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AADZZ describes a high-performance, quadrature, direct digital synthesized VFO that uses
dual peripheral interface controllers (PICs) and a two-line LCD.
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The 1QPro:
A High-Performance
Quadrature DDS VFO

This update of a
1997 signal generator
project uses the
AD9854 digital
synthesizer.

Craig Johnson, AAOZZ

Introduction

In the July 1997 issue of QEX, Curtis
Preuss, WB2V, published an article featuring
asignal generator that used an Analog Devices
AD9850 DDS device controlled by a
PIC16F84 microcontroller. Since that time, a
newer DDS device has been introduced by
Analog Devices: the AD9854. This device has
some significant advantages over the AD9850.

First, the AD9854 produces two outputs
with a 90° phase difference. This phase rela-
tionship remains constant regardless of the fre-
quency. Second, the AD9854 has a 12-bit DAC
{digital-to-analog converter) while the
ADO9850 has a 10-bit DAC. This is important
in reducing undesirable byproducts (spurs).

Third, the version of the AD9854 used in
this project has a 200 MHz maximum clock
speed, compared to 125 MHz for the
ADO9850. The faster clock speed raises the
Nyquist limit, allowing the VFO to operate
cleanly through 30 MHz.

This project is an extension of the con-
cepts introduced in that original AD9850
project, but there have been many major
changes. It still has an optical encoder for
frequency selection and it still uses an LCD
for displaying the frequency. However, the
IQPro VFO has been changed in these ways:
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e The IQPro VFO now uses two PIC
microcontrollers: one controlling the user
interface (optical encoder, push buttons
and LEDs) and the other controlling the
AD9854, the LCD and the band-
switching relay interface.

® The IQPro VFO now uses a two-line LCD
so more information is displayed.

¢ The IQPro VFO now operates as two VFOs
with two frequencies. The active VFO is
selectable via a push button.

® The two-part VFO supports split-frequency
operation. This means you can transmit
on one frequency and receive on another.

® The two AD9854 outputs are amplified to
produce signal levels that are compatible
with common receiver requirements (such
as the R2, MiniR2, Binaural or R2Pro by
Rick Campbell, KK7B).

Theory of Operation

Early versions of this VFO project
(WB2V follow-on) used a single PIC
microcontroller for all VFO functions. How-

ever, the PIC’s main code execution loop was
very large and it varied a great deal in length,
depending on if the LCD and DDS needed
to be updated and if push buttons were being
pressed. Since the single PIC needed to moni-
tor the input signals from the optical encoder,
detecting the number of changes in the “gray
code™ to determine how fast the encoder was
being turned. the variable size main execu-
tion loop made accurate timing and smooth
operation very difficult to accomplish.

In the next version of project, which I
developed with Bruce Stough. AAQED, we
decided to use a dedicated PIC16F628
microcontroller to handle the optical encoder.
Why? They are inexpensive and provide a
rather elegant solution to the problem of ac-
curate timing for smooth tuning operation.

Itis changed even more in the IQPro. Now
there are two 16F877 PICs. One is defined
as the Interface PIC and the other is the Driver
PIC. The encoder logic has been moved into
the Interface PIC. The Interface PIC moni-
tors the gray code output of the encoder and



periodically sends information to the Driver
PIC (by way of an encoder message) to indi-
cate how far the encoder shaft has been turned
since the last update, as well as the direction
of turn. The Interface PIC sends this data to
the Driver PIC by setting up the tick-count
(up to 6 bits, indicating the number of
encoder transitions detected since the last
update) and the direction bit in a message
byte and then sending this encoder message
to the Driver PIC. When the Driver PIC gets
the encoder message, it extracts the tick-count
and direction from the message, updates the
working regisiers with the new frequency, and
sets a flag that indicates the DDS and L.CD
need updating. A very short time later, code
in the main execution loop of the Driver PIC
will detect the “changed” flag and call the
appropriate routines to update the frequency
in the DDS and the LCD.

The Interface PIC also handles the push
buttons. When a push button is pressed, the
Interface PIC detects it and sends a message
to the Driver PIC, causing the Driver PIC to
take the appropriate action. Similarly, when-
ever the Driver PIC needs to turn an LED on
or off, it sends a message to the Interface PIC
and the Interface PIC performs that action.
In addition, the Driver PIC sets up output sig-
nals on a header when the VFO frequency
changes to a different band. These signals
are intended to set and reset relays to acti-
vate band-specific filters that remove har-
monics from a transmitter output before send-
ing the signal to the antenna.

The 1QPro takes another step forward in
improving the “user interface.” The Interface
PIC handles all operator inputs and outputs,
In addition to handling the optical encoder,
the push buttons and the LEDs are controlled

by the Interface PIC. The Driver PIC handles
the AD9854, the LCDs, and the filter relays
on the Filter/Relay Board.,

The push button board is a small board on
which 24 push buttons can be mounted. The
push button board interface header plugs into
the main (control) board's header HDR3. For
testing purposes, the builder can install the
push buttons directly on the push button board;
however, the builder will eventually want to

move the push buttons to the front panel of the
project’s chassis, It is still convenient to use
the push button board since it provides an easy
way of connecting push buttons to the four
rows and six columns. Even so, there are sev-
eral options. The push button board can remain
plugged into the main (control) board header
with individual wire-pairs to bring the push
buttons to the front panel or the push button
board can be mounted directly behind the front

Figure 1 — A snapshot of | and Q signals generated by the AD9854.
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Figure 2 — IQPro block diagram.
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Figure 3 — Schematic diagram of the

1QPro control board.

panel, connected to header HDR3 by way of a
10-wire harness.

The LED board has positions for the nine
LEDs to be mounted on it. For testing pur-
poses it can be plugged directly into HDR2
of the main (control) board. Then it can be
moved to the chassis front panel or individual
wires (one wire per LED, plus a common
ground) can be moved to the front panel.

The band-switch test LED board has six
LEDs and is for testing purposes only. It plugs
into main (control) board header HDR6. This
header provides a way to attach an 8-wire
harness to bring the six relay signals (plus
the ground and the optional +5 V power line)
to an external filter/relay board (not supplied).

The I and Q signals generated by the
AD9854 DDS pass through low-pass filters
and are amplified before going off-board to
the receiver or transmitter. The 1/Q reverse
relay, activated by pressing a push button, is
used to switch the 1 and Q signals before
going off-board. This allows the transmitter
or receiver to toggle between upper and lower
sideband. For additional details see the “1-()
Reversal” section.

Figure | shows a snapshot of the 1 and Q
signals generated by the AD9854. Note that
this 90° (quadrature) phase relationship is
consistent for all generated frequencies, from
0 to 30 MHz. Figure 2 shows a block dia-
gram of the [QPro.

Control and RF Board Descriptions

Figures 3 and 4 show the two-part sche-
matic for the IQPro. The IQPro is divided into
two boards: a control board (Figure 3) and an
RF board (Figure 4). The reason for the divi-
sion into two boards is to allow the builder the
option of completely shielding the RF board,
if desired. If they are separated, it is suggested
that the RF board be mounted in an RF-
shielded box (eg, Hammond 1590BB) and
feedthrough capacitors used to bring the power
and control lines from the control board into
the RF board in the shielded box. If the con-
trol and RF boards are not separated, jumpers
need to be installed between the matching pins
of headers HDR7 and HDR10, HDR8 and
HDR11, and HDR9 and HDR12.

The two socketed PIC microcontrollers
control the IQPro functions. Both are type
16F877 and are 40-pin parts. Each PIC pin that
is used as an input has a 10 k€2 pull-up resistor
attached to +5 V. The optical encoder feeds its
two gray code signals to the Interface PIC.

The RF board uses a 125 MHz SMT clock
oscillator for the AD9854. This is a trade-
off. We could have used a lower frequency
clock oscillator and then used the AD9854’s
internal clock multiplier but that introduces
additional spurious products as well.

The output current (I,,) from the AD9854
is set by the size of the R, resistor. We are
using an R, of 3.9 kQ, which translates to 10

mA of output current. (20 mA is maximum,
but 10 mA is selected because it provides the
best Spurious Free Dynamic Range — SDFR.)

The two boards together measure 3 x
6 inches. There is a “partial-cut” line between
the two boards so the builder can choose to
break them apart or to keep them together. If
they are kept together as a single board,
simple jumpers can be installed between the
appropriate pins in HDR7 and HDRII,
HDRE and HDR11, and HDR9 and HDR12.
If you choose to mount the RF board in an
RF shielded box, it fits nicely into a
Hammond aluminum diecast box (Hammond
1590BB, DigiKey part number HM152-ND),
which is 3.7 x 4.7 x 1.2 inches.

External power to the control board (passed
to the RF board) is 5 V. If the transistor ampli-
fier option is selected, +12 V is also needed.
Thereisno 12 V to 5 V converter on the IQPro
boards. However, a small converter board is
supplied with the IQPro kit."! It can be mounted
at any convenient location in the case.

The AD9854 must run at 3.3 V, so its ref-
erence clock (125 MHz) is also a 3.3-V part.
However, since the PICI6F877 runs at 5V, a
method of converting the voltages of the sig-
nal lines that connect these PIC16F877 ICs to
the AD9854 was needed. It is done with simple
voltage-dividing resistors on each signal line.

Five-volt power consumption for the en-
tire board is about 325 mA with the LCD
backlight off and about 400 mA with the
backlight on. About 265 mA of that current
goes 1o the ADY854 and the 125 MHz clock.
The 12 V transistor amplifiers draw a total
of 40 mA if this option is implemented.

1-Q Reversal

The AD9854 has two output signals, T and
Q. with a 90° phase difference. The I and Q
outputs are reversed by the activation of the
1Q Reverse Relay. The signals to set and re-
set this latching relay are generated by the
Driver PIC when the MODE CYCLE push
button is pressed.

Band Relay Driver

The IQPro is set up to cover the frequency
range of 0-30 MHz. As seen in the block dia-
grams, the IQPro is intended to drive a re-
ceiver directly with the I and Q signals.

The kit is available from KangaUS —
www.kangaus.com (Bill Kelsey, NBET,
kanga@bright.net). Three options are
being offered:

IQPro kit including PC boards, manual, parts
on the board, including pre-programed
PICs, premounted AD9854 chip and a high-
quality optical (not mechanicall) Clarostat
encoder — $185 plus $5 s/h.

Bare board set (PC boards only; no parts, no
AD9854, no printed manual) — $25 plus
$2.50 s/h ($5 via Priority Mail).

Pre-programmed PICs — $25 plus $2.50
s/h ($5 via Priority Mail).

OEX- May/June 2006 11
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However, transmitters need low-pass filters
at their outputs, just before going to the an-
tenna, to remove harmonics. Obviously a
single low-pass filter (such as 30 MHz) can-
not be used to eliminate the harmonics for
the entire range. The IQPro has a scheme in
which signals are generated (HDRS) which
can directly trigger latching relays on another
board (the filter/relay board) that can engage
the proper low pass filter.

Within the IQPro frequency range there
are currently nine US amateur bands (ignor-

IIr'| IOUTO

FT37-43
9 Turns
I BB Trifilar
QKUGUE John-06

Figure 6 — The toroid transformer.
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Figure 5 — Schematic diagram of the band-switch test board.
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Figure 7 — An example of a 5-band filter board.
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ing the 60 meter band). While nine individual
filters could be used, that is not really neces-
sary. The IQPro has a scheme in which five
low-pass filters are sufficient to remove har-
monics for all nine amateur bands. Builders
can easily change these ranges:

® Relay 1 enables the LPF with a 3.5-MHz
cutoff (for 160 m, 2nd harmonic removed),

® Relay 2 enables a LPF with a 7.0-MHz cut-
off (for 80 m, 2nd harmonic removed)

¢ Relay 3 enables a LPF with a 14-MHz cut-
off (for 40 and 30 m, 2nd harmonic
removed)

* Relay 4 enables a LPF with a 18.1-MHz
cut-off (For 20 m, 2nd harmonic removed)

* Relay 5 enables a LPF with a 30-MHz cut-
off. (For 17, 15, 12 and 10 m, 2nd har-
monic removed)

® Relay 6 (unused, available for future use.)

Since the IQPro is continuous-coverage
from 0 to 30 MHz. the following eleven band
numbers and ranges are implemented:

* Band Number 1 Relay 1
0-1.799999 MHz

* Band Number 2 Relay 1
1.8 - 3.499999 MHz

* Band Number 3 Relay 2
3.5-6.999999 MHz

* Band Number 4 Relay 3
7.0 - 10.099999 MHz

* Band Number 5 Relay 3
10.1 - 13.999999 MHz

* Band Number 6 Relay 4
14.0 - 18.067999 MHz

* Band Number 7 Relay 5
18.068 - 20.999999 MHz

+ Band Number 8 Relay 5
21.0 - 24.889999 MHz

¢ Band Number 9 Relay 5
24.89 - 27.999999 MHz

¢ Band Number 10 Relay 5
28.0 - 29.999999 MHz

* Band Number 11 Relay 5
30 MHz

The five latching band relays are activated
by signals on header HDRS. Each relay on the
filter board is assumed to have one side con-
nected to a unique header pin (coming from
the Driver PIC on the main control board) and
the other side of each relay connected to a com-
mon connection point. Thus, to set and latch a
relay, the Driver PIC simply puts a low level
on all pins on the header and then raises the
appropriate header pin to set that relay. The
pin is kept high for 8 ms and then brought back
toalow level. The selected relay is now latched
in a SET state. Similarly, to reset a relay, the
Driver PIC puts a high level on all header pins
(causing no current to flow) and then makes
the appropriate relay’s header pin a low. Cur-
rent will then flow through the selected relay’s
coil in the reverse direction and the relay will
go to the RESET state. After 8 ms, all pins are
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brought back to a low level again. The relay is
now latched in a RESET state.

This method of setting and resetting the
relays is used because it minimizes the num-
ber of PIC pins (and header pins) required.
Note that during a reset operation, forward
current is flowing through the coils of all of
the non-selected relays. However, the forward

current through the non-selected relay coils
is not enough to set them inadvertently.

Band-Switch Test Board

A band-switch test board is included with
the IQPro kit. The schematic is shown in Fig-
ure 5. This board is designed to plug into
HDRS of the main (control) board to allow

QX0605-John-08
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= 115 pH
: 2 U1
o= l LM2595 - 5.0 <
+| ¢ — +| c2
12Vin 220pF  3[Gnd 5| Onioff TooopuF SVOu
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Figure 8 — Schematic diagram of the switching power supply.

Antenna QX0605-John-09
IQPro
I Q
Speaker
Analog Signal A
Downconverter Processor Audio Filters f—s= [ﬂ

RF Amp Audio Amp

Figure 9 — Block diagram of the IQPro in R2 receiver.
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Figure 10 — Detailed block diagram of the IQPro in R2 receiver.
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Figure 11 — Block diagram of the IQPro in a CW transmitter.



the builder to see the relay signals pulse as
the frequency ranges change. Surface mount
(size 0805) 1 k€ resistors are used on this
test board. See the Relay/Filter Board sec-
tion for more information about implement-
ing a relay/filter board.

I and Q Amplifiers

The 1 and Q signals generated by the
AD9854 are not sufficient in amplitude to
drive most mixers. As mentioned in the RF
board section, the output current (I,,,) from
the AD9854 is set by the size of the R, re-
sistor. The default value for R, of 3.9 kQ,
which translates to 10 mA of output current.
20 mA is maximum, but 10 mA provides the
best Spurious Free Dynamic Range (SDFR).

The output current of 10 mA into a 50 €
load translates into 500 mV p-p (177 mV
RMS), which is about =2 dBm. However,
many common mixers (such as the TUF-3
used by the R2Pro) require +7 dBm signal
levels so some amplification is required.

There are three amplifier options avail-
able on the IQPro board:

Option 1: Toroids only (no transistor
amplifiers). In this option, two FT37-43 tor-
oids with trifilar windings are used. The tor-
oid connections go directly to the AD9854,
The transistor amplifiers parts are not in-
stalled. The AD9854’s two complementary
outputs are “added” to the primary outputs
by way of the toroid transformers.

If +7 dBm signal outputs are required, the
nominal value of 10 mA output on the 4 sig-
nals 18 not sufficient. To increase the [ and Q
signals to 14 mA, change the R.., resistor
(R29) from 3.9 k to 2.7 k. Figure 6 shows the
basic schematic for the trifilar transformer.
(This is duplicated for the Q signal.)

Pros: 1) The two complementary outputs
from the AD9854 as well as the two “nor-
mal” outputs are used, and 2) no 12 V power
is needed on the 1QPro board.

Cons: 1) Two toroids with trifilar wind-
ings must be constructed and connected prop-
erly, 2) if +7 dBm outputs are wanted, the
R.. resistor (R29) may have to be changed
from 3.9 k€ to a smaller value such that more
current is put out by the two AD9854 out-
puts. This might cause a slightly higher level
of spurious output products.

To use this option:

Termination resistors R30-R33 are not
installed on the board.

Install a wire jumper from the output of each
Low-Pass Filter to the relay (RY 1) inputs.

Transistor amplifier components are not
installed.

Option 2: Transistor amplifiers only. If
this option is selected, the transistor ampli-
fier components are used and the two tor-
oids are not installed. This gives +7 dBm
signal outputs.

Pro: The AD9854 should be putting out

the cleanest signal (highest Spurious Free
Dynamic Range) with the nominal R, value
of 3.9 kQ (corresponding to 10 mA output
on I and Q).

Con: +12 V power is required.

To use this option:

Termination resistors R30-R33 are in-
stalled.

R, resistor (R29) is 3.9 k€.

Toroids T1 and T2 are not installed.

Transistor amplifier components are in-
stalled.

Install a wire jumper from pin 2 to pin 3
of T1 and from pin 2 to pin 3 of T2.

Option 3: Toroids and Transistor am-
plifiers. Use this option if signal outputs
larger than +7 dBm are needed. With R,
(R29) at its “nominal” value of 3.9 kQ,
producing 10 mA signals, the typical out-
puts of +17 dBm are produced.

Pro: This option produces the highest out-
put signal levels of the three options.

Con: +12 V power is required.

To use this option:

Termination resistors R30-R33 are not
installed.

R, resistor (R29) is 3.9 k€.

Toroids T1 and T2 are installed.

Transistor amplifier components are in-
stalled.

Relay/Filter Board

A relay/filter board is not included in the
IQPro kit because requirements for individual
applications will vary widely. The concept
is shown in Figures 7, 12 and 14. Note that
the two sides (a and b) are implemented with
the two poles of DPDT relays rather than with
separate relays for the two sides. The band
relay latching signals from header HDRS are
pulsed when the frequency changes to a new
band range. See the Band Relay Driver sec-
tion regarding generation of the band relay
signals.

The signals generated by the Driver PIC
and presented on HDRS are pulsed for ap-
proximately 8 ms. The amount of current that
is “sourced” by a PIC pin (to HDRS) is lim-
ited to about 20 mA, which is exactly the
amount of current that this particular type of
relay (RY1) requires to set or reset. How-
ever, 20 mA is probably not sufficient to drive
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several relays in parallel. The design assumes
20 mA single coil latching relays are used,
each with a common side tied together. To
set a relay, the PIC drops all of the band-
switch pins to a low level and then raises the
single pin for the relay to be set to a high
level. Approximately 20 mA of current flows
in the “forward” direction through the coil
and sets (and latches) the relay. Note that this
implementation requires that the other relays
in the bank will “share” the return current
(5 mA each). To reset a relay, the PIC raises
all of the band-switch pins to a high level
concurrently and then drops the single pin of
the relay to be reset. Approximately 20 mA
of current flows in the “reverse” direction
through the relay’s coil and resets (and
latches) the relay. Note that the 20 mA cur-
rent in the “forward” direction flows through
the other four relays in the bank but is low
enough such that it does not set any of them,

If you want to drive several relays con-
currently from one HDRS5 pin you should
consider using switching components that in
turn enable sufficient current flow to latch
the relays. MOSFETs (eg, 2N7000 or
IRLML2502 or IRF510) work well in this
type of application, For an example, see the
LCD backlight enable mechanism using Q9
(an IRLML2502 MOSFET) in the main (con-
trol) board schematic (Figure 3). QY is driven
by a PIC pin that enables the LCD backlight
current (75 mA) to flow when the PIC pin is
set to a high level.

Note that the PIC software remembers
which relay was previously set and resets it
before setting the new relay. The exception
is on power-on in which case the previous
value is unknown. For this reason, the PIC
initialization routine resets all the relays, one
at a time, before setting the default relay.

Switching Power Supply Board

The main board requires a 5 V input
power source and it is customary for most
builders to use 12 V power for their equip-
ment. To make this conversion easy, a small
switching power supply board is supplied
with the IQPro kit. This power supply board
converts 12 V to 5 V without dissipating a
lot of heat. Figure 8 shows the schematic for
this power supply. The conversion from 5 V
to 3.3 V (required by the AD9854 DDS and
its reference clock) is done on the board.

PIC Software
AD9854 Initialization

The 1QPro runs the AD9854 in serial mode.
This means it uses one data line, a clock line,
and an external update line to send the fre-
quency updates from the PIC to the AD9854,
Twao reset lines are also controlled by the PIC.

Determining how to get the AD9854 ini-
tialized was a real challenge, especially with
a 125 MHz reference clock. The problem
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stems from the fact that the ADY854 powers
up in internal update mode while it really
needs to be in external update mode to oper-
ate in this type of application. See the
ADOY854 data sheet for details.

The AD9854 initialization sequence is sent
from the driver PIC to the AD9854 immedi-
ately after the IQPro is powered up and after
the reset push button is pressed. However, the
AD9854 initialization signals are fairly short
in duration and may be difficult to observe with
an oscilloscope. To aid in debugging, a spe-
cial debug mechanism was implemented in the
Driver PIC code. This code, when triggered,
forces the Driver PIC to go into an endless loop
in which the initialization sequence is continu-
ally repeated. This debug mode is activated by
mstalling a jumper between the two pins of
header HDR6 during power up. The initial-
ization sequence will be continuously sent until
the short between the two header pins is re-
moved. Now the signals can easily be seen with
an oscilloscope. When the jumper is removed
the PIC will continue initializing the IQPro.

1QPro Applications

Figures 9 through 14 illustrate some ex-
amples of how the IQPro can be used in a
variety of applications.

1QPro in R2 (or R2Pro, etc) Receiver

1QPro in CW Transmitter

1Q Pro in SSB Transmitter

DDS Frequency Calculation Details

When we want the AD9854 to generate a
sine wave at a particular frequency, we need
to send it a 6-byte number referred to as the

Frequency Tuning Word. The AD9854 uses
the Frequency Tuning Word and the refer-
ence clock to generate the output waveform.

The AD9854 can generate an output fre-
quency with 48-bit accuracy. However, in this
application, since we are always going to be
generating a frequency that is a whole num-
ber of hertz, we keep a 4-byte numeric con-
stant in the PIC’s EEPROM that represents a
1 Hz change in output frequency when used
with the specified reference clock. We refer
to these 4 bytes as:

ref_osc_3 (the most significant byte)

ref_osc_2 (next byte)

ref_osc_1 (next byte), and

ref_osc_0 (the least significant byte)

Note that the AD9854 has a 48-bit fre-
quency tuning word and we are only saving
a 32-bit constant in EEPROM. For perfor-
mance reasons, and since 48-bit accuracy is
not required for this application, we will con-
struct the 48-bit tuning word from the 32-bit
value. We will use this value to calculate the
48-bit frequency tuning word. We will then
multiply the 32-bit value by the desired out-
put frequency, in hertz, to obtain another
32-bit product. This 32-bit product will be
used as the most significant 32 bits of the
48-bit frequency tuning word and we’ll fill
the remaining 16 bits with zeros.

This numeric constant is interpreted as a
fixed-point real number in the format:
<refosed> . <refosc2> <refoscl> <refoscl>
where:
refose3 = (2*%/ osc_freq_in_Hz)
refosc2, refoscl, and refoscl) are the fractional
part of: (2°*/ osc_freq_in_Hz) times 2%,
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Example:

For a 125 MHz clock:
refose3 is (2% / 125 x 10°) = 34.359738368
truncated to 34 (Hex 22)
refosc2 is the high byte of (.359738368 x 2*)
= 0035408.303
6035408.303 = Hex5C17D0, so the high byte
15 5C,
refoscl is the next byte of Hex SC17D0, or 17
refoscl is the last byte of Hex 5C17D0, or DO

The values for common oscillator fre-
quencies are shown in Table 1.

Once again, we can think of this constant
number as the step size that represents 1 Hz of
movement. When we want to set the VFO's
frequency to a specific number of hertz, we
simply have to multiply this constant by the
desired number of hertz to obtain a Frequency
Tuning Word. We send this Frequency Tuning
Word to the AD9854 and, voila, it generates
the sine wave at the specified frequency. In fact,
it generates two outputs exactly 90° apart.

Now it is obvious why the Calibrate func-
tion is necessary. When the PIC microcon-
troller is programmed, preset values are loaded
into the PIC’s EEPROM, based on the nomi-
nal frequency of the AD9854’s external refer-
ence clock. However, it is never absolutely
accurate as specified. The Calibrate function
is used to adjust the 4-byte constant (step size)

such that when the AD9854 uses it with this
reference clock, the output frequency is accu-
rate. The updated 4-byte constant is then stored
back in EEPROM for future use in calculating
the Frequency Tuning Word. Tt is not lost when
the IQPro is powered down.

Inter-PIC Communications

A completely home-grown synchronous
communications scheme is implemented in the
IQPro to pass messages between the PICs. Yes,
the PIC16F877 supports two industry-standard
synchronous communications schemes (SPI
and I*C) as well as an asynchronous scheme
(USART/SCI), but I chose not to use them.
Why not? Because these communications
schemes are really designed for efficiency in
long data transfers but are rather inefficient for
the single-byte messages of the IQPro.

The IQPro synchronous message-passing
scheme uses the following general principles:

Use SYNC sequence: 111111111 (nine 1-
bits). Note that this sequence of bits is im-
possible for a “normal” data byte plus parity.

Send a data byte consisting of 8 data bits
followed by a parity bit.

Use EVEN parity

The first valid data code would be
00000000+p (which is 00000000 0)

The last valid data code allowed would

Table 1

Hex Values for Common Oscillator Frequencies

Frequency refosc3 refosc2 refoscl refoscO
125.00 MHz 22 5C 17 Do
120.00 MHz 23 CA 98 CE
100.00 MHz 2A F3 1D c4
90.70 MHz 2F 5A 82 7A
66.66 MHz 40 B6E 52 E7
66.00 MHz 41 13 44 5F
60.00 MHz 47 95 31 9C
50.00 MHz h5 E6 3B 88
Table 3

Messages Sent from the Driver PIC to the Interface PIC

Driver to Interface Messages (Hex)

40
41
42
43
44
45
46
47-53
54
55
56
57-5F
80-8F

Description

LED 1 ON (SSB) and LED 2 OFF
LED 2 ON (CW) and LED 1 OFF
LED 3 ON (VFOA) and LED 4 OFF
LED 4 ON (VFOB) and LED 3 OFF
LED 5 ON (SPLIT)

LED 6 ON (FTUNE)

LED 7 ON (CAL)

(unused)

LED 5 OFF (SPLIT)

LED 6 OFF (FTUNE)

LED 7 OFF (CAL)

(unused)

ENCODER messages

be 11111111+p (whichis 11111111 0)

Gives 256 usable codes. All 8 data bits
are usable.

This communications scheme uses three
data lines to send a message from one PIC to
another. Two of these lines are controlled by
the “originating” PIC (Data and Clock) and
one line is controlled by the “receiving” PIC
(Acknowledge). Two sets of lines are used
to implement the two-way message passing.

Assume a message is to be passed from
PIC-A to PIC-B. The timing diagram of Fig-
ure 15 shows the signals as one bit is trans-
ferred from PIC-A to PIC-B.

To transfer a single BIT from PIC-A to
PIC-B the following actions are taken:

PIC-A detects B-ack is low. (If not low,
wait until it is.)

PIC-A sets A-data to 0 or 1

PIC-A sets A-clk high

PIC-B detects A-clk high and extracts data
from data line

PIC-B raises B-ack.

PIC-A detects B-ack high (within x
cycles) and drops A-clk (and A-data)

PIC-B detects A-clk is low and drops B-
ack.

Table 2
Messages Sent from the Interface
PIC to the Driver PIC

Interface to Driver Description
Messages (Hex)

0 Keypad 1

1 Keypad 2

2 Keypad 3

3 MHz UP

4 Split Toggle

5 VFOA/NFOB Toggle
06-0F (unused)

10 Keypad 4

11 Keypad 5

12 Keypad 6

13 MHz DN

14 Mode Cycle

15 VFOA=VFOB
16-1F (unused)

20 Keypad 7

21 Keypad 8

22 Keypad 9

23 Band Up

24 Tone Set Toggle
25 Fast Tune Toggle
26-2F (unused)

30 Keypad *

31 Keypad 0

32 Keypad #

33 Band Down

34 Backlight Toggle
35 Calibrate

36-3F (unused)
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(Go back to step 1 for next bit)

Note that this scheme is completely syn-
chronous so it is very fast. There are no “baud
rates” to set up,

How well does it work? As implemented
in the IQPro hardware and software, with the
PICs running at 20 MHz, a message can be
passed in 165 microseconds (measured).

Yes, there are some dangers in this
scheme. The primary danger is if a collision
occurs — with both sides originating mes-
sages simultaneously. Since the PIC code is
not multi-threaded (it doesn’t release control
and switch between activities), if both PICs
start executing the “SEND” code simulta-
neously, neither side will be able to receive a
message so the message-passing will fail.

QX0605-John-15
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Figure 15 —Timing diagram showing the
signals as one bit is transferred from PIC-
A to PIC-B.
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Figure 16 — Timing diagram that shows
how the gray code works.

This will result in a timeout. The Driver PIC
is designed to time out first. The loop con-
stants in the Driver receive_bit and send_bit
code are smaller for the Driver PIC so the
Interface PIC will detect the condition and
will reset the Driver PIC. Obviously this is
annoying so the occurrences must be ex-
tremely rare to make this acceptable.

How are collisions avoided? By being
careful about when messages are originated
in the Driver PIC.

Table 2 shows the messages that are sent
from the Interface PIC to the Driver PIC.
Table 3 shows the messages that are sent from
the Driver PIC to the Interface PIC.

IQPro Operation
Optical Encoder

A good quality optical encoder is recom-
mended for the IQPro, although a mechani-
cal encoder will also work. Note that
capacitors C1 and C2 are installed to elimi-
nate the “noise™ generated by the bounce of
the switches in a mechanical encoder.

The recommended optical encoder has
128 positions per revolution. At design time,
we decided we want the PIC to be able to
capture all transition pulses when we turn the

tuning knob (optical encoder) at a rate of
2 revolutions per second. When we turn the
knob faster than 2 revolutions per second we
allow some transitions to be missed. The
IQPro was designed to send encoder mes-
sages from the Interface PIC to the Driver
PIC every 25 ms. At this rate, the calcula-
tions for the maximum number of transitions
per update is given this way:

512 transitions/rev x 2 rev/second

= 1024 transitions/sec

1024 transitions/sec = (.98 ms / transition
25 ms/update

" 0,98 ms/transition
= 25.5 transitions/update

Then

We can send this number over to the
Driver PIC with 5 “binary” bits. Since we
have 6 bits (plus a direction bit) available we
can exceed our design requirement and use
the transitions when the tuning knob is turned
even faster than 2 revolutions per second.

The IQPro has a communications scheme
in which 8-bit messages are passed. (See the
Inter-PIC Communications section for details
regarding the inter-PIC communications
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Row 3 * 0 i D Toggle Calibrate
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Figure 17 — The format of the 24 push buttons as they are arranged on the array board.

Table 4

How to Spread out the Tuning Rate

Tick Count  Maximum Normal Tune
Range  Rev Per Sec  Muit Factor

0 0.1 1

1 0.2 2

2-3 0.3 4

4-7 0.6 8

8-15 1:3 8

16-31 2.5 16

32-63 5.0 16

Normal Tune Normal Tune  Fast Tune Fast Tune  Fast Tune
Max Hz Max Hz Mult Factor Max Hz Max Hz
Per Update Per Sec Per Update  Per Sec
1 200 1 1 200
2 400 8 8 1600
12 2400 16 48 9600
56 11,200 32 224 44,800
120 24,000 32 480 96,000
496 99,200 64 1984 396,800
1008 201,600 64 4032 806,400
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scheme.) Since encoder messages are the most
common message passed and efficiency is es-
sential, a special scheme was implemented in
which bit 7 of the message byte indicates that
it is an encoder message. Then, bit 6 of any
encoder message indicates the direction (1 =
clockwise). This leaves 6 message bits (maxi-
mum value of 63) to pass the number of tran-
sitions that were detected in the past 25 ms
period. A slight variation was implemented in
which 0 indicates one transition and no mes-
sage gets sent if no transitions are detected
within the 25 ms period. Thus, 64 possible
values can be sent in a message.

One additional factor that needs to be dis-
cussed is the PIC processing overhead that
occurs on every update. The PIC processor
must stop looking for encoder transitions when
it is busy sending a message to the Driver PIC.
Any transition that occurs while the PIC is busy
sending a message will be lost. Fortunately
message passing is very fast (about 165 Lis) so
the length of time that the PIC is taken away
from looking for encoder transitions is very
small (165 ps out of 25 ms).

The two encoder data pins are con-
nected to the Interface PIC. Outputs A and
B are the two encoder output signals and
give gray code outputs (90° out of phase
— quadrature). Figure 16 shows how gray
code works while the algorithm that the
PIC uses to determine the direction the
encoder is rotating is as follows:

Going UP. the sequence is a,b,c.d.a,b,c.d.a,
etc, so the sequence is: 00, 10, 11, 01, 00, 10,
11, 01, 00, etc.

Going DOWN, the sequence is
ad.c.b.ad.cb.a, ete, so the sequence is: 00, 01,
11, 10, 00, 01, 11, 10, 00, etc.

To determine if the sequence is UP or
DOWN:

1) Take the “Right-Bit” of any pair.

2) XOR it with the “Left-Bit” of the next
pair in the sequence.

3) If the result is 1 it is UP; if the result is
0 it is DOWN.

The encoder message is sent from the In-
terface PIC to the Driver PIC. If no accelera-
tion algorithm were used and the transition
count was used to increment or decrement
the frequency, the maximum frequency
change is about 64 Hz per 25-ms update
cycle, or 2.56 kHz per second. That is be-
cause an encoder message can pass 6 bits of
encoder change magnitude. This is too slow
for comfortable operation so some accelera-
tion is necessary. In fact, two tuning rates
were implemented (normal-tuning and fast-
tuning). At the same time it is sometimes
important to be able to increment/decrement
in 1-Hz steps. To spread out the tuning rate,
the mechanism shown in Table 3 is used.

In Table 3, the acceleration constants of
1,2,3,3,4.4 are used for normal tune. For fast
tune each of the acceleration constants is in-

creased by 2. These acceleration constants
are easily modified in the code and can be
changed to suit the individual’s preferences.

The Maximum Revolutions Per Second
column shows how fast the encoder can be
turned while keeping within that tick count
range. Again, this assumes a 128 pulse/revo-
lution (512 transition) optical encoder and an
update interval of 25 ms.

The update frequency was chosen care-
fully such that updates are not done too of-
ten. In fact, the 25 ms update interval could
have been reduced to 5 ms or less. However,
shorter intervals between updates produce
encoder magnitude values that are always
small so acceleration is rarely invoked.
Again, it means that the maximum tuning rate
is less than what is usually preferred.

Push Button Array Board
The [QPro has 24 push buttons to control

Column

Column

the VFO. Twelve of them form a “telephone-
type” keypad that can be used for direct
frequency entry while the remaining 12 push
buttons control other VFO functions.
Figure 17 shows the format of all 24 push but-
tons as they are arranged on the push button
array board.

The push buttons are connected to the PIC
on the main (control) board by way of a 10-
pin header (HDR3) on the main (control)
board. The 10 pins represent four rows of six
columns of push buttons. The push button ar-
ray board has connection positions for 24 SPST
push buttons, arranged on a grid of four row
busses and six column busses. One side of each
push button connects to a row bus and the other
side of each push button connects to a column
bus. Figure 18 shows a schematic of the push
button array board and its connections to the
main (control) board via header HDR3.

The push button array board may be
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Board

S —— =7

J HDR3

Control Board

5vW
5V
R1 5V
10k | R2 5V =
10k R3 5V
10 k R4 5V
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10k 100 100 & 100 100
Lo
RAO RA0D RA2 RA3  RA4 RA5 RB4 RB5 RB6 RB7
In In In In In In Out Qut Out Qut
i A Interface PIC (U2)

Figure 18 — Schematic diagram of the push
the main (control) board via header HDR3.
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button array board and its connections to
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directly plugged into the main (control) board’s
header HDR3 for testing purposes but it is in-
tended to eventually be located on the front
panel of the chassis and connected with a 10-
conductor ribbon cable. The push button ar-
ray board may be mounted directly behind the
enclosure’s front panel with the push buttons
soldered into the push button array board and
the push buttons protruding through holes in
the front panel, However, this is not necessary
and may not be optimum, given the close spac-
ing of the push buttons on the push button
array board. Individual push buttons may be
relocated to the front panel and connected to
the push button array board with a pair of wires.

The Interface PIC detects a push button
press by executing the following algorithm:

Set all row pins high

Select one row by setting it low

Look at each column input to see if it's
being pulled low by a push button,

If column input is low, that push button
(row and column) is being pressed. Exit.

If all column inputs are high, select the
next row and repeat

Push buttons Row-0 Col-0 through
Row-0 Col-2, Row-1 Col-0 through
Row-1 Col-2, Row-2 Col-0 through
Row-2 Col-2, Row-3 Col-0 through
Row-3 Col-2: Direct-Frequency-Input
Keypad

This group of push buttons (four rows by
three columns) forms a keypad that has the
same format as a telephone keypad. It is used
to allow the operator to jump to a desired fre-
quency. The frequency is entered in kHz. To
enter a frequency you start by pressing the “*”
(star) button in the lower left corner of key-
pad. Then enter a number between 0 and
30,000. After entering 5 digits, the VFO will
automatically jump to this frequency. To enter
a frequency that has less than 5 digits, you can
enter one or more leading zeros before the
desired number, or you can enter the desired
digits and then press the star key again to com-
plete the direct frequency entry,

Push Button Row-0 Col-3: 1 MHz UP

Each time this button is pressed the fre-
quency will increase by 1 MHz. Frequency
maximum is 30,000 MHz.

Push Button Row-0 Col-4: Split Toggle

This push button allows the operator to
toggle between NORMAL and SPLIT mode.
SPLIT mode operates in conjunction with the
keying interface header on the board.

When this keying circuit is activated (by
grounding the key line or shorting the inter-
face pins together) and it is in SPLIT mode,
the PIC will switch from one VFO to the
other. In NORMAL mode the frequency re-
mains at the displayed frequency (VFO-A or
VFO-B) as the keying circuit is activated,
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The operator sets the desired transmit fre-
quency in one VFO and the desired receive
frequency in the other VFO. The current VFO
selection is done by means of the Rx VFO
Toggle push button. The LCD displays the
frequency of the receive VFO when in re-
ceive mode and it displays the frequency of
the transmit VFO when in transmit mode.
The LCD displays the word XMIT when the
keying circuit indicates transmit mode and
RCV when in receive mode.

The LCD displays the word SPLIT when
in SPLIT mode. This portion of the LCD is
blank when in NORMAL mode.

Push Button Row-0 Col-5:
VFOA / VFOB Toggle

Two VFO frequencies are used in the
1QPro. This push button allows the operator
to toggle between VFO-A and VFO-B as the
currently active VFO. The LCD indicates
whether VFO-A or VFO-B is active and the
two VFO LEDs also indicate which VFO is
active,

Push Button Row-1 Col-3: 1 MHz Down

Each time this button is pressed the fre-
quency will decrease by 1 MHz. Frequency
minimum is 0.000 MHz,

Push Button Row-1 Col-4: Mode Cycle

When this button is pressed the mode will
change. The progression is from LSB to USB
to CW- to CW+ and then back to LSB. The
LED1 will be Iit if it’s LSB or USB while
LED2 will be lit if it's CW- or CW+,

Push Button Row-1 Col-5: VFOA =
VFOB

When this button is pressed the frequency
of the VFO that is not currently being displayed
will be changed to match the frequency of the
VEO that is currently being displayed.

Push Button Row-2 Col-3: Band Up

Pressing this button will advance the fre-
quency to the low end of the next higher US
amateur band.

Currently the band table has entries for 9
amateur bands. (The 60 meter band was not
included because of its unique spot frequency
requirements.) The table can easily be up-
dated to cover the bands for other countries.

Push Button Row-2 Col-4: Tone Set

This push button is used to change the CW
offset tone. Pressing the push button will
bring up a display on the LCD that shows
the current tone, as retrieved from the
PIC16F877's EEPROM. If the mode is LSB
or USB, the tone value cannot be changed.
However, if the mode is CW- or CW+, the
tone value can be changed (within the range
0f0-32,767 Hz) by turning the encoder. When
the tone button is pressed again, the tone value

is saved in the PIC’'s EEPROM.

When the VFO is in RCV mode, the tone
is added to the base (transmit) frequency if
the mode is CW+ while it is subtracted from
the base frequency if the mode is CW—. The
tone 1s not added or subtracted if the VFO is
in XMT mode.

Push Button Row-2 Col-5:
Normal/Fast Tuning Toggle

Pressing this push button toggles the op-
tical encoder tuning rate between normal and
fast tuning.

The default tuning rate allows fine tuning
in 1-Hz steps when the encoder is turned very
slowly. When turned slowly, one complete
revolution of the encoder shaft will change
the frequency by 512 Hz. However, the ac-
celeration algorithm provides greater rate of
frequency change when the encoder is turned
faster. In normal tuning mode the maximum
amount of frequency change in one revolu-
tion of the encoder shaft has a practical limit
of about 25 kHz.

After toggling the push button to fast tun-
ing mode, the operator can still tune in 1 Hz
steps by turning the shaft very slowly. How-
ever, the acceleration algorithm ramps up much
faster, so the maximum tuning rate is about
150 kHz per revolution of the encoder shaft.

When in fast-tuning mode, the right-most
character on the first line of the LCD dis-
plays a “+" (plus sign) if fast-tuning accel-
eration is in use.

Push Button Row-3 Col-3: Band Down

Pressing this button will advance the fre-
quency to the low end of the next lower ama-
teur band. The bands are described in the sec-
tion describing the BAND UP push button op-
eration.

Push Button Row-3 Col-4:
Backlight Toggle

This push button is used to toggle the LCD
backlight on and off.

Push Button Row-3 Col-5: Calibrate

The CALIBRATE button is used to put the
VFO into a special mode to ensure the DDS
1s generating a sine wave for the exact fre-
quency that is displayed on the LCD.

When the CALIBRATE button is first
pressed, the VFO switches to 10 MHz and
the optical encoder tuning rate is set to a very
small number. Now tune a nearby receiver to
WWYV at 10 MHz and listen, in CW mode,
to WWV’s tone at some offset (eg 700 Hz
above). You can hear the IQPro putting out a
faint signal at what it “thinks” is 10 MHz
with the same tone offset. While listening to
the WWV tone and the IQPro tone, turn the
encoder to adjust the IQPro’s tone. As the
two frequencies get closer together, you can
hear the beats get slower and slower. Listen



for zero beat, which indicates the tones are
identical. When the two tones are identical it
is calibrated. Now press the CALIBRATE but-
ton again to exit this mode. The updated con-
stant is now saved in EEPROM.

Other Controls

A keying circuit interface header is pro-
vided on the board for a connection to exter-
nal keying circuitry. It is used for switching
between the two VFO frequencies when in
SPLIT mode. The LCD changes from RCV
to XMIT when the keying interface pin is
grounded (or the two header pins are logi-
cally connected together). In addition, if
SPLIT mode is selected, the PIC changes to
use the opposite VFO frequency when the
keying interface pin is activated (grounded).

Test this feature by entering different fre-
quencies in VFO-A and VFO-B. Select SPLIT
operation, Now short the two header pins to-
gether and watch the display change from one
VFO to the other and the display change from
RCV to XMT. By design, the currently selected
VFO is always the “receive” VFO, and the re-
ceive frequency is displayed. The other VFO
contains the “transmit” frequency and it is dis-
played when transmitting.

Liquid Crystal Display

The LCD shows the current frequency that
is being generated by the DDS. It also shows
the state of the SPLIT toggle, the current trans-
mit/receive mode, and the currently active
VFO (A or B). When direct frequency entry
is being entered via the push buttons, the dig-
its are displayed on line 2.

A pair of resistors (R15 and R16), form-
ing a voltage divider, are used to adjust the
LCD brightness/contrast. These resistors are
not necessary for all LCDs but are often
required for proper contrast. For some types
of LCDs, pin 3 may be tied directly to ground,
while in other LCDs a small positive voltage
is required on pin 3 for maximum brightness.
The resistor divider has R15 (820 Q) and R16
(5.6 kQ2) connected in series, with R16 con-
nected to VDD (+5 V) and R16 connected to
ground. pin 3 is connected to the junction of
R15 and R16. Thus, the voltage at LCD pin
3 is calculated in from:

SX& =0.64V
(5600+820)

If yvou use an LCD other than the one sup-
plied in the IQPro kit you may have to deter-
mine the correct bias voltage empirically.

If 0.64 V is not correct for the contrast con-
trol for your LCD, simply adjust the size of
R15. R15 can be shorted out (replaced by a
piece of wire) if 0 V is the appropriate voltage
for pin 3. In this case you may leave out R16.
Obviously you don’t want to short out R16.

Virtually any 16 x 2 LCD that uses a
HD44780 controller can be used. However, the
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Figure 19 — The LED layout.

backlight current requirements need to be con-
sidered. The current-limiting resistor (R68) in
the backlight’s power line is 6.2 € for the LCD
supplied in the kit. If another LCD is used, this
value may have to be adjusted.

The LCD backlight is toggled on and off
by a PIC pin driving a MOSFET. A push but-
ton (Row-3, Column-4) toggles a PIC pin that
drives the gate of MOSFET Q9 through R69.
When the PIC pin is set high, the Q9 is “turned
on” so current flows through the MOSFET
from drain to source. When the PIC pin is set
low, Q9 is “turned oft™ so current flow is shut
off. An IRLML2502 MOSFET was selected
for this application because of its very low re-
sistance (0.045 Q ) when the device is turned
on, allowing the high current flow with the
5 V supply.

LEDs

There are no light emitting diodes (LEDs)
on the Main Board. Instead, LED connec-
tions are made via Header 2 on the Main
Board. This header has nine active pins (one
per LED) plus a ground. Each header pin goes
to +5v when the LED is turned on. Figure 19
illustrates the LED layout.

LED1 indicates that Single Sideband mode
is active. LED2 indicates that CW mode is
active. LED3 is turned on when VFO-A is ac-
tive in receive mode. LED4 is turned on when
VFO-B is active in receive mode.

LEDS is turned on when SPLIT operation
is active. LED® is turned on when Fast Tun-
ing is active.

LED7 is turned on when Calibrate is
active. LEDS is turned on when an error is
detected in the Interface PIC.

LED9 is turned on when an error is
detected in the Driver PIC.

IQPro Spectral Measurements

The question of spectral purity is always
the subject of a lot of discussion in any fo-
rum in which DDS VFOs are discussed. This
is a very legitimate question.

The IQPro has 30 MHz low-pass filters
for the AD9854's I and Q signals. These fil-
ters are located between the toroids and the
transistor amplifiers, The toroids or transis-
tor amplifiers may be bypassed, depending
on the amplifier option selected. See Section
3.6. The main purpose of these low-pass fil-
ters is to remove the DDS fold-back signals
— signals that occur at the DDS reference
clock frequency minus the fundamental fre-
quency — that are produced by any DDS.

The amplitude of these fold-back signals fol-
low the Sin(x)/x curve. See the AD9854
specification sheet for more details.

Measurements of the IQPro’s DDS out-
puts were made with a TEK 2712 spectrum
analyzer. For these measurements, the tor-
oids and transistor amplifiers were in use and
the signals levels were set at the maximum.

Harmonics were seen in the output spec-
trum. When the DDS frequency is 10 MHz,
the second harmonic of about —-26 dBc was
seen as well as a third harmonic of about
—31 dBc. When the DDS frequency is set to
25 MHz, the second harmonic is about
—27 dBc but the third harmonic is about
—24 dBc.

Harmonics can be produced by
nonlinearities anywhere in the RF chain so
band-specific filtering on the DDS board
would not be sufficient. For a receiver, har-
monics at these levels should not be detrimen-
tal. For a transmitter, the output signal must
be filtered by a band-specific low-pass filter
at the transmitter’s output so, once again,
these harmonics should not be detrimental.
Obviously, one low-pass filter cannot cover
all of the HF ham bands. A low-pass filter
that is used to remove the second harmonic
from a 40 m (7 MHz) fundamental could not
be engaged when running at 20 meters
(14 MHz fundamental), and so forth.

I found that the spectrum was very clean
with no noticeable spurs above the noise level
until the frequency reached 125 MHz. Then
the reference clock was seen (about —38 dBc).

The IQPro supplies signals at a header
(HDRS) that facilitate the engagement of
a band-specific low-pass filters at the
transmitter’s output, just before the signal is
sent to the antenna. Low-pass filtering at this
level will bring the transmitted spectrum to a
level that is FCC compliant.

Questions/Support

For up-to-date details and documentation
regarding this project, please see my Web page,
www.chjohns.com/aalzz. The latest version
of the code for the two PIC microcontrollers
can also be found on the site. For additional
support questions, see the YAHOO group
DDS-VFO (www.groups.yahoo.com/group/
dds-vfo). Latest pictures, assembly manual,
PIC code (source and machine code) files are
available on the YAHOO group and on my
‘Web page. User-contributed files are also avail-
able in the FILES section of the YAHOO

group.

OEX= May/June 2006 21



Conclusion

Is a DDS-based VFO right for your ra-
dio? It really depends on your rig. There are
trade-offs in any design and clearly, a DDS-
based VFO is not right for every application.
However, the ability of the AD9854 DDS to
produce I and Q signals throughout the
(0-30 MHz tuning range is intriguing.

It is my opinion that most homebrew
projects are never completely done. By the
time you finish one version you are tempted
to do it again — to make it even better, The
IQPro is one building block of a radio that can

be customized forever. That's why the source
code is distributed. As we all experiment with
various configurations and share them with
others, we learn together. That’s the real value
of building the IQPro DDS VFO.

Craig Johnson, AADZZ, is an electrical en-
gineer, having graduated from the Univer-
sity of Minnesota in 1971. He has worked at
Unisys Corporation in Roseville, Minnesota,
for his entire career (34 years and counting),
working on the design/development of large-
scale, mainframe computers. He got his first

ham license in 1964 at the age of 14 and pro-
ceeded to General class license 6 months
later. After college he let his license lapse (to
concentrate on computers). In 19935, two of
his three children expressed interest in ham
radio so he told them he would teach them
the theory and they could all get their licenses
together. His daughter (then age 14) and son
(then age 10) went with him for the license
exams and they all got their Technician Plus
licenses. After that he earned his Amateur
Extra class license. Today, his entire family
of five has ham licenses. oo

Join the effort in developing Spread Spectrum Communications for
the amateur radio service. Join TAPR and become part of the largest
packet radio group in the world. TAPR is a non-profit amateur radio
organization that develops new communications technology, provides
useful/affordable kits, and promotes the advancement of the amateur art
through publications, meetings, and standards. Membership includes a
subscription to the TAPR Packet Status Register quarterly newsletter,
which provides up-to-date news and user/technical information. Annual

membership $20 worldwide.

TAPR CD-ROM

Over 600 Megs of Data in
\ ISO 9660 format. TAPR
|Software Library: 40 megs
‘of software on BBSs,
Satellites, Switches, TNCs,
- Terminals, TCP/IP, and more!
~ 150Megs of APRS Software
and Maps. RealAudio Files.

Quicktime Movies, Mail Archives
from TAPR's SIGs, and much, much more!

much more! Includes a disk!

<#m> Tucson Amateur Packet Radio

4 5 8987-309 E Tanque Verde Rd #337 ® Tucson, Arizona ® 85749-9399
% & Office: (972) 671-8277 » Fax (972) 671-8716  Internet: tapr@tapr.org www.tapr.org

Wireless Digital Communications:
Design and Theory

Finally a book covering a broad spectrum

of wireless digital subjects in one place,

written by Tom McDermott, NSEG.
Topics include: DSP-based modem filters,
forward-error-correcting codes, carrier
transmission types, data codes, data slicers,
clock recovery, matched filters, carrier
recovery, propagation channel models, and
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