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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).
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