better frequency stability
for the Drake TR7

Adding a circuit board
improves performance
without affecting appearance

Although the TAT has a rathor stable VFO, it can
still be Improved, With this modification, its stabiiity
becomes comparable to that of symihesized frequency
gunarators; consequontly, it becomes more useful in
tha following ways:

* I you're operating on AMTOR, retuning is not
NBGESSaTy,

» Your operating frequency is stable within o second
or so aiter switch-an, even in a cold shack.

* The (requoncy sefing remaing stable for an n-
dofinite [ongth of time, making tha g usable for
ramotely controlied installations such as AMTOR
rapoaters.

Improved lrequancy stabiiity is nchieved by maans
af a Diglwl Adtamatic Freguency Control (DAFC)
circuit. A fraguency counter with a crystal-controlled
refaronce measures the lrequoncy to be stabilzed. If
thin count is above or balow o dofined lixed value, o
de voltage controlling a varicap within the VFO Is
altored so a8 10 counteract any lrequoncy disiation.
The diider ratlos used in this design produce a sarlis
of stable frequencies which are separated from asch
other by 30,5 Hz. Actually, the frequency slowly varies
pbout the nearest 30.5-Hz point. This is because the
output is eithor toolow or too high, but never exactly
on, That's why the control voltage continues 1o hunt,

These Nuctuations are generally not noticed whon
aperating In CW, S58, AMTOR, or RTTY. If you
connect 8 lrequoncy counter, you can see that the
VFO frequency excursions amount 1o nol more than

t 10 Hz. PADKSE has designed a circuit that can ba
Incorporated into axisting VFOn; he describes the

theory hehind this kind of frequency control in datall
in refarence 1.

The presant girouit provides VEO frequency control
by applying tho comectng voltoge 1o the BIT-line. This
alzo ennbles & possibly connocted external VFO 1o be
frequinecy contralled when switched on.

Tha roference frequency used is the TR7's B00-kH2
signal drived from the 40-MHz mam crystal roference,
thereby eliminating the need for 8 separate crystal os-
cillator, PAOKSB s clreull uses a pointar ingtrimant
to indicate the tuning voltage and an UP/DOWN
switch for manual control ol this voltage

I waintsd 1o find a way to avoild drilling haolas into
the front panal ol the tronsceiver Tfor additionad
switches and & mater. The TR7 already has LIP/-
DOWN koys; when you depress the STORE key, the
UP/DOWN koys are assigned to the DAFC circult for
as long as the STORE koy s held diwn, The rost of
thee time the UP/DOWN kays parform their usual fune-
tions. This means that tho jnitial function of the
STORE koy cun no longer be ussd — a sacnfice which
is more than justihed by the advantages of the DAFC
circuit. But | couldn’t find o way 10 hove the S5-metor
indicate tho DAFC control vallage; inatoad | adopted
an idan proposad by KBEHV." Two lomps indicaning
the upper and the lower limit ol the control voliage
are sufficient 1o display thig Information. The FIXED
lamp (the waper oned indicotes that the contral volt-
age has exceeded its upper imiL. The SET BAND lump
(the fower onal shows that the control voliage has
gone balow s lower [Imit. Besides boing DAFC [Indi-
cators, both lampa still serve their traditional purposs;
in normal operation (ke control voliage does not reach
althor limit, so tho double use of the Inmps prosents
no profilam.

circuit description
Thas cireull for this medilicstion o shown i fig. 1.

By Urs Hadorn, HB9ABO, Im Riedtli 1, CH-8154
Oberglatt, Switzerland
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The VRO signal enters the DAFC eireuit at torminal
P. A broadband amotransformer, T1, stops down the
signal to match it to the low impedance input of Q1,
whare it is amplifisg to TTL level to enable it to drive
the frequeney counter chip U1, U1 divides the VFO
frequency by 8. Aftor each counting period, the count
i1 bit} is stored in UZA and the countat is roset to 2ero.
The binary countars Ud and US divide the S00-kHz
roference by 2'7, thus estabishing the counting period
ol 262 mxu, A short ime (datermimed by R12, C10) alum
the rising edge of the counter clock, UZB genorates
the resat pulse Tor the counter. Tha resal pulse width
is given by R13, C11. The integrator U3 vonsforms
the 1-bit count rasult into o slowly rising and falling
de voltags which is used 1o control thy VFQ frequency.
The integrator tme constant is established by R4 and
CH. This control voltage and the formaer RIT voltage
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entaring the circuit at 1erminal 4 gre combined via A8
and A1Y. The resulting do voltoge is put onto the RIT
line at termminal 2 for the VFO in use lintermal o axts:-
nall. CAT and RY reduce the ariginal RIT voltage so
ihat the cambined voltage looks Ve the former RIT
voltage whoen RIT and DAFC voltages are a1 mid-
ranga. The intégrator outpul voltage, and with it the
VFO frequoney, can ba raised or [owored manually by
npplying oither + 6 volts or O volts via R7 to the In-
tegrator input.,

The circult associnted with thyristor 05 ensures that
the intagrator opul voliogo stars ot mid-range at
power-up . Alter switch-on, 04 conducts, thoreby pull-
ing the integrator input down via A0 and the relay
contact to groumd, U3's output voltage risas &l a rate
dotermined by R20 and C5. As soon ns it reaches
approxamataly 6 valts, SCR Q5 fires and cuts off the



ralay driver Q4, which releases the integrator input by
floating R20, This machonism is not repestable be-
cause 05 mmaing on li.e., conducting) vin R21 untl
the power 8 turned o,

The: two op amps of UB are used as comparators.
The uppear comparatar drives (2 into siaturation whan
the integratar output voltage drops below the lower
limit of about 2 volts. G2 tums on the SET BAND
lamp. The lower op amp drives 3 and with it the
FIXED lamp when the output voltage nses above the
upper imit of about 10.5 volts

construction

Compaonent loyout is not eritical. | hava buill saveral
varsions of this clircult mastly uaing Verohioard. Follow
sound rff construction technigues in the area of T1,
01, and UYL provide s low impadance commaon
ground, keep leads short, and pay artention to shisld-
ing. The compomnents used are easy to abtain and low
in cost Impedance tansformes T1 is wound on o
territe torold com (Philips Part No, 4322 020 97170)
with an 0D of approximately 0.37 nch and an 1D of
apprommataly 0,22 mch. There is no reason why other
surable types — for exampla, an Amidon FT37-63 or
FT37-67 — could not be used,

Tha winding conmsis of wen wns of 8 twisted trans-
mitgsion line you cin make yoursall, Swetch our a
Z3.6-inch length of snameled copper wire with a
dismeter of about 0.016 Inch {AVWG 26) o smoath out
any bends then cut it in half, Dsing a hand drill, twist
the two pleces 1o obtain about live tuine per inch.
Wind ten turms of this transmissian line on the taral-
dal core, taking carme that the windings are egually
spaced on the creumfarence. Then connect one end
at one wire with the opposite snd of the other wire.
Thiz connection s the low impedanca part (2] of the
trangformer. The other two ends Torm the legh imped-
anca input {3) and the ground end (7], respectively.
They may be interchanged without any effect because
the transtormer m symmatncal

The relay moy be reglaced by o 1Z2-volt type, In
which cose (1 has to be connocted to the 13.6-vall bus.
The copacitor at C5 should be o palystyrene ar similar
type. Elactrolytic or tantalum capacitors would oxhibit
too much leakage ot this polnt ol extremely high resis-
tance. Ta keap the height of the pc board low, we
used throe 0.33-4F capacitors instead of one 1-uF
capacitor, The vallage divider chain for the compar
aors |R14, R16, R16, R17) should be selected 1o be
within 2 percent of nominal value 1o defing the range
limits of the control voltage acourately

initial tests

The comploted circuit board should be 1ested be-
[ora IU's incorporatod into the ransconer, The Tollow-
Ing hints assume that there ara no leads and signats

connactad, except for the 13.6-volt supply and thoss
rmemtioned. When removing and replacing 108, b sure
to disconnoct the power supply first

powaear supply

Remave all 1ICs except regulator U7 Verily that there
s+ B volts at the regulator output. Check whethes
thiere s 2.5 volts at pins 3 and 5 of UG, The currem
drain fram the 13,6 voli supply should be sround 10
mA, Insert all ICs. The current drain should now be
around 30 mA

integrator

Aemovo 2. After power is connectad, the ralay
sHould actuate momentatily and drop out imimoediate
lv. This outpul vallege &t pin 8 of U3 should be in the
vicinity of 8 volts. Connact terminagl Na. 1 of the board
to ground (cormesponding to a deprossed UP switchl
The output voltage of U3 should rise within a lew
seconds to 11 volts. Conpect terminal 1 with terminal
12, lcorresponding to a closed DOWN circuit), The
outpul voltage of U3 should decrease within a few
seconds to about 0.1 volis,

comparators

The following maneuvers are performed by
manipulaung the UP and DOVWN contacts as descnbed
above, Lowar The iInNTEraTor outpur voltags, starting
from B valts. Wher the 2.voll leval i crossed, outpin
pin 7 of UG should jump from 2 volls to about 12 volis.

Haitsa the integrator dutput valloge, starting frorm
G volts, When the 106 volt lovel is crossscd, output
pir 1 of UG should Jump from 12 valts 1o about 2 volts,

time base

Remowve U2 Apply the 500-kHz signal 1o terminal
X (You may use sither the S00-kHz signal from the
TRY or a signal from another source. In oy cose,
should be & square wave of 4 10 5 V.| At pin 13 of
L5 there should be g square wave of 381 Hz

frequency counter

Hamove UZ, grounding pins 2 ond 3 of U1, Con
nect the VFO signal (fram the man board of the TR
to terrminal P AL pin B ol LT, you should now datiect
o sruare wave moasuring ong-eighth ol the VFO fre
quency. You can varily this by connecting the DAFC
terminal P 1o the YFO ling of the main board; doing
this should causa just 8 minar drop ol the VEO (PTOI
voltage in the THY

installation

The DAFC circait board s mounted to the lower Sice
of the main board as shown mn fig. 4. Insert a sheet
ot flexible pressure:resistant insulating matonal be-
mween the two soldered sides. The corcun board and
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the insulatingg shest are fixed to the main board by
means ol a serew 15 in fig. 20 and two Insulating
spacers, each about 0.08 inch thick To be on the sale
ke, nsulate the bottom cover of the TR with insalat-
Ing tape or sheat, The connection of the board to the
TRT is vig a 13-pin connector and two small-diamistar
conxial cables. (Ses photo B.)

switch wiring

Label all spplicable wites before modifying (28a fig.
31 Afer Identifying wires A through F. unsoider all
cannectlons from the three switches and remove the
spring haok from the STORE switch so that It can no
longer lack when dapressed. The new wiring af the
awitchis is shown in fig. 4 and fig. B Wie F of the
tarmer STORE function is no longer usaed. Insulate its
doad end and bend it into & sale place. The two wires
trom D2a and S2m nre dressad togsthar with the wire
from rhe FIXED ROV swatch towards the bottam nide
ol the main board, The vanous connections 1o the
DAFC board are shown n the figures, with their
ragpectivie connector fumbars circled

PACKET RADIO
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connections on the main board

Figure 2 shows the bottom side of the TR7 main
hoard. The conneeting points which are used to in-
stall the DAFC board are labeled with assembly and
pin numbers according to the TRY service manual, The
power supply board is not part of the main board; ft
in located to the lehi of the main board batwesn the
PA radigtor and the ff and o1 gon gortrols. The
13.6-valt supply woltage is picked up from pin 9 (count.
ed from the laft of the powar supply board. The AT
control valtiga s avallable on the cohductor labeled
RIT i fig. 2. Iin the origingl wiring 1he RIT voltage is
run from this conductor o the Intarnal and external
VFOa with one wire gach.

Two wires (labaled G and HY have to ba removed
fram thi: RIT conductor and connected instead to the
DAFEC connector, pin 2. The BIT concductor is con-
nectad 1o DAFC connector, pin 4. This complates the
mstallation. 1t might now be necessary 1o realign the
RIT control center setting according to the service
mnnunl [section 3.16),

To gain confidonee in this modification, zoro-beat

n strong o-m broadeast station. Switch on the pass-
band tuning at lts center position to dllow for maxl
i response ot the cartier canter requenay. Try the
st zero-beat satting you can obtain; itwill be some-
whire batwaen 0 and 18 Hz. Don't warry if you haar
a rother unsteady beat note. The fluttuations are n
the order of a fow Hr — leas than you will ever notice
in one of the stakility -sensitive operating miesdes. 1 you
leave the rig untouched and chack in after hours or
oven days. tha bear nots will s1ill be moving back and
tarth, butwill Bo near the surme 30,6 He poimt — and
by thir somg fow Hel

operation

Thizs DAFC gircuit controls any undedlrbila Tre-
guency axoursions under 2 kHz. |1 the diift excsady
this rmnge, one of the two lamps — sither FIXED
(upper limit} ar SET BAND {lower limith — will ligh
1o announce that the DAFC cannot compansat for
any furthar drift, It & abvious that with this inherant
atability of the TR7 WFO, this condition s not very likely
to ocour. Holding down STORE momentmnly DOWRN

e pr— ¢ e e S
_— z - e

Closoup aliows new board placamant and wirdng Ik the THZ
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ar UP. as is oppropniate, brings the DAFC valtage back . ‘ }
into its operating range. (UP and DOWN ean also be T P : ?
usetl ag a fire tuming, but | think the main tuning knob i b '
daes a bettar job, ) Afrer several months of oparation Lol f el
with more than one modified TR7, the range limits | o e " —
ware nivvar regchod. 1t m therefore I8l (o the reader - Lo Lawe -
to decide whather 1o build the circait with or without i l

thir carparator stoge and with ar without making the o
connactions o the lamps and switches. Tuning be

. o
havior and the traditional tunctions of tha UP and . iy
DOWN leeys aro not impaired ot all by the DAFC — it .

N - -4
limitations o Lre

Whean operating with BIT switched on, yau huve to
take into accodnt thal alter an RX/TX/RYX transition wre K
it 15 not necessanly tree that the requency will be on
the same 30.5-Hz spot as it was beflore. The DAFC
has o moans of remembering previous voltige/ fre-

fig. & Modilied circuit of the UP, DOWN, and STORE
kayn

PHEITAL —YFD TR T nboiLio
HianGe IO e EQ rARKER

tig. 6 TRY frequancy conmcting cireull pe board Holl aldael

Table 1. Interconnections betwean the board and the tmnaceiver. (Ses figs, 2 and 5 |

designation on DAFC boanrd LT Dentinimtion within TFH7
phn nuimbe
VD IPTO wigmagt 1R antamibuly Mo D6, pie 38
Bstnid deepas WEDI insarnibly Moo 06, pan 17
B0 kH e rfeenices [X) anmarntily Mo 10, pin 10
i BN by awermbily Mo 10, pin 1
13 Bt spply Ti] prsanmbily Blo. 21, pin B
It suififly Boar)
FIT walioge tiom AT aircuaimy 4 crneiietir bl B0
RIT cuipui vidinge :d 1o witoew 4 aoed M
« § wolte vin R0 12 DOWN wwttch hug D20
b tergraton Iegaal wia LT I STORE waatch lug S2m
SET BAND nmp B aamariribdy No, (2 pn 6
FIED larmm H FIKED RCV ki
o grsrd 1678 gruird polder heg naar
1, 13 amsnmbly Mo, 2
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Frogquency comecting sireult improves TRT stablllty

quancy conditions onee the controlling voltnge has
bevar changed extornally . (That's whst happans when
HIT s in operation,)

Alter the powsrr B tumed an, you might occasion
ally haar a shor chirp, This 8 caused by the cantrol
voltage being drivon into mid-range. Because there ore
spunous responsas at 21266.7 and 280650 0 kH2 due
to harmomes of the VRO fregquency generated by the
non|inear amphfier at Q7, it @ imporrant to uss good
ghialding ar thar stage

conclusion

Wirking with the modified THY is very towarding
na longar = thers any nead to wanm up belors o sked
Just switch your rig on and wne in Should a fre
quoncy diference anse during a Q50 you can be con
ficdsnt  that s caused by the athsr station's
aquipment!

Although this modificaton isn't ditficult, it's a good
ilea 1o revieswy tiflerences 1 and 2 as well as the TRT
sefvice manual. Dong so will halp you understand
what you're doing @ every step along the way

Maoteruds for thes project can be obitoined from
HBI9HGRA (Charlie Egh, HBYBGAR, ROmealbachsirnsse
9. CH-8153 Rumilang, Switzeribndl, A st of available
itemes, with prices (U5, currency, dir mail dallvery in
cluded ), follows

Printeed circuit board, unddlled 81200
Drilled cirauit board $15.00
Kit with all components and anddiled

PFCH £61.00
Kt with all components and drilled PCB 64 00
Assembled and tested anit $92.00

Fir thevse who whish 1o atch their cmam full-siee prmt
ed cincuit board, artwork s provided in fig. 6. Follow
the foil sude labels and detall shown i the phitos Tor
prarts placemen
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