . 3 and 4, const ruc ted
trom a lum inium pla tt'. a i rt'a t numb.. r ot .cre wa and brllcketa we re nece ll.ary .
A conald.. rable amou nl o f m eta lwork cou ld be l a ve d If coppe r o r bra . s plate
we r-e ulled tor the ou ter conducto r cas ln,. WIth Ihe exe e ptton of Part a 3 and 4
as we ll lIlI one COVl'r ( for Ine tanc e P a rt 8 I. It III then poallible tor th e who te
cailine 10 bt' coner ructed f r-om one pte ce lind 1I0 Idered. T he t ube 8oc kl' t ca n be
.olde red o r cla m ped Into plac e .

The cpe rat tve Q ot 19 t'Ul lb lled by thi. PA c i rcuit r l' lIult . in eue h a la rle
ba ndw tdth tha t no capaclUv l' tunine Is r-equ f r-ed In t he two met r-e un6le , It the
r t'.ona n l frt'qut'ncy o r 1-1 5 1\.1 l1z III not o btained. thi . ca n be ad jullted by II l1ihtly
bl'n d ln e t he hl'lIcal In ne r conductor o r by fIlll ne o ne ot th e heBca l IIlotll at th e
col d end with solde r ( a row m m ar-... ullI.Hllly su trl clent ) , If ot he r tubt, lyp" lI
( for tne tenc e 4 X 250 I arc to bl" used , It III r ..comm ..nded to r th e r-u­
lIona nl t r e quency to be adjueted to 148 Mll z Ullin. a -l X 15 0 tube an d t o load
me an ode etde ot t he c ircuit ca pac ltlvely usln K a d!lllc In th e norma l m anne r­
( lIl't' l" lg , 4 ) ,

If t he m ec ha nica l part . arl' made t rom copper o r b ra.. , It III po ..i bl .. tor th l'm
to be sliver plaled, The pa rtll fo r thl' grid ci rcu it a re to b... dlllcu.lIed In Sl'C­
Hon 7,
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!L 3 . PARTS LIST s-on THE Jt /4 ANOD E C IltCUIT

Part F lrure Number D.... lgnal1on and m at e r-tal

5a lI elb . Bra •• t ube ,n mm oute r- diamete r . 1.5 mm th h: k

2

3

•
5

8

7

8

•
10

II

12

13

5b

5,

5.

sr

7.

7b

7,

7.

-n
7,
8

2

•

2

•
•
8

Pla te. ( nfo' . by pa llin j I, a luminium o r b rall p late
1. 5 mm th ic k
In . u l a tl ns foU, t t'n on o r m ica O. I mm th ick
( Transpare nt pla.Uc l
P la t e ( RF.by pa llin i I. alu m inium or bra lll plate
1. 5mmthick
Hr-ac ket s , 30 II: 15 II: 2 mm a luminium

P lat e. coppe r o r b r a a . platt' 2 mm t h ick;
I. eotde red to P ari I
Oalle pla te , Iluminlum or brasl plate 1.5 mm thick

Side pla t e • • alumin Ium or bra.. plate I. 5 m m thic k

Ccve rtng p la te. a lu mini um o r brasil plate
1. 5mmth l ck
Urackt,t l, 1!) II: 15 x 3 mm a lum in iu m

Bale plat e, coppe r or bra a a pla t e 2 mm th ick

Bracketa. 15 x 15 x 3 mm

In s u l atin g dlsc8. 6 m m ou te r and 3 m m in nt' r
d ts m et e r, 2 mm th ick

Fu t-rhe r- IIl· m. th at a re recu rred :

~ X 150 tub soc ket with bypa•• ca pac li ar fo r th e ec r-een g rid, ty pt' SK .600
or . imUa r

1 4 X 150 t ub e o r .im ll a r ( 4 CX 250 U 1
I c e r a m ic c h im ney tor th e tu be eoc ke t ( ueually lIuplllie d with tIn· floc ke t 1
I c oaxi a l eoc kr-t , a8 s-equtr-od
A num ber o r ec r-ew•• t epped rl vi ta a nd pOl lllbly wa shera

U a tunln g dill c Ie t o bc p ro vid ed to r th e ci rcu it. a eu mm d iameter, 1. 5 mm
th ick c opper or b r ... d ille w Ul be l uf rich' nt. Io'urthe rm ore, a 40 mm long
ec r e w aa well a. a nut a nd lockIng nut wi ll be r e qul r t·d. In thl. c aato, a h ol t'
muat be provldt'd In p . rt 9 , wh l' rl' t he nut I. eolde r e d into pl a c e. The .... r-ew
ill sclde ee d t o th e cera re or the d ial' . Tbe dl8c ltaelt serV("8 a8 8 cepec ntve
elect rod... ( le t' F ig , 4 ) .

6 . Tin; SC Hf-; EN G HlD SUI'l'I.Y

Tet r odE's and pt'ntocJ e 8 r t'q u l r t' a wI'1i IItft bJl iJ:t·d ec r oen g rid su pply In cla 8 s
AUI . It t h l . I, not th e c ase , a poor Ilrw a rlty will r t' lluit. Wit h It I ma ximum
d i lllpallon powe r at 12 W, th t> sc r-een gr1d o r th e 4 X 150 II ve r y e e neutve
t o ove r load. In addl1 ion to th i ll, the ec r- e en ilrld c u r-r-ent can become negatlve
at low a node e u r-rem valuel ( low r t' l ldua l cu t-r-ente ). Tht, 8Crt' t' n g rid l u pply
I hould rn erero r e otte r :
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a l a con s t a nt vol tagt' du r i ng normal Opt· r a tion

bl bv a b h ' t o cop" wit h n,' gall vt· .c l·.· ..n g r id c u r-r-e nt s

t· ) bt, Ilbh · 10 a vo id loi n ov erqca d o C Ih t, ec r-e-en grid and t hu s avoid
po . l lble damage 10 t ho' I'A tub,' ,

It l a th e ec r-een g rid t hat h moet t·nda ngt' r e d when a n encde vo ltagt' t.UUN'
I hoo id occu r , Thb I. bec a u s e II atte mpu to lIIkl.' o ve r the a nod e c u r- r-ent ,

Th.' lIt, c o n. ldt· r a tlon ll d o not a ll ow an el c ctr-on tc alty II t ablll l ed powe r l up p ly .
I>Ut· 10 the no·ga tlvt' c ur- r e nt, a c e Ma ln degrt'l' o C load mUIlI bt· pro vi ded. An
a utorn a tlc n ve r load pr-ore c tion wou ld b. ·, o r cou rllt' , t oo I.' laborah· . fo'! i\Jre II
r ..c om m vn de a c i r c u li wh ich i . ve t-y I l m plt·, The maxtmum power- Ihat c a n be
la kt 'n t rom th e circ u it III lIm ltt'd to a pl' roxlmnl l'iy e l e ven waU •. T h h ,' n llure l
t hat an ov e rl oa d c a nno t occu r , T b e voltagt· o r 60 0 V III ('a .lly obtainable tram
a nctho r 101.1 rce, ..

".
00 •

...
Fig. 11 : Sc:rwn gr id IUpply of the ,~ MHI

pow. Mnp lilill't'

·MO· - - - -r-l:=:r-r---r---- .,...•••

Photogr. of the
Ill'Id circuit
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7. rn » GRm C IHC UIT

Fu",l.m..nl.Uy IIp... kl ng••11 c h. r .c tt> rllltlc. o f the ou t put cl rl'u lt .r.· .1110 valid
for Ihto g rid cj r c u tt , F..p..cl.Uy th bandwidth ahou ld b .. IiTt>at l' nOUah 110 t hat
th t> c irculi ntotod not bt.o tuntod whe n varyln, th.. f rt·qu.. ncy w it hin th .. tw o tne t r-e
~nd.

T hp s rld blaa vcnage la moat fa vou rably C..d vi•••hunl Cl'd c hok... In thl.
c .... . the e trcu u poae....e. , round po t .. n tl al . t all poin t •. t"l , urE' 12 and 13
. how tho pra c tica l g r id ci rculi a •••ketch and photog raph. A . can alao lI,·
evvn ln Flgure 8 . a bra . ' t ub .. o f 4 ~ mm dlam .. tt·r. I mm t h ic k and SO m m In
l .. n lllh la fl",' d t o Ih .. tube lIoc kl.'t on m e cppcene . Ide to Ih .. anod.. ci rcuit. A n
Inn.. r co nuucto r m ad.. out of 2 mm dlam(·tl'r ( 12 AWG l .Uv(' r- plat .. d cc ppe r­
wire III eoldc r e d Into th l . tu b.. accordln, to Flgurt, 12. Thl. r l"pr l· lIt'nt . a A/4
11m' cl rcuLt with an Imp..da ne e 7. of a llProxlmatl'ly 10 0 n. which III IIr .. atly
. hort .. ned by t h.. Input ca pac Uanc.' o f t he 4 X 15 0 tube . Uy bendlng Ih .. irm e r
conducto r o f th e grid ci rcuit ( al te ring th.. [In.. Imp..dance ), It 18 po ••lbl .. to
tu ne t h.. ci rcuit . Thp Injection of th .. IU' drtv.. pow e r from thl' t' llc ltt'r I. mad..
,alva nlcally via . coaxial .ockt·t, T he t ree -end of th .. lin.. circuit 18 conn ..cted
via a capacitor of 500 p i" t o thl' grid conn..e tten of m e tu b...ocke t , T he e rid
I a k I. ta kt'n Cram thl . poin t vte a A/4 c hoke and. f...·d · th rouih cepec uo r of
1 n f.' Crom the t ube , T'he c pen l' nd oC th.. grid circu it t ube I. connected to a
vp ntUat ion blow .. r .

Fie>12: The lI"kl circuit
The in,.. conductor is m.:l . lrom 2 mm dill .
112 AWOl tilw"op"'..l COPpai' w ir.ltOOording
tod'.... ing

A ...cond po..lbill ty I. for th E' arid to b.. m at" h ..d u.lng a pi .. " .· of HG S9 A / U
coaxia l cabl e . n Ul' to It. hlehl' r tmp..dance of 75 n . RG 59 A / U I. man' aultabl e
than HG sa A / U. Th .. d •et e nnlnaUon of t h.· l.. ngth h ahown graphically In t hl'
form of a Sm ith C ha rt dlallnm In F lguH' 14, th.. dlm t'n810nll ar.. glv t' n In Fl·
ga rv l~, T helU' consld l' r a tlon8 a . su m.' Ii drlv t, powe-r oC .Pllroxim " tdy 2 W at
tht, grid o f the I' A tu be .

T h.. dlm t-naionlJ g iv ,' n In Fleur.. IS dLfter .1Illhtly from tho ll.. d ..term lned In the
Smith Chart, Th i ll i. b,'c a u lle t he lead from the a ctua l g rid ci rcui t 10 the g rid
must al.o b.. considp rt'd.

7. 1. IMI'IWVING T HE GRIl> C IltCUIT MATCIIING

G e ne r a ll y IIp... kln g, on .. should not pia"" too IIt ric t r .. qUi r l'm .. nta w h"n ch"cklng
t he m atch In, or IIta nding wa ve ra tio a t tht, 1.'1lcU e r .Ide o f t h t· I'A circuit. Na ·
t u r a lly • SW I( of 1:1 would bl' v,'ry favoura ble, 1I0 Vo' (·v.. r-, It th. , I'A a tagt' I.
t o b., u8 ('d In va rlou. m od ." . for Ins tann' In cla.a A B I and cla•• C. It i. only
po ••llllc· to a lign th e g rid ctr-eu tt for optimum In on.· m od.' . T hl. I. bcoau . ..
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th.· g rlu tr npcda nc c I. irl' a l! y d"pl'nU('nl on the o p.. ratlng polnl anu th .. g rid
c u r-r-e-n t , Th l. c a n o nly lw a vo lu"u ua lni a n a uuitlona l match in g lin k. Su ch a
mal('h ln g link cWlld.t. u.. . ica lly of three trtmmerB o f appr- oxtmat.. ly 20 pI-' ea ch
and two ),/4 coa xial cabl e e , F i gure 16 .how a eu ch an arran g('nwnt with which
a max im um Illa nu lng wa ve rallo o f 3 :1 c a n be c om pene ated ,

A rnltt('h ln i lin k UII IIhown In t" lgu!'t. 16 11. 1110 allow. a millmatch cond tt tcn t o be
u votded which c a n b.. c a u II" u by a coa xi a l r-e la y pOIlBt'lI lllni Impedance Irr..gu ~

la r ll lt· lI. Th e c i r c uit glv('n In Flgur.. 17 IIlmpllrt£>1 meuere when the relll.tance
to bl:' m atc hed III g j-ea t e r- than the Im ped anc e of the cable, S uch II malchlni link
i ll o f i n ' a l a ll.i .lanc e In lmprovlng th...tandin g wave ratio. " III'I:'c1ally wh.. n
Ihe I'A IIll1ge ill 10 be u lw d for eeve ral mode l. It II o nly nee.. lIl1a ry for the
pr.. llm lna ry a llgnml:'nt 10 be mad.. in the range havtni the m ... Imum mi llmatch .

Fig. '8; Grid circuit lllo.d Mu . SWR: 3:1

,..-- - \-< - ---;

.I. en ..'.
C lIpptol ,20 pF - ~

Fig. 17: Spec ..1CIlM 01 thlll.id Circuit

8 . ALIGNM I-:NT OF -rue COU I'LING LOOP

Additional In .lrument . an' r ..qulr..d 10 llnd the m o.t favourab l.. adjulltmt'nt of
the c ou pling loop :

a) A variablt' . i iJI . 1 ge n e s-a to r- for 145 MIIz; maxtmum IU' out put powe r
approximalt'ly 3 to 4 W.

b) A reteuv.. HF Indicator. e, i ' a re ttect omete r
c ) A dummy load ( If It po . It'.'C IL a c a lib r a t e d wattm .. t e r-, "1.1" will not be

rl:'quirl:'d I.
d) A variable grid blall BOUrCt' to adJullt the re.ldual anod.. cu r- r em.

The allgnm('nt I. b,'at made at haU the anode vol t a ge Iln C(' the power- d l..lpa~
tlon or thl' I'A tube c a n be very high on comm enc tng the alli rnn .. nt proce ae.
In Iht' flr llt approximati on. the I'A . taie bl:'havl:'l1 all an ohmic r l:'lIl,lance. which
III the r .. a l on why Ihl ll pr-oced u r-.. II p.. nnlll.lble , Tbe operating data e r-e :

200 rnA ( I lnlle t on e under full-drlv .. condt t tc ne )

u. •

'. .
1250 V lao • 60 rnA

Th.. altlnmt'nt II c a r r ie d out al:

u. • 600 V '.0 • 30 rnA '. • 100 rnA

Fli\lrt· 2 In Par! 1 or Ih ill arti cle I ho wl the o pe r a t in g . Io pf' In a IIlm plifl e d
ramlly of ch a r a c t e r h U c c u r-ve e to r a t e r r od c, even ror halt the anode volta i t',
The opC'rating volta ge. o f th e I'A I t agt· an' I witc he d on In th.. fo llow in g o r-de r r

1 . ventueucn and ht'att'r vo ltai"
2, Grid bla . volta ge
3. Anodt' vollag,·
4 . & r t' {'n i r id volta ge ( at Ih l' 600 V etco: the 1I1a billtlni tub" l rema in

c on n ect I'd t o the I'A t ubt· at all tlme e }.
- 121



The rt!aidual anode c u r r e nt o f the PA tube i . now adju llted with the a id of tilt·
arid bla. volt.ge . If the dummy load ha a been conn ect e d • • lowl y Inc r ea ee tht'
d r ive un til th.. anode cu r-r-ent la l lightly inc rl'alt·d. Thi . i. followed by tun tn g
th e anode a nd t he cou plinil ca pacHo r alte rnat ely fo r maximum ou tput po we r. A.
eoon a . a maximum ha a been found. It la poaaible tor the moat important mea ­
. u r l·m e nt to be made : The drive la In c rea sed l Ull furtht-'r whe r-r-by both an ode
c u r-r-ent and Rio' ou tput voltailt' .re obs e r ve d. At firlt . both in atrumt-'nt . will
increalle In the lame manne r until a point ia r-eached wne re the outpu l volla llt.
II not. or only a towly , Inc r ee aed , If the output vcl tage i . tra c l'd a. a function
of th e anode cu rrent. the r e llu ltln e cu rve will be a tm il a r to tha t a hown In Fl­
KUrt' 18 . The moat dect etve point fo r the matchlnilla the value of 1110 max ' which
la the point where the output voltlile alope la . t lll proportional to the drive . In
our example , la max mu al co t-r-e epond to 100 rnA In orde r 10 a chieve the moat
fa vourable impedance fo r o pe raUo n. It the mee eu r-ed cu r re n t ia hlilher. thl .
will mean that the output couplin, i l too g r ea t and that th e c Ol.l pli n, loop mUl t
be ehcrtened .

The mee eu rement I. repeated wit h the ah ortened cou pli ng loop . If la max 111 too
arnall , it wUI he nt' ce.aary to uae the oppoalt e proce•• until the c ha r . c te r lstlc
c ur ve of the output voltage URF a . a functi on o r la bend. at 100 rnA.

Finally. the full anode volta,e of 1250 V ca n be connect ed . T he re.ldual cu rrent
ah oul d be Ine reaeed t o a pproxima te ly 60 rnA . U.inil th e aa me proc edure . th t'
be nd o r th e c h. r ac te r l s Uc cu rve a ••hown in fo' i iUre 18 Is adJullted to ccr re e ­
pond t o approximately 200 rnA. In thia poaitlon. the m oat ra vourable out put
c Ol.l plln il will have been fou nd ,

/

' '' 1 ~~lL-L,.
too 10"'00

Firg. 18: Relationshipbftw-. RF output wolt8gl' Ind lnodl
CUfTent Otl 111vn1,. ttMt pow_ Mlpllf_

9 . NE UT HALIZATION

Fill . 19:
N....tral~j,. cirQli1 0' ttMt pow. amplif ier

A tendency to ae l f-o.c l ll a Uo n wa . ecuced very eeIdom with previoualy c on ­
. t rucl ..d PA . t 'il.. a . Whe n they appee r-ed , they were very eaay 10 neutr.lbe .
The- Impedance o r a tuned - pla te tuned-gdd (T PTG) o l clllator alway. hal an
Indu ctlve r ea cti ve co m pone nt a t the r-eeona nt frt'qut'n cy wht!rea. th e , rid Impe­
dance I. liIlightly ca pacitive . If th e r e eo nent Ir-equency o f the ilrld ci rcuit I.
adJultt'd to be a li , htl y a bove that o f the outpu t cl rcult ( It the ope r-attve Q an'
com pa r a ble I. cond tt tone flvourable to oac m ation will not occur at the ,rid­
anode ca pacita nc e of the " X 150 .

The c i rcu it gt ve n in FliUre 19, 1. a dvanta,t'ou , when nt'utra lhatlon i. ne c ea . ary .
A )'{2 11m." t. m ore . u lt a ble than a pu lh-pull , r id circuit•• jnce the la ll e r ca n­
ne t be c la.aed a a Ideal phallt-' revt'rl" li nk due to the unbalanced load.

The ).{2 line repre a..nt. p rad !c aU y no loa d to the i r ld ci rcuit .
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C IIl<:A P VAnACTOR DIODES FOM -rue 70 cm TRANSMITTl<:M
USING AN EC 8020 TU BE

by n.-J. Franke , DK I P N

A 70 cm t ransmitter was described In EdU ion 4 /1969 (1) of VHf<' COMMUNICA_
T IONS wnc ee PA tube was driven by a va r-act o r t r-lple r , A profe n iona l, high
power vas-ector diode (BAX 11 o r MA 4061 B ) was used in the frequency t r ip ler
stagl' from 144 to 432 MHz . Since the lie di odes are rather expenstve, they are
not readily ava Uable to the amateur. Th is wall the reason why the author exam ­
Ined whethe r cheap tuning diodes, a s used In the radi o and televt et c n technology,
could bto used . T he results were as foll ows:

f<'undam entally speaking. the UtU' tun ing di ode tYpt' 8 HA 110 ( l'T'Tc-Int e r-me ra l l ~

BA 121 (AEG-Tele funk 'm I o r MA- 4503 4 ( Mic r owa ve Aeeoctstee j alao provid ..
a suHic!ent powe r of approdmately 0.5 W for d riving the f<: C 8020 tube . How­
eve r- , it II nec e s sary fo r a ce rta in amount of experiment to be made with
eeverar examples of th e c hose n type to find one that Is suitable fo r this appli­
ca tion. Suitable diodes wi ll pr-ovide enough drive to all ow a plate c ur rent o f
60 to 70 mA with opti m um tuning and matc hing. Anot hE'r Indi cation is that the
di ode with short wi r e c c n nect tcn s d oe s not ge t hot. As was given In OJ. the
an ode vol ta ge at thh poin t is 200 V a nd the d rive powe r- at 144 MHz Is appr- ox .
r. 5 W.

Unsuitable diodes wUl be Indicated fi rs t ly by a lower plate cu r- rent a nd secondly
by II. furthe r r-educ t ton of the output powe r that will be eeen II. fe w aeconde
after IIw lt chini on the drive . Th l . ertect Is ce uaed by the d iode hea ting up,
which can alao be felt.

Inre reattng was the fac t tha t good rl"su!h we r- e 11.111.0 ac hieved usini VHf<' and
VlIF / FM radio dtcde type s . Types BA 124 and BA 150 (A BG-Telefunken ) were
fou nd to be suitable . The equ ivalent type MA-4 504 3 of Microwave Aaa oclate8
shou ld 11.1110 be 8ultable but wa s not tried by the author. Howe ve r . the pe r-.
centage of s u it a b le di odes seems to be lowe r fo r these type s .

A series co nnection of tw o identical d todee wa s tried in order to r-edu ce th e
powe r dt eat pa tko n, Howe ver, this wa s no t found to be fa vourable ; in fact , etnce
th ill arrangement cou ld not be tuned correct ly , vi r tua lly the whole d riv.. powe r
was co nve rt ed Int o heat . T he au thors expe riments ha ve shown that It msy be
m o r e fa vou ra ble to pu rc ha ee seve ral cheap t un in g d tode s Instead of one o f the
expenetve profess iona l type s and to experiment to find the m ost fav ourable
tu ning and matching. Howe ve r, no eeee eve of po we r dl s lllpaHon is a va il a b le
to allow the t r-tpl e r to be "ove r-c r jven" by II. 2 m transmitte r hav ing m o re th a n
2 W out put .

RE F ERE NCES

0 ) II . J . fo'ra nke: A T en Watt T ransmitter fo r 70 e m
vm - COMM UNIC ATIONS 1 (19691. Edition 4, pa ges 243- 248
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CORRECTIONS AND IMPROVEMENTS TO TilE 9 Milt SS B CO NVI-;RT I-; n
WITIIINTEGRAT EU CmCU IT S UJ 9 Z it 00 5

by G . St roe asn.. r, OJ 2 VN

Unfortunately. s ome e r-r-o r-e we r-e ln e lud vd In th .. de ec r-tp tton of thl' OJ 9 Z it 00 5
II-'·AI-' portion with IC a In Edition 3 o r VItF' CO M MUNiC AT IO NS 1 (1969) . T Ill"
rollowln g d lf re r-enee a e xi . t betw een th e ci rcui t d ia g ram I I-·Ig . :l ) a nd thl' e om ­
ponent loca t i on plan ( f' lg. ole 1 wh ich w e wou ld likl' to r-o r-r-ec t :

1. CO RREC T IO NS TO TUE CmCU IT IlIAGHA~l I I-' Ig . a )

I . I. The dealgna l lo na of transl.tora T 1 a nd T 2 we e-e l'llc ha n£t'd, The tran ll­
tetcr In the upper ri ght-hand corner belew th e S- ml'tt'r i. T I, the lower­
tran .l ltor i . T 2 ,

l. 2. ThE' ca pacitor connec ted between c onnecuon 4 of Inh'l r att'd ci rc ui t IC 2
and ground a hould have a value of :l:l0 pI" ( and not 68 pI" I .

1. 3, A 100 k O rt'ahtor mu at be drawn between P C-boa r d ccnnect ton 6 (+ 9 V
bar 1 and the c o nn ec ncn point of d iod e D 8. the 100 n re.istor and thl '
4 ,7 nF capacitor ( F ig , a I .

1.4 . The ca pac itor b.. twe en P C-board con nec t ton 3 and g r ou nd (par_II t' 1 to thl'
S·mll'tt'r 1 ha a a va l ue of 10 nl-' ( and not 10 ",F) .

I .~ . A 5 .6 kO r" lllator III connected paraUlI'l t o th e two AF-Ilmite r dl ode a
(AA 143 o r I N 277). Thi. r .. . i.tor was Ince r r-ectly ma rked In the c i rcu it
diag ram sa bl'lng ~5 kU .

1.6 , Tht' 8200 rt' alstor in the coll ec to r circuit o f T I ia not conn ect e d to
PC-boa rd connec tion 6 ( +9 V bar) but to c onnec tlon 2 { +9 V Rx I .

2 , CORREC T IO NS TO T ilE CO MP O NI-; NT LOCATION PLAN ( Fig . <Ie I

2, I. The ground - t'nd c a pacito r o f the ca pac it i ve d lvide r ac ro•• L 1 IJh ould ha ve
a va l ue of 330 pI" ( not 58 pF I .

2.2 . The ,rOllnd-l'nd eeetetcr- o r th e ba . l' vo l tale dtvtde t- . hould be 1. 2 k O
(and not ~ .6 kO •• glvt'n in the com pon ent loca tion plan) . The correc t
value w• • , iv l' n In the ci rcu it dl al r am .

2. 3 . The c a pa c ito r o f th e eerte e RC4Hnk coo nec ted pa ralh.'1 to choke C h 2
e ho uld be 0.47",1" and not 10j.lF .

2.4 . A w i r-e brldg\" mu at be made between the ca pac ito r Ilvl'n In 2. 3, and the
~ 6 0 0 r .... te tcr .0 that the "+9 V bar" I . conn..c ted to th e 1,8 k O r " a la­
tor.
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Fig.4c : Component location plan
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V U f C ONG R ES S W EINHEIM (W . G E R MA N Y) 1 97 0

Wl' would Itke to poin t out that me annua l VHF Congrus Is once aga in ta king
pla ce in w etnhetm, nea t- Hl'idl'lberg/W. Germany . This yea r t he cc nte rence Is
to be held on the 19th and 20th of September'. It offers continuous iectueee by
outs tanding European VHf/UHf / SHf ama teurs as WI'II as facilities for discuss ion
groups on dtver-se toptee appertatn tng to ama teu r r ad io at the higher Ir equencte s.
Wl' extend a cordia l welcome to all VHf/ UHf am ate ur-e.

SU M M ER "O LIDA Y

The Publl Bhen and the MatUlal Sales Depart ment will be taking thei r Bummer
holiday during t he month of AuguBt 1970. since we are not abl e to d tapa tcf
or dt" rs or an swer quertee In thl B per-Iod, BOrne de laYB could be encou nte red In
r ece tvtng your or der e or answere. II you r equire Itl'ms within thi s period. please
or der the m well be fore hand.

PRI CE LIST OF NEW EQUIPMENT, DESCRIBED IN VHF COMMUNICATIONS 2/ 1970
For esruer equtpment, Btl!' petce IlBI In eotuo n 1/ 1970

OM 3.80 "'US$ 1. 00 DM 8. 70 oL1.

DL 8 HA 001 28
ar ll an It u n

2 m..tr .. MOSFET conver te r IF 28-30 MHt

Compll!' l l'd eoeve rte r , r l!' ady to OPl!'rIllf OM 134. 80

OM 18. _.
OM 3. $0
OM 2. 30
OM $1. 10
OM 106. • •
OM 137. _.

OM 73. 10

OM 3. _.
OM • . ~ O
OM 1. 70
OM 6. 20
OM 11. 30

OM 17. $0
OM 91. 90
OM 7, 50

OM 21. $0
OM 123. 80

OM 2. $0
OM ' . 20

OM $.• •
OM 22.··
OM 27. • -

OM •. 80

OM 27• ••
OM 2.90
OM 24• • •
OM 2.90

clrum GE-nf'ra tor

ma de fr om IU lcon_glusllbfor • .......••••. .•.....

110

trlmml!'r, dladl!' . .....••••.••...•••..•••• ' ••

Digita l FM Olacrlmlnator

..mlco nducto r a

Callbratlon-

Ten Watt Tran l mltter for 70 cm

.. "nol OM •. 40 but
arta a t

Trl m mfr only

OK 1 PN

Kit: PC-boar d,

OL 3 WR OO~

PC_bOa rd only
Kit : PC-board.

OJ ~ BO 002

DL 8 HA 002 9 MH~ sse Tran, ci!' tvl!'r
PC -bOard only .
Coil lormf'r set .•...•..•.............••....•...•• ..••••.•
Trtmmtr 8l'1 .•.•••..••. ..•••.•••.••••.•••..••••..•••.•
Sl!'mlconduc lor l .• , .•• ..•••.•••• ..•• , .••. , . • • . , . • • • . . • • • •.
Cr ys ta l It lte r XF-9A wllll buIll I ldf'band cry . ta l. . .•... ......
Cr yl la l Illln XF -9 B wllll bolh I ldf'band c r yl la la .
Kit: PC-board, ecr t lormi!' r Sl't. trrmmer set, u mlconductors.

Ipt'clal drill, but wlthou l cryslal IJItl'r , •••..••• , ..•••.•••• .

DL 8 HA 003 9 MHt Ca r r ie r o BC Ulalor
PC-bOard only .. .... ...... ......... .•••• .•••• , .•••..•••.
Coli forml'r •.••••••..... ........... .. .......... ... .. .
Trlmmi!'r ' f'I •.•...••...•..••....•... ..................
Tr an. ll to r l .... ......•...•••• ..•....•........... .....
Klt: PC-board, eon lorml!'r , Ir lmml!' rB. eemtccndcctor e .••••.•••••..••

DL 3 WR 003 2 ml!'lr" Tranil i tor AM Tranlm lttl!'r
PC_bOa rd only ..••.... ...... ......... .••.•••••.•••.•.••.
Sl!'mlconductors (wllll lll!' rmanium complf'ml'n tary pa ir) .
Modulati on tr anl lorml!'r. cor l!' " PC-board mounUnl •••••••••••• , ••
72 MH t quartt c rYltal , pluBf' l la ll!' nact r l'qulrf'd lrl'q upncy,

dplh'''ry Urn" ~ _ 8 "'f'f'b .
' l't 01 choku, trlmml!'r eer, sem tccndcctc r s, I pec lal dr lll .

2 metre RY volla!!1!' Indicator

' ubi EC 8020
UHF Tube sccxet,
Trim mer eet
Varaclor dlodP BA

PC-bOard only
SPmlconductorB
Kit : PC- hoard ,

OJ ~ BO 003



High performance equipment
from~ O)£lun

w--CJ CJ

o

Two Metr. Yr.nsc.'.., IE 100
.. "'KlIIte IwO ...., .. , ••-."'.. lor .n 0,",' '''''0 .....0.•
.......... • "'1')' low 110'" IIQ'\IQ atICl ••1...... .,. 1\'11" CroM ·
mockIr.. ,on 'Ijectlon ,
T..... '"nHI''''' Opetl llOll 01 "pe,," OPlltluon of , .
m,ne, end _ ......... ~"bl. r .....'"'I1., end _ ,
"" M 'nd....'m..lly ' .. lIdw1d 10 ,he follow'''lI~, CW ,
LS D. use. Al.l end H A The "perM, O lIon end , he
jIM"blhly of "'-.:1'ftQ .,the. LSB or USB k. ,he t .....•
e.,.... I",tabl' for o~lIon ..."" NII_ " I'd 1.....1.10..
or .,"III'H

&ope"" crye'll f"'I' for ' .....m'It.' Ind ...-cl''''' , T..... AM .... '1'lQ p••'./K....." lIt1d I'rIOCluI,t,ol'l 01 ,he P.
'\lbe. aulll "l'I ,,1IPge', Cryel., dleC' lm,nator for FM democtulM'on. w,th Ie Umll'''lI Produc:t d"KIO' 'or sse
vox end 11\I1·trlp. AF OII1PUt Ind S ...-II' , 8\1,11-'" .MI""" ,..,.)' , Po",., .upply fa , liS .nd 220 voll II w,lI
II • DC-oC COftY1Ift•• fo' 12 ¥o il ... bu+ll .11 Prlc. , DM at7$,-

Two Metre Conv.rt. r DGTC 22
Hill" perfo l1ftllAC. dIlI'll'" lolOSfU co.....".,. Vlry
h ili " . .... ,t'~llY .nd c,01l·modul.1I011 '1).cIIOII , H'ghlll
lIOMlbl••purlOU. IOgIIII flJectlOft by "'IIIQ • 'Ul MHr
Cl'YIIiI "' \ce, DM 122._

7lk:m..con.... rt.r DOTe 1702
High PI~rm.flC' ';".11111. MOSF[T
co......" .., An nGlII.1lI 7O-c"'-(:01l."'''If ....'I.bl. O"'...U O, ln _
wlltloul . "ectl"ll Ih. OIh•• 'PlClf,.
c.I,__ ..1I"lI ..... ' ll. 'n eo oh'"
T-Control ~ I"" Ihi _II opt"". r
• ",p llllc lI__cfIl"9 Call til .....»
10 Ihi /o11o..11IQ I'KII..... ~I • .
Illy K"'nH 1I .....·pl. 1Id ~.
C41blflll An 432 MHr CI~..u•••••
Irw lIr1plllll CI~u'ta .. ,II. '0 It .1 '
plll! "lI IItPUt ifill outPUI eo oh...BNC __ "'101, OM m.-

144 MHZ/432 MHz Trlp l.r
LVV 210
A ~"1K!0l' Irlpl .. fo. I_I po.....
o. UP to 30 w.1I Fo. AM, FI.d .1Id
CW Op''Iuon, H1llh ...neI.....nI.l.nd
h'""Ol'lIC "JectIOll clu. 10 Ih.....1/1·
In , ••Iectl blndOl" f'll" II Ihi
OUIPI/I eo pl.l.ly .e,,,nH, .11....·
plilid brll. c.b'.... AU 432 MHI
el~utl. l1'UI "<lplllll CI~ull1l

..' Ih '0 I!vIr pili II'""
In"", ifill __ lID oh... BN<: COIl·
__ "'In: OM Dl,-

144 MHZ/432 MHz Tr.n..... rt.'
TTY 1210
Thl, un'l 'I1I"1I.nI. _ III conJUflC·
lion ..,Ih • two 1.. 11111011 _ .h.
ou lcl<1I1 .nd lI pllll n. of til·
_l"ll IK!'''' 011 10 II hi. bIIn
"PI(:lllIy ....IoPld for PO'1.bl•
OPl..uon
No 1/'11...... "'110'""" I. 'lqulfl<!'TIl. "__" If I. ""'P'''' c_1d
bltwHn Ihi _ ....1.. 11111011 .ne1
thI 10 e... __ Co!npllt.....

K"'nH, .I.....·pl ltld br••• C41IO"O
ThI "32 I.dHr el~u" ••• I"" ""p.
11111 Olrcull with ' 0 II plll lllQ ,
II'lPUt .nd outllUl eo oh SNC eon-
_.. ~l DM 112._

KARL BRAUN · 8500 Niirnberg BaumolnstraOo 40 Western Germany
M. . ..mu••u•. 011183



SSB on 2 Meters
A compl.t. Ir.n. c. I... . ' In modiol i., con.truct lonl

• HS 1000 U
_ HS '000 I(

_ HS 1000 Z
_ HS 'OOONf

Rece h,.,:

bell... HS 1000 0 vee
Va.. UnIt _ HS 1000 5 M,•• , end PA

RF 11<:1101'1 _ HS 1000 J IF a.ellon
(VfO • HS 1000U) Audio ,lIC1ion

Mod••: USB, LSB. AM, eN. Ind. with 'U K, modiolI••, FM end Am

The modioli" .r. truly minilt\l,l rt'd end r,f1t<:t the 11111.1 'n .olld "II, l-choato;y
SiliCon 1,. fIIl,to..... ullllr.d throughout. ' ''Clpt in th, ludlo output Illg. Mod ul•
••• conl,ruc:ted on high q~hfy . IIIY,r ·pl, tld , gl.....po .)' pl'lntld-elrcul l bo. rd• .

A m..tl ' p ,eel o f IUtJ.rb Glrm.n creftm,,,, h,pl

WALTER SCHILLING 0 -7401 NEHREN (W..t G, rm,ny)
POl l BOl T.1. (01413) 7013

In Ceoed, lind th, US A, VHf CO MMUNICATIONS, Top,fleld, M, .. 01983, US A



CRYSTal F1LnRS • FIlTER CRYSTALS • OSCILLATOR CRYSTALS

SYNONYMOUS for QUALITY and ADVANCED TECHNOLOGY
PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS.

PIUO·mCTRIC PRESSURE TRANSDUCERS

l llt.d " our we ll·know n ae , l. , 01

9 MHz crystal filters
for SS B, AM , FM
and CW a pplications .

In ord.r to . Implify meld'l lng, 1M
Input .nd output of th. ' Ill . ,. com­
pri. . tuned dlff, r,ntl" Iren,for.
mer. w ith gl lv, n,c co"",edIOfl to
the C"lng.

f llt. r Type! XF·9A XF.9B XF.9C XF.9D XF.9£ XF·9M

App hc. I'on 55 6. 558 AM AM FM CW
Tren,m,!

Num~, of FiIl. r C ryl l•• , S • • • • •
Ba",d...ldth (&dB down) 2 5 kHz 2 <4 kHz 375 kHz 5 0 10 Hz 120 kHz 0 5 kHz

p , • • bend Ripple < 1 ee < 2 dB < 2 dB < 2 dB < 2 dB < , dB

In"l1;on Lo.. < J dB < 3S dB < 35 dB < 35 dB < 3 dB < 5 dB

Inpu t·Ou tPut Z, ""0 ""0 I "" 0 "" 0 1200 0 "" 0
T, rm,n' lIon C, ., pF ., pF so pF ., pF ., pF ., pF

(650dB)1.1 (6 ecdB) 1 , (8 llOd B) 1 8'16 6OdB) I (ll 80 dBl l (6 «IdB)2 5
S hiP' Flelor --

(6 llOdBJ2 2 (B80d B) ? 2 (8 llOdB)2 (680 dB) 2. (6 6O dB)" of

UIUml t. Att, nult ,on > 45 dB > 100 se > 100 ee > 100 dB > 90 dB > 90 dB

KRISTAUVERARBEITUNG NECKARBISCHoFSHEIM GMBH
o 81124 Ned<atbl.cflof.heill'l • Po,tfMfa 7


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068

