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THE MINIATURE, TUNEABLE UHF
downconverter described in
this article is designed to re-
ceive amateur television (ATV)
signals in the 900-1300-MHz
band and convert them for dis-
play on an ordinary TV set. The
downconverter is the perfect
match for the 900-MHz ATV
transmitter described in last
month's issue of Electronics
Now. It is also used to receive
signals from low-powered video
links operating in the 900 (33-
centimeter) band.

As a bonus, a design for 1300
MHz downconverter is also pre-
sented to allow reception of any
ATV activity in the 23-cen-
timeter (1240-1300 MHz) ama-
teur band. Both the 900-MHz
and 1300-MHz converters are
mechanically nearly identical
and appear the same unless in-
spected closely. They differ
slightly with regard to the PC
board microstrip tuned ele-
ments and minor difference in
the local oscillator circuit. Oth-
erwise the same circuit archi-
tecture and parts are used for
both. Their theory of operation
and construction are closely

paralleled. In the discussion
that follows, reference is made
only to the 900-MHz unit unless
differences between the two
units are noted.

The downconverter is not in-
tended for reception of narrow-
band FM or SSB signals since
the converter uses a tuneable lo-
cal oscillator covering a 30 to 60
MHz range. The 900-MHz and
1300-MHz versions are useable
for wide-band modes such as
AMTV, FMTV or FM audio recep-
tion using a conventional FM
broadcast receiver tuned to 90
MHz or so on the dial.

Basic signal flow

The downconverter block di-
agram is shown in Fig. 1. Sig-
nals from the RF input are fed to
low-noise RF amplifier Q1,
which boosts the antenna sig-
nal and feeds it to mixer tran-
sistor Q2. There the amplified
signal is mixed with the output
of the tuneable voltage-con-
trolled local oscillator Q5 to an
intermediate frequency (IF) of
60 MHz. The IF signal is fed
from the mixer to an IF pre-
amplifier stage.

in ATV transmissions
on the 900 MHZz and

1300 MHz bands

Three tuned circuits, Z1-Z4,
are used in the RF amplifier
stage. These are not discrete
components—they are of PC
board stripline construction,
and consist only of circuit-
board traces. Other tuned strip-
line circuits, Z5-Z6 are also
used in the downconverter.

Voltage-controlled oscillator
Q5 is tuned by a DC voltage.
This DC voltage can be selected
from either a PC board potenti-
ometer or via an external, coax-
ial-fed power supply that allows
the downconverter to be tuned
remotely. This arrangement en-
ables the downconverter to be
mounted on the right at the an-
tenna feed point to eliminate
feed-line losses that are signifi-
cant at this frequency range. No
separate DC feed is necessary
since the coax (RG59/U or RG6/
U recommended) carries both
DC power, tuning voltage and IF
signal.

The downconverter’s input
impedance is 50 ohms, and any
matching 900-MHz or 1300-
MHz antenna can be used. The
overall gain of the downcon-
verter is about 37-43 dB. The
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FIG. 1—BLOCK DIAGRAM for the downconverter serves for both the 900 and 1300-MHz

versions.

gain can be changed as needed
by changing a resistor value.

For portable operation or for
use in a packaged ATV trans-
ceiver or a video handy talky
(HT), the on-board tuning po-
tentiometer may be used. The
tuning voltage is tapped from
the +8-volt DC voltage-reg-
ulator, IC1.

For on-board tuning, the ex-
ternal power supply must deliv-
er a fixed 11 to 20 volts DC at
approximately 30 milliamperes
to the 8-volt DC regulator. For
remote tuning, the supply must
be variable.

Circuit operation

The downconverter sche-
matic is shown in Fig. 2. The
input signal from antenna jack
J1is fed to a filter made up of Z1,
Cl, and Z2. Microstrip lines Z1
and Z2 are part of the PC board
foil surface and form a tuning
circuit. (All six microstrip lines
are givep Z designations.) Trim-
mer capacitor Cl is adjusted for
best reception of a weak signal.
The signal is then fed to gate G1
of Q1. Transistor Q1 is a low-
noise MESFET with a noise fig-
ure about 1 dB. Unavoidable cir-
cuit losses will raise the actual
noise figure to typically 1.5 to 2

dB, which is fairly good for the
intended application. The
source S of Q1 is biased by RI.
The other gate, G2, is biased by
R2 and R3. Two pairs of 100-pF
capacitors (C2 through C5) by-
pass both the source and G2 of
Q1 to ground, providing the
necessary bypassing for induc-
tance Z3. Chip capacitors were
chosen for C2-C5 because con-
ventional 100-pF disc capaci-
tors function poorly at 900 or
1300 MHz.

The amplified signal at the
drain of Q1 is fed to a double-
tuned coupling network con-
sisting of Z3, C8, Z4, and C9.
Trimmer capacitors C8 and C9
determine the bandpass char-
acteristics of the network. Ca-
pacitors C6 and C7 provide RF
grounding for the low end of Z4.
The spacing of Z3 and Z4 on the
PC board determines the
amount of RF mutual coupling.
This amount is fixed by the PC
etched layout. The RF gain of
the stage is about 12 to 15 dB.
This gain figure is a net number
that includes losses in the input
and output tuned-circuit net-
works, and between the anten-
na input and the mixer input.

Transistor Q2 serves as a RF
mixer. The bipolar transistor is
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biased by R5, R6, R7, R8, and a
chip resistor network that con-
sists of R14, R15 and R16. The
mixer's emitter current is typ-
ically 1 milliampere.

The amplified RF signal from
@l s fed via capacitor C10 to the
base of @2. The local oscillator’s
output signal is fed from @5 to
the emitter of @2 via microstrip
feedline Z5, R14, R15, and R16.
Capacitor C13 provides a low
impedance at the IF frequency
(61.25 or 66.25 MHz) for the
emitter of Q2. The local os-
cillator frequency is equal to the
received RF signal minus the IF
(low side). The signal gain from
the mixer circuit is typically 6 to
8 dB. Overall gain so far is typ-
ically 20 dB.

The IF signal from the mixer
is fed to a matching network
consisting of C11, C12, L1, L2,
and Cl14. The matching net-
work rejects mixer-output sig-
nals above 100 MHz. The
desired signal is then fed to an
IF amplifier stage consisting of
@3 and Q4. Resistor R10 pro-
vides bias voltage while R9 pro-
vides termination for the
matching network. Capacitor
C16 blocks DC to the base of Q3.
Current gain for the matching
network is set by R11 and R12.
Overall IF gain is about 20 dB.

Continued on page 67



ATY DOWNCONVERTER

continued from page 38

The gain for the overall circuit
can be adjusted by changing the
resistive value for R11 (see Table
1).

The IF amplifier directly feeds
a 50 to 75-ohm load. Maximum
downconverter IF output is
around -2 dBm for 1 dB com-
pression. This is 150 to 200 mil-
livolts into a load of 50 to 75
ohms. Capacitor C18 and RI13
provide decoupling of the IF cir-
cuits from the regulated 8-volt
bus.

The local oscillator output
signal is generated by Q5 in a
typical Colpitts oscillator cir-
cuit. Bias for Q5 is provided by
R17 through R21. Resistor R21
and surface-mount bypass ca-
pacitors C24 and C25 decouple
the local oscillator frequency
from the regulated 8-volt DC
bus. The resonant circuit for
the local oscillator is formed by
C21, the internal base- emitter
capacitance of @5, and emitter-
to-ground capacitance, strip-
line Z6, trimmer capacitor C22,
and varactor diode D1 in paral-
lel with C23. (Capacitor C23 is
not used in 1300 MHz version.)
The capacitance of varactor D1
is varied by a voltage applied to
it via R22 that ranges from 1 to
8-volts DC.

The varactor D1 provides fine
tuning of the local oscillator fre-
quency because the setting of
trimmer C22 has the major
effect on oscillator frequency.
Trimmer C22 will change the os-
cillator frequency by several
hundred MHz. When set cor-
rectly, C22 sets the local os-
cillator frequency so that D1 can
tune the circuit over the desired
range. This will be a bandwidth
of about 30 MHz for the 900
MHz downconverter, and 60
MHz for the 1300-MHz version.

Voltage for D1 is fed through
isolating resistor R22 from ei-
ther of two sources. The first
source is the on-board tuning
potentiometer R24, whose
wiper provides 1 to 8 volts DC.
Resistor R25, connected to the
ground side of potentiometer
R24, sets the low-voltage limit
to about 1 volt. Diode D2 acts as

HOW TO INSTALL
SURFACE-MOUNT CAPACITORS

SOLDER

PCBOARD i} R eEEEe

1. Tin areas on PC-board foil where surtace-mount
capacitor is to be installed.

2, Place capagcitor on board.

SMALL JRON
WITH POINTED TIP,

TWEEZER 3

[ : ]

3. Tack soider one end of the capacitor while holding it
in ptace with tweezers or mini-pliers. Solder quickly to
reduce absorbed heat by surface-mount capacitor.

Pt 2\ 7 l

4. Solder other side of capacitor and then the tacked-
soldered side. Do not overheat capacitor. Solder
should be smooth and fully bonded to capacitor's end
surtaces.

GOOD JOINT ROSIN\ BAD JOINT

a \\ .
NO CONTACT

8. Inspect solder joints for good electrical connection.
Reheat poorly soldered joints. Always use minimum
heat required.

SOLDER HERE

SOLDER
HERE ™

+
]]:@SOLDER
HERE

BANDED END MAY—""
BE BEVELLED

NOTE: Observe that polarized surface-mount capaci-
tors are marked in one of two ways.

half of a logical or gate, and R23
and C26 provide a pull- down to
ground and RF bypassing for
the varactor tuning voltage. The

~ second source is a tuning volt-

age derived from a remote-tun-
ing setup.

Remote tuning

Remote tuning is an impor-
tant feature of the downcon-
verter because it allows the unit
tobe mounted directly at the an-
tenna feed point, thus eliminat-
ing a coaxial feedline for 900-
MHz signals. Feedlines have
high losses at this frequency
unless they are special, expen-
sive types. Even then, losses are
still high for long cable runs.
For example, a good quality, ex-
pensive ($60 to $80 per 100 feet)
coax feed-line such as 9913 has
a loss of 5-dB per 100 feet of
cable at 1000 MHz. The output
of the downconverter can be fed
via an inexpensive coaxial cable
{such as the RG59 or RG66),
which has an attenuation of
about 2 dB per 100 feet at the
output frequency and costs
about 815 per 100 feet.

A DC Block Unit (see Fig. 3)
allows a variable tuning voltage
to be added into the IF coaxial
feed-line to power and tune the
downconverter. This voltage
should vary from 10 to 20 volts
DC to properly remote tune the
downconverter. Capacitor C19
(Fig. 2) blocks this DC but pass-
es the IF signal from Q4. Induc-
tor L3 passes DC (only 10-ohms
DC resistance) but blocks the IF
signal because it has a very high
impedance at 60 MHz. The in-
put of 10 to 20-volts DC is
passed to voltage regulator IC1
via blocking diode D7 (Fig. 2).
Voltage regulator IC1 supplies
+ 8-volts DC to the downcon-
verter circuitry, insensitive to
the 10 to 20-volt variation of the
input DC voltage.

The 10 to 20-volts DC input is
also supplied to Zener diode D6
and diode D5, dropping 9 volts
across these diodes, resulting
in 1 to 11-volts DC across pull-
down resistor R27. Resistor R6
and clamp diode D4 limit the
voltage at the input of D3 to 1 to
9volts. This results in about 0.3
to 8.3 volts DC across R23 and
C26. This voltage is fed to varac-
tor D1 via R22 for tuning. As the
DC voltage on the IF cable varies
from 10 to 20 volts, the convert-
er is both powered and tuned
over its frequency range. If oper-
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ation from a fixed DC power
supply (11 to 15 V) is desired, the
converter is powered with 12-
volts DC via the DC input and
blocking diode D8. In this case,
tuning is done with the on-
board tuning potentiometer,
R24, and the DC Block unit is
not needed.

When remote tuning is used,
tuning potentiometer R24 must
be set at its extreme coun-
terclockwise position to set the
voltage at the wiper to its lowest
DC potential. All or part of the
downconverter tuning range
won't be obtained with R24 in
any other position.

Clean power supply

Any hum or noise on the tun-
ing voltage from an external
power supply will modulate the
local-oscillator frequency, there-
by frequency modulating the IF
signal. This effect is most de-
grading for the 1300-MHz
model, where the tuning sen-



TABLE 1—TROUBLESHOOTING VOLTAGES AT TEST POINTS

Test Point Location Volts DC Localized Trouble Area
Junction of D8, IC2 +11.4 D8
Junction of IC1, C30 (TP1) +76108.4 IG1
Junction of R4, C6, C7, Z2 (TP4) +6.210 +7.2 01, R4, C6, C7
Junction of R1, C2, C3 (TP3) +05t0+1.2 Q1,R1,C2,C3
Junction of R2, R3, C3, C4 (TP7) +1.0t0 +1.4 Q1, R2, R3,C4, C5
Collector Q2 (TF2) +5.51 7.2 Q2, R5, R6, R7, R8, A13, A14, A15, A16, L1, C11, C15, C17,C18
Junction of D2, D3, C26 (TP5) 0.5t0>+7.0as D1, R24, R25, D2, D3, R23, R22
R24 is rotated
Collector Q5 (TP8) +6.510 +7.2 R21,M C24, €25, 05, C20, R18, R19, R20
Emitter Q4 +0.8 10 +1.0 Q3, R10, R11, R12, C16, C19
Base Q4 0.7 volts more Q3, R10, R11, R12, C16, C19
than base of Q3 -
“Check all transistors and IC’s for correct installation. Check diodes and electrolytic capacitors for correct polarized installation,
sitivity of the local oscillator is i 73 Pre-construction details
10 MHz per volt of tuning volt- DOWNCONVERTER TVEET Do not substitute parts spec-
age. Just 1 mV of hum will re- Ve o ified in the Parts List or change
sult in 10 kHz of frequency L101 the PC- board layout should you
deviation. For FMTV use, this ME AL (ANY VALUE etch a PC board from the pat-
will be noticeable as video hum g o 8 2 terns shown
10 & 33uH) .
bars in the received picture. AM P Use good lighting while as-
signals will be less susceptible > sembling parts on both sides of
to hum and noise from the HAbsis the 2.5 X 4-inch PC board. A
power supply. 1000uF magnifier lens is necessary be-
This power supply defect ), cause the parts are too small to
shouid not be tolerated because e el WG check for markings and solder
it is easy to build a clean exter- +107T0420V  TOCASE joints are too minuscule to in-

nal power supply from inexpen-
sive readily available voltage
regulator ICs.

X GROUND PLANE JUMPER WIRES

FIG. 3—DC BLOCK UNIT is required at
the TV receiver or monitor site when re-
mote tuning the downconverter.

spect with the naked eye.
All trimmer capacitors and
grounded leads of resistors

FIG. 4—TOP SIDE OF PC BOARD for the 900-MHz downconverter is shown with parts locations identified. Be sure to install all
ground jumpers where indicated and solder to both sides of the PC board.
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FOIL DIAGRAMS FOR THE
DOWNCONVERTER
900-MHz AND 1300-MHz MODELS

While it is possible to design the same
printed-circuit board foil pattern for both
Downconverter models (since the fre-
guencies differ by 350 MHz), compro-
mises are necessary in the RF
microstrip elements which would result
in performance sacrifice in RF gain and
tuning rate. Therefore, individual foil pat-
terns were designed for each model.
The 900-MHz model can be re-tuned to
cover up to about 1100 MHz, and the
1300-MHz model will cover about 1150
to 1450-MHz (in 60-MHz segments) for
other applications, with almost the same
performance. The IF output frequency
can be changed to anywhere between
40 and 100 MHz by changing one com-
ponent and shifting the local oscillator
frequency as required. The foil patterns
provided are actual size and can be
copied.

Starting in the upper-left corner and pro-
ceeding clockwise, the foil patters are:
900-MHz top, 1300-MHz top, 1300-MHz
bottom, and 900-MHz bottom. The PC
boards are all the same size—4 X 2.5
inches.

l |
|‘— 4 IN. 1

must be soldered on both sides
of the foils on the PC board.
This is good RF grounding prac-
tice. Also, there are many
ground-plane jumpers (approx-

PARTS LIST

All resistors are Ys-watt, 5% un- C2-C7, C20, C24—100 pF, sur-

face-mount

Electronics Now, June 1996
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imately 3 dozen) that must be
soldered in place, because the
-commercially available PC
boards are not plated through,
and plated-through PC boards
cannot be made at home.

Do not solder any parts to the
PC board until as many compo-
nents as possible are inserted.
Coils L1 through L3 are in-
stalled after all other compo-
nents are inserted. Mount all
parts tight and close to the
board. Projects in the micro-
wave frequency region require
zero-lead lengths for parts in
the RF circuit sections.

Start construction
Begin construction by insert-
incg all trimmer canacitare in

fess otherwise specified

R1, R7, R12, R17—100 ohms

R2, R23—100,000 ochms
R3—470,000 ohms

R4—150 ohms

R5—3,900 ohms

R6—22,000 ohms

R8, R18, R22, R26—2,200 ohms
R9, R13—47 ohms

R10, R11—1000 ohms

R14, R16—220 ohms, surface-
mount

R15—2 ohms, surface-mount
R18—3,300 ohms

R20—180 ohms

R21—10 ohms

R24—10,000-ohms potentiometer
R25, R27—1,500 ohms
Capacitors

C1, C8, C9, C22-1.5-5 pF trimmer,
PC mount

C10, C25—470 pF, surface-mount
C11—5.6 pF, NPO

C12, C14—47 pF, NPO

C13, C15, C17, C27, C29—0.01 uF,
GMV disk, 50-volt

Ci6, C19, C26—470 pF, GMV disk,
50-volts

C18—1.0 pF, 35-volt electrolytic
C21—1 pF, surface-mount
*C23-6.8 pF, surface-mount

C28, C30—10 pF, 25-volt, elec-
trolytic

*Used in 900 MHz downconverter
only

Semiconductors
D1—MMBV2101T1 (Motorola)
varactor, 6.8 pF at 4 volts, surface-
mount

D2, D3, D5—1N914B, fast-switch-
ing diode



D4, D6—1N757A, 9.1-V, 0.5-watt,
Zener diode

D7, D8—1N4007, 1000-V, 2.5 A,
rectifier,

Q1—NEZ25139 (California Eastern
Labs.) low-noise, dual-gate RF-am-
plifier

Q2, Q5—BFR90, npn, low-noise,
UHF amptifier, MESFET

Q3, Q4—2N3563, npn, RF/IF/Vid-
€0 bipolar

1C1—78L08, positive voltage reg-
ulator

Coils and Chokes

L1—RF choke, 1 uH, =5%
L2—Fabricated coil (see text)
L3—RF choke, 18 wH with less than
10-ohms resistance
Miscellaneous

J1, J2—See text

1—Plastic shaft extension for R24
1—Length of #22 enameled, solid
copper wire

1—Machine screw, #8-32, binding
head

1—PC board for 900-MHz or 1300-
MHz downconverter

DC BLOCK UNIT (OPTIONAL)
C101, C102—470 pF, disc ceramic,
50-volts

C103—1000 nF, 25-volts, elec-
trolytic

J101, J102—Type F connectors,
female, chassis mount

J103—DC power connector that
can be shielded, 2.5 mm or RCA
phono, female chassis mount
L101—Any value from 10 to 33 pH,
less than 10-ohms DC resistance
1—Metal enclosure, RF tight

A complete parts kit for the 900-
MHz or 1300-MHz downconverter,
consisting of the PC board and all
parts that mount on i, is available
from: North Country Radio, PO Box

the PC board. See Fig. 4. Solder
trimmer rotor terminals to the
top side of the PC board. Be
careful not to melt the plastic.
Do not solder the bottom foil at
this time.

Mount all Ys-watt resistors.
Only solder the top of the PC
board where resistor lead pass-
es through the ground foil. Sol-
der as many as you can. Do not
solder the bottom foil yet. Sur-
face-mount resistors will be in-
stalled later. Install tuning
potentiometer R24. Leave the
thumbwhee] of R24 in the cen-
ter-rotation position.

Install the fixed capacitors. If
any come with pre-formed
leads, straighten the leads with
pliers so the capacitor can fit as
close to PC board as possible.
Pull the leads through board so
capacitor bodies are tight to PC
board. Watch polarity of all elec-
trolytic capacitors. Confirm
that the capacitor values are
correct prior to soldering them
in place.

Do not install any of the sur-
face-mount components yet. In-
stall all transistors and diodes,
except Q1 (25139} which will be
installed later. See Figs. 4 and 5.
Check polarized parts for cor-
rect orientation. All TO-92 tran-
sistors should be Y% inch from

53, Wykagyl Station, New
Rochelle, NY 10804. The 900- MHz
model sells for $39.00, 1300-MHz
sells for $41.00. Both models:
$76.50 (must be ordered at same
time). Please add $4.50 for postage
and handling for one unit or $5.50
for both units. New York residents
must include local NY sales tax, Be
sure to specify which model (900 or
1300 MHz)} you are ordering. Parts
for optional DC Block Unit are not
included in this kit.

A catalog containing information on
transmitters, downconverters, vid-
eo cameras and lenses, and a
number of other kits and electronic
projects is available from the above
address. Please send SASE (75-
cents postage) and $1.00 to cover
handling and mailing (refundable
with order).
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NE25139 (Q1)
GATE2 GATE1

11
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FIG. 5—BOTTOM SIDE OF PC BOARD for the 900-MHz downconverter is shown with

MMVB2101T (D1)

TO C22
B
TO GND

parts locations identified. Cable lengths should be just long enough to provide
suitable length when PC board is installed in a metal case.

the surface of board. Solder the
emitter lead of Q3 to the top of
the PC board where it passes
through ground foil. Install volt-
age regulator IC1 and check its
lead orientation. The flat end
should face the edge of the PC

" board.

Check all work done so far for
accuracy and orientation of
components. Trim all compo-
nentleads close to the PCboard.
Solder all bottom foil connec-
tions. (Do not plug any unused
holes with solder.} Carefully fab-
ricate L2 (see Fig. 6) and install
in the PC board. Use an 8-32
screw as a tool to hold L2 during
installation. After installing L2,
remove screw by unthreading it
from the coil. Coat L2 with clear
lacquer, Duco cement, or clear
nail polish.

Use left-over lead clippings or
bare, solid, tinned wire to in-
stall ground plane jumpers in

all open positions (see Fig. 4)—
this is very important. Install a
l-inch length of bare tinned
wire in +12v connecting hole
near D8 to serve as a terminal.
Place a piece of sleeving over it
to avoid short circuits and
make a small hook at the wire's
end.

Install all surface-mount ca-
pacitors, as shown in Fig. 5, on
the bottom foil of the PC board.
Refer to detailed surface-mount
instructions in sidebar How to
Install Surface-Mount Capaci-
tors. After installing all surface-
mount capacitors, avoid flexing
the PC board, which might
crack the surface-mount capac-
itors.

Install the surface-mount re-
sistors R14, 15, and 16 the same
way as surface-mount capaci-
tors [see Fig. 5). Resistors R14
and R16 are marked 221 (220
ohms) and R15 is marked 220

BFRY90 (G2, Q5)

B c
LONGEST
E LEAD

TRIM LEADS AS NEEDED
SHOULD BE NO LONGER
THAN NECESSARY

DO NOT BEND

(22 ohms). Install the resistors
with the marked side facing up
from PC board so the markings
are seen. Check the resistive
values with an ohmmeter or
DVM before installation.

Install Q1 as shown in Fig. 5.
The thicker lead is the source
(S) lead. Handle Q1 carefully; it
is sensitive to electrostatic dis-
charge (ESD). Check the orien-
tation of Ql's leads before
soldering in place. Then, install
D1. The side of D1 with two
leads is the ground side.

Tune-up and checkout
procedures

The downconverter is aligned
by peaking for maximum re-
ceived signal. There is no tricky
alignment procedure or spe-
cialized RF test gear necessary
for good results and perfor-
mance from the downconverter.

The successful tune-up of the
downconverter requires eithera
known signal in the 900 or 1300
MHz band to act as a reference




and tune-up aid, or access to a
frequency counter and a signal
generator covering this range. A
sweep generator is excellent if
you can obtain the use of one. If
you have an ATV transmitter, it
can be used as a signal source—
but remember to use a dummy
antenna and keep the transmit-
ter at some distance to prevent
overloading the downconverter.
You will need a suitable TV re-
ceiver or monitor tuned to ei-
ther VHF channel 3 or 4, (an old
B/W portable TV will do), a varia-
ble power supply supplying 10
to 20-volts DC at 40 milliam-
peres or more (preferably one
with a built-in voltage and cur-
rent metering), a DMM, and clip
leads and cables as needed. If
you cannot obtain these items,
find someone to help you. A fre-
. quency counter that is reliable
to at least 100 MHz higher than
the downconverter receiving
frequency is a great help in set-
ting up the local oscillator and
finding out where you are dur-
ing tune-up.

First, carefully check your
work for accuracy, component
placement, and correct orienta-
tion, and poor solder connec-
tions. Make sure that surface-
mount capacitors are correctly
installed—a malfunction can
destroy the gain of a stage. Also
check for inadvertent solder
bridges. When you are sure ev-
erything is OK, connect a DC
source to the 12-volt input (D8
and ground). Ground is nega-
tive. No damage will occur
should the power supply be ac-
cidentally reversed. Note the
current drawn from the power
supply. It should be around
35 +5 milliamperes. If higher
than 40 milliamperes, check for
possible short circuits. If lower
than 30 mA, something may be
open or missing.

Voltages checks

Refer to schematic diagram
(Fig. 2) and parts layout dia-
grams (Figs. 4 and 5) so that
you fully understand the circuit
portions that will be tested. Un-
less specifically stated, the
negative meter lead shall be
grounded to negative terminal
of power supply when making
voltage measurements. If volt-

WIND 8 TURNS OF #22 ENAMELLED
WIRE ON 8-32 MACHINE SCREW.
FORM LEADS AS SHOWN, STRIP
ENAMEL AND TIN ENDS.

INSTALL 0.075-0.125
IN. ABOVE SURFACE PC BOARD

FIG. 6—COIL L2 FORMING and installa-
tion details. Wind 8 turns on 8-32 ma-
chine screw to form coil L2. Do not
remove screw until after installation on
PC board.

PC BOARD

SOLDER SHIELD
TO GROUND FOIL BOTH
SIDES OF CABLE
(SEE FIG.5)

FIG. 7—INSTALLATION of RF input cable
is critical. Keep recommended dimen-
tions equal to or less than given in di-
agram, otherwise excessive losses will
occur.

age discrepancies are noted,
check the components indicat-
ed in Table 1 (page 69) for faults.
Slight variations outside spec-
ified voltage limits specified
may be ignored if component
checks do not reveal anything
wrong. If you experienced some
deviation from the voltages
measured but were not too far
off, the downconverter may be
OK, but remember and record
these slight voltage deviations
should any further problems be
encountered. If trouble is expe-
rienced at a later step with that
particular circuit, further in-
vestigation may be needed. Re-
member that the 8-volt on-
board regulator has a 5% toler-
ance and this will affect all other
readings. Also, your DMM could
be a few percent in error as well.

1. Set the thumbwheel of R24
at its approximate center posi-
tion, and set C22 so its plates
are about ¥ meshed. Now mea-
sure the voltage at the base of

Q2. Using a non metallic tool,
slowly rotate trimmer C22.
There should be some percepti-
ble voltage change at base of Q2
as C22 is rotated from mini-
mum to maximum and back.
Touching a metallic screwdriver
blade to the stripline Z6 should
also produce some change in
this reading if @5 is oscillating.
A change of 0.01 volt or more is
about what you will see if all is
OK. This confirms that the local
oscillator circuit is oscillating
and that the mixer is getting a
RF signal from the local os-
cillator.

2. Check that no part is get-
ting hot.

3. If steps 1 and 2 are suc-
cessful, connect the positive
lead from a variable-voltage
supply to junction C19 and L3,
and connect the negative lead to
ground. Set the wiper of R24 at
ground (extreme counterclock-
wise rotation as viewed from
shaft side). Set the power supply
to +11 volts. Check for follow-
ing voltages:

e At TPl a voltmeter should in-
dicate + 7.6 to +8.4-volts DC as
measured before in step 1. If not
OK, check L3, D7, C27, and
c2s.

e At TP5 a voltmeter should in-
dicate less than +1.2-volts DC.
If not OK, check D6, D5, R27,
R26, D4, and D3.

4. Increase the power supply
voltage to 19 or 20-volts DC. Re-
peat step 3. The reading at TP1
should still read the same, how-
ever TP5 should be about +9-
volts DC. If not, check all com-
ponents mentioned in step 3.
Steps 3 and 4 check out the re-
mote tuning circuitry. If OK,
proceed with the alignment in
next step.

5. Connect the center conduc-
tor of a 75-ohm coaxial cable to
the junction of C19 and L3 and
the shield braid to ground as
shown in Fig. 5. Terminate the
end of the cable to J2, a con-
nector suitable for your TV or
monitor. (This is generally a
type F connector.) Tune the TV
to channel 3 or 4— whichever is
unused in your area—and set
its controls for normal recep-
tion. If you have a sensitive RF
millivoltmeter, use it as an out-
put indicator instead of a TV
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set. The meter is easier to inter-
pret.

Connect a suitable signal
source to J1, the downconverter
input. Use 50- ohm low-loss ca-
ble and keep connections short.
Refer to Figs. 5 and 7 for cable
installation dimensions that
are critical. The signal source
can be either a generator or an-
tenna. Preset all trimmer capac-
itors (there are four) to settings
given in Table 2. Make sure to
use the correct presets as the
presets for 900 and 1300 MHz
versions differ. Set the thumb-
wheel of R24 to its center posi-
tion.

6. Connect +12 to +14-volts
DC from the power supply to
D8, the negative lead connects
to foil ground. Keep the bottom
of the PC board at least 2 inch
above any kind of material
which may detune the micro-
strip elements on the bottom of
the PC board. Because both
conductors and insulators can
cause detuning, a set of four 1/2
or 3/4-inch plastic or brass
standoffs installed in the four
corner holes of the PC board
should be used. Use only a non-
metallic tuning tool for all ad-
justments in the following
steps.

7. Activate the signal source
and slowly rotate C22 until
some indication of reception is
seen on the monitor or RF volt-
meter. Use a fairly strong signal
at first. On confirmation of re-
ception, decrease signal until it
is just high enough for a reliable
indication. As you remove the
tuning tool from C22, undoubt-
edly some detuning will occur.
You will have to compensate a
little to get the tuning correct
when the tool is removed. A fre-
quency counter rated up to

TABLE 2
TRIMMER CAPACITOR PRESETS
Trimmer Percent
Capacitor of Mesh
Presets for 900-MHz model
C1, C8, C9 25%
Cc22 80%
Presets for 1300-MHz model
C1,Cs8, C9 10%
Cc22 20%

cs C8

c22

L2

CLOSE-UP VIEW OF 1300-MHz downconverter board. Short lead lengths and neat

construction techniques are a must!

omow.?ﬂ
POWER :
SWITCH

Jz_@‘

MOUNT THE DOWNCONVERTER in a metal case for proper shielding. Use connectors

to match your equipment.

1000 to 1500 MHz can indicate °

frequency shifts.

8. Next, couple the frequency
counter to Q3. Stay at least Y2
inch away from C22 and Q3. Set
C22 for 850 + 3 MHz with R24 at
its center position (900 MHz
model) or 1210+3 MHz (1300
MHz model). You must have a
steady reading, not a wildly
jumping one. You may have to
experiment with the coupling
method, depending on your
counter. We found loop coupling
a little easier than the factory
supplied whip antenna that
came with our counter. Do not
connect any probes, cables, or
wires directly to the oscillator
circuit or any of its compo-
nents. A cable can be connected
to the emitter of Q2 through a
220-ohm Y8 or Ya-watt resistor
for the frequency counter, if de-
sired, but this may detune the
oscillator 10 or 20 MHz. How-
ever, with certain counters that
are low in sensitivity above 800
MHz this may be the only way to
get a steady reliable reading.

You can later compensate for
this by touching up C22 once
you are in the ballpark.

9. Once you obtain a steady
reading and you are reasonably
sure it is valid, proceed to check
the local-oscillator tuning
range. Rotate R24 through its
entire range. For the 900 MHz
model, the local oscillator
should cover 840 to 867 MHz
(assuming a channel 3 IF) and
1180 to 1240 MHz for the 1300
MHz model. Note that most ATV
activity on 900 MHz is between
910 and 923 MHz, and in the
case of the 1300 MHz, between
1240 and 1290 MHz (with gaps)
so if you cannot quite achieve a
27 MHz range on 900 MHz, this
should not be a problem. You
can extend the range by replac-
ing C23 on the 900-MHz model
with a 5 pF chip NPO and re-
tuning C22. The 1300 MHz
model has somewhat wider tun-
ing range (typically greater than
70 MHz). It is desirable to keep
the tuning range as narrow as
possible to improve the tuning



rate and ease of tuning a sta-
tion. Adjust C22 as necessary to
ensure desired coverage. For
other IF frequencies, the local
oscillator tuning range can be
shifted lower (higher IF) or
higher (lower IF). Note that the
local oscillator must be below
the signal frequency or else the
IF signal will have its spectrum
inverted with respect to the in-
put signal spectrum. This will
cause difficulties in TV recep-
tion in AMTV, and video and
sync inversion in FMTV recep-
tion, unless the IF is designed
for this.

If no frequency counter is
available, you will have to de-
pend on the reception of a
known signal, or use a cali-
brated receiver covering the lo-
cal oscillator range to pick up
the local oscillator's signal.

If you dont have a frequency
counter, receiver, or analyzer,
dont worry. Use a known signal
as follows. First set C1, C8, C9
and C22 to the presets shown in
Table 2 if you have not yet done
so. Set R24 at center of range.
Slowly rotate C22 until some
indication is seen on the TV or
monitor, or other output indica-
tor connected to junction of C19
and L3. Next, confirm that this
is due to the signal source by
shutting it off. If the indication
disappears, this is the signal
you want. Keep the signal level
as low as possible for best re-
sults. If you get noresults, make
sure the signal has not gone off
the air, and that trimmers are
preset to correct settings, and
the monitor, TV receiver, or in-
dicating device is correctly set
up and functioning. The pre-
sets are close enough to enable a
strong signal to pass through
the downconverter and give an
indication.

10. Once you have an indica-
tion on the screen, peak C1, C8,
and C9 for maximum signal as
seen on the monitor. You should
repeat this step as needed until
no further improvement is ob-
tained. Recheck setting of C22
to ensure correct tuning range
is obtained. Check your final
settings against presets. They
should not be very different, as
the tuning elements are printed
on the PC board and therefore

tuning should be close to pre-
sets shown. However, if you are
setting up the downconverter
for other than the specified fre-
quency ranges, the presets will
vary.

11. Your downconverter is
now working. Now you can go
over the adjustments again to
further improve performance. If
you can get access to a sweep
generator, align the downcon-
verter for a flat response within
+2 dB over the selected ama-
teur band. The alignment is
simple and straightforward so
do not hesitate to experiment.
You should be getting about 37
to 43 dB gain out of the down-
converter and around 2 to 3 dB
noise figure if everything is
working properly.

12. The downconverter can be
mounted in a shielded box with
connectors of your choice. We
recommend type N, TNC, SMA,
or BNC for the input and an F
connector for the output. Be
sure to waterproof all connec-
tions for mast mountings. It is
suggested that the alignment be
checked after mounting the PC
board in any enclosure since
some slight detuning may re-
sult.

13. For remote tuning, make
sure your variable supply is
clean. Any noise or hum will
cause FM on the local oscillator
signal and a noisy received pic-
ture. Be sure also to set R24
fully CCW when remote tuning
is used, or else the converter
tuning range will be restricted
or nil.

Variable gain

Both models of the downcon-
verters develop 37 to 43-dB
power gain from the antenna in-
put to the RF output. This gain
may be too much when strong
TV signals are received, result-
ing in overload of the TV set.
The unit’s gain may be modified
by changing R11 from the de-
fault value of 1000 ohms to
other values as specified in Ta-
ble 3.

A 1000-ohm potentiometer in
place of R11 can be used for
providing continuous variable
gain. This portion of the circuit
operates at the IF frequency, soa
potentiometer and wiring tech-

TABLE 3—PRESET GAIN

Desired Gain R11 Value
(dB) (Ohms)
43 2,200
34 470
28 220
25 100

niques suitable at 70 MHz
should be used. The IF output
should be maintained below
150 millivolts rms in order to
prevent overload of the convert-
er. This is a very strong signal to
feed into a TV receiver or video
monitor.

Resistor R11 values assume a
nominal gain of 40 dB. Increas-
ing the gain beyond an extra 3
dB is not recommended. To re-
duce RF gain for very strong sig-
nals, it is recommended that a
negative bias voltage supply of O
to -10 volts be applied to TP7
through a 220,000-ohm re-
sistor. This can be obtained
from a potentiometer that is
connected across a -10 V DC
supply.

The potentiometer functions
as an RF gain control in this
case, Reverse AGC from the TV
receiver used as a monitor could
be arranged so as to bias TP7
from +1.5 volts DC at zero sig-
nal to -3.0 VOLTS DC on strong
signals. Typically 35 to 40 dBRF
gain reduction may be obtained
using either of these ap-
proaches. As TV receivers vary,
the individual circuit arrange-
ments for doing this are left to
the ingenuity of the builder.

Another gain reduction meth-
od is the use of a manually oper-
ated switch to ground TP7. This
will reduce RF gain approxi-
mately 10 dB. This switch can
be a simple SPST switch. For
greater reduction of gain the
switch may be connected to a
negative voltage of -1 to -3 V as
needed.

The matching ATV transmit-
ter for the downconverter ap-
peared in the May, 1996 issue of
Electronics Now and corner re-
flector antenna construction
will be covered in a future issue
of Electronics Now. Refer to the
May, 1996 issue for details of the
system'’s overall performance in
field trials. Q
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