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1 Introduction

In the July, 1997 issue of QEX magazine, Curtis Preuss, WB2V, published an articiadgeasignal
generator which used an Analog Devices AD9850 DDS device controlled by a PIC16F84 micliecontr
Since that time, a newer DDS device has been introduced by Analog Devices - the AD98%levithibas
some significant advantages over the AD9850.

First, the AD9854 produces two outputs with a 90-degree phase difference. This phasesingbatemains
constant regardless of the frequency.

Second, the AD9854 has a 12 Bit DAC (D/A converter) while the AD9850 has a 10 bit DAC. This is
important in reducing the undesirable byproducts (spurs).

Third, the version of the AD9854 used in this project has a 200 MHz maximum clock speed, compared
125 MHz for the AD9850. The faster clock speed raises the Nyquist limit, allowing theéd/éperate
cleanly up through 30 MHz.

This project is an extension of the concepts introduced in that original AD9850 project, butabebeen
many major changes. It still has an optical encoder for frequency selection dhdsestan LCD for
displaying the frequency. However, the IQPro VFO has been changed in these ways:

The IQPro VFO now uses two PIC microcontrollers - one controlling the user ietéofatocal
encoder, pushbuttons, 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 VHEctalsle via a
pushbutton.

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 which are compatible wittonom
receiver requirements (such as the R2, MiniR2, Binaural or R2Pro by Rick Campbell,)KK7B

Early versions of this VFO project (WB2V follow-on) used a single PIC microcdertifor all VFO
functions. However, the PIC's main code execution loop was very large and it variatidegten length,
depending on if the LCD and DDS needed to be updated and if pushbuttons were being pressed. Sinc
single PIC needed to monitor the input signals from the optical encoder, detecting the ofurhbages in
the "gray code” to determine how fast the encoder was being turned, the variablaisiegeoution loop
made accurate timing and smooth operation very difficult to accomplish.

In the next version of project, which | developed with Bruce Stough, AAGED, we decided to useatededi

PIC16F628 microcontroller to handle the optical encoder. Why? They are inexpensive and pathiele a
elegant solution to the problem of accurate timing for smooth tuning operation.
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It is changed even more in the IQPro. Now there are two 16F877 PICs. One is defined adabe Rite
and the other is the Driver PIC. The encoder logic has been moved into the Interface Pli@eridoe PIC
monitors the "gray code" output of the encoder and periodically sends information to threéPDCiyby way
of an encoder message) to indicate how far the encoder shaft has been turned sinagtltadass well as
the direction of turn. The Interface PIC sends this data to the Driver PIC by septting tick-count (up to 6
bits - indicating the number of encoder "transitions" detected since the last wgpahtlbe direction bit in a
message byte and then sending this encoder message to the Driver PIC. When tRd@gets the
encoder message, it extracts the tick-count and direction from the messages tnedateking registers
with the new frequency, and sets a flag that indicates the DDS and LCD need updating shoktdrme
later, code in the main execution loop of the Driver PIC will detect the "changgdinithcall the
appropriate routines to update the frequency in the DDS and the LCD.

The Interface PIC also handles the pushbuttons. When a pushbutton is pressed, the IrGedisteeBIit
and sends a message to the Driver PIC, causing the Driver PIC to take the ap@ciwm@mteSimilarly,
whenever the Driver PIC needs to turn an LED on or off, it sends a message to thesIRi€Ifand the
Interface PIC performs that action. In addition, the Driver PIC sets up output sigrealseader when the
VFO frequency changes to a different band. These signals are intended to det@selays to activate
band-specific filters which remove harmonics from a transmitter output befatmgehe signal to the
antenna.

2 Theory of Operation

Early versions of this project used a single 16F84 PIC microcontroller for all M&@idns. However, the
PIC’s main code execution loop was very large and it varied a great deal in lengtididgea if the LCD
and DDS needed to be updated and if pushbuttons were being used. In the next version we used a de
PIC16F628 microcontroller for the optical encoder. Now, in the IQPro main (control) boar@;#ed’'s
PIC16F628 is replaced by a PIC16F877. This larger PIC also provides additional irgaréac&he IQPro
divides the functions between two PIC16F877s - the Interface PIC and the Driver PIC.

The IQPro takes another step forward in improving the “user interface”. The ¢et&f@ handles all
operator inputs and outputs. In addition to handling the optical encoder, the pushbuttons and the LEDS
controlled by the Interface PIC. The Driver PIC handles the AD9854, the LCDs, andethe=kdys on the
Filter / Relay Board.

The pushbutton board is a small board on which 24 pushbuttons can be mounted. The pushbutton boa
interface header plugs into the main (control) board’s header HDR3. For testing putpobedder can
install the pushbuttons directly on the pushbutton board; however, the builder will eventually wane
the pushbuttons to the front panel of the project’s chassis. It is still convenient to usénthgtpodoard

since it provides an easy way of connecting pushbuttons to the four rows and six columns. Evenae, the

several options. The pushbutton board can remain plugged into the main (control) board header with
individual wire-pairs to bring the pushbuttons to the front panel or the pushbutton board can be mounte]
directly behind the front 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 purposes it cagduk plu

directly into HDR2 of the main (control) board. Then it can be moved to the chassis front padefidual
wires (one wire per LED, plus a common ground) can be moved to the front panel.
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The band-switch test LED Board has six LEDs and is for testing purposes only. lnptugein (control)
board header HDR6. This header provides a way attach an 8-wire harness to bring ke Sonias (plus
the ground and the optional +5v power line) to an external filter / relay board (not supplied).

The | and Q signals generated by the AD9854 DDS are passed through low pass filterglified aefore
going off-board to the receiver or transmitter. The |/ Q reverse relay, adtivapressing a pushbutton, is

used to switch the | and Q signals before going off-board. This allows the transmitieeiver to toggle
between upper and lower sideband. For additional details see the I-Q Reversal section.

Figures 1 shows a snapshot of the | and Q signals that are generated by the AD9854. N®fhat t
degree (quadrature) phase relationship is consistent for all generated fresyueoici O to 30 MHz.

Figure 1 — | and Q Signals

Figure 2 shows a block diagram of the IQPro.

Figure 2 — IQPro Block Diagram
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3 Main Board Description
3.1 Control and RF Board Description

Figures 23 and 24 shows the two-part schematic for the IQPro. QRre is divided into two boards - a
control board and an RF board. The reason for the division into two bo&oddlmv the builder the option
of completely shielding the RF board if desired.

If they are separated, it is suggested that the RF board be ohanrde RF-shielded box (e.g. Hammong
1590BB) and feed-through capacitors used to bring the power and contrdtdimethe control board into
the RF board in the shielded box.

If the control and RF boards are not separated, jumpers need to Hledrnsttween the matching pins of
headers HDR7 and HDR10, HDR8 and HDR11, and HDR9 and HDR12.

3.1.1 Control Board

The two socketed PIC microcontrollers control the IQPro functions. Both are type 16F87& d@¢par
parts. Each PIC pin that is used as an input has a 10k ohm pull-up resistor attached to +5v.

The optical encoder feeds its two “gray code” signals to the Interface PIC.

3.1.2 RF Board

The RF Board uses a 125 MHz DIP clock oscillator for the AD9854. This is a tradeoff. We coulgsbd
a lower frequency clock oscillator and then used the AD9854’s internal clock multipligraburttroduces
additional spurious products as well.

The output current (lout) from the AD9854 is set by the size of the Rset resistor. Wéigran Rset of
3.9k which translates to 10ma of output current. (20 ma is maximum, but 10 ma is selectedibbecause
provides the best Spurious Free Dynamic Range- SDFR.)

3.2 Control and RF Board Details

The two boards together measure 3" x 6”. There is a “partial-cut” line betweeavotheards so the
builder can chose to break them apart or to keep them together. If they are kept togesieglaoard,
simple jumpers can be installed between the appropriate pins in HDR7 and HDR10, HDRS diid &R
HDR9 and HDR12.

If you chose to mount the RF board in an RF shielded box, it fits nicely into a Hammond alumirash diec
box (Hammond 1590BB, DigiKey part number HM152-ND) which is 3.7” x 4.7” x 1.2".

External power to the control board (passed to the RF board) is 5 volts. If the trangidiftgrasption is
selected, +12v is also needed. There is no 12v to 5v converter on the IQPro boards. However, a small 12
to 5v 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 volts so its reference clock (125 MHz) is also a 3.3v part. Howevéhngesince

PIC16F877 runs at 5 volts, a method of converting the voltages of the signal lines that coseect the
PIC16F877 to the AD9854 was needed. It is done with simple voltage dividing resistors onredmsig
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Five-volt power consumption for the entire board is about 325 ma with the LCD backlight off and about

ma with the backlight on. About 265 ma of this current goes to the AD9854 and the 125 MHz clock. The

12-volt transistor amplifiers draw a total of 40 ma if this options is implemented.

3.3 I-Q Reversal

400

The AD9854 puts out two output signals, | and Q, with a 90 degree phase difference. The | and Q outguts

are reversed by the activation of the IQ Reverse Relay. The signals to seeatidgéstching relay are
generated by the Driver PIC when the Mode Cycle pushbutton is pressed.

3.4 Band Relay Driver

The IQPro is set up to cover the frequency range of 0 to 30 MHz. As seen in the block diagrépisothe
is intended to drive a receiver directly with the | and Q signals. However, trearsmiged low pass filters at
the outputs, just before going to the antenna, to remove harmonics. Obviously a single ldtepésasch
as 30 MHz) cannot be used to eliminate the harmonics for the entire range. The IQPsohesaseain

which signals are generated (HDR5) which can directly trigger latchiemgsren another board (the
filter/relay board) which can engage the proper low pass filter.

Within the 1QPro frequency range there are currently nine U.S. amateur bands¢dher60 meter band).
While nine individual filters could be used, that is not really necessary. The IQPasblasme in which
five low pass filters are sufficient to remove the second (and higher) harmoradisniole amateur bands.
Builders can easily change these ranges.

Relay 1 enables LPF with 3.5 MHz cut-off (For 160 Meters - 2nd harmonic removed)

Relay 2 enables LPF with 7.0 MHz cut-off (For 80 Meters - 2nd harmonic removed)

Relay 3 enables LPF with 14 MHz cut-off  (For 40 and 30 Meters - 2nd harmonic removed)
Relay 4 enables LPF with 18.1 MHz cut-off (For 20 Meters - 2nd harmonic removed)

Relay 5 enables LPF with 30 MHz cut-off. (For 17, 15, 12 and 10 Meters - 2nd harmonic remo
Relay 6 (Unused. Available for future use.)

Since the IQPro is continuous coverage from 0 to 30 MHz, the following eleven band numbers and range

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 30.0 - 30 MHz

The five band relays are activated by signals on header HDR5. Each relay onrthedilies assumed to
have one side connected to a unique header pin (coming from the Driver PIC on the main contrahdoard
the other side of each relay connected to a common connection point. Thus, to set and latdhe relay
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Driver PIC simply puts a low level on all pins on the header and then raises the apphaaksiepin to set
that relay. The pin is kept high for 8 ms and then brought back to a low level. The selectsdh@lay
latched in a set state. Similarly, to reset a relay, the Driver PIC puts keYed on all header pins (causing
no current to flow) and then makes the appropriate relay’s header pin a low. Currdrgmilotv though
through the selected relay’s coil in the reverse direction and the relay walltihe teset state. After 8 ms,
all pins are brought back to a low level again. The relay is now latched in a reset stat

This method of setting/resetting the relays is used because it minimizesiber of PIC pins (and header
pins) required. Note that during a reset operation, forward current is flowing througiishef all of the
non-selected relays. However, the forward current through the non-selected itslesyramti enough to
inadvertently set them.

3.5 Band-switch Test Board

A band-switch test board is included with the IQPro kit. The schematic is shown in Ziglhes board is
designed to plug into HDR5 of the main (control) board to allow the builder see the raklg pigise as the
frequency ranges change. Surface mount (size 0805) 1K resistors are used on thigltest boa

Figure 3 - Band-switch Test Board Schematic

The Relay/Filter Board section for more information about implementing dfriédayboard.

3.6 land Q Amplifiers

The I and Q signals generated by the AD9854 are not sufficient in amplitude to drive merst mis
mentioned in the RF board section, the output current (lout) from the AD9854 is set by thelwmzesHtt
resistor. The default value for Rset of 3.9k, which translates to 10ma of output current. 20axianism,
but 10 ma provides the best Spurious Free Dynamic Range (SDFR).

The output current of 10 ma into a 50 ohm load translates into 500 mv p-p (177 mv RMS) which is abo
dBm. However, many common mixers (such as the TUF-3 used by the R2Pro) require +7 dBlevgigna
so some amplification is required.
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There are three amplifier options available on the IQPro board:

3.6.1 Option 1 — Toroids only (no transistor ampli  fiers)

In this option, two FT37-43 toroids with trifilar windings are used. The toroid connections gitydinehe
AD98954.

The transistor amplifiers parts are not installed. The AD9854’s two complementputs 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 signals is mentsuffic
To increase the | and Q signals to 14 ma, change the Rset resistor (R29) from 3.9k to 2.7k.

Figure 4 shows the basic schematic for the trifilar transformer. (This i<dtgalifor the Q signal.)

Figure 4 - Toroid Transformer

1. The two complementary outputs from the AD9854 as well as the two “normal” outputsdare use
2. No 12v power is needed on the IQPro board.

1. Two toroids with trifilar windings must be constructed and connected properly.

2. If +7 dBm outputs are wanted, the Rset resistor (R29) may have to be changed from 3.9Kl¢p a sfna
value such that more current is put out by the two AD9854 outputs. This might cause a slightly
higher level of spurious output products.

To use this option:
1. Termination resistors R30 — R33 are NOT installed on the board.
2. Install a wire jumper from the output of each Low Pass Filter to the relay (Rits.
3. Transistor amplifier components are NOT installed.

3.6.2 Option 2 — Transistor amplifiers only

If this option is selected, the transistor amplifier components are used and theotd® doe not installed.
This gives +7 dBm signal outputs.

Pros:
1. The AD9854 should be putting out the cleanest signal (highest Spurious Free DynamjeriRnge
the nominal Rset value of 3.9k (corresponding to 10 ma output on | and Q).
Cons:
1. +12v power is required.
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To use this option:

Termination resistors R30 - R33 are installed.

Rset resistor (R29) is 3.9k.

Toroids T1 and T2 are NOT installed.

Transistor amplifier components are installed.

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

agrwnE

3.6.3 Option 3 — Toroids and Transistor amplifiers

Use this option if signal outputs larger than +7 dBm are needed. With Rset (R29hainisdl” value of
3.9k, producing 10 ma signals, the typical outputs of +17 dBm are produced.

Pros:
1. This option produces the highest output signal levels of the three options

Cons:
1. +12v power is required.

To use this option:
1. Termination resistors R30 - R33 are NOT installed.
2. Rset resistor (R29) is 3.9k.
3. Toroids T1 and T2 are installed.
6. Transistor amplifier components are installed.

3.7 PIC Software

3.7.1 AD9854 Initialization

The IQPro runs the AD9854 in serial mode. This means it uses one data line, a clock line, &emhan ex
update line to send the frequency updates from the PIC to the AD9854. Two reset linesametiadded
by the PIC.

Determining how to get the AD9854 initialized was a real challenge, espewuithlg 125 MHz reference
clock. The problem stems from the fact that the AD9854 powers up in internal update moderedile i
needs to be in external update mode to operate in this type of application. See the AD985étdata she
details.

3.7.1.1 Debug Mode for AD9854 Initialization

The AD9854 initialization sequence is sent from the driver PIC to the AD9854 immegdititzithe IQPro
is powered up and after the reset pushbutton is pressed. However, the AD9854 initialgadisrese
fairly short in duration and may be difficult to observe with an oscilloscope. To aid in detuggpecial
debug mechanism was implemented in the driver PIC code. This code, when triggeredhédcever PIC
to go into an endless loop in which the initialization sequence is continually repeatedeldigsmode is
activated by installing a jumper between the two pins of header HDR6 during power up. i&hzatnin
sequence will be continuously sent until the short between the two header pins is removele $igmats
can easily be seen with an oscilloscope. When the jumper is removed the PIC will coitiadizeng the
IQPro.
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3.7.1 Inter-PIC communications

A completely home-grown synchronous communications scheme is implemented in ihéol Q&ss
messages between the PICs. Yes, the PIC16F877 supports two industry-standard synchronous
communications schemes (SPI aA@) as well as an asynchronous scheme (USART/SCI), but | chose ndt
to use them. Why? Because these communications schemes are really desidfiedrioy & long data
transfers but are rather inefficient for the single-byte messages ¢jfhe.|

The IQPro synchronous message-passing scheme uses the following generag¢grincipl

1. Use SYNC sequence: 111111111 (9 one-bits).
Note that this sequence of bits is impossible for a “normal” data byte plus parity.

2. 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 be 11111111+p (which is 11111111 0)
Gives 256 usable codes. All 8 data bits are usable.

This communications scheme uses 3 data lines to send a message from one PIC to anothfeheSe
lines are controlled by the “originating” PIC (Data and Clock) and one line is cextinllthe “receiving”
PIC (Acknowledge). Two sets of lines are used to implement the two-way messagey.

Assume a message is to be passed from PIC-A to PIC-B. The timing diagraguref3-shows the signals
as one bit is transferred from PIC-A to PIC-B.

Figure 5 — PIC Communication Signals
To transfer a single BIT from PIC-A to PIC-B the following actions are taken:

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

2) PIC-Asets A-datatoOor1l

3) PIC-A sets A-clk high

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

5) PIC-B raises B-ack.

6) PIC-A detects B-ack high (within X cycles) and drops A-clk (and A-data)
7) PIC-B detects A-clk is low and drops B-ack.

8) (Go back to step 1 for next bit)

Note that this scheme is completely synchronous so it is very fast. There are natbsutbrset up.

How well does it work? As implemented in the IQPro hardware and software, wittseuPhing at 20
MHz, a message can be passed in 165 microseconds (measured).
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Yes, there are some dangers in this scheme. The primary danger is if a codicsion- with both sides
originating messages simultaneously. Since the PIC code is not multi-threakbedig’'t release control
and switch between activities), if both PICs start executing the “SEND” codétaneously, neither side
will be able to receive a message so the message-passing will fail. iTheswuit in a timeout. The Driver
PIC is designed to time out first. (The loop constants in the Driver receive_bit and sendebare
smaller for the Driver PIC so the Interface PIC will detect the condition dhceset the Driver PIC.
Obviously this is annoying so the occurrences must be extremely rare to makeeptalae.

How are collisions avoided? By being careful about when messages are originhéeDrivér PIC.
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3.7.2 Message Definitions
Figure 6 shows the messages that are sent from the Interface PIC to thé[@iver

Figure 6 - Interface PIC To Driver PIC Messages
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Figure 7 shows the messages that are sent from the Driver PIC to the Iré@face

Figure 7 - Driver PIC To Interface PIC Messages

4 1QPro Operation
4.1 Optical Encoder

A good quality optical encoder is recommended for the IQPro, although a mechanical enitatky w
work. (Note that capacitors C1 and C2 are installed to eliminate the “noise” tgengyahe bounce of the
switches in a mechanical encoder.)

The recommended optical encoder has 128 positions per revolution. At design time we decidadtive w
PIC to be able to capture all transition pulses when we turn the tuning knob (optical eatadat 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 messages fitenfiaite PIC to the
Driver PIC every 25 ms. At this rate, the calculations for the maximum numbensititbas per update is
given in Figure 8.

Figure 8 — Encoder Transitions Per Second Calculation
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We can send this number over to the Driver PIC with 5 “binary” bits. Since we have 6 biis dolestion
bit) available we can exceed our design requirement and use the transitions whemghientimis turned
even faster than 2 revolutions per second.

The IQPro has a communications scheme in which 8-bit messages are passed. Iri&zdtia:
Communications section for details regarding the inter-PIC communicatiomaesgh8ince encoder
messages are the most common message passed and efficiency is esspatial, scheme was
implemented in which bit 7 of the message byte indicates that it is an encodegenéldsen, bit 6 of any
encoder message indicates the direction (1 = clockwise). This leaves 6 nissggaximum value of 63)
to pass the number of transitions that were detected in the past 25 ms period. A Shtibih veais
implemented in which O indicates one transition and no message gets sent if nonsaasiidetected
within the 25 ms period. Thus, 64 possible values can be sent in a message.

One additional factor that needs to be discussed is the PIC processing overhead thahameceny update.
The PIC processor must stop looking for encoder transitions when it is busy sendingge neegsaDriver
PIC. Any transition that occurs while the PIC is busy sending a message will. bEdasinately message
passing is very fast (about 165 us) so the length of time that the PIC is taken awkpkiogn for encoder
transitions is very small (165 us out of 25 ms).

The two encoder data pins are connected to the Interface PIC. Outputs A and B are thederooeiyout
signals and give "gray code" outputs (90 degrees out of phase - quadrature).

Figure 9 shows how “gray code” works while Figure 10 shows the algorithm that the BI® dstermine
the direction the encoder is rotating.

Figure 9 — Encoder Quadrature
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Figure 10 — Method for Determining Encoder Direction

The encoder message is sent from the Interface PIC to the Driver PIC. If levadmmealgorithm was used
and the transition count was used to increment or decrement the frequency, the maggunencir change
is about 64 Hz per 25 ms update cycle, or 2.56 kHz per second. (This is because an encoder messagd
pass 6 bits of encoder change magnitude.) This is too slow for comfortable operation sccetenatian is
necessary. In fact, two tuning rates were implemented (normal-tuning anghiagf-t At the same time it is
sometimes important to be able to increment/decrement in 1 Hz steps. To spreaduoutdghate, the
mechanism shown in Table 1 is used:

Table 1 — Tuning Rate Acceleration

In Table 1 the acceleration constants of 1,2,3,3,4,4 are used for normal tune. For fast tune each of the
acceleration constants is increased by 2. These acceleration constarddyameodédied in the code and
can be changed to suit the individual's preferences.

The Maximum Revolutions Per Second column shows the how fast the encoder can be turnedpifije ke
within that tick count range. Again, this assumes a 128 pulse/revolution (512 transitioal)@ptader and
an update interval of 25 ms.

The update frequency was chosen carefully such that updates are not done too often. In fac the 25 m
update interval could have been reduced to 5 ms or less. However, shorter intervals betwegn updat
produce encoder magnitude values that are always small so acceleratidg isvaeked. Again, it means
that the maximum tuning rate is less than what is usually preferred.
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4.2 Pushbutton Array Board

The IQPro has 24 pushbuttons to control the VFO. Twelve of them form a “telephone-type” kdyjgcad (w
can be used for direct frequency entry) while the remaining twelve pushbuttons contrdRsthe

functions.. Figure 11 shows the format of all 24 pushbuttons as they are arranged on the pushlyutton a
board.

Figure 11 - Pushbutton Board Layout

fra

The pushbuttons are connected to the PIC on the main (control) board by way of a 10-pin header (HDR3) o
the main (control) board. The 10 pins represent four rows of six columns of pushbuttons. The pushbutjon
array board has connection positions for 24 SPST pushbuttons, arranged on a grid of four row busses and s

column busses. One side of each pushbutton connects to a row bus and the other side of each pushbT

connects to a column bus. Figure 12 shows a schematic of the pushbutton array board and its ceanecti
the main (control) board via header HDR3.

Figure 12 - Pushbutton Board Schematic
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The pushbutton array board may be directly plugging it into the main (control) board’s H&x{&rfor

testing purposes but it is intended to eventually be located on the front panel of the ddassimacted

with a 10-conductor ribbon cable. The pushbutton array board may be mounted directly behind the
enclosure’s front panel with the pushbuttons soldered into the pushbutton array board and the pushbut
protruding through holes in the front panel. However, this is not necessary and may not be optistum, g
the close spacing of the pushbuttons on the pushbutton array board. Individual pushbuttons may be re
to the front panel and connected to the pushbutton array board with a pair of wires.

The Interface PIC detects a pushbutton 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 it it's being pulled low by a pushbutton.

If column input is low, that pushbutton (row and column) is being pressed. EXxit.
If all column inputs are high, select the next row and repeat

agrwnE

Pushbuttons 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 pushbuttons (four rows by three columns) forms a keypad which has the samesfarmat a
telephone keypad. It is used to allow the operator to jump to a desired frequency. The frecemecyd
in kHz. To enter a frequency you start by pressing the “*” (star) button in the loweoleér of keypad.
Then enter a number between 0 and 30,000. After entering 5 digits, the VFO will autoynatcglto this
frequency. To enter a frequency which has less than 5 digits, you can enter one or moredeaslingfore
the desired number, or you can enter the desired digits and then press the “star’rkeyamgaplete the
direct frequency entry.

Pushbutton Row-0 Col-3: 1 MHz UP

Each time this button is pressed the frequency will increase by 1 MHz. Frequemeywmag 30.000
MHz.

Pushbutton Row-0 Col-4: Split Toggle

This pushbutton 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 teggiias together) and it
is in SPLIT mode, the PIC will switch from one VFO to the other. In NORMAL mode thadrey
remains at the displayed frequency (VFO-A or VFO-B) as the keying ciradtiisated.

The operator sets desired transmit frequency in one VFO and the desired regeimeciyen the other VFO.
The current VFO selection is done by means of the Rx VFO Toggle pushbutton. The LCsdisplay
frequency of the receive VFO when in receive mode and it displays the frequency ahsneitth/FO when
in transmit mode. The LCD displays the word XMIT when the keying circuit indicaiesnit mode and
RCV when in receive mode.
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The LCD displays the word SPLIT when in SPLIT mode. This portion of the LCD is blank when in
NORMAL mode.

Pushbutton Row-0 Col-5: VFOA /VFOB Toggle

Two VFO frequencies are used in the IQPro. This pushbutton allows the operator to togeén bEEO-A
and VFO-B as the currently active VFO. The LCD indicates whether VFO-A orB/BEGctive and an
LED. Two VFO LEDs also indicate which VFO is active.

Pushbutton Row-1 Col-3: 1 MHz Down

Each time this button is pressed the frequency will decrease by 1 MHz. Frequemaymisi0.000 MHz.

Pushbutton Row-1 Col-4: Mode Cycle

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

Pushbutton Row-1 Col-5: VFOA = VFOB

When this button is pressed the frequency of the VFO that is not currently being displbgecchanged to
match the frequency of the VFO that is currently being displayed.

Pushbutton Row-2 Col-3: Band Up

Pressing this button will advance the frequency to the low end of the next higher U.%ir draate
Currently the band table has entries for 9 amateur bands. (The 60 meter band was not in@dudedbis
unique spot frequency requirements.) The table can easily be updated to cover the bandsctorritlesy.

Pushbutton Row-2 Col-4: Tone Set

This pushbutton is used to change the CW offset tone. Pressing the pushbutton will bring up ardisplay
the LCD which shows the current tone, as retrieved from the PIC16F877's EEPROM. tdbésrhSB

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 of 0 - 32,767 Hz) by turning the encoder. When the tone button is pressed
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) frequencynbtieeis CW+
while it is subtracted from the base frequency if the mode is CW-. The tone is not addetlamtex if the
VFO is in XMT mode.

Pushbutton Row-2 Col-5: Normal/Fast Tuning Toggle

Pressing this pushbutton toggles the optical encoder tuning rate between normaltanthtast

The default tuning rate allows fine tuning in 1 Hz steps when the encoder is turned véry Bihen
turned slowly, one complete revolution of the encoder shaft will change the frequency by 51@vitxieH
the acceleration algorithm provides greater rate of frequency change whenaiher énturned faster. In
normal tuning mode the maximum amount of frequency change in one revolution of the encoder ahaft I
practical limit of about 25 kHz.
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After toggling the pushbutton to fast tuning mode, the operator can still tune in 1 Hz stepsrgythe
shaft very slowly. However, the acceleration algorithm ramps up much faster,rsaximeum tuning rate is
about 150 kHz per revolution of the encoder shatft.

When in fast-tuning mode, the right-most character on the first line of the LCDydigpta” (plus sign) if
fast-tuning acceleration is in use.

Pushbutton Row-3 Col-3: Band Down

Pressing this button will advance the frequency to the low end of the next lower amateuilba bands
are described in the section describing the Band Up pushbutton operation.

Pushbutton Row-3 Col-4: Backlight Toggle
This pushbutton is used to toggle the LCD backlight on and off.
Pushbutton Row-3 Col-5: Calibrate

The Calibrate button is used to put the VFO into a special mode to ensure the DDS tngemsme wave
for the exact frequency that is displayed on the LCD.

When the Calibrate button is first pressed, the VFO switches to 10 MHz and the omtomidretuning rate

is set to a very small number. Now tune a nearby receiver to WWV at 10 MHz and listéhmodz, to
WWYV'’s tone at some offset (e.g. 700 Hz above). You can hear the IQPro putting out a falretsigred

“it thinks” is 10 MHz with the same tone offset. While listening to the WWYV tone an@Reoltone, turn
the encoder to adjust the IQPro’s tone. As the two frequencies get closer togethan, lyeardche “beats”
get slower and slower. Listen for “zero beat” which indicates the tones arealemihen the two tones are
identical it is calibrated. Now press the Calibrate button again to exit this nMib@eupdated constant is
now saved in EEPROM.

4.3 Other Controls

A keying circuit interface header is provided on the board for a connection to externgl gieguitry. It is
used for switching between the two VFO frequencies when in SPLIT mode. The LCD clhangB£LV to
XMIT when the keying interface pin is grounded (or the two header pins are logicallyctahtwgether).
In addition, if SPLIT mode is selected, the PIC changes to use the opposite VFO fregliendiie keying
interface pin is activated (grounded).

Test this feature by entering different frequencies in VFO-A and VFO-BctSHRLIT operation. Now
short the two header pins together and watch the display change from one VFO to the othedigplhyhe
change from RCV to XMT. By design, the currently selected VFO is alwaysdbeive” VFO, and the
receive frequency is displayed. The other VFO contains the “transmit” frequasth@yis displayed when
transmitting.

4.4 LCD Display
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The LCD display shows the current frequency that is being generated by the D¥8.sh@kss the state of
the SPLIT toggle, the current transmit/receive mode, and the currently aEw¢€A/or B). When direct
frequency entry is being entered via the pushbuttons, the digits are displayed on line 2.

A pair of resistors (R15 and R16), forming a voltage divider, are used to adjust the L&Ddwsgcontrast.
These resistors are not be necessary for all LCDs but are often are requiregdorcontrast. For some
types of LCDs, pin 3 may be tied directly to ground, while in other LCDs need a smalilgusitage is
required on pin 3 for maximum brightness. The resistor divider has R15 (820) and R16 (5.6k) connectg
series, with R16 connected to VDD (+5v) and R16 connected to ground. Pin 3 is connected to the jung
of R15 and R16. Thus, the voltage at LCD pin 3 is calculated in Figure 13. If you use an LCD other tha
the one supplied in the IQPro kit you may have to determine the correct bias voltageadimpiri

Figure 13 — LCD Contrast Bias Calculation

If 0.64v is not correct for the contrast control for your LCD, simply adjust the size of R15.aRbg c
shorted out (replaced by a piece of wire) if 0 v is the appropriate voltage for Pin 3. Bsthiga may
leave out R16. Obviously you don’t want to short out R16.

Virtually any 16 x 2 LCD which uses a HD44780 controller can be used. However, the backlight curr
requirements need to be considered. The current-limiting resistor (R68) in thgluzcklower line is 6.2
ohms 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 pushbutton (Row-3, Colun
4) toggles a PIC pin which drives the gate of MOSFET Q9 through R69. When the PIC pingh sttehi

Q9 is “turned on” so current flows through the MOSFET from Drain to Source. When the PIGglitols,
Q9 is “turned off” so current flow is shut off. An IRLML2502 MOSFET was selected femaftplication
because of its very low resistance (.045 ohms) when the device is turned on, allowing therérgHlow

with the 5v supply.

45 LEDs

There are no Light Emitting Diodes (LEDs) on the Main Board. Instead, LED connectamsde via
Header 2 on the Main Board. This header has nine active pins (one per LED) plus a ground. Each hed
pin goes to +5v when the LED is turned on. Figure 14 illustrates the LED layout.

Figure 14 - LED Layout

LED 1 — This LED indicates that Single Sideband mode is active.
LED 2 — This LED indicates that CW mode is active.
LED 3-- This LED is turned on when VFO-A is active in receive mode.
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ED 4-- This LED is turned on when VFO-B is active in receive mode.

ED 5-- This LED is turned on when SPLIT operation is active.

LED 6-- This LED is turned on when Fast Tuning is active.

ED 7-- This LED is turned on when Calibrate is active.

LED 8-- This LED is turned on when an error is detected in the Interface PIC.
LED 9-- This LED is turned on when an error is detected in the Driver PIC.

5 Relay/Filter Board

—

—

A relayf/filter board is not included in the IQPro kit because requirements for indigipjpiécations will
vary widely. The concept is shown in Figures 15, 20 and 22. Note that the two sides (a and b) are
implemented with the two poles of a DPDT relays rather than with separgtefoeeléhe two sides. The
band relay latching signals from header HDR5 are pulsed when the frequency changes tmad range.
See the Band Relay Driver section regarding generation of the band relay. signals

The signals generated by the Driver PIC and presented on HDRS5 are pulsed for apelp&imat The
amount of current that is “sourced” by a PIC pin (to HDR5) is limited to about 20 ma whicrctl/¢he
amount of current that this particular type of relay (RY1) requires to set or Hdge&ever, 20 ma is
probably NOT sufficient to drive several relays in parallel. The design as@inmes single coil latching
relays are used, each with a common side tied together. To set a relay, the PIC oftips lband-switch
pins to a low level and then raises the single pin for the relay to be set to a high levelxirApfaly 20 ma
of current flows in the “forward” direction through the coil and sets (and latche®ldlye Note that this
implementation requires that the other relays in the bank will “share” the retwemic(5 ma each). To
reset a relay, the PIC raises all of the band-switch pins to a high level corganenthen drops the single
pin of the relay to be reset. Approximately 20 ma of current flows in the “reversetidir through the
relay’s coil and resets (and latches) the relay. Note that the 20 ma currerifortbed” 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 concurrently from one HDR5 pin you should consider usagngv
components which in turn enable sufficient current flow to latch the relays. MOSEEBT2N7000 or
IRLML2502 or IRF510) work well in this type of application. For an example, see the LCOdtdckl
enable mechanism using Q9 (an IRLML2502 MOSFET) in the main (control) board schigtitatie 23).
Q9 is driven by a PIC pin which enables the LCD backlight current (75 ma) to flow when tpenF$Get
to a high level.

Note that the PIC software remembers which relay was previously set aisdtrbséore setting the new

relay. The exception is on power-on in which case the previous value is unknown. For this rea$dn, the
initialization routine resets all the relays, one at a time, before sdtgradgtault relay.

AAO0ZZ 1QPro v1.20 November 17, 2007 -22 - Copyright 2006-2007, AA0ZZ




Figure 15 — 5-Band Filter Board Example
6 Switching Power Supply Board

The main board requires a 5v input power source and it is customary for most builders to use 18w pows

their equipment. To make this conversion easy, a small switching power supply board edsuipplthe

IQPro kit. This power supply board converts 12v to 5v without dissipating a lot of heat. Figure 16 show
the schematic for this power supply. The conversion from 5v to 3.3v (required by the AD9854 DDS ang

reference clock) is done on the board.
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Figure 16 — Switching Power Supply Schematic
7 1QPro Applications
Here are some examples of how the IQPro can be used in a variety of applications.

7.1 1QPro in R2 (or R2Pro, etc) Receiver

Figure 17 — IQPro in R2 Receiver — Basic

Figure 18 — IQPro in R2 Receiver — Details
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7.2

IQPro in CW Transmitter

Figure 19 — IQPro in CW Transmitter - Basic

Figure 20 — IQPro in CW Transmitter - Details
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7.3 IQPro in SSB Transmitter

Figure 21 — IQPro in SSB Transmitter - Basic

Figure 22 — IQPro in SSB Transmitter - Details

8 DDS Frequency Calculation Details

When we want the AD9854 to generate a sine wave at a particular frequency, we need to Gdytiel

number referred to as the Frequency Tuning Word. The AD9854 uses the Frequency Tuning Word an

reference clock to generate the output waveform.

The AD9854 can generate an output frequency with 48-bit accuracy. However, in this apistate we
are always going to be generating a frequency which is a whole number of Hertz pveedkbgte numeric
constant in the PIC’'s EEPROM which represents a 1 Hertz change in output frequemasedh&vith the

specified reference clock. We refer to these 4 bytes as:
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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 frequency tuning word and we are only saving a 32-bit constant in
EEPROM. For performance reasons, and since 48-bit accuracy is not required for itasiappive will
construct the 48-bit tuning word from the 32-bit value. We will use this value to calt\dat8-bit
frequency tuning word. We will then multiply the 32-bit value by the desired output frequen@yian td
obtain another 32-bit product. This 32-bit product will be used as the most significant 32 bit4&bthe
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:

<refosc3>. <refosc2> <refoscl> <refosc0>
where:
refosc3= (2"32/ osc_freq_in_Hz)
refosc? refoscl, andrefoscOare the fractional part of: (2732 / osc_freq_in_Hz) times 2/24.

Example:
For a 125 MHz clock:
refosc3is (2°32 / 125 x 1076) = 34.359738368 truncated to 34 (0x22)
refosc2is the high byte of (.359738368 x 2/24) = 6035408.303
6035408.303 = 0x5C17D0, so high byte is 5C.
refosclis the next byte of 0Ox5C17DO0, or 17
refoscOis the last byte of 0x5C17D0, or DO

The values for common oscillator frequencies are as follows:

Frequency refosc3 refosc2 refscl refoscl
125.00 MHz 0x22 O0x5C 0x17 0OxDO
120.00 MHz 0x23 OxCA  0x98 OxCE
100.00 MHz O0x2A OxF3  0x1D O0xC4
90.70 MHz Ox2F Ox5A  0x82 Ox7A
66.66 MHz 0x40 Ox6E  0x52 OxE7
66.00 MHz 0x41 0x13 0x44 Ox5F
60.00 MHz 0x47 0x95 0x31 O0x9C
50.00 MHz 0Ox55 OxE6 0x3B 0x88

Once again, we can think of this constant number as the step size which represents b\émeintn
When we want to set the VFO’s frequency to a specific number of Hertz, we simplphauéiply this
constant by the desired number of Hertz to obtain a Frequency Tuning Word. We send this Frequency
Tuning Word to the AD9854 andpila, it generates the sine wave at the specified frequency. In fact, it
generates two outputs exactly 90 degrees apart.

Now it is obvious why the Calibrate function is necessary. When the PIC microconsgrpitegrammed,
preset values are loaded into the PIC’'s EEPROM, based on the nominal frequency of the sBa@bdal
reference clock. However, it is never absolutely accurate as specified. Thrat€dlinction is used to
adjust the 4-byte constant (step size) such that when the AD9854 uses it with tarscesbbock, the output
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frequency is accurate. The updated 4-byte constant is then stored back in EEPROMefaistutnr
calculating the Frequency Tuning Word. It is not lost when the IQPro is powered down.

9 IQPro Spectral Measurements

The question if spectral purity is always the subject of a lot of discussion in anyifowimich DDS VFOs
are discussed. This is a very legitimate question.

The IQPro has 30 MHz low-pass filters for the AD9854’s | and Q signals. Thesedileelocated between
the toroids and the transistor amplifiers. (The toroids or transistor ampiifearé¥e bypassed, depending on
the amplifier option selected. See Section 3.6.) The main purpose of these lowgrass filt remove the
DDS fold-back signals (signals that occur at the DDS reference clock frequency the fundamental
frequency) that are produced by any DDS. The amplitude of these fold-back signalsHel®iM(X)/X
curve. See the AD9854 specification sheet for more details.

Measurements of the IQPro’s DDS outputs were made with a TEK 2712 spectrumrarfatyzbese
measurements, the toroids and transistor amplifiers were in use and the sigriala/ére set at the
maximum.

Harmonics were seen in the output spectrum. When the DDS frequency is 10 MHz, the seconit lodrm
about -26 dBc was seen as well as a third harmonic of about —31 dBc. When the DDS frequetws set
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-spedifig &ih the
DDS board would not be sufficient. For a receiver, harmonics at these levels should notriemntitr For
a transmitter, the output signal must be filtered by a band-specific low-pgasaffithe transmitter’s output
S0, once again, these harmonics should not be detrimental. Obviously, one low-pass filterovaanradk of
the HF ham bands. A low-pass filter that is used to remove the second harmonic from a {D ki)
fundamental could not be engaged when running at 20 meters (14 MHz fundamental), etc.

| found that the spectrum was very clean with no noticeable spurs above the noise leve tretjuency
reached 125 MHz. Then the reference clock was seen (about —38 dBc).

The 1QPro supplies signals at a header (HDR5) which facilitate the engagemadband-specific low-pass
filters at the transmitter’s output, just before the signal is sent to the anteowgpass filtering at this level
will bring the transmitted spectrum to a level that is FCC compliant.

10 Questions/Support

For up-to-date details and documentation regarding this project, please see myeayeb pag
www.cbjohns.com/aa0zz
The latest version of the code for the two PIC microcontrollers can also be found on thieeweb si

For additional support questions, see the YAHOO group DDS-VFO.
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Yahoo Group: “DDS -VFO”
This group is moderated by Craig, AA@ZZ, and will discuss the
construction and use of the IQPro.
Sign up to participate in this free newsgroup at ...
http://groups.yahoo.com/group/dds-vfo/

11 Conclusion

Is a DDS-based VFO “right” for your radio? It really depends. There are tredie-ahy design and
clearly, a DDS-based VFO is not right for every application. However, the aijiting AD9854 DDS to
produce | 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 timeistowfie version
you are tempted to do it again - to make it even better. The IQPro is one building block of laatacha be
customized forever. That's why the source code is distributed. As we all expenitenarious
configurations and share them with others, we learn together. That's the real \aliding the IQPro
DDS VFO.
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Appendix A — Assembly Notes

Note: This is not intended to be an all-inclusive set of building steps.

1

2)

3)

4)

5)

6)
7

6)

7

8)
9)

10) Connect the LCD to header HDR4. Pin 1 of HDR4 goes to Pin 1 of LCD, etc.

11) Plug the LED Test board into HDR2

12) Plug the pushbutton board into HDR3

13) Verify operation of all 5-volt circuitry. Encoders, pushbuttons, LEDs, and the LCD.
14) Mount the 3.3v regulator (U1).

15) Mount header HDR13 but DO NOT put the jumper across yet.
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Decide whether you want to divide the two boards (Control and RF). If you want to decide to kee
them together you can simply install jumpers between the appropriate pins on HDR7 abd, HDR
HDR8 and HDR11, HDR9 and HDR12 without installing the actual headers. If you separay@them
should install all the headers.

Make sure you use a socket for the two PIC microcontrollers i.e, don’t solder the PIGa may

want to update the firmware at some later time and the programming cannot be dongtin-ci

Put a small paper washer under the 20 MHz crystal (XTAL) or else mount it witallespiace

between the board and the crystal. This will ensure that the plated-through holes lanetedtxy the
crystal case.

Use a 6-32 x 1/2” bolt to secure the 3.3-volt regulator to the board. It lays flat on the board and ng
additional heat sink is needed.

The “plus” end of the tantalum capacitors has a small “+” near the lead but the hete par near
the “plus” lead is much more obvious.

The dot on the end of resistor network R1-R5 goes to the square pad on the PC board.
Assemble the 5-volt circuitry first. This includes

The PICs (sockets),

The headers HDR1 through HDRE,

The 20 MHz crystals (XTAL1 and XTAL2)

Capacitors C1 — C15

Resistors R1 — R18, R34 — R42

Diodes D1, D2

Switch S1

Install R68, R69, R70 and Q9 before you mount the headers on the PIC board.
Those parts control the backlighting of the LCD

Test 5-volt circuitry. Apply 5 volts to the input pad (PAD1) and make sure you have 5 volts on the
PIC socket pins:
U2 pins 1, 11, 32

U3 pins 1, 11, 32
Insert the PICs in the sockets
Connect the encoder to header HDR1

se



16) Mount the clock (REFCLK). Pin 1 of the REFCLK has the small dot at the corner (neBiNthe "
printed on the package).

17) Add AD9854 components:
Capacitors C16, C17, C19, C20 (There is no C18)
Resistors R19 - R33
18) Add a jumper to short the two pins of header HDR13
19) Add connections from HDR7 to HDR10 (+5v and ground)
20) Add connections from HDR8 to HDR11 (I/Q relay)
21) Add connections from HDR9 to HDR12 (AD9854 control signals)
22) Power up and observe the two outputs at the un-grounded ends of R30 and R33
23) Select your output amplifier method. Add parts for low pass filters and toroids/ansplif

24) If toroids are used (amplifier options 1 or 3), R30 through R33 are REMOVED. If option 1 is used
(transistor amplifier only) then R30 through R33 are left in.

25) Note that the resistors in the amplifier are 1% tolerance parts.

26) Resistors, capacitors and diodes in the amplifier are mounted vertically (on end).
27) Pin 1 of the 1/Q relay is at the banded end of the relay

28) NOTE: Diodes D3, D4, D5, D6 are mounted with banded ended UP.

29) There is NO R67.

30) There is NO C18.

31) The “banded” end of relay RY1 goes to the left — toward the AD9854.

32) Power up and observe the two outputs, I-OUT and Q-OUT

33) | like to use four 6-32 x 1/2” bolts/nuts with 5/16” spacers for stand-offs in the mounting hdies in t
corners of the board. They prevent accidental short-circuits that can occur when gentaltgilay
the powered-up board on a bit of wire or a piece of solder. Don’t think it can’t happen!
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Appendix B - Schematic
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Appendix C - IQPro Amplifier Simulation

Figure 25 shows the output waveform and the DC operating voltages of a simulated conapjement
amplifier at 14 MHz. (Simulation done with CircuitMaker2000.)

Figure 25 — Simulation - Output Voltage Waveform

Figure 26 shows the currents in the two complementary output transistors of theesimoiatifier.
(Simulation done with CircuitMaker2000.)

Figure 26 — Simulation — Amplifier Output Transistor Currents
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Appendix D — Layout
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Appendix E - Parts List

IQPro Parts
Ver. 2.0b 10/31/2007
Part Number Smalll Total at
Part Schematic (DigiKey Quantity Quantit Small
Part Name unless otherwise Needed Nty Quantity
o Price X
specified) Price
Main Board
3.3 volt regulator TO220 u1 LT1085CT-3.3#PBF-ND 1 6.50 6.50
Crystal Oscillator 3.3v XC346CT-ND
125 MHz (SMT) REFCLK1 (or 520-3953M-1250-BN) 1 555 555
Crystal 20 MHz XTALL, XTAL2 CTX416-ND 2 0.80 1.60
Resistors
(1/8 watt - 5%)

51 ohm Egg‘ R33, R54, 51EBK-ND 4 0.05 0.21
24 ohm R31, R32 24EBK-ND 2 0.05 0.10
100 ohm R10-R13 100EBK-ND 4 0.05 0.21

R19, R21, R23,
330 ohm R25 R27 330EBK-ND 5 0.05 0.26
470 ohm R15 470EBK-ND 1 0.05 0.05

R20, R22, R24,
560 ohm R26 R28 560EBK-ND 5 0.05 0.26
1k ohm R34-R42, R69 1.0KEBK-ND 10 0.05 0.52
3.9k ohm R29 3.9KEBK-ND 1 0.05 0.05
5.6k ohm R16 5.6.KEBK-ND 1 0.05 0.05

R6-R9, R14, R17,
10k ohm R18. R70 10KEBK-ND 8 0.05 0.42

Resistors
(1/8 watt - 1%)

12 ohm R50, R62 (M) 270-12-RC 2 0.11 0.22
100 ohm R47, R59 (M) 270-100-RC 2 0.11 0.22
470 ohm R46, R58 (M) 270-470-RC 2 0.11 0.22
680 ohm R49, R61 (M) 270-680-RC 2 0.11 0.22
1.2k ohm R48, R60 (M) 270-1.2K-RC 2 0.11 0.22
2.2k ohm RO2,RS3,RO% (M) 270-2.2k-RC 4 0.11 0.44
15k ohm Ra% R4S, Ry 270-15K-RC 4 0.11 0.44
82k ohm R51, R63 (M) 270-82K-RC 0.11 0.22
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Resistor Network
10k ohm x 5 R1-R5 770-61-R10KP-ND 1 0.28 0.28
Resistors
(1/2 watt)
6.2 ohm R68 6.2H-ND 1 0.05 0.05
Variable Resistors
50 ohm - 25 turn R43, R55 490-2924-ND 2 0.85 1.70
Capacitors
(ceramic)
C1, C2, C7, C10,
0.1 uF - radial C11, C16, C17, BC1148CT-ND 9 0.07 0.59
C19, C20
0.22 uF - axial C6, C13, C15 399-4466-1-ND 3 0.26 0.78
10 pF - axial COG C24, C29 1011PHCT-ND 2 0.12 0.24
33 pF - axial COG C25, C30 1016PHCT-ND 2 0.12 0.24
82 pF - radial COG gg; €23,C26,  1490-3768-ND 4 0.28 1.12
150 pF- radial COG C22, Cc27 490-3689-ND 2 0.29 0.58
470 pF - axial X7R C35, C41 1113PHCT-ND 2 0.08 0.16
. C31-C34, C36-
.1 uF - axial C40, C42 399-4491-1 10 0.20 2.00
Capacitors
(Ceramic disc)
22 pF NPO C3,C4,C8,C9 495-1004-1-ND 4 0.15 0.59
Capacitors
(Tantalum)
10 uF tantalum C5, C12, C14, C43 |399-3638-ND 4 0.71 2.84
Inductor
.33 uH L1, L3 (M) 807-1641-331K 2 1.15 2.30
.39 uH L2, L4 (M) 807-1641-391K 2 1.15 2.30
Diodes
1N4148 DO-35 D1- D6 1N4148DICT-ND 6 0.23 1.38
MOSFETs
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IRLML2502 (SMT) Q9 IRLML2502PBFCT-ND 1 0.77 0.77
Transistors
2N3904 TO-92 Q1-Q3, Q5-Q7 2N3904D26ZCT-ND 6 0.19 1.14
2N3906 TO-92 Q4, Q8 2N3906D26ZCT-ND 2 0.19 0.38
Toroids etc
FT37-43 T1, T2 2 0.20 0.40
magnet wire (#28, 3 colors) 4 ft.of each color |Amidon, etc. 1 1.00 1.00
nylon screw (6-32 x 3/8") (for T1 and T2) H556-ND 2 0.09 0.19
nylon nut (6-32) (for T1 and T2) H620-ND 2 0.11 0.22
machine screw (6-32 x 3/8") |(for U1 regulator) |H356-ND 1 0.02 0.02
machine nut (6-32) (for U1 regulator) |H220-ND 1 0.01 0.01
OTHER
40-pin DIP socket (.600") For U2, U3 A411-ND 2 1.94 3.88
Straight Header (100" spacing)\ s 1pr13  [WM4000-ND 2 0.18 0.36
(2-pins)
Straight Header (100" Spacing)|; -, iring hamess|(M) 571-16404526 2 1.25 250
(16-pins)
Locking Header (.100" spacing) |, g WM4202-ND 1 0.42 0.42
(4-pins)
Locking Socket (.100" spacing) | gy WM2002-ND 1 0.29 0.29
(4-pins)
SIP Socket (.100"spacing) |, nps (M) 517-974-01-10 1 1.29 1.29
(8-pins)
SIP Socket (.100”spacing) |, \nps HpR3 (M) 517-974-01-10 2 1.29 2.58
(10-pins)
SIP Socket (.100” spacing)
(16-pins) On LCD (M) 517-974-01-16 1 1.54 1.54
SIP Socket (.100” spacing)
(16-pins) HDR4 (M) 517-974-01-16 1 1.54 1.54
SIP Socket (.100” spacing) HDR7, HDRS, 07401
(2-pins) HDR10, HDR11 | (M) 517-974-01-02 4 0.92 3.68
SIP Socket (.100” spacing) (M) 517-974-01-10
(5-pins) HDR9, HDRIZ | pivide for HDR9, HDR12) L 1.29 1.29
Pins for locking sockets For HDR1 WM1114-ND 4 0.12 0.48
Shunt For HDR6 929950-00-ND 1 0.23 0.23
Pushbuttons 5.0mm SPST (S1 P8079SCT-ND 1 0.38 0.38
Relay (DPDT Latching) RY1 255-1004-5-ND 1 3.16 3.16
, . 600CS-ND (old but OK)
Optical Encoder (128 positions) |[Encoder Change to 601VCS-ND 1 29.93 29.93
LCD with bac;kllght(16 X2 08LCD9
characters with HD44780 LCD from ElectronixEXpress.com 1 8.95 8.95
controller) WWW. IXEXP )
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AD9854AST DDS u4 (Analog Devices) 1 28.49 28.49
(Installation of AD9854) 1 10.00 10.00
PIC16F877A 20 MHz U2, U3 AA0ZZ supplied 2 12.50 25.00
(programmed)
PCB (pair) Control, RF 1 19.00 19.00
Printed Manual 1 7.50 7.50
Pushbutton Test
Board (included)
Pushbutton 5.0mm SPST PB1-PB24 P8079SCT-ND 24 0.38 9.12
Straight Header (.100” spacing)
(10-pins) HDR1 \WM4008-ND 1 0.87 0.87
PCB 1 2.00 2.00
BANDSWITCH Test
Board (included)
LED T1.75 P374-ND 6 0.17 1.01
Straight Header (.100” spacing)
(8-pins) \WM4006-ND 1 0.77 0.77
1k ohm 0805 311-1.00KCRCT-ND 6 0.08 0.48
PCB 1 1.00 1.00
LED Test
Board
(included)
LED T1.75 LEDO-LED9 P374-ND 9 0.17 1.51
Straight Header (.100” spacing)
(10-pins) HDR1 \WM4008-ND 1 0.87 0.87
PCB 1 1.00 1.00
POWER SUPPLY
(included)
\Voltage Regulator Ul LM2595T-5.0-ND 1 3.85 3.85
Inductor 115 uH, .67A L1 TE2096-ND 1 1.42 1.42
Capacitor 220 uF, 25v Ci,C2 P12383-ND 2 0.32 0.64
Diode - Schottky D1 MBR340IR-ND 1 0.83 0.83
PCB 1 2.00 2.00
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Total Cost 219.12
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