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TRANSCEIVERS

In recent years the transceiver has
become the most popular type of pur-
chased equipment among amateurs. The
reasons for this popularity are:

1. It is economical to use LOs (espe-
cially synthesizers), IF amplifiers and fil-
ters, power supplies, DSP modules and
microprocessor controls for both transmit
and receive.

2. It is simpler to perform transmit-
receive (T/R) switching functions smoothly
and with the correct timing within the
same piece of equipment.

3. It is convenient to set a receive fre-
quency and the identical (or properly off-
set) transmit frequency simultaneously.

In addition, transceivers have acquired
very impressive arrays of operator aids
that help the operator to communicate
more easily and effectively. The complex
design, numerous features and the very
compact packaging have made the trans-
ceiver essentially a “store bought” item
that is extremely difficult for the indi-
vidual amateur to duplicate at home. The
complexity of the work done by teams of
design specialists at the factories is incom-
patible with the technical backgrounds of
nearly all individual amateur operators.

The result of this modern trend is that
amateur home-built equipment tends to be
simpler; with less power output and more

specialized in design (one-band, QRP, CW
only, direct conversion, no-tune, receive
only, transmit only and so on). Or, the
amateur designs and builds add-on devices
such as antenna couplers, active adaptive
filters, computer interfaces and such.

TRANSCEIVER EXAMPLE

As a way of providing a detailed, in-
depth description of modern high-quality
transceiver design, let’s discuss one
example, the Ten-Tec Omni VI Plus, an
HF ham-band-only solid-state 100-W

(output) transceiver, shown in Fig 15.1.
Let’s consider first the signal-path block
diagram in Fig 15.2, one section at a time.

Receiver Front End

The receive antenna can be either the
same as the transmitting antenna or an
auxiliary receive antenna. A 20-dB attenu-
ator can be switched in as needed. A
1.6-MHz high-pass filter attenuates the
broadcast band. A 9.0-MHz trap attenu-
ates very strong signals at 9.0 MHz that
might create interference in the form of

navEn seeeo

Fig 15.1 — Photograph of Ten-Tec Omni VI Plus HF transceiver.
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The Many Flavors of Transceivers

Today, commercial transceivers can be found in the
vast majority of Amateur Radio stations in the United
States — and increasingly throughout the world. This is
not to suggest, however, that hams cannot design and
build their own transceivers. Many here and around the
globe have done just that with great success! Such
homebrew designs cover the range of circuit complexity
and performance.

Whether homemade or commercial, and regardless of
individual design complexity, the idea and practice of
packaging a receiver and transmitter (and often, even a
common power supply for both functions) into one unit
has eclipsed the once-standard separate receiver and

transmitter combination. Those venerable pairs were
characteristic of 20" century ham shacks up to and even
well after World War Il. During the 1960s and 1970s,
more transceiver designs were offered, and
correspondingly more hams accepted them due to their
efficiency, convenience and other beneficial features.
For the class of ham transceivers available today — in
terms of sophistication and technology — what was once
thought to be nearly impossible to design and build is now
not only quite common, but expected in most medium and
high-end commercial models! Here are some of the more
common and recent commercial
radios in the ham transceiver category.

Elecraft K2

The basic K2 transceiver package, shown in Fig A, is
a QRP kit that covers CW from 80-10 Meters. With
inclusion of an SSB adapter option, transmitter power
output ranges from 100 mW (QRP; level) to 12 W.
Other options include a 160-m module, DSP module,
audio filter, two-stage noise blanker, auto antenna tuner
and the KPA100 — an RF power module that delivers
100-W output on SSB or CW. Manufacturer. Elecraft,

PO Box 69, Aptos, CA 95001-0069; www.elecraft.com.
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Fig A — Elecraft K2.

ICOM IC-706MKIIG

Fig B shows a versatile radio that can serve in either
a mobile or base installation. This rig covers 160-10, 6
and 2 Meters, 70 cm and also sports a general cover-
age receiver! DSP equipped. Specified power output
(SSB, CW and FM) is 100 W from 160-6 Meters and
40 W on AM. Power output capabilities are lower on
the operational transmit frequencies above 50 MHz.
Manufacturer. ICOM America, 2380 116t Avenue NE,
Bellevue, WA 98004; www.icomamerica.com.

Fig B — ICOM IC-706MKIIG.

blocking or harmonic IMD, especially
when tuned to the 10.1-MHz (30-m) or
7-MHz (40-m) bands.

A set of band-pass filters, one for each
HF amateur band, eliminates image
responses and other spurs in the first
mixer. These filters are also used in the
low-level transmit stages. A low-noise,
high-dynamic-range, grounded-gate JFET
RF amplifier with about 9 dB of gain pre-
cedes the double balanced diode mixer,
which uses 17 dBm of LO in a high-side
mixer.

First IF

The first IF is 9.0 MHz. Because the LO
is on the high side, there is a sideband in-
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version (USB becomes LSB and so on)
after the first mixer. A grounded-gate,
low-noise JFET amplifier terminates the
first mixer in a resistive load and provides
6 dB of gain. This preamp helps to estab-
lish the receiver sensitivity (0.15 uV) with
minimum gain preceding the mixer. The
preamp is followed by a 15-kHz-wide two-
pole filter, which is used for NBFM recep-
tion. It is also a roofing filter for the IF
amplifier and the noise-blanker circuit that
follow it.

The noise blanker gathers impulse
energy from the 15-kHz filter, amplifies
and rectifies it, and opens a balanced
diode noise gate. The IF signal ahead of
the gate is delayed slightly by a two-pole

filter so that the IF noise pulse and the
blanking pulse arrive at the gate at the
same time.

The standard IF filter for SSB/CW has 8
poles, is centered at 9.0015 MHz and is 2.4
kHz wide at the —6 dB points. Following
this filter, two optional 9.0-MHz filters
with the following bandwidths can be in-
stalled: 1.8 kHz, 500 Hz, 250 Hz or a 500
Hz RTTY filter. The optional filters are in
cascade with the standard filter, for im-
proved ultimate attenuation.

Passband Tuning Section
A mixer converts 9.0 MHz to 6.3 MHz

and drives a standard 2.4 kHz wide filter.
One of three optional filters, 1.8 kHz,



Kenwood TS-870S

When this DSP-at-IF radio (see Fig C) was first
introduced, it was considered revolutionary due to the
ability of the rig to achieve good selectivity without the
traditional standard and optional crystal IF filters. It
covers 160-10 Meters, and also has a general coverage
receiver from 30 kHz to 30 MHz. RF output is continually
adjustable up to 100 W (SSB, CW, FSK and FM), and
up to 25 W on AM. The TS-870S requires a separate
power supply. Manufacturer. Kenwood USA Corp, 3975
Johns Creek Ct, Suwanee, GA 30024-1265;
www.kenwood.net.

Fig C — Kenwood TS-870S.

Yaesu FT-1000MP Mark V Field

Fig E shows the Mark V Field — the 100-W, internal-
power-supply version of the larger 200-W Mark V. This

technologically-advanced transceiver continues a model-

number heritage with roots back to the analog FT-1000
and 1000D base radios. The Field features enhanced
DSP (EDSP) and offers final amplifier operation at Class

A on SSB (at reduced output) as does the regular Mark V.

A variable RF front-end filter (preselector) provides for
additional rejection of strong nearby signals. Manufac-
turer. Vertex Standard, 10900 Walker Street, Cypress,
CA 90630; www.vxstdusa.com.

Ten-Tec Orion (Model 565)

This advanced transceiver, shown in Fig D, is the
current top-of-the-line offering from Ten-Tec. A variety
of automatically- or manually-selectable front-end
crystal roofing filters, and dual 32-bit floating-point
processors characterize the Orion’s formidable high-
tech receive weaponry. Excellent Software-Defined
Radio (SDR) techniques are employed which include
user-installable software upgrades via the Internet. RF
output (SSB, CW, FM) is 100 W, and AM mode yields a
19.1-W carrier. An external power supply is required.
Manufacturer. Ten-Tec Inc., 1185 Dolly Parton Park-
way, Sevierville, TN 37862; www.tentec.com.
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Fig E — Yaesu FT-1000MP Mark V Field.

500 Hz (CW) or 250 Hz can be selected
instead. A second mixer translates back
to the 9.0-MHz frequency. A voltage
tuned crystal oscillator at 15.300 MHz
(tunable +1.5 kHz) is the LO for both
mixers. This choice of LO and the
6.3-MHz IF results in very low levels of
harmonic IMD products that might cross
over the signal frequency and cause spu-
rious outputs. The passband can be tuned
+1.5 kHz.

The composite passband is the inter-
section of the fixed 9.0-MHz passband
and the tunable 6.3-MHz passband. If
the first filter is wide and the second much
narrower the passband width remains
constant over most of the adjustment

range. If both have the same bandwidth
the resultant bandwidth narrows consid-
erably as the second filter is adjusted. This
can be especially helpful in CW mode.
Fig 15.3 shows how passband tuning
works.

IF Amplifiers after Passband Tuning

A low-noise grounded-gate JFET am-
plifier, with PIN-diode AGC, establishes
a low noise figure and a low level of IF
noise after the last IF filter. Two IC IF
amplifiers (MC1350P) provide most of
the receive IF gain. These three stages
provide all of the AGC for the receiver.
The AGC loop does not include the nar-
row-band IF filters. Two AGC recovery

times (Fast and Slow) are available. AGC
can be switched off for manual RF gain
control as well. The AGC drives the
S-meter, which is calibrated at 50 uV for
S9 and 0.8 uV for S3.

Product Detector

The IC product detector (CA3053E)
uses LO frequencies of 9.000 MHz
for LSB and CW (in receive only),
9.003 MHz for USB. When switching
between USB and LSB, for a constant
value of signal carrier frequency (such as
14.20000 MHz), the LO of the first mixer
is moved 3.00 kHz in order to keep the
signal within the passband of the IF SSB
filters. More about this later.

Transceivers, Transverters and Repeaters 15.3
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Fig 15.3 — Explanation of passband
tuning. A: wide first filter and narrow
second filter. B: two narrow filters.

Audio Notch Filter

In the CW and digital modes, a
switched-capacitor notch filter (MF5CN)
places a narrow notch in the audio band.
The location of the notch is determined by
the clock rate applied to the chip. This is
determined by a VCO (CD4046BE) whose
frequency is controlled by the front panel
NOTCH control.

NBFM Reception

After the 15 kHz wide IF filter at
9.0 MHz and before the noise blanker, the
IF goes to the NBFM receiver chip
(MC3371P). A mixer (8.545-MHz LO)
converts it to 455 kHz. The signal goes
through an off-chip ceramic band-pass fil-
ter, and then goes back on-chip to the lim-
iter stages and a quadrature detector. A
received signal strength indicator (RSSI)
output provides a dc voltage that is pro-
portional to the dB level of the signal. This
voltage goes to the front panel meter when
in the NBFM mode. A squelch function
(NBFM only) is controlled from a poten-
tiometer on the front panel.

Audio Digital Signal Processing (DSP)

The DSP is based on the Analog Devices
ADSP 2105 processor. The DSP program

is stored in an EPROM and loaded into the
2105’s RAM on power-up. DSP can be
used in both SSB and CW. In USB or LSB
(not CW or data) the DSP automatically
locates and notches out one or several
interfering carriers. In SSB or CW the
manual audio notch filter described previ-
ously is also available, either as a notch
filter or to reduce high frequency response
(hiss filter). In the CW mode the DSP can
be instructed to low-pass filter the audio
with several corner-frequency values. A
DSP noise reduction function tracks de-
sired signals and attenuates broadband
noise by as much as 15 dB, depending on
conditions.

Audio Output

The 1.5-W audio output uses a
TDA2611 chip. Either FM audio or SSB/
CW audio or, in transmit, a CW sidetone,
can be fed to the speaker or headphones.
The sidetone level (a software adjustment)
is separate from the volume control. The
audio output, after A/D conversion, is also
fed to the Anti-VOX algorithm in the mi-
Croprocessor.

Transmit Block Diagram

Now, let’s look at the path from micro-
phone or key to the antenna, one stage at a
time.

Microphone Amplifier

The suggested microphone is 200 Q to
50 kQ at 5 mV (-62 dB). A polarizing
voltage for electret mics is provided. The
Mic Amp drives the balanced modulator,
either directly or through the speech com-
pressor. It also supplies VOX information
to the microprocessor, via an A/D con-
verter. The microprocessor software sets
Vox hang time and sensitivity, as well as
the Anti-VOX, via the keypad. Timing and
delays for T/R switching are also in the
software.

Speech Processor

The audio speech processor is a com-
pressor, as discussed previously. A dc
voltage that is proportional to the amount
of compression is sent to the front panel
meter so that compression can be set to the
proper level. Clipper diodes limit any fast
transients that might overdrive the signal
path momentarily.

Balanced Modulator

The balanced modulator generates a
double-sideband, suppressed carrier IF at
9.0 MHz. The LO is that used for the re-
ceive product detector. There is a carrier
nulling adjustment. In CW and FSK
modes, the modulator is unbalanced to let
the LO pass through. A built-in iambic

Transceivers, Transverters and Repeaters

keyer (Curtis style A or B) is adjustable
from 10 to 50 WPM. An external key or
keyer can also be plugged in.

IF Filter

The standard 9.0015 MHz, 2.4-kHz-
wide 8-pole filter (also used in receive)
removes either the lower or upper side-
band. The output is amplified at 9.0 MHz.

ALC

The forward-power measurement from
the PA output directional coupler is used
for ALC, which is applied at the output of
the first 9.0-MHz IF amplifier by a PIN
diode attenuator. A front panel LED lights
when ALC is operating. An additional cir-
cuit monitors dc current in the PA and cuts
back on RF drive if the PA current exceeds
22 A.

QOutput Mixer

This mixer translates to the output sig-
nal frequency. The same LO frequency is
used for each transmit mode (USB/LSB)
and the same 3.00000-kHz frequency shift
is used to assure that the frequency read-
out is always correct.

Band-pass Filters

The mixer output contains the image, at
9.0 plus LO and low values of harmonics
and harmonic IMD products. A band-pass
filter for each ham band, the same ones
used in receive, eliminates all out of band
products from the transmitter output.

PAs

Four stages of amplification, culminat-
ing in push-pull bipolar MRF454s in Class
AB, supply 100 W output, CW or PEP
from 160 to 10 m. Temperature sensing of
the transistors in the last two stages helps
to prevent thermal damage. Full output can
be maintained, key down, for 20 minutes.
Forced air heat-sink cooling allows unlim-
ited on-time.

LO Frequency Management

The LO goals are to achieve low levels
of phase noise, high levels of frequency
stability and at the same time keep equip-
ment cost within the reach of as many
amateurs as possible. As part one of the
LO analysis we look at the method used to
adjust the LOs in order to keep the speech
spectrum of a USB or LSB signal within
the 9.0-MHz IF filter passband. This
method is somewhat typical for many
equipment designs. Refer to Fig 15.4.

First Mixer and Product Detector

An SSB signal whose carrier frequency
is at 14.20000 MHz, which may be LSB
or USB, is translated so that the modula-

15.5
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Fig 15.5 — LO management in the
CW receive and transmit modes.

Sidetone frequency and
CW receive LO offset both
adjustable 400-990 Hz

tion (300 to 2700 Hz) in either case falls
within the passband of the 9.0015-MHz
8-pole crystal filter. For a USB signal this
is accomplished by increasing the first LO
3 kHz, as indicated. Since the LO is on the
high side of the signal frequency there is
a sideband “inversion” at the first mixer.
The passband tuning module does not
change this relationship. At the product
detector, the LO is increased 3 kHz in
USB so that it is the same as the carrier

15.6 Chapter 15

(suppressed) frequency of the IF signal.
Note that the designators “USB” or “LSB”
at the product detector LO refer to the
antenna signal, not the IF signal. The jog
of the first mixer LO is accomplished
partly within the crystal oscillator and
partly within the VFO. The microproces-
sor sends the frequency instructions to
both of these oscillators. Despite the fre-
quency offsets, the digital readout dis-
plays the correct carrier frequency, in this

example 14.20000 MHz. And, of course,
the same procedures apply to the transmit
mode.

Another interesting idea involves the
first LO mixer. The 18-MHz crystal and
the VFO are added to get23.0to 23.5 MHz,
for the 20-m band. But the output of the LO
mixer also contains the difference, 12.5 to
13.0 MHz, which is just right for the 80-m
band. For the 20-m band one BPF selects
23.0 to 23.5 MHz. For the 80-m band the



12.5 to 13.0-MHz BPF is selected. A prob-
lem occurs, though, because now the direc-
tion of frequency tuning is reversed, from
high to low. The microprocessor corrects
this by reversing the direction of the tuning
knob (an optical encoder). Other “book
keeping” is performed so that the operation
is transparent to the operator. A similar
trick is used on the 17-m band and the 28.5
to 29.0-MHz segment of the 10-m band.

CW-Mode LO Frequencies

In CW mode the “transceiver problem”
shows up. See Fig 15.5 for a discussion of
this problem. If the received carrier is on
exactly 14.00000 MHz and if we want to
transmit our carrier on that same exact fre-
quency then the transmitter and the receiver
are both “zero beat” at 14.00000 MHz. In
receive we would have to retune the
receiver, say up 700 Hz, to get an audible
700-Hz beat note. But then when we trans-
mit we are no longer on 14.0000 MHz but
are at 14.00070 MHz. We would then have
to reset to 14.00000 when we transmit.

The transceiver’s microprocessor per-
forms all of these operations automatically.
Fig 15.5 shows that in receive the first-LO
frequency is increased 700 Hz. This puts
the first IF at 9.0007 MHz, which is inside
the passband of the 9.0 MHz IF filter. The
BFO is at 9.0000 MHz and an audio beat
note at 700 Hz is produced. This 700-Hz
pitch is compared to a 700-Hz audio oscil-
lator (from the microprocessor). When the
two pitches coincide the signal frequency
display of our transceiver coincides almost
exactly with the frequency of the received

signal. The digital frequency display reads
“14.00000” at all times. The value of the
700-Hz reference beat can be adjusted
between 400 and 950 Hz by the user. The
receive LO shift matches that value.

When the optional 500/250 Hz CW
9.0 MHz IF filters are used, these are cen-
tered at 9.0007 MHz. These filters are
used in receive but not in transmit.

When we transmit, the transmit fre-
quency is that which the frequency display
indicates, 14.00000 MHz. However, there
is a slight problem. The 9.0-MHz transmit
IF must be increased slightly to get the
speech signal within the passband of the
9.0 MHz IF filter. The transmit BFO is
therefore at 9.0004 MHz. The mixer LO is
also moved up 400 Hz so that the transmit
output frequency will be exactly
14.0000 MHz.

In addition to the above actions, the RIT
(receive incremental tuning) and the XIT
(transmit incremental tuning) knobs per-
mit up to +£9.9 kHz of independent control
of the receive and transmit frequencies,
relative to the main frequency readout.

Local Oscillators

Fig 15.4 indicates that the crystal oscil-
lator for the first mixer is phase locked.
Each of the 10 crystals is locked to a 100-
kHz reference inside the PLL chip. This
reference is derived from a 10-MHz sys-
tem reference.

Let’s go into some detail regarding the
very interesting 5.0 to 5.5 MHz VFO cir-
cuitry. Fig 15.6 is a block diagram. The
VCO output, 200 to 220 MHz, is divided by

40 to get 5.0 to 5.5 MHz. The reference fre-
quency for the PLL loop is 10 kHz, so each
increment of the final outputis 10 kHz /40,
which is 250 Hz. Phase noise in the PLL is
also divided by 40, which is equivalent to
32 dB (20 x log (40)).

To get 10-Hz steps at the output, the
voltage-tuned crystal oscillator at
39.94 MHz is tuned in 200-Hz steps (the
division ratio from oscillator to final out-
put is 20 instead of 40 because of the fre-
quency doubler). To get 200-Hz steps in
this oscillator, serial data from the micro-
processor is fed into a latch. This data is
sent from a RAM lookup table that has the
correct values to get the 200-Hz incre-
ments very accurately. The outputs of the
latch are fed into an R/2R ladder (D/A
conversion) and the dc voltage tunes
the VCXO. Adjustment potentiometers
calibrate the tuning range of the oscillator
over 5000 Hz in 200-Hz increments. At
the final output, this tuning range fills in
the 10-Hz steps between the 250-Hz incre-
ments of the PLL. Although this circuit is
not phase locked to a reference (it’s an
open-loop), the resulting frequency steps
are very accurate, especially after the di-
vision by 20. This economical approach
reduces the complexity and cost of
the VFO considerably, but performs ex-
tremely well (very low levels of phase
noise and frequency drift).

CW Break-In (Fast QSK) Keying

The radio is capable of break-in keying
at rates up to 25 WPM when it is in the
FAST QSK mode. This mode is also used

Serial Input a—> Latch
10-MHz
Reference
DC
Control
Dividi Volts VCXO 2
Ivide X
by 1000 R-2R Ladder 39.94 MHz Multiplier
Prescaler BPF Am BPF BPF
120-140 MHz P 120-140 MHz 80 MHz
PLL Chip .
—> q—e Divide by N
10 kHz MC145156P
Phase
VCO . Divide BPF
Hybrid -
Chgftzcgo;] LPF 200-220 MHz Y by 40 5055 ( 5.0-5.5 MHz
HBKO05_15-006 ge Fump

Fig 15.6 — Block diagram of the VFO.
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Fig 15.7 — Fast QSK operation of the Omni VI transceiver.

for AMTOR FSK. Fig 15.7 explains the
action and the timing involved in this T/R
switching. The sequence of events is as
follows:

1. The key is pressed.

2. A Transmit Request is sent to the
microprocessor.

3. The microprocessor changes the LO
and BFO to their transmit frequencies.

4. After a 0.25-ms delay a transmit out
logic level is sent to a jack on the rear panel.

5. The Transmit Out signal is jumpered
to the TRANSMIT ENABLE jack. If an
external Fast QSK PA is being used, an
additional short delay is introduced while
it is being switched to the transmit mode.

6. The Transmit Enable signal starts the
keying-waveform circuit, which ramps up
in 3 ms.

7. Near the bottom of this ramp, the “T”
(transmit B+) voltage goes high and the
“R” (receive B+) voltage goes low. The
T/R reed relay (very fast) at the Omni VI
PA output switches to transmit.

8. The shaped keying waveform goes
to the balanced modulator and the RF
envelope builds up. There is a very
brief delay from balanced modulator
to Omni VI output. The T/R relay is
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switched before the RF arrives.

9. The key is opened.

10. The Transmit Out and Transmit
Enable lines go high.

11. The keying waveform ramps down.
RF ramps down to zero.

12. After 5 ms (a fixed delay set by the
microprocessor) “T” goes low and “R”
goes high and the microprocessor returns
the LO and BFO to their receive frequen-
cies.

Slow OSK

In the Slow QSK mode the action is as
described above. The radio reverts quickly
to the receive mode. However, the receive
audio is muted until the end of an extended
(adjustable) delay time.

There is also a relay in the Omni VI that
can be used to T/R switch a conventional
(not Fast QSK) external PA. This option is
selected from the operator’s menu and is
available only in the Slow QSK mode. The
relay is held closed for the duration of the
delay time in the slow QSK mode. When
using this option the operator must ensure
that the external PA switches fast enough
on the first “key-down” so that it is not
“hot switched” or that the first dot is

missed. Many older PAs do not respond
well at high keying rates. If the PA is slow,
we can still use the Fast QSK mode with
the Omni VI (“barefoot”) and the PA will
be bypassed because the optional relay is
not energized in the Fast QSK mode.

VoXx

In SSB mode, VOX and PTT perform
the same functions and in the same manner
as the CW Slow QSK described above.
The VOX hang-time adjustment is sepa-
rate from the CW hang-time adjustment.
A MUTE jack allows manual switching
(foot switch, and so on) to enable the trans-
mit mode without applying RF. The key or
the VOX then subsequently applies RF to
the system. This arrangement helps if the
external PA has slow T/R switching.

Operating Features

Modern transceivers have, over the
years, acquired a large ensemble of
operator’s aids that have become very
popular. Here are some descriptions of
them:

Key Pad

The front panel key pad is the means for
configuring a wide assortment of operat-
ing preferences and for selecting bands
and modes.

Frequency Change

1. Use the tuning knob. The tuning rate
can be programmed to 5.12, 2.56, 1.71,
1.28, 1.02 or 0.85 kHz per revolution. The
knob has adjustable drag.

2. UP and DOWN arrows give 100 kHz
per step.

3. Band selection buttons.

4. Keyboard entry of an exact fre-
quency.

Mode Selection

1. Tune: Places the rigin CW mode, key
down, for various “tune-up” operations.

2. CW: An optional DSP low-pass filter
can be selected. Cutoff frequencies of
600, 800, 1000, 1200 or 1400 Hz can be
designated. A SPOT function generates a
700-Hz audio sidetone that can be used for
precise frequency setting (the received
signal pitch matches the 700-Hz tone). The
pitch of the sidetone can be adjusted from
400 to 950 Hz. Audio level is adjustable
also. FAST QSK and SLOW QSK are
available as previously described. Cas-
caded CW filters are available, with pass-
band tuning of one of the filters. CW filter
options: 500/250 Hz at 6.3 MHz IF and
500 Hz at 9.0-MHz IF.

3. USB or LSB: Standard SSB IF band-
width is 2.4 kHz (two 8-pole filters in cas-
cade). The second filter can be passband-



tuned =1.5 kHz. Additional IF filters with
1.8-kHz BW are available.

4. FSK and AFSK: Special FSK filter
forreceive. AMTOR operation with FAST
QSK capability. AFSK generator can be
plugged into microphone jack.

5. FM: 15-kHz IF filters at 9.0 MHz and
455 kHz. Quadrature detection, RSSI out-
put and squelch. Adjustable transmit
deviation. FM transmit uses the direct
method.

6. VOX: VOX sensitivity and hang time
adjustable via the key pad. Anti-VOX
level adjustable.

Time of Day Clock
There is a digital readout on front panel.

Built-In Iambic Keyer

Curtis type A or B, front panel speed
knob. Adjustable dot-dash ratio. Also ex-
ternal key or keyer.

Dimmer

Adjusts brightness of front panel dis-
play.
Dual VFOs

Select A or B. Independent frequency,
mode, RIT and filter choices stored for
each VFO. Used for split-frequency op-
eration.

Receiver Incremental Tuning (RIT)
Each VFO has its own stored RIT value.

Fig 15.8 — The Sierra transceiver. One
band module is plugged into the center of
the main PC board; the remaining boards
are shown below the rig. Quick-release
latches on the top cover of the enclosure
make it easy to change bands.

Frequency Offset Display

RIT value adjusted with knob. RIT can
be toggled on and off, or cleared to zero.

Transmitter Incremental Tuning
(XIT)

Same comments as RIT. Simultaneous
RIT and XIT.

Cross-Band and Cross-Mode Operation

For cross-band operation, use PTT for
SSB and manual switch for CW.

Scratch-Pad Memory

Stores a displayed frequency. Restores
that frequency to the VFO on command.

Band Register

Allows toggling between two frequen-
cies on each band.

Memory Store

Store 100 values of frequency, band,
mode, filter, RIT, XIT. Memory channels
can be recalled by channel number (key
pad), “scrolling” the memory channels or
“memory tune” using the main tuning
knob.

Lock
Locks the main tuning dial.

User Option Menu

Enables configuration of the radio via
the keypad.

Meter

Select between receive signal strength (on
SSB/CW or NBEM), speech processor level,
forward power, SWR and PA dc current.

AGC

Fast, slow, off and manual RF gain
control.

FM Squelch Adjust
Passband Tuning Knob

Notch

Automatically notch out several hetero-
dynes on SSB/FM or manually notch on
CWr/digital modes. Adjustable low-pass
filter in CW mode.

Antenna Switch

Auxiliary antenna may be selected in
receive mode.

Interface Port

25-pin D connector for interface to per-
sonal computer.

OTHER TRANSCEIVERS

Other transceivers vary in cost, com-
plexity and features. The one just de-
scribed is certainly one of the best, at a
reasonable price. For reviews of other
transceivers (to see the differences in cost,
features and performance specs) refer to
the Product Reviews in QST.

THE NORCAL SIERRA: AN 80-15 M CW
TRANSCEIVER

Most home-built QRP transceivers cover a single band, for good

B

reason: complexity of the circuit and physical layout can increase dra-
matically when two or more bands are covered. This holds for most
approaches to multiband design, including the use of multipole
switches, transverters and various forms of electronic switching.!

If the designer is willing to give up instant band switching, then
plug-in band modules can be used. Band modules are especially
appropriate for a transceiver that will be used for extended portable
operation, for example: back-packing. The reduced circuit com-
plexity improves reliability, and the extra time it takes to change
bands usually isn’t a problem. Also, the operator need take only the
modules needed for a particular outing.

The Sierra transceiver shown in Fig 15.8 uses this technique,
providing coverage of all bands from 80 through 15 m with
good performance and relative simplicity.2 The name Sierra was

-  inspired by the mountain range of the
same name — a common hiking
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destination for West Coast QRPers. The
transceiver was designed and built by
Wayne Burdick, N6KR, and field tested
by members of NorCal, the Northern Cali-
fornia QRP Club.3

FEATURES

One of the most important features of
the Sierra for the portable QRP operator is
its low current drain. Because it has no
relays, switching diodes or other active
band-switching circuitry, the Sierra draws
only 30 mA on receive.# Another asset for
field operation is the Sierra’s low-
frequency VFO and premixing scheme,
which provides 150 kHz of coverage and
good frequency stability on all bands.

The receiver is a single-conversion
superhet with audio-derived AGC and
RIT. It has excellent sensitivity and selec-
tivity, and will comfortably drive a
speaker. Transmit features include full
break-in keying, shaped keying and power
output averaging 2 W, with direct moni-
toring of the transmitted signal in lieu of
sidetone. Optional circuitry allows moni-
toring of relative power output and re-
ceived signal strength.

Table 15.1
Crystal Oscillator and Premix (PMO) Frequencies in MHz

The premixer (U7) subtracts the VFO (2.935 to 3.085 MHz) from the crystal
oscillator to obtain the PMO range shown. The receive mixer (U2) subtracts
the RF input from the PMO signal, yielding 4.915 MHz. The transmit mixer

(U8) subtracts 4.915 MHz from the PMO signal to produce an output in the
RF range.

RF Crystal PMO

Range Oscillator Range
3.500-3.650 11.500 8.415-8.565
7.000-7.150 15.000 11.915-12.065

10.000-10.150 18.000 14.915-15.065

14.000-14.150 22.000 18.915-19.065

18.000-18.150 26.000 22.915-23.065

21.000-21.150 29.000 25.915-26.065

Physically, the Sierra is quite com-
pact — the enclosure is 2.7 x 6.2 x 5.3
inches (HWD) — yet there is a large
amount of unused space both inside and on
the front and rear panels. This results from
the use of PC board-mounted controls and
connectors. The top cover is secured by
quick-release plastic latches, which pro-
vide easy access to the inside of the enclo-

sure. Band changes take only a few sec-
onds.

CIRCUIT DESCRIPTION

Fig 15.9 is a block diagram of the Sierra.
The diagram shows specific signal fre-
quencies for operation on 40 m. Table 15.1
provides a summary of crystal oscillator
and premix frequencies for all bands.

Antenna 7.000 - 7.150,
+ harmonics
*
LPF
Everything (IN)
7.000 - 7.150 (OUT) ~7.500
and below

7.000 -
7.150

* =0n Band Module

HBKO05_15-009

7.000 - 7.150
AND sum
(16.830 — 16.980)

RX Mixer

Receive

4.9150
TX MIXER
and OSC —
11.9156 -
12.065
*
PMO
VFORIT PMO BPF
OSC/MIXER 11.915 - 12.065
AND sum 11.915 -
3.085-2.935 L{ |:| }J (17.935 - 18.085) 12.065
* 15.000
—\ — 49157
Crystal Prod Det/ :I—
: IF Amp —
Filter BFO | T
49150 \ et | S
AND sum
(=19.0) 0.7 kHz
A~ D —
AGC Det AF Amp
Common

Frequencies shown are in MHz unless otherwise noted.

Fig 15.9 — Block diagram of the Sierra transceiver. Three different-shaped symbols are used to show transmit, receive and
common blocks. Those blocks with an asterisk (*) are part of the band module. Signal frequencies shown are for 40 m; see
Table 15.1 for a list of crystal oscillator and premix frequencies for all bands.
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Table 15.2

Band Module Components
All crystals are fundamental, 15-pF load capacitance, 0.005% frequency tolerance, in HC-49 holders. Fixed capacitors over 5 pF are

5% tolerance. All coils are wound with enameled wire.

Band
Part 80 m 40 m 30m 20m
C32, C35 33 pF, 5% 47 pF, 5% not used not used
C34 5 pF, 5% 5 pF, 5% 2 pF, 5% 2 pF, 5%
C47, C49 820 pF, 5% 330 pF, 5% 330 pF, 5% 220 pF, 5%
C48 1800 pF, 5% 820 pF, 5% 560 pF, 5% 470 pF, 5%
C65 5 pF, 5% 5 pF, 5% 2 pF, 5% 1 pF, 5%
L1 50 uH, 30t #28 14 uH, 16 t #26 5.2 uH, 36t 29 uH, 27 t
on FT-37-61 on FT-37-61 #28 on T-37-2 #28 on T-37-2
L3, L4 32 uH, 24 t #26 5.2 uH, 36t 4.4 uH, 33 t 29 uH, 27t
on FT-37-61 #28 on T-37-2 #28 on T-37-2 #28 on T-37-2
L5, L6 2.1 uH, 23t 1.3 uH, 181t 1.0 uH, 16t 0.58 uH, 12t
#26 on T-37-2 #26 on T-37-2 #26 on T-37-2 #26 on T-37-2
L8, L9 8.0 uH, 12t 25 uH, 25t 1.6 uH, 20 t 1.3 uH, 18t
#26 on FT-37-61 #28 on T-37-2 #28 on T-37-2 #26 on T-37-2
T1 (Sec Pri: 2 t #26 Pri: 1t #26 Pri: 3t #26 Pri: 2 t #26
same as L1)  on FT-37-61 on FT-37-61 on T-37-2 on T-37-2
X8 11.500 MHz 15.000 MHz 18.000 MHz 22.000 MHz

(ICM 434162)

(ICM 434162)

(ICM 434162)

(ICM 435162)

17 m 15m

not used not used

2 pF, 5% 2 pF, 5%

150 pF, 5% 150 pF, 5%
330 pF, 5% 330 pF, 5%

1 pF, 5% 1 pF, 5%

1.7 uH, 24 t 1.9 uH, 25t
#28 on T-37-6 #28 on T-37-6
1.7 uH, 24 t 1.9 uH, 25t
#28 on T-37-6 #28 on T-37-6
0.43 uH, 12 t 0.36 uH, 11t
#26 on T-37-6 #26 on T-37-6
0.97 uH, 18t 0.87 uH, 17t
#26 on T-37-6 #28 on T-37-6
Pri: 2 t #26 Pri: 2 t #26
on T-37-6 on T-37-6
26.000 MHz 29.000 MHz

(ICM 436162)

(ICM 436162)

The schematic is shown in Fig 15.10. See
Table 15.2 for band-module component
values.

On all bands, the VFO range is
2.935 MHz to 3.085 MHz. The VFO tunes
“backwards”: At the low end of each band,
the VFO frequency is 3.085 MHz. U7 is
the premixer and crystal oscillator, while
QS8 buffers the premix signal prior to in-
jection into the receive mixer (U2) and
transmit mixer (U8).

A low-pass filter, three band-pass fil-
ters and a premix crystal make up each
band module. To make the schematic
easier to follow, this circuitry is integrated
into Fig 15.10, rather than drawn sepa-
rately. J5 is the band module connector
(see the note on the schematic).

The receive mixer is an NE602, which
draws only 2.5 mA and requires only about
0.6 V (P-P) of oscillator injection at pin 6.
An L network is used to match the receive
mixer to the first crystal filter (X1-X4).
This filter has a bandwidth of less than
400 Hz. The single-crystal second filter
(X5) removes some of the noise generated
by the IF amplifier (U7), a technique
W7Z0I described.> This second filter also
introduces enough loss to prevent the IF
amplifier from overdriving the product
detector (U4).

The output of the AF amplifier (U3) is
dc-coupled to the AGC detector. U3’s
output floats at V_/2, about 4 V, which
happens to be the appropriate no-signal

AGC voltage for the IF amplifier when it
is operated at 8 V. C26, R5, R6, C76 and
R7 provide AGC loop filtering. Like all
audio-derived AGC schemes, this circuit
suffers from pops or clicks at times.

Transmit signal monitoring is achieved
by means of a separate 4.915 MHz oscilla-
tor for the transmitter; the difference be-
tween this oscillator and the BFO
determines the AF pitch. Keying is expo-
nentially shaped, with the rise time set by
the turn-on delay of transmit mixer U8 and
the fall time determined by C51, in the
emitter of driver Q6.

CONSTRUCTION

The Sierra’s physical layout and packag-
ing make it relatively easy to build and
align, although this isn’t a project for the
first-time builder. The boards and custom
enclosure described here are included as
part of an available kit.® Alternative con-
struction methods are discussed below.

With the exception of the components
on the band module, all of the circuitry
for the Sierra is mounted on a single 5 x
6 inch PC board. This board contains not
only the components, but all of the con-
trols and connectors as well. The board is
double-sided with plated-through holes,
which permits flexible arrangement of the
circuitry while eliminating nearly all
hand-wiring. The only two jumpers on the
board, W1 and W2, are short coaxial
cables between the RF GAIN control and
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the receiver input filters.

A dual-row edge connector (J5) pro-
vides the interface between the main board
and the band module. The 50 pins of J5 are
used in pairs, so there are actually only 25
circuits (over half of which are ground
connections).

The band module boards are 1.25 x 4
inches (HW). They, too, are double-sided,
maximizing the amount of ground plane.
Because the band modules might be in-
serted and removed hundreds of times over
the life of the rig, the etched fingers that
mate with J5 are gold-plated. Each etched
finger on the front is connected to the cor-
responding finger on the back by a plated
through hole, which greatly improves reli-
ability over that of a single finger contact.

Each band module requires eight toroids:
two for the low-pass filter, and two each for
the receive, transmit and premix band-pass
filters. The builder can secure the toroids to
the band module with silicone adhesive or
Q-dope. Right-angle-mount trimmer capa-
citors allow alignment from above the
module. Each band module has a top cover
made of PC board material. The cover pro-
tects the components during insertion,
removal and storage.

The VFO capacitor is a 5-40 pF unit
with a built-in 8:1 vernier drive. The oper-
ating frequency is read from a custom dial
fabricated from 0.060-inch Lexan. The
dial mounts on a hub that comes with the
capacitor.
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RX MIXER 8V
RX BANDPASS FILTER 8
I
L1 10 C4 1
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2
7
L11
C80
c79 4
c3
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Band Module connections are
|§F1(; k shown by the symbol —>>—
ain where the male contact is on
Q1 the Band Module and the female
2N4124 contact is part of J5 on the
main PC board.
+8V TX
J3 U9 78L08
D6 ON POWER
10t0 15V dc s2 Reg pad
IN OUT|
st 0 22 yF +L S0 + 2.2 yF
OFF 0.1 H c44 c43 <H
¢ w®v L | T v
c45
Q4
LOWPASS FILTER 2N4126
RF RFC3 R18
SAMPLE ?— PA 100 55 PMO
L6 L5 C46
J4 1 5 oA 0.047 47 k
ANTENNA < —>>—) a
2N3553 |2
D7 1N914 C42
C49 C48 C47 1N4753A 0.22 uF
2 T T T (36 V)
‘ ‘ 1
3 4
i Q6
2N2222A
V—O 4 DRIVE ADJ
J2 3
KEY A i 2
. 1
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<
ol
x
ON OFF
o ° ° °
UBA
s1 LM393 R19 < 47k D8 L7
RIT p 8 R17 10k MV2104
Oon/off °
C52 —é l # C54
224 7] c53 7 540
ZERO 180 VFO
SET
3V § ¢
RIT
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Fig 15.10 — Schematic of the Sierra transceiver. Parts that change for each band are shown in Table 15.2. See the Templates
Section on the ARRL Handbook CD-ROM for more information on parts for this project.

D8 — MV2104 varactor diode, or

C1, C2, C33, C36, C64, C66, C70 —

9-50 pF right-angle-mount ceramic

trimmer (same for all band modules)

C16, C38 — Ceramic trimmer, 8-50 pF
C52 — Air variable, 2-24 pF
C53 — Disc, 180 pF, 5%, NPO
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vernier drive
C56 — Polystyrene, 3900 pF, 5%

C57, C58 — Polystyrene, 1200 pF, 5%
D6, D10 — 1N5817, 1N5819 or similar
D7 — 36 V, 1 W Zener diode (1N4753A)

C54 — 5-40 pF air variable with 8:1

equivalent

J1, J2 — PC-mount 3.5-mm stereo jack

with switch
J3 — 2.1-mm dc power jack
J4 — PC-mount BNC jack



Except as indicated, decimal
values of capacitance are
in microfarads ( uF); others

IF AMP e .
are in plcofarads_ (pF);
us PRODUCT DETECTOR resistances are in ohms;
C13  0.047 - =
MCA350 o o AND BFO k= 1,000 , M= 1,000,000
4 NE602
T p— 2 . RFC1 8 AF Amp
= X5 c75
47 AG;% L il oWl i cie  C17 270 100pF | c23
) 5 [ 7 2.2 yF
VY 6 5 |7 c12 4915 lC14 ) 6 ?é 4.915 MHz 2 N
150 MHz | 150 |
. c15J_ 50 X6
/ J 7 L c11 4 5 C19
0.047 0.1 +028
J1
100 pF
Headphones
R8 1k
AF GAIN
D2 D4 D3 U3 LM386N
1N914 1N914 | 1N914
cor t I utB L c2s
22 uF ;E_ (not used) 0.047
47k 5
7
S 6
S-Meter
TX MIXER
+8V TX
l C40 | 8
0.047 €39 270 7 , ©C2
BUFFER * ¢ N)tH—F——
s r77 4.915 MHz ;— C38
,l], 50 6
U310 L2 15pF X7 |
C37 13 c31
. =< >—|(—
I % c36 e c33
R12 R 14 EE L3 ;E c32
12k Cc35
390 50 ]\ U8 NE602
’ i}—,
RFC2 — 7 pH; 4 t #26 enameled wire on
8 PRE-MIX c72 O 047 an FT-37-43 toroid .
R25 RFC3 — 34 pH; 9 t #26 enameled wire
1 7 Ce9 68 24 RFC2 1k on an FT-37-43 toroid
Cos ¢ I & < RFC4 — Miniature RFC, 1 mH
2 6 T 27 1M $1, S2 — SPDT, PC mount, right angle
J_ P ||:|| . toggle switch with threaded bushing.
c62 cs3 65 T2 — Pri 12t #26 led wire;
4 5 imary: enameled wire;
001 N << 1 secondary: 3 t on an FT-37-43 toroid
© 3 52 ces |g U1 — LM358N dual op-amp IC
co 6 3l 5o U2, U4, U7, U8 — SA602AN mixer-
U7 NEG02 50 L8 oscillator IC
U3 — LM386N-1 audio amplifier IC

J5 — 50 pin, dual-row edgeboard
connector with 0.156-inch spacing

L10, L11 — 18 pH; 18 t #28 enameled
wire on an FT-37-61 toroid

L2 — Miniature RFC, 15 pH

L7 — 19 pH; 58 t #28 enameled wire on
a T-68-7 toroid

Q5 — U310, J310, 2N4416 or other
high-transconductance device

R1, R8 — PC-mount 1-kQ pot

R14, R101 — 500 Q trimmer

R17 — PC-mount 10-kQ pot

RFC1 — 3.5 pH; 8 t #26 enameled wire
on an FT-37-61 toroid

Transceivers, Transverters and Repeaters

U5 — MC1350P IF amplifier IC

U6 — LM393N dual comparator IC

U9 — 8 V regulator, TO-92 package

W1, W2 — RG-174 coaxial jumper,
about 3 inches long (see text)

X1-X7 — 4.915 MHz, HC-49. X1 through
X5 should be matched (their series-
resonant frequencies within 50 Hz)
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S — METER SENSITIVITY

Fig 15.11 — Metering

Except as indicated, decimal values of
capacitance are in microfarads ( pF );

others are in picofarads ( pF );

resistances are in ohms; k=1,000, M=1,000,000.
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Zero
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The Sierra’s custom 0.060-inch alumi-
num enclosure offers several benefits in
both construction and operation. Its top
and bottom covers are identical U-shaped
pieces. The bottom is secured to the main
board by two 0.375-inch standoffs, while
the top is secured to the bottom by two
long-life, quick-release plastic latches. As
aresult, the builder can easily remove both
covers to make “live” adjustments or sig-
nal measurements without removing any
controls, connectors or wires. The front
and rear panels attach directly to the con-
trols and connectors on the main board.
This keeps the panels rigid and properly
oriented.

As can be seen in the photograph, the
interior of the rig is uncluttered. NorCal
QRP Club members have taken advantage
of this, building in keyers, frequency
counters and other accessories — and even
storing up to four band modules in the top
cover. One popular addition is an S/RF
meter, the circuit shown in Fig 15.11.

The construction techniques described
above represent only one way to build the
Sierra; other physical layouts may better
suit your needs. For example: If no built-
ins are needed, the rig could be built in a
smaller enclosure. You could replace
the VFO capacitor with a small 10-turn pot
and a varactor diode. If necessary, elimi-
nate RIT and metering.

If a different physical layout is required,
determine the orientation and mounts for
the band module connector first, and then
arrange the various circuit blocks around
it. Use short leads and good ground-plane
techniques to avoid instability, especially
on the band modules. Point-to-point or

15.14 Chapter 15

“dead-bug” construction are possible, but
in some cases shields and additional
decoupling may be required. Use a reli-
able connector if band modules will be re-
peatedly inserted and removed.

ALIGNMENT

The minimum recommended equipment
for aligning the rig is a DMM with home-
made RF probe and a ham-band trans-
ceiver. Better still is a general-coverage
receiver or frequency counter.” Start with
a 40- or 20-m module; these are usually
the easiest to align.

First, set the VFO to the desired band
edge by adjusting C52. If exactly 150 kHz
of range is desired, squeeze or spread the
windings of L7 and readjust C52 itera-
tively until this range is obtained. RIT
operation can also be checked at this time.
Reduce the value of R19 if more RIT range
is desired.

Prepare each band module for alignment
by setting all of its trim caps to midrange.
(The final settings will be close to mid-
point in most cases.)

Receiver alignment is straightforward.
Set BFO trimmer C16 to midrange, RF
GAIN (R1) to maximum and AF GAIN
(R8) so that noise can be heard on the
phones or speaker. On the band module,
peak the premix trimmers (C64 and C66)
for maximum signal level measured at
Q8’s drain. Set the fine frequency adjust-
ment (C70) by lightly coupling a fre-
quency counter to U7, pin 7. Next, connect
an antenna to J4 and adjust the receiver
filter trimmers (C1 and C2) for maximum
signal. The AGC circuitry normally re-
quires no adjustment, but the no-signal

gain of the IF amplifier can be increased
by decreasing the value of R3.

Before beginning transmitter align-
ment, set the drive-level control, R14, to
minimum. Key the rig while monitoring
the transmitted signal on a separate re-
ceiver and peak the transmit band-pass
filter using C33 and C36. Then, with a
dummy load or well-matched antenna con-
nected to J4, set R14 to about 90% of
maximum and check the output power
level. It may be necessary to stagger-tune
C33 and C36 on the lower bands in order
to obtain constant output power across the
desired tuning range. On 80 m the -3 dB
transmit bandwidth will probably be less
than 150 kHz.

Typically, output on 80, 40 and 20 m is
2.0-2.5 W, and on the higher bands 1.0-
2.0 W. Some builders have obtained higher
outputs on all bands by modifying the
band-pass filters. However, filter modifi-
cation may compromise spectral purity of
the output, so the results should be checked
with a spectrum analyzer. Also, note that
the Sierra was designed to be a 2-W rig:
additional RF shielding and decoupling
may be required if the rig is operated at
higher power levels.

PERFORMANCE

The Sierra design uses a carefully se-
lected set of compromises to keep com-
plexity low and battery life long. An
example is the use of NE602 mixers, which
affects both receive and transmit perfor-
mance. On receive, the RF gain will occa-
sionally need reduction when strong
signals overload the receive mixer. On
transmit, ARRL Lab tests show that the
rig complies with FCC regulations for its
power and frequency ranges.

Aside from the weak receive mixer, re-
ceiver performance is very good. There are
no spurious signals (birdies) audible on
any band. ARRL Lab tests show that the
Sierra’s receiver has a typical MDS of
about —139 dBm, blocking dynamic range
of up to 112 dB and two-tone dynamic
range of up to 90 dB. AGC range is about
70 dB.

The Sierra’s transmitter offers smooth
break-in keying, along with direct trans-
mit signal monitoring. There are two bene-
fits to direct monitoring:

* the clean sinusoidal tone is easier on the
ears than most sidetone oscillators and

* the pitch of the monitor tone is the correct
receive-signal pitch to listen for when
calling other stations.

The TR mute delay capacitor, C27, can
be reduced to as low as 4.7 uF to provide
faster break-in keying if needed.

The prototype Sierra survived its chris-



tening at Field Day, 1994, where members
of the Zuni Loop Expeditionary Force used
it on 80, 40, 20 and 15 m. There, Sierra
compared favorably to the Heath HW-9
and several older Ten-Tec rigs, having as
good or better sensitivity and selectivity —
and in most cases better-sounding sidetone
and break-in keying. While the other rigs
had higher output power, they couldn’t
touch the Sierra’s small size, light weight
and low power consumption. The Sierra has
consistently received high marks from sta-
tions worked too, with reports of excellent
keying and stability.

CONCLUSION

At the time this article was written, over
100 Sierras had been built. Many have been
used extensively in the field, where the rig’s
unique features are an asset. For some
builders, the Sierra has become the primary
home station rig.

The success of the Sierra is due, in large

part, to the energy and enthusiasm of the
members of NorCal, who helped test and
refine early prototypes, procured parts for
the field-test units and suggested future
modifications.® This project should serve
as a model for other clubs who see a need
for an entirely new kind of equipment,
perhaps something that is not available
commercially.

Notes

10ne of N6KR’s previous designs, the Safari-4,
is a good example of how complex a band-
switched rig can get. See “The Safari-4....”
Oct through Dec 1990 QEX.

2Band modules for 160, 12 and 10 m have also
been built and are available for the kit (see
note 6). PC board patterns, construction hints,
alignment and troubleshooting tips, and other
information about the Sierra is included in the
Template Packages section of the CD-ROM
bundled with this Handbook.

3For information about NorCal,
norcalqrp.org.

4Most multiband rigs draw from 150 to 500 mA

visit www.

on receive, necessitating the use of a larger
battery. A discussion of battery life consider-
ations can be found in “A Solar-Powered
Field Day,” May 1995 QST.

58olid-State Design, p 87. This book is out of
print but may be available used.

6Full and partial kits are available. The full kit
comes with all components, controls, con-
nectors, and a detailed assembly manual.
Complete band modules kits are available
for 80, 40, 30, 20, 17 and 15 m. For informa-
tion, contact Wilderness Radio, PO Box
3422, Joplin, MO 648083, tel 417-782-1397;
www.fix.net/~jparker/wilderness/
sierra.htm.

7The alignment procedure given here is neces-
sarily brief. More complete instructions are
provided with the ARRL Template Package
on the accompanying Handbook CD and the
kit instructions.

8The author would like to acknowledge the
contributions of several NorCal members:
Doug Hendricks, KI6DS; Jim Cates,
WABGER; Bob Dyer, KD6VIO; Dave
Meacham, W6EMD; Eric Swartz, WA6HHQ,
Bob Warmke, W6CY X; Stan Cooper, K4ADRD;
Vic Black, AB6SO; and Bob Korte, KDEKYT.

THE ROCKMITE — A SIMPLE SINGLE-BAND CW TRANSCEIVER

Dave Benson, KISWL, first described the
simple '/2 W RockMite CW transceiver for
40 or 20 meters in April 2003 QST. The
RockMite — named for its crystal control
and its small size — has attracted an enthu-
siastic following, with thousands of the
transceivers in circulation. This project
builds on the original and adds versions for
80 and 30 meters. Changing the RockMite
frequency is a matter of replacing the two
(identical) crystals with frequencies of your
choosing. If you change bands, however, the
output harmonic filter and several capacitor
values must be scaled accordingly, and the
value of several Zener diodes may change.
Details are shown in Table 15.3.

Overview

The RockMite printed-circuit board mea-
sures 2.0 x 2.5 inches and fits in the Altoids
tin that is beloved by the QRP community as
an enclosure. Kits are available.! A custom
made aluminum enclosure is available from
www.americanmeorse.com.

The RockMite uses the familiar direct
conversion (D-C) receiver scheme shown in
Fig 15.12. There isn’t much to it — an oscil-
lator and a mixer convert received signals
directly to audio and an amplifier boosts that
audio to usable levels. On transmit, the same
oscillator serves as the transmitter frequency
source, and only gain and keying stages are
needed to bring the oscillator signal up to
levels usable for making CW contacts.
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Several crucial details are missing from
this oversimplified picture, however. The
operator who calls “CQ” with a crystal-con-
trolled D-C rig will most likely get replies on
zero-beat with his signal and without some
means of shifting frequency (offset) between
transmit and receive, will copy only low-
frequency thumps. Additionally, the joy of
sending CW will be somewhat tempered by
the lack of a sidetone circuit to monitor your
own sending.

By using an 8-pin PIC microcontroller, it
becomes possible to add an iambic keyer

Transceivers, Transverters and Repeaters

along with other functions. This can be done
with minimum cost and with little printed
circuit board acreage. Having made the de-
cision to use a controller chip, a spare pin on
that IC was dedicated to providing a 700 Hz
sidetone during key-down conditions. The
controller also supplies a TR control signal
and a shift signal. This shift signal merely
provides a dc voltage level to a varicap (tun-
ing) diode to pull the crystal oscillator fre-
quency between transmit and receive. The
TR offset is reversible, as described later, so
that the RockMite offers two possible oper-
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Fig 15.12 — The RockMite transceiver
simplified block diagram (inset) and
schematic. Most components are
stocked by major distributors such as
Digi-Key, Mouser and Ocean State
Electronics (see the TISFind database at
www.arrl.org/tis). Resistors are 5% '/ W.
C1, C2, C10, C11, C12, C18 — NPO disk
capacitor, 5%. See Table 15.3 for
values.

C3, C13, C101, C102, C108 — 0.01 pF
disk capacitor.

C4 — 0.022 pF monolithic capacitor.

C5, C8, C14, C104, C109, C110 — 0.1 pF
monolithic capacitor.

C6, C105-107 — 100 pF disk capacitor.

C7,C103, C111 — 47 pyF, 25V
electrolytic capacitor.

C9 — 3.3 pF, 50 V electrolytic capacitor.

C15, C17 — Disk capacitor, 5%. See
Table 15.3 for values.

C16 — CO0G monolithic capacitor 5%.
See Table 15.3 for values.

D1, D2, D7, D8 — 1N4148 diode.

D3, D4, D5 — Zener diode, 0.5 W. See
Table 15.3 for values.

D6 — MV1662 varicap diode.

L1, L2, L3, L4 — Molded RF choke, 10%
tolerance. See Table 15.3 for values.

Q1, Q2, Q3 — 2N7000 FET.

Q4, Q5 — 2N4401 transistor.

Q6 — 2N2222A transistor.

U1 — SA612AD mixer/oscillator IC.
(Surface mount part is used on the kit
PC board. If building from scratch,
consider the SA612AN in a DIP
package.)

U2 — LM1458N dual op-amp IC.

U3 — 12C508A-04/P microcontroller.
(Must be programmed before use. See
Note 1.)

Y1, Y2 — HC49/U crystal (20 pF load) for
operating frequency of interest.
Crystals for popular QRP frequencies,
including those shown in Table 15.3,
are available from
expandedspectrumsystems.com or
AF4K.com.

ating frequencies. This function has tradi-
tionally been done with adouble-pole switch,
but it’s easier and cheaper to perform that
function in firmware.

There is one other noteworthy trick em-
ployed in the RockMite. Builders of simple
receivers for 40 meters have all experienced
the joys of listening to shortwave broadcasts
mixed in with their CW. For most simple
gear, the high levels of broadcast RF cause
intermodulation distortion (IMD). This can
be mitigated by the use of more robust
(higher-current consumption and complex-
ity) receiver front ends. Another approach is
to ensure that the broadcast signal levels
reaching the receiver mixer are attenuated
enough to avoid their IMD effects. If you're

Table 15.3
RockMite Component Values by Band
Band 80 m 40 m 30m 20m
Freq (MHz) 3.560 7.030 10.106 14.060
C1 47 pF 47 pF 47 pF 47 pF
Cc2 33 pF 47 pF 47 pF 47 pF
C10, C11 68 pF 68 pF 33 pF 39 pF
Cci12 47 pF 47 pF 33 pF 39 pF
C15, C17 560 pF 470 pF 330 pF 220 pF
C16 1200 pF 1000 pF 680 pF 470 pF
C18 330 pF 150 pF 82 pF 82 pF
D3 1N5231B 1N5231B 1N5231B 1N5233B

(5.1 V Zener) (5.1 V Zener) (5.1 V Zener) (6.0 V Zener)
D4 1N5231B 1N5231B 1N5231B 1N5230B

(5.1 V Zener) (5.1 V Zener) (5.1 V Zener) (4.7 V Zener)
D5 Omitted 1N5236B 1N5231B 1N5230B

(7.5 V Zener) (5.1 V Zener) (4.7 V Zener)

L1 15 uH 10 uH 6.8 uH 4.7 uH
L2, L3 2.2 uH 1 uH 0.68 uH 0.47 pH
L4 5.6 uH 3.3 uH 3.3 uH 1.5 uH

interested in only a small segment of an
amateur band, a sharply tuned (narrow)
band-pass filter may be used to good effect
to accomplish that. The RockMite uses this
approach by utilizing a second crystal at the
operating frequency at the receiver front end.
The performance improvement with the
added crystal is significant.

Circuit Description

The RockMite schematic is shown in Fig
15.12. Local oscillator Q4 is a crystal- con-
trolled Colpitts oscillator and runs continu-
ously. Its operating frequency is determined
by crystal Y2 and the surrounding compo-
nents. Diode D6 is a varicap (tuning) diode
and it furnishes a voltage-dependent capaci-
tance. This effect is used to pull the crystal
oscillator frequency about 700 Hz between
transmit and receive to provide a beat-fre-
quency offset. The voltage applied to D6
through resistor R10 is 0 V with Q2 turned
on (conducting) or it is the rated Zener volt-
age of D5 with Q2 off.

A sample of the local oscillator signal is
coupled to the base of Q5. Q5 provides no
voltage gain but instead serves to improve
key-up isolation between the local oscillator
and the antenna. This ensures that the key-
up energy to the antenna (back-wave) is neg-
ligible. Equally important, the lowered sig-
nal level at the antenna terminal prevents
blocking effects from desensitizing the re-
ceiver.

The output of the buffer stage is coupled
via C13 to the power amplifier stage, Q6.
Diode D8 provides a clamp function, mak-
ing it easier to drive the base of Q6. Transis-
tor Q6 runs Class C, is driven hard and, in
theory, has only conducting and nonconduct-
ing states for high efficiency. The waveform
at Q6’s collector would ideally be a square
wave. In practice, there’s considerable
waveform distortion at that signal point and,

Transceivers, Transverters and Repeaters

in any case, it’s nothing you’d want to apply
directly to an antenna.

Capacitor C14 couples this waveform to
the output harmonic filter, which comprises
L2 and L3 and C15, C16 and C17. Since the
original RockMite article was published,
FCC requirements for spectral purity
changed from —30 dBc to —43 dBc. A series
L-C circuit (L4 and C18) between the out-
put of the low pass filter and the antenna
provides the needed additional harmonic at-
tenuation. In an effort to save space and re-
duce construction complexity, subminiature
epoxy-molded RF chokes were used instead
of the traditional toroids. For the frequen-
cies and power levels encountered in the
RockMite, performance appears adequate —
—loss and self-heating were not significant.
Power output is about 500 mW witha 13 V
dc supply and it will work at lower supply
voltages.

The receiver is continuously connected
to the antenna through coupling capacitor
C1. Diodes D1 and D2 limit the key-down
voltage swing appearing at the receiver
front-end to safe values. The presence of Y1
at the receiver front-end may seem some-
what startling, but it serves as a narrow
band-pass filter to keep RF energy from fre-
quencies far removed from the operating
frequency to aminimum. The SA612 mixer,
which does the conversion from RF to au-
dio, needs all the help it can get.

Readers may recognize the circuit as an
adaptation of a Roy Lewallen, W7EL, cir-
cuit — a widely used series-LC TR switch.
The inductance in this circuit is being fur-
nished by crystal Y1 at a frequency slightly
off its series-resonant point. Perhaps less
obviously, capacitor C2 forms an L network
in combination with a portion of the crystal
motional inductance. It’s impedance step-
up; there’s about 10 dB of voltage gain prior
to the mixer input (U1, pin 2). The values of
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Cl1 and C2 were twiddled empirically to
yield a 6 dB bandwidth of about 2 kHz and
to straddle the two operating frequencies
fairly evenly. For the 40 meter version, re-
ceiver filter response is —35 dB at 7100 kHz
and up. Although this value of ultimate re-
jection is unacceptably poor for typical crys-
tal filters, here it needs to be only good
enough to yield significant improvement in
IMD performance.

The mixer IC, U1, converts the received
signal from the operating frequency to au-
dio; that signal appears at pins 4 and 5 of U1.
C4 provides some low-pass filtering to cut
unwanted audio hiss. U2 is a garden-variety
dual op-amp (one-halfis unused) configured
for a gain of about 200 (46 dB). This boosts
the mixer’s output audio to headphone-us-
able levels. Capacitor C6 provides an addi-
tional pole of audio low-pass filtering.

Transistor Q1 provides a simple mute
function to reduce the amount of keydown
thump. It disconnects the audio amplifier
from the headphones whenever the rig is
keyed. The large (transmitted) signal appear-
ing at the receiver during key-down yields a
dc offset at the mixer output, which is ampli-
fied to a large transient by the audio ampli-
fier. The muting isn’t perfect butit’s alot less
fatiguing than none at all. Key-up recovery
time is set by C9 — this value may be re-
duced if you prefer quicker QSK (break-in).
U3 isa 12C508A microcontroller device and
has been custom programmed to provide
iambic keyer (Mode B) and frequency shift
functions. U3 pins 6 and 7 are typically con-
nected to a pair of paddle inputs to provide
the keyer functions. Ground one of those two
inputs during rig power up and the RockMite
will use the other input for the straight key or
more capable external keyer.

There are two operator controls on the
RockMite and they’re both implemented via
a push-button switch closure, in order to
ground controller pin 4. The two functions
are discriminated by the duration of the
switch closure.

A brief (< 250 ms) closure on the switch
reverses the offset to provide a second oper-
ating frequency. When you wish to work
another station, use this function to select
the higher of the two pitches on a received
signal. Note that the pitch at the converse
setting is a measure of how close to zero-
beat you are; ideally it would be just a low-
frequency thump. If the two selections yield
ahigh pitch and astill higher pitch, you prob-
ably won’t be able to work the other station.

A longer closure on the switch input puts
the keyer in a speed-adjustment mode. The
RockMite outputs a Morse code S to ac-
knowledge entry into this mode. Tapping
(or holding) the dot paddle speeds up the
keyer; the same operation on the dash paddle
slows itdown. The default (power-up) speed
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is approximately 16 WPM and the speed
range is about 5 to 40 WPM. If no dot/dash
inputs are received after about 1 second, the
RockMite outputs a lower frequency tone
and reverts to normal operation. The Morse
S and subsequent tones are not transmitted
on the air.

Modifications

The idea of a transceiver whose only con-
trol is a pushbutton switch probably flies in
the face of recent trends in transceiver de-
sign. If you feel the need to “manage” your
radio, resistor R5 may be replaced with a 1
MQ audio taper potentiometer (wiper and
one end-terminal used) to serve as a volume
control. Keep the leads short.

Sidetone level can be altered by changing
the value of C8. Note: the “raspy” nature of
the RockMite sidetone is caused by the
square-wave nature of the signal. One or
more R-C networks (series-R, shunt-C to
ground) in the path from U3 pin 5 to C8 will
soften the tone. A good starting point for this
filter is 10 €/10 uF.

Adding a IN4001 diode in series with the
power supply (V+) feed will preclude re-
verse-polarity mishaps. (The banded end
goes toward the RockMite board.) Or better
yet, use a IN5818 Schottky diode for lower
voltage drop. Any of the diodes 1N4001-
IN4007 or 1N5818-1N5820 series is fine.
They’re noncritical and all overkill for this
application.

The RockMite will run on a9 V battery if
R1 and R8 are changed from 1 k€ to 470 Q.
This change increases receiver current con-
sumption from 25 mA to 40 mA when using
a 12-14 V supply.

Troubleshooting

Detailed troubleshooting information can
be found in the file RMhelps.pdf, available
for download from the Small Wonder Labs
Web site (see note 1). Here are some of the
more common problems.

AC hum: Make sure Y2’s case is
grounded. The RockMite has a lot of audio
gain. You may experience difficulty when
using an unregulated power supply or wall
transformer to power the rig. A regulated
supply will help considerably in this regard.
If in doubt, try a battery supply. You may
use a 9 V battery temporarily to check out
the difference.

Howl in headphones: (Make sure you’re
not in straight-key mode with the key down.
That’s the sidetone.) The combination of
high audio gain and wire lead treatments can
yield an audio oscillation or “howl,” al-
though this has not been reported often. Here
are some things to try.

e [f using a battery supply, make sure it’s
reasonably well charged. A nearly-ex-
hausted battery may cause howl or

motorboating.

¢ Provide separation between wires run to
and from the RockMite board and the board
components. Close lead proximity affords
more chances for unwanted signal crosstalk.
Where wires do need to cross, keep them at
right angles to one another to minimize the
coupling.

e Don’t count on the enclosure itself to
provide ground return continuity. It may be
helpful to run a ground return wire from the
board to the headphone jack ground lug and
from there to the dc power return. If you do
this, continue to use a wire from board
ground to the main dc power return. You
want to avoid conditions where one circuit
path is carrying both audio and dc ground
currents, and for that matter, RF as well.

o Ensure that the ground braid is used on
the coax connecting the PC board to the an-
tenna jack. Connect the rig end to a conve-
nient ground point near the antenna pad and
be sure the other end makes connection to
the antenna jack ground lug.

Broadcast pickup: There are two poten-
tial issues with the RockMite. Shortwave
broadcast (SWBC) will be more likely dur-
ing the evening hours. Despite the presence
of the front-end crystal filter, some SWBC
may occasionally be heard. A fix involves
reducing the signal levels getting to Ul,
which can be accomplished by changing RS
to a 1 MQ variable volume control as de-
scribed in the previous section. The use of an
antenna tuner will also assist in reducing the
out-of-band RF energy getting to Ul.

Local AM broadcast interference is more
likely during daylight hours when local AM
stations are on the air. Install a 1 kQ resistor
at the two unused pads immediately below
D1/D2. Note that this fix does not help with
shortwave broadcast. The fix was tested suc-
cessfully at the ARRL lab, located within
two miles of several 5 kW AM broadcast
stations.

Very low volume: This is a minimalist
transceiver, so it won’t provide ear-splitting
volume. Even so, with a good antenna and
headphones you should have little trouble
hearing signals. If everything else checks
out, consider the following. Use a resonant
antenna, 50 € nominal, such as a dipole. If
the antenna is nonresonant (random wire,
etc), use a tuner to make the antenna look
like 50 Q at the rig. SWR is not especially
critical here. The worst that could happen is
the loss of an inexpensive transistor (Q6).

Headphones should be a low-impedance
stereo type, such as those used for personal
MP3 or CD players. If there are specifica-
tions on the package, look for a sensitivity
spec of 104 dB/mW or better. And a final
caution related to audio output: You’d be
surprised how often reports of very low au-
dio are traced to use of incorrect audio jack



or plug types. You won’t hear much with the
audio output shorted to ground!

Does It Really Work?

The receiver is direct-conversion, so the
audio you hear is busier than what’s typically
found in a big rig. There’s some audio low-
pass filtering, but it still doesn’t have the
sharp roll-off characteristics prevalent with
crystal IF filtering. Because the D-C receiver
receives both sidebands equally well, there
are twice as many signals as you’d expect of
a more capable receiver. Once you get the
hang of selecting which of the two operating
frequencies to call someone on, the opera-
tion is pretty straightforward.

Transverters

At VHF, UHF and microwave frequen-
cies, transverters that interact with fac-
tory-made transceivers in the HF or VHF
range are common and are often home-
built. These units convert the transceiver
transmit signal up to a higher frequency
and convert the receive frequency down
to the transceiver receive frequency. The
resulting performance and signal quality
at the higher frequencies are enhanced by
the frequency stability and the signal pro-
cessing capabilities of the transceiver.
For example, SSB and narrowband CW
from 1.2 to 10 GHz are feasible, and be-
coming more popular. Some HF and VHF
transceivers have special provisions such
as connectors, signal-path switching and
T/R switching that facilitate use with a
transverter.

VHF TRANSVERTERS

The methods of individual circuit de-
sign for a transverter are not much differ-
ent than methods that have already been

A Thriving Community

This project started out as a party favor
and indeed, it was initially dubbed “a wire-
less code practice oscillator” — somewhat
tongue-in-cheek. Once the first samples
were available, it became clear that the
RockMite was a usable radio. Much of this
success can be attributed to the QRP
community’s use of watering holes. Many
QRPers monitor those frequencies when
they’re in the shack and your chances of
success with a “CQ” are surprisingly good.

A gallery of construction pictures, modi-
fication information, links and related topics
may be found at www.qsl.net/nOrc/rm/.
There’s also a very active user’s group on-

described. The most informative approach
would be to study carefully an actual
project description.

The interface between the transceiver
and transverter requires some careful
planning. For example, the transceiver
power output must be compatible with the
transverter’s input requirements. This
may require an attenuator or some modi-
fications to a particular transverter or
transceiver.

When receiving, the gain of the
transverter must not be so large that the
transceiver front-end is overdriven (sys-
tem IMD is seriously degraded). On the
other hand, the transverter gain must be
high enough and its noise figure low
enough so that the overall system noise
figure is within a dB or so of the trans-
verter’s own noise figure. The formulas
in the Receivers and Transmitters chap-
ter for cascaded noise figure and cascaded
third-order intercept points should be
used during the design process to assure
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line at groups.yahoo.com/group/Rock-
Mite_Group/.

A special thanks to Doug Hendricks,
KI6DS, for his material support with this
project and to Rod Cerkoney, NORC, for his
enthusiastic Web site support. Thanks also
to Steve Weber, KD1JV, for design sugges-
tions during the development phase.

1Complete parts kits for the RockMite, includ-
ing PC board, all on-board parts, a pro-
grammed microcontroller and instructions,
are available from Small Wonder Labs
(www.smallwonderlabs.com). Pro-
grammed microcontroller ICs alone are
also available. RockMite object code (.hex
file) may be found in the Templates section
of the Handbook CD-ROM.

good system performance. The trans-
ceiver’s performance should be either
known or measured to assist in
this effort.

MICROWAVE TRANSVERTERS

The microwave receiver section of the
Receivers and Transmitters chapter in
this Handbook discusses a 10-GHz trans-
verter project and provides references to
the QST articles that give a detailed de-
scription. The reader is encouraged to re-
fer to these articles and to review the
previous material in that chapter.

Other Information

The ARRL Microwave Projects CD, sev-
eral RSGB publications and VHF/UHF
microwave conference proceedings
contain additional information about
transverter design and construction. More
information about these publications is
available from the ARRL Bookstore at
www.arrl.org/shop.
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Repeaters

This section was written by Paul M.
Danzer, N1II.

In the late 1960s two events occurred
that changed the way radio amateurs com-
municated. The first was the explosive
advance in solid-state components — tran-
sistors and integrated circuits. A number
of new “designed for communications”
integrated circuits became available, as
well as improved high-power transistors
for RF power amplifiers. Vacuum tube-
based equipment, expensive to maintain
and subject to vibration damage, was be-
coming obsolete.

At about the same time, in one of its
periodic reviews of spectrum usage, the
Federal Communications Commission
(FCC) mandated that commercial users of
the VHF spectrum reduce the deviation of
truck, taxi, police, fire and all other com-
mercial services from 15 kHz to 5 kHz.
This meant that thousands of new
narrowband FM radios were put into ser-
vice and an equal number of wideband
radios were no longer needed.

As the new radios arrived at the front
door of the commercial users, the old
radios that weren’t modified went out the
back door, and hams lined up to take ad-
vantage of the newly available “commer-
cial surplus.” Not since the end of World
War II had so many radios been made
available to the ham community at very
low or at least acceptable prices. With a
little tweaking, the transmitters and re-
ceivers were modified for ham use, and
the great repeater boom was on.

WHAT IS A REPEATER?

Trucking companies and police depart-
ments learned long ago that they could get
much better use from their mobile radios
by using an automated relay station called
a repeater. Not all radio dispatchers are
located near the highest point in town or
have access to a 300-ft tower. But a re-
peater, whose basic idea is shown in
Fig 15.13, can be more readily located
where the antenna system is as high as
possible and can therefore cover a much
greater area.

Types of Repeaters

The most popular and well-known type
of amateur repeater is an FM voice system
on the 29, 144, 222 or 440-MHz bands.
Tens of thousands of hams use small 12-V
powered radios in their vehicles for both
casual ragchewing and staying in touch
with what is going on during heavy traffic
or commuting times. Others have low-
power battery-operated handheld units for
144, 222 or 440 MHz. Some mobile and
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HBK05_15-013 Transmit | Transmit  Receive
146.34 146.94 146.94 146.34
Repeater
Typical 2 Meter
Repeater
Transmit Receive ;F:‘aénngt
146.34 146.94 .

Fig 15.13 — Typical 2-m repeater, showing mobile-to-mobile communication
through a repeater station. Usually located on a hill or tall building, the repeater
amplifies and retransmits the received signal on a different frequency.

Types of Repeaters

long-established.

or more VHF and UHF bands.

discussed elsewhere in this chapter.

as frequency multiplexing.

ATV — Amateur TV — Same coverage advantages as voice repeaters to
hams using wideband TV in the VHF and UHF bands. Often consist of pairs of
repeaters — one for the ATV and the other for the voice coordination.

AM and SSB — There is no reason to limit repeaters to FM. There are a
number of other modulation-type repeaters, some experimental and some

Digipeaters — Digital repeaters used primarily for packet communications.
Can use a single channel (single port) or several channels (multi-port) on one

Multi-channel (wideband) — Amateur satellites are best-known examples.
Wide bandwidth (perhaps 50 to 200 kHz) is selected to be received and
transmitted so all signals in bandwidth are heard by the satellite (repeater)
and retransmitted, usually on a different VHF or UHF band. Satellites are

Although not permitted or practical for terrestrial use in the VHF or UHF
spectrum, there is no reason wideband repeaters cannot be established in the
microwave region where wide bandwidths are allowed. This would be known

handheld transceivers operate on two
bands. But there are several other types of
ham radio repeaters as described in the
sidebar, “Types of Repeaters.”

FM is the mode of choice, as it was in
commercial service, since it provides a high
degree of immunity to mobile noise pulses.
Operations are channelized — all stations
operate on the same transmit frequency and
receive on the same receive frequency. In
addition, since the repeater receives signals
from mobile or fixed stations and retrans-
mits these signals simultaneously, the trans-
mit and receive frequencies are different, or
split. Direct contact between two or more
stations that listen and transmit on the same
frequency is called operating simplex.

Individuals, clubs, amateur civil de-
fense support groups and other organiza-
tions all sponsor repeaters. Anyone with a

valid amateur license for the band can es-
tablish a repeater in conformance with the
FCC rules. No one owns specific repeater
frequencies, but nearly all repeaters are
coordinated to minimize repeater-to-re-
peater interference. Frequency coordina-
tion and interference are discussed later in
this chapter.

Block Diagrams

Repeaters normally contain at least the
sections shown in Fig 15.14. After this,
the sky is the limit on imagination. As
an example, a remote receiver site can
be used to try to eliminate interference
(Fig 15.15).

The two sites can be linked either by
telephone (“hard wire”’) ora VHF or UHF
link. Once you have one remote receiver
site it is natural to consider a second site



to better hear those “weak mobiles” on
the other side of town (Fig 15.16). Some
of the stations using the repeater are on
2 m while others are on 4407 Just link the
two repeaters! (Fig 15.17).

Want to help the local Civil Air Patrol
(CAP)? Add a receiver for aircraft emer-
gency transmitters (ELT). Tornados? It
is now legal to add a weather channel re-
ceiver (Fig 15.18).

Common Antenna for
Transmit and Receive

Transmission Line
(Most Often Hardline
or Solid — Shield Coax)

Duplexer

Connects Receiver at One
Frequency to Antenna and
Transmitter at a Second
Frequency to the Same
Antenna

Receiver

Recieved
Audio

Transmit
Audio

Transmitter

Controller
(Turns Transmitter
On/ Off, Controls
Repeater Functions)

Receiver
Controls

Transmitter
Controls

Power Supply

HBKO05_15-014

To Receiver, Transmitter
and Controller

Fig 15.14 — The basic components of a repeater station. In the early days of
repeaters, many were home-built. Today, most are commercial, and are far more

complex than this diagram suggests.

Transmission Line

Transmission Line

Receiver Transmitter
Remote Link-Telephone Transmit
Wires or Radio Audio

Controller
(Turns Transmitter
On/ Off, Controls
Repeater Functions)

Receiver Transmitter

Controls Controls

Power Supply

HBKO05_15-015

To Receiver, Transmitter
and Controller

Fig 15.15 — Separating the transmitter from the receiver helps eliminate certain
types of interference. The remote receiver can be located on a different building or
hill, or consist of a second antenna at a different height on the tower.
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The list goes on and on. Perhaps that is
why so many hams have put up repeaters.

Repeater Terminology

Here are some definitions of terms used
in the world of Amateur Radio FM and
repeaters:
access code — one or more numbers and/

or symbols that are keyed into the

repeater with a DTMF tone pad to acti-
vate a repeater function, such as an
autopatch.

autopatch — a device that interfaces a
repeater to the telephone system to per-
mit repeater users to make telephone
calls. Often just called a “patch.”

break — the word used to interrupt a con-
versation on a repeater only to indicate
that there is an emergency.

carrier-operated relay (COR) — a de-
vice that causes the repeater to transmit
in response to a received signal.

channel — the pair of frequencies (input
and output) used by a repeater.

closed repeater — a repeater whose ac-
cess is limited to a select group (see
open repeater).

control operator — the Amateur Radio
operator who is designated to “control”
the operation of the repeater, as required
by FCC regulations.

courtesy beep — an audible indication
that a repeater user may go ahead and
transmit.

coverage — the geographic area within
which the repeater provides communi-
cations.

CTCSS — abbreviation for continuous
tone-controlled squelch system, a series
of subaudible tones that some repeaters
use to restrict access. (see closed
repeater).

digipeater — a packet radio (digital)
repeater.

DTMF — abbreviation for dual-tone
multifrequency, the series of tones gen-
erated from a keypad on a ham radio
transceiver (or a regular telephone).

duplex or full duplex — a mode of com-
munication in which a user transmits on
one frequency and receives on another
frequency simultaneously (see half
duplex).

duplexer — a device that allows the re-
peater transmitter and receiver to use
the same antenna simultaneously.

frequency coordinator — an individual
or group responsible for assigning fre-
quencies to new repeaters without caus-
ing interference to existing repeaters.

full quieting — a received signal that
contains no noise.

half duplex — a mode of communication
in which a user transmits at one time and
receives at another time.
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Fig 15.16 — A second remote receiver site can provide solid coverage on the other side of town.
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Controller
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Controller
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Fig 15.17 — Two repeaters using
different bands can be linked for
added convenience.

handheld — a small, lightweight portable
transceiver small enough to be carried
easily.

hang time — the short period following a
transmission that allows others who
want to access the repeater a chance to
do so; a courtesy beep sounds when the
repeater is ready to accept another trans-
mission.

input frequency — the frequency of the
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HBK05_15-018
Auxiliary Repeater
Receiver(s)
Controller
Received Audio

Fig 15.18 — For even greater flexibility,
you can add an auxiliary receiver.

repeater’s receiver (and your trans-
ceiver’s transmitter).
intermodulation distortion (IMD) —
the unwanted mixing of two strong RF
signals that causes a signal to be trans-
mitted on an unintended frequency.
key up — to turn on a repeater by trans-
mitting on its input frequency.
machine — a repeater system.
magnetic mount or mag-mount — an

antenna with a magnetic base that per-
mits quick installation and removal
from a motor vehicle or other metal sur-
face.

NiCd — a nickel-cadmium battery that
may be recharged many times; often
used to power portable transceivers.
Pronounced “NYE-cad.”

open repeater — a repeater whose access
is not limited.

output frequency — the frequency of the
repeater’s transmitter (and your trans-
ceiver’s receiver).

over — a word used to indicate the end of
a voice transmission.

Repeater Directory — an annual ARRL
publication that lists repeaters in the US,
Canada and other areas.

separation or split — the difference (in
kHz) between a repeater’s transmitter
and receiver frequencies. Repeaters that
use unusual separations, such as 1 MHz
on 2 m, are sometimes said to have
“oddball splits.”

simplex — a mode of communication in
which users transmit and receive on the
same frequency.

time-out — to cause the repeater or a re-



peater function to turn off because you
have transmitted for too long.

timer — a device that measures the length
of each transmission and causes the re-
peater or a repeater function to turn off
after a transmission has exceeded a cer-
tain length.

tone pad — an array of 12 or 16 numbered
keys that generate the standard tele-

phone  dual-tone  multifrequency
(DTMF) dialing signals. Resembles a
standard telephone keypad. (see
autopatch).

Advantages of Using a Repeater

When we use the term repeater we are
almost always talking about transmitters
and receivers on VHF or higher bands,
where radio-wave propagation is normally
line of sight. Sometimes a hill or building
in the path will allow refraction or other
types of edge effects, reflections and bend-
ing. But for high quality, consistently solid
communications, line of sight is the pri-
mary mode.

We know that the effective range of
VHF and UHF signals is related to the
height of each antenna. Since repeaters can
usually be located at high points, one great
advantage of repeaters is the extension of
coverage area from low-powered mobile
and portable transceivers.

Fig 15.19 illustrates the effect of using
arepeater in areas with hills or mountains.
The same effect is found in metropolitan
areas, where buildings provide the primary
blocking structures.

Siting repeaters at high points can also
have disadvantages. When two nearby
repeaters use the same frequencies, your
transceiver might be able to receive both.
Butsince it operates FM, the capture effect
usually ensures that the stronger signal
will capture your receiver and the weaker
signal will not be heard — at least as long
as the stronger repeater is in use.

It is also simpler to provide a very
sensitive receiver, a good antenna system,
and a slightly higher power transmitter at
just one location — the repeater — than at
each mobile, portable or home location. A
superior repeater system compensates for
the low power (5 W or less), and small, inef-
ficient antennas that many hams use to oper-
ate through them. The repeater maintains the
range or coverage we want, despite our
equipment deficiencies. If both the handheld
transceiver and the repeater are at high el-
evations, for example, communication
is possible over great distances, despite the
low output power and inefficient antenna of
the transceiver (see Fig 15.20).

Repeaters also provide a convenient
meeting place for hams with a common
interest. It might be geographic — your

o

HBKO05_15-019

Fig 15.19 — In the upper diagram, stations A and B cannot communicate because
their mutual coverage is limited by the mountains between them. In the lower
diagram, stations A and B can communicate because the coverage of each station
falls within the coverage of repeater C, which is on a mountaintop.

Fig 15.20 — In the
Rocky Mountain
west, handheld
transceivers can
often cover great
distances, thanks
to repeaters
located atop high
mountains. (photo
courtesy WBOKRX
and NOIET)

town — or it might be a particular interest
such as DX or passing traffic. Operation is
channelized, and usually in any area you
can find out which channel — or repeater
— to pick to ragchew, get highway infor-
mation, or whatever your need or interest
is. The fact that operation is channelized
also provides an increased measure of
driving safety — you don’t have to tune
around and call CQ to make a contact, as
on the HF bands. Simply call on a repeater
frequency — if someone is there and they
want to talk, they will answer you.

Transceivers, Transverters and Repeaters

EMERGENCY OPERATIONS

When there is a weather-related emer-
gency or a disaster (or one is threatening),
most repeaters in the affected area imme-
diately spring to life. Emergency opera-
tion and traffic always take priority over
other ham activities, and many repeaters
are equipped with emergency power
sources just for these occasions.

Almost all Amateur Radio emergency
organizations use repeaters to take advan-
tage of their extended range, uniformly
good coverage and visibility. Most repeat-
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Fig 15.21 — During disasters like the Mississippi River floods of 1993, repeaters
over a wide area are used solely for emergency-related communication until the
danger to life and property is past. (photo courtesy WA9TZL)

ers are well known — everyone active in
an area with suitable equipment knows the
local repeater frequencies. For those who
don’t, many transceivers provide the
ability to scan for a busy frequency. See
Fig 15.21.

REPEATERS AND THE FCC

The law in the United States changes over
time to adapt to new technology and chang-
ing times. Since the early 1980s, the trend
has been toward deregulation, or more accu-
rately in the case of radio amateurs, self-
regulation. Hams have established band
plans, calling frequencies, digital protocols
and rules that promote efficient communi-
cation and interchange of information.

Originally, repeaters were licensed
separately with detailed applications and
control rules. Repeater users were forbid-
den to use their equipment in any way
that could be interpreted as commercial.
In some cases, even calling a friend at an
office where the receptionist answered
with the company name was interpreted
as a problem.

The rules have changed, and now most
nonprofit groups and public service
events can be supported and businesses
can be called — as long as the participat-
ing radio amateurs are not earning a liv-
ing from this specific activity.

We can expect this trend to continue.
For the latest rules and how to interpret
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them, see QST and the ARRL Web site,
www.arrl.org.

FM REPEATER OPERATION AND
EQUIPMENT

Operating Techniques

There are almost as many operating pro-
cedures in use on repeaters as there are
repeaters. Only by listening can you deter-
mine the customary procedures on a par-
ticular machine. A number of common
operating techniques are found on many
repeaters, however.

One such common technique is the
transmission of courtesy tones. Suppose
several stations are talking in rotation —
one following another. The repeater de-
tects the end of a transmission of one user,
waits a few seconds, and then transmits a
short tone or beep. The next station in the
rotation waits until the beep before trans-
mitting, thus giving any other station
wanting to join in a brief period to transmit
their call sign. Thus the term courtesy tone
— you are politely pausing to allow other
stations to join in the conversation.

Another common repeater feature that
encourages polite operation is the repeater
timer. Since repeater operation is
channelized — allowing many stations to
use the same frequency — it is polite to
keep your transmissions short. If you for-
get this little politeness many repeaters

simply cut off your transmission after 2 or
3 minutes of continuous talking. After the
repeater “times out,” the timer is reset and
the repeater is ready for the next transmis-
sion. The timer length is often set to
3 minutes or so during most times of the
day and 1 or 1'/> minutes during commuter
rush hours when many mobile stations
want to use the repeater.

A general rule, in fact law — both inter-
nationally and in areas regulated by the
FCC — is that emergency transmissions
always have priority. These are defined as
relating to life, safety and property dam-
age. Many repeaters are voluntarily set up
to give mobile stations priority, at least in
checking onto the repeater. If there is go-
ing to be a problem requiring help, the
request will usually come from a mobile
station. This is particularly true during
rush hours; some repeater owners request
that fixed stations refrain from using the
repeater during these hours. Since fixed
stations usually have the advantages of
fixed antennas and higher power, they can
operate simplex more easily. This frees the
repeater for mobile stations that need it.

A chart of suggested operating priori-
ties is given in Fig 15.22. Many but not all
repeaters conform to this concept, so it can
be used as a general guideline.

The figure includes a suggested priority
control for closed repeaters. These are
repeaters whose owners wish, for any
number of reasons, not to have them listed
as available for general use. Often they
require transmission of a subaudible or
CTCSS tone (discussed later). Not all re-
peaters requiring a CTCSS tone are closed.
Other closed repeaters require the trans-
mission of a coded telephone push-button
(DTMF) tone sequence to turn on. It is
desirable that all repeaters, including
generally closed repeaters, be made avail-
able at least long enough for the presence
of emergency information to be made
known.

Repeaters have many uses. In some
areas they are commonly used for formal
traffic nets, replacing or supplementing
the nets usually found on 75-m SSB. In
other areas they are used with tone alert-
ing for severe-weather nets. Even when a
particular repeater is generally used for
ragchewing it can be linked for a special
purpose. As an example, an ARRL volun-
teer official may hold a periodic section
meeting across her state, with linked re-
peaters allowing both announcements and
questions directed back to her.

One of the most common and important
uses of a repeater is to aid visiting hams.
Since repeaters are listed in the ARRL
Repeater Directory and other directories,
hams traveling across the country with
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Fig 15.22 — The chart shows recommended repeater operating priorities. Note
that, in general, priority goes to mobile stations.

mobile or handheld radios often check into
local repeaters asking for travel route, res-
taurant or lodging information. Others just
come on the repeater to say hello to the
local group. In most areas courtesy pre-
vails — the visitor is given priority to say
hello or get the needed help.

Detailed information on repeater oper-
ating techniques is included in a full chap-
ter of the ARRL Operating Manual.

Home and Mobile Equipment

There are many options available in
equipment used on repeaters — both
home-built and commercial. It is common
to use the same radio for both home sta-
tion and mobile, or mobile and handheld
use. A number of these options are shown
in Fig 15.23.

Handheld Transceivers

A basic handheld radio with 100 mW to
5 W output can be mounted in an automo-
bile with or without a booster amplifier or
“brick.”

Several types of antennas can be used in
the handheld mode. The smallest and
most convenient is a rubber flex antenna,
known as a “rubber duckie,” a helically

wound antenna encased in a flexible tube.
Unfortunately, to obtain the small size the
use of a wire helix or coil often produces
a very low efficiency.

A quarter-wave whip, which is about 19
inches long for the 2-m band, is a good
choice for enhanced performance. The rig
and your hand act as a ground plane and a
reasonably efficient result is obtained. A
longer antenna, consisting of several elec-
trical quarter-wave sections in series, is
also commercially available. Although
this antenna usually produces extended
coverage, the mechanical strain of 30 or
more inches of antenna mounted on the
radio’s antenna connector can cause prob-
lems. After several months, the strain may
require replacement of the connector.

Selection of batteries will change the
output power from the lowest generally
available — 0.1 or 0.5 W — to the 5-W
level. Charging is accomplished either
with a “quick” charger in an hour or less or
with a trickle charger overnight.

Power levels higher than 7 W may cause
a safety problem on handheld units, since
the antenna is usually close to the
operator’s head and eyes. See the Safety
chapter for more information.

Transceivers, Transverters and Repeaters

For mobile operation, a 12-V power
cord plugs into the auto cigarette lighter.
In addition, commercially available brick
amplifiers — available either assembled
or as kits — can be used to raise the output
power level of the handheld radio to 10 to
70 W. These amplifiers often come with
transmit-receive sensing and optional
preamplifiers. One such unit is shown in
block form in Fig 15.24.

Mobile Equipment

Mobile antennas range from quick and
easy “clip-it-on” mounting to “drill
through the car roof” assemblies. The four
general classes of mobile antennas shown
in the center section of Fig 15.23 are the
most popular choices. Before experiment-
ing with antennas for your vehicle, there
are some precautions to be taken.

Through-the-glass antennas: Rather
than trying to get the information from
your dealer or car manufacturer, test any
such antenna first using masking tape or
some other temporary technique to hold
the antenna in place. Some windshields
are metallicized for defrosting, tinting
and car radio reception. Having this metal
in the way of your through-the-glass
antenna will seriously decrease its ef-
ficiency.

Magnet-mount antennas are conve-
nient, but only if your car has a metal roof.
The metal roof serves as the ground plane.

Through-the-roof antenna mounting:
Drilling a hole in your car roof may not be
the best option unless you intend to keep
the car for the foreseeable future. This
mounting method provides the best effi-
ciency, however, since the (metal) roof
serves as a ground plane. Before you drill,
carefully plan and measure how you in-
tend to get the antenna cable down under
the interior car headliner to the radio.

Trunk lid and clip-on antennas: These
antennas are good compromises. They are
usually easy to mount and they perform
acceptably. Cable routing must be
planned. If you are going to run more than
afew watts, do not mount the antenna close
to one of the car windows — a significant
portion of the radiated power may enter
the car interior.

Mobile rigs used at home can be pow-
ered either from rechargeable 12-V bat-
teries or fixed power supplied from the
120-V ac line. Use of 12-V batteries has
the advantage of providing back-up com-
munications ability in the event of a power
interruption. When a storm knocks down
power lines and telephone service, it is
common to hear hams using their mobile
or 12-V powered rigs making autopatch
calls to the power and telephone company
to advise them of loss of service.
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Fig 15.23 — Equipment choices for use with repeaters are varied. A handheld transceiver is perhaps the most versatile type
of radio, as it can be operated from home, from a vehicle and from a mountaintop.

Home Station Equipment

The general choice of fixed-location
antennas is also shown in Fig 15.23. A
rotatable Yagi is normally not only un-
necessary but undesirable for repeater
use, since it has the potential of extend-
ing your transmit range into adjacent area
repeaters on the same frequency pair. All
antennas used to communicate through
repeaters should be vertically polarized
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for best performance.

Both commercial and homemade /4-A
and larger antennas are popular for home
use. A number of these are shown in the
Antennas chapter. Generally speaking,
!/4-A sections may be stacked up to pro-
vide more gain on any band. As you do so,
however, more and more power is con-
centrated toward the horizon. This may
be desirable if you live in a flat area. See

Fig 15.25.

While most hams do not to try to build
transceivers for use on repeaters, accesso-
ries provide a fertile area for construction
and experimentation. What mobile opera-
tor has not wished that there was no need
to hold the microphone continuously?

A single-pole, single-throw switch can
be mounted in a small box and Velcro
used to attach it temporarily to your seat.
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Fig 15.24 — This block diagram shows how a “brick” amplifier can be used with a
receiver preamplifier. RF energy from the transceiver is detected, turns on the
relay, and puts the RF power amplifier in line with the antenna. When no RF is
sensed from the transceiver, the receiving preamp is in line.
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Fig 15.25 — As with all line-of-sight communications, terrain plays an important

role in how your signal gets out.

Flip the lever on to transmit and flip it off
to listen — in the meantime your hands
are free.

Autopatches and Tones

One of the most attractive features of
repeaters is the availability of autopatch
services. This allows the mobile or por-
table station to use a standard telephone
key pad to connect the repeater to the local
telephone line and make outgoing calls.

Table 15.4 shows the tones used for
these services. Some keyboards provide
the standard 12 sets of tones correspond-
ing to the digits O through 9 and the spe-
cial signs # and *. Others include the full
set of 16 pairs, providing special keys A
through D. The tones are arranged in two
groups, usually called the low tones and
high tones. Two tones, one from each
group, are required to define a key or
digit. For example, pressing 5 will gener-

ate a 770-Hz tone and a 1336-Hz tone si-
multaneously.

The standards used by the telephone
company require the amplitudes of these
two tones to have a certain relationship.
Fortunately, most tone generators used for
this purpose have the amplitude relation-
ship as part of their construction. Initially,
many hams used surplus telephone com-
pany keypads. These units were easily in-
stalled — usually just two or three wires
were connected. Unfortunately they were
constructed with wire contacts and their
reliability was not great when used in a
moving vehicle.

Many repeaters require pressing a code
number sequence or the special figures *
or # to turn the autopatch on and off. Out-
of-area calls are usually locked out, as are
services requiring the dialing of the prefix
0 or 1. “Speed dial” is often available, al-
though occasionally this can conflict with

Transceivers, Transverters and Repeaters

Table 15.4
Standard Telephone (DTMF) Tones

Low Tone Group High Tone Group

1209 1336 1477 1633

Hz Hz Hz Hz
697 Hz 1 2 3 A
770Hz 4 5 6 B
852Hz 7 8 9 C
941 Hz * 0 # D

the use of * or # for repeater control, since
these special symbols are used by the tele-
phone company for its own purposes.

Some repeaters require the use of
subaudible or CTCSS tones to utilize the
autopatch, while others require these tones
just to access the repeater in normal use.
Taken from the commercial services,
subaudible tones are not generally used to
keep others from using a repeater but
rather are a method of minimizing inter-
ference from users of the same repeater
frequency.

For example, in Fig 15.26 a mobile
station on hill A is nominally within
the normal coverage area of the Jonestown
repeater (146.16/76). The Smithtown
repeater, also on the same frequency pair,
usually cannot hear stations 150 miles
away but since the mobile is on a hill he is
in the coverage area of both Jonestown and
Smithtown. Whenever the mobile trans-
mits both repeaters hear him.

The common solution to this problem,
assuming it happens often enough, is to
equip the Smithtown repeater with a
CTCSS decoder and require all users of
the repeater to transmit a CTCSS tone to
access the repeater. Thus, the mobile sta-
tion on the hill does not come through the
Smithtown repeater, since he is not trans-
mitting the required CTCSS tone.

Table 15.5 shows the available CTCSS
tones. They are usually transmitted by
adding them to the transmitter audio but at
an amplitude such that they are not readily
heard by the receiving station. It is com-
mon to hear the tones described by their
code designators — a carryover from their
use by Motorola in their commercial com-
munications equipment.

Listings in the ARRL Repeater Direc-
tory include the CTCSS tone required, if
any.

Frequency Coordination and
Band Plans

Since repeater operation is channelized,
with many stations sharing the same fre-
quency pairs, the amateur community has
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Fig 15.26 — When two repeaters operate on the same frequencies, a well-situated
operator can key up both repeaters simultaneously. Frequency coordination
prevents this occurrence.

Table 15.5
CTCSS (PL) Tone Frequencies

The purpose of CTCSS (PL) is to reduce cochannel interference during band openings.
CTCSS (PL) equipped repeaters would respond only to signals having the CTCSS tone
required for that repeater. These repeaters would not respond to weak distant signals on
their inputs and correspondingly not transmit and repeat to add to the congestion.

The standard ANSI/EIA frequency codes, in hertz, with their Motorola alphanumeric
designators, are as follows:

67.0 — XZ 915 — 277 118.8 — 2B 156.7 —5A 179.9 — 6B 210.7 — M2
69.3 —WZ 948 —ZA 123.0 — 3z 159.8 183.5 218.1 — M3
71.9 — XA 97.4 — 7B 127.3 — 3A 1622 —5B 1862 —7Z 225.7 — M4
74.4 — WA 100.0 —1Z 131.8 — 3B 165.5 189.9 2291 —9Z
77.0 — XB 103.5 — 1A 136.5 —4Z 1679 —6Z 192.8 — 7A 233.6 — M5
79.7 — WB 107.2 — 1B 141.3 —4A 1713 199.5 241.8 — M6
825 —YZ 110.9 — 2Z 146.2 — 4B 173.8 — 6A 203.5 — M1 250.3 — M7
85.4 — YA 114.8 — 2A 151.4 — 5Z 177.3 206.5 — 87 2541 — 0z
88.5 — YB

formed coordinating groups to help mini-
mize conflicts between repeaters and
among repeaters and other modes. Over
the years, the VHF bands have been di-
vided into repeater and nonrepeater sub-
bands. These frequency-coordination
groups maintain lists of available fre-
quency pairs in their areas. A complete list
of frequency coordinators, band plans and
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repeater pairs is included in the ARRL
Repeater Directory.

Each VHF and UHF repeater band has
been subdivided into repeater and
nonrepeater channels. In addition, each
band has a specific offset — the difference
between the transmit frequency and the re-
ceive frequency for the repeater. While
most repeaters use these standard offsets,

Table 15.6

Standard Frequency Offsets for
Repeaters

Band Offset

29 MHz 100 kHz

52 MHz 1 MHz

144 MHz 600 kHz

222 MHz 1.6 MHz

440 MHz 5 MHz

902 MHz 12 MHz

1240 MHz 12 MHz
Table 15.7

10-M CTCSS Frequencies

In 1980 the ARRL Board of Directors
adopted the 10-m CTCSS (PL) tone-
controlled squelch frequencies listed
below for voluntary incorporation into
10-m repeater systems to provide a
uniform national system.

Call

Area Tone 1 Tone 2

W1 131.8 Hz -3B 915 Hz -ZZ
w2 136.5 -4Z 94.8 -ZA
W3 141.3 -4A 97.4 -ZB
W4 146.2 -4B 100.0 -1Z
W5 151.4 -5Z 103.5 -1A
W6 156.7 -5A 107.2 -1B
w7 162.2 -5B 110.9 -2Z
w8 167.9 -6Z 114.8 -2A
w9 173.8 -6A 118.8 -2B
W@ 179.9 -6B 123.0 -3Z
VE 127.3 -3A 88.5 -YB

others use “oddball splits.” These nonstand-
ard repeaters are generally also coordinated
through the local frequency coordinator.
Table 15.6 shows the standard frequency
offsets for each repeater band.

The 10-m repeater band offers an addi-
tional challenge for repeater users. It is the
only repeater band where ionospheric
propagation is a regular factor. Coupled
with the limited number of repeater fre-
quency assignments available, the stan-
dard in this band is to use CTCSS tones on
aregional basis. Table 15.7 lists the coor-
dinated tone assignments. As can be seen,
10-m repeaters in the 4th call area will use
either the 146.2 or 100.0 (4B or 1Z) CTCSS
tone.
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