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The HF Generator kit is able to generate sine wave frequency from DC to 85 MHz*.
It uses highly integrated DDS technology supported with a high internal speed of 125/175
MHz*. It produces a spectrally pure, frequency/phase-programmable, analog output sine
wave. The output level can be changed by setting the programmable Attenuator over a 44 dB
range in 2 dB steps.

The Generator consists of a 10 channel memory used to save frequency and attenuation
levels. Switching frequencies can be done by software. This makes the project ready to drive
a spread spectrum application (optional). The project is controlled via the USB port. Software
for this project works on Windows 98/XP.



Capabilities

The AD9850 (created by Analog Devices) is a CMOS, 125 MHz complete direct synthesizer on a
single chip. It uses +5V VCC and with its 125MHz clock it can produce a low-distortion sine wave
from around 1 Hz up to 60 MHz, with a tuning resolution  of 0.0291 Hz. To obtain complete data
visit www.analog.com.

DDS has significant advantages in many applications and its use will become increasingly
common. There is a number of modulation techniques that can be used with DDS.
DDS IC AD9850 from Analog Devices is used as a local oscillator in radio receivers and
transmitters.

Features of AD9850:

- Programmable frequency/phase
- Suitable for use as a second VFO for transceivers
- Tuning steps  1*/10/100/1000 Hz
- Spurious-free dynamic range is greater than 50 dB at 40 MHz with a 125 MHz reference clock
- Low power (300 mW)
- Controlled interface: parallel or serial loading format
- Consists of a high-speed on-chip DAC

   Circuit diagram

The complete circuit diagram is provided with the kit.

How the DDS IC is controlled by USB Controller

AD9850 can be controlled by parallel or serial data formats.
Serial transfer is slower and this project uses parallel transfer as USB micro-controller port
organization allows for effective control. Data to be transferred to the IC is generated by the USB
controller. The controller is required to generate 5 bytes in order to set the frequency.
Each byte is loaded separately.
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Programmable attenuator

The RF2420 is a monolithic programmable attenuator. It has attenuation programmability over a
44 dB range in 2 dB steps. Attenuation is set by 5 bits of digital data. The shift register is used to
upload data from the USB controller. The controller sends data in serial mode. The input and
output of the device has a 50 Ohm match. RF2420 is intended to be used in systems that require
transmitting power controlled by digital means.

RF2420 Specifications

- Frequency range: DC to 950 MHz
- Insertion loss: 4 dB
- Attenuation range: 0 - 44 dB
- 3 dB bandwidth: 500 MHz (at 26 dB attenuation)
- Response time: <10 ns
- IM3:   -30 dBc
- Harmonic output:  - 40 dBc
- VCC - supply voltage:  +5 V
- ICC - supply  current: 4 - 8 mA

Figure 2 shows how the Attenuator is connected and controlled via the shift register
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How to set/enter new frequencies

- Pressing the “Clear” button will reset the display and will generate zero frequency.
- Pressing any numerical button will enter a corresponding frequency.
- For instance, if you press button “1”, you will automatically get a 1 kHz output. If, after that,

you press button “3”, your entry will be shifted and the display will show a 13. This will
generate 13 kHz.

- The next entry will shift the current display to the left and a new number will be added.

Here is an example of this process:
If you would like to set the generator to 28.450 MHz, all you have to do is press buttons:
”Clear” and then “2”, ”8”, ”4”, ”5” and ”0”. That’s it!
After “0” is pressed, the frequency will be set to 28 450 kHz. The “->“ button will shift the
frequency right and you will get 2854 kHz.
To go back to the previous setting, only press”0” and you will get 28 450 kHz. You don’t
have to press any other buttons to get the frequency output.

 How to set the frequency with an accuracy of 10/100 Hz

To do this, follow the above example and then select the frequency step to 10/100 Hz. Using
buttons ”+” or ”-“ you can set the required value. This can also be done by the tuning knob
(resolution always 10 Hz).
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How to set/read attenuation ratio and how to save a selected frequency to memory

Attenuation range is 0 to 44 dB. Attenuation can be set in 2 dB steps.
This value will be set to memory and next time you call the application, attenuation will
have the previously entered value.

In order to save your selected frequency, you firstly need to select a memory channel by pressing
buttons”<<” or “>>”. Having done this, enter the frequency you wish to save. After this, press the
“Write” button. The frequency will be saved to your selected channel.
When selecting channels (using “<<” or “>>”), you will be automatically sending the frequency
from memory to output.

Output voltage from AD9850

The AD9850 DAC output is a differential current on pin 21 and pin 22. R3 placed from pin 12 to
ground determines the full-scale output current per the formula:

Iout= 32(1.234V/R)

Setting R3 to 3.9k yields a DAC current of above 10 mA. With the parallel load of the filter
terminator and an external 50 Ohm load, this current results in a voltage swing of about
250 mVpp.

Reference Oscillator

The reference Oscillator is a standard clock. The accuracy of the reference oscillator directly
determines the output accuracy. If the reference oscillator has 100ppm tolerance, so does the
output.
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Low Pass filter-Optional

The DDS chip’s output is a digitized or sampled sine wave. Such a wave has strong frequency
components at the reference frequency +/- the output frequency. Filtering out that frequency
produces a clean sine wave. The LP filter shown in Figure 2, has an attenuation of 50 dB or
greater at frequencies above 40 MHz. The filter requires 50 Ohm termination.
Figure 2 shows a possible low pass filter. The filter is made from 1206 packaging. The LP filter
cuts of frequencies over 55 MHz.

Figure 2.  50 MHz Elliptical low pass filter

Building the card

The PCB top view (element side) is shown in Figure 4.

The card consists of SM devices and most of these will be soldered to the PCB. The only
soldering to be done is with connectors (USB, BNC), resistors and capacitors.

Firstly, fit resistors, the LED, crystal oscillators, IC sockets the USB connector and then plug the
IC into the socket. Remember to check the soldering once you finish.

The kit is also available as an assembled package.



Figure 4. The PCB top view

Testing the card and installation

Connect the USB Generator card with the USB port in your PC. The USB cable (A-B type) is
included in the kit. The red LED, LD1, should be on. This diode only shows that voltage from the
USB bus is being applied to your board. If LD1 is off, check the voltage (using a voltmeter) on the
USB connector’s pin 1 or IC1’s pin 12. LD1 could be off because of incorrect polarity or over-
soldering. In this case you should examine the polarity of the diode and PCB soldering. If the
VCC line was soldered to ground then the USB controller (Host) in your PC will automatically
disconnect voltage to the USB bus and to your project. If the problem was rectified, reconnect the
USB cable to your kit. If LD1 (VCC) is on, that means that your board is receiving 5V.

Next, the Windows operating system will try to find and talk to the USB controller (IC1). After a
few seconds (usually 1-2 seconds), you will get a message on your screen that a new device was
found. Following this, Windows will start installing the driver for this kit. This will only take a
minute and does not have to be done again.

Note that information about installing drivers can be found on disks supplied with the kit.

After the driver is installed, the next time you use the card the Windows operating system will
automatically find the driver for your card. No other setup will be required. If the current exceeds
50mA, the USB controller or the Softmark Hub, for example, will switch off the USB bus voltage.
You should reduce the current and then reconnect the USB cable (on the kit’s side) after about 2-
3 seconds. As explained previously, LD1 (VCC) should be on.
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