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ARRL National Convention and More

I have only been to 2 or 3 previous National Conventions in my many years as an Amateur 
Radio operator. With this year’s Centennial National Convention being held in Hartford, 
Connecticut, I wanted to take advantage of the opportunity. Many ARRL Staff members had 
spent countless hours over the course of the previous year or longer in the planning and orga-
nizing of this year’s special convention. I did not play a role in any of the planning, but I would 
like to start off with congratulations to all of the staff and volunteers who made it happen! I saw 
first hand some of the work and dedication involved, and recognize that all of this was in addition 
to keeping up with their normal work responsibilities. My hat is off to every one of them.

I signed up for Contest University during the Thursday all-day seminar tracks. I had thought 
about taking this course a few times previously, and this seemed like a perfect opportunity. I am 
not a real competitive contester, nor to I dream of becoming one. I do enjoy spending some time 
on the air during a contest, and challenging myself to do better from one year to the next. I also 
believe that if I can learn some techniques to make my station and my operating practices more 
effective, this will be a benefit in other aspects of my enjoyment of the hobby.

CTU was a very interesting program, and I enjoyed hearing from various experts in particular 
aspects of station design and operation. I gained a few tips for improvements I want to make to 
my station, as well as some operating tips that may help improve my scores in some of my 
favorite contests. If you have even a passing interest in this aspect of Amateur Radio, I highly 
recommend signing up for the course when you have an opportunity. The Dayton Hamvention 
seems to be the most regular place to find it.

I was not able to attend the Convention on Friday. Some of us had to stay at the office (and 
appear to be working) for those who were visiting Headquarters during the day. I had lots to do 
for this issue of QEX, so it was best that I spent the day working, anyway! My wife Jean, 
WB3IOS, and I attended the Convention Banquet on Friday evening, and we had a wonderful 
time. We met and talked with quite a few other attendees, enjoyed a wonderful meal, and heard 
an excellent keynote speech from Craig Fugate, KK4INZ. Later, we also attended the Royal 
Order of the Wouff Hong Ceremony. This was my second time to go through the ceremony, but 
Jean’s first. It is always fun. If you have not gone through a Wouff Hong Ceremony, try to attend 
a Convention where it is offered, and do it.

On Saturday I got to be a “tourist” and check out the exhibit hall and take in a couple of the 
forums. It was great fun to browse the various booths, drool over a few radios, and meet up with 
old friends and new. The setting at the Connecticut Convention Center was one of the best that 
I’ve been to. I have gone to several other programs at the Connecticut Convention Center, and 
it is always nice, but it really seemed to suit the needs of our program very well. The forum rooms 
upstairs were comfortable, although when I arrived at the room for one of the programs I wanted 
to attend, I found only an empty space. I guess all those people heading the other way should 
have been a clue, but I just guessed they were leaving a previous forum. Because of the large 
number of people who showed up, the forum was moved to a larger room. I found the new loca-
tion, and ARRL Rocky Mountain Division Director Brian Mileshosky’s presentation on the 
Raspberry Pi was quite informative.

A highlight for me was going to hear Joe Taylor, K1JT, talk about some of his work on JT65 
and other software. It was also quite an honor to greet him and shake his hand after his talk. 
There are not that many opportunities to meet and greet an Nobel Prize winning Physicist!

Introducing a New Column with This Issue

When you look at the Table of Contents for this issue you will notice an article by Scotty 
Cowling, WA2DFI. Actually, this is more than just an article. This is the first in what we hope will 
become a regular column in QEX. As the title indicates, Hands On SDR is intended to guide 
you through the process of trying out some hardware and software that will let you experience 
the wonders of software defined radio. I know that many of you are old hands at this stuff, but I 
believe others have been hearing about it, and wanting to experience it, but just haven’t figured 
out where to start. Scotty will take us through that process. In this issue he introduces three dif-
ferent bits of hardware and one piece of software that can control any (or all) of those three. 
There are several price point options that I hope you will find attractive. Even if you don’t have 
the hardware right now, Scotty will show you some of the things you can do with it over the next 
several columns. We probably won’t run Hands On SDR in every issue, especially if Ray Mack, 
W5IFS is able to get back to writing about some of the theoretical aspects of SDR in his SDR: 
Simplified column.

I hope you find this new column fun and interesting. Let Scotty and me know what you think, 
and ask him any questions you might have.
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Thomas M. Alldread, VA7TA

7056 Railway Ave, Courtenay, BC V9J 1N4, Canada; VA7TA@telus.net

Android Wireless Project Control 
Part 3 — Android Bluetooth 

Wireless Link
The final installment of this series shows how to provide a wireless connection 

between the tablet and the NibleSig III sweep generator.

This final part of this series will describe 
the implementation of an economical 
Bluetooth serial universal asynchronous 
receiver/transmitter (UART) data transceiver 
module for the wireless control of Amateur 
Radio projects. The information here is 
intended to provide a guideline for those 
that wish to adopt one of these Bluetooth 
data transceivers to form the basis for a 
wireless control link. As described earlier, a 
Bluetooth connection paves the road for the 
use of a mobile device such as a Bluetooth 
equipped tablet that can be used to provide a 
user-friendly graphics user interface (GUI) 
wireless controller.

Bluetooth Transceiver Modules
As mentioned in Parts 1 and 2 of this 

series (Mar/Apr and May/Jun 2014 QEX) 
the Bluetooth (BT) link makes use of a 
Bluetooth transceiver module assembly, 
which is shown in Figures 1 and 2. The 
overall assembly is quite small, roughly the 
size of two small postage stamps stacked 
end-to-end (1.5 in × 0.5 in). The transceiver 
module consists of two circuit boards; 
a tiny postage stamp sized motherboard 
(sometimes referred to in eBay item listings 
as a back board) and a wireless transceiver 
daughter board. The wireless transceiver 
daughter board has 34 solder contacts 
around three sides of the perimeter, which 
attach/connect it to the motherboard. The 
motherboard also provides mounting space 
for a VCC polarity reversal protection diode, 
a 3.3 V regulator, male header pins for 
external connections, a push button switch 
for implementing configuration setup mode, 
an LED status indicator and a few passive 

Figure 1 — This is a component-side view of the HC-05 Bluetooth transceiver.

Figure 2 — Here is a printed-side view of the HC-05 Bluetooth transceiver. The calipers 
provide a size reference.
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components. The fourth side of the daughter 
board provides real estate for a circuit-board-
etched 2.4 GHz antenna. 

The push button switch is sometimes 
referred to as the “Clear “switch, but within 
this article it will be called the “PIN34HI” 
switch because when operated it places 3.3 V 
on pin 34 of the Bluetooth daughter board. 
For those that happen to have a motherboard 
without the PIN34HI switch, placing 3.3 V 
on the motherboard “Key” pin usually 
provides the same function.

The transceiver requires 5 V power, 
which is reduced to 3.3 V by the regulator on 
the motherboard. It is important to remember 
that internally this device runs from a 3.3 V 
power bus, thus it uses 3.3 V for both the 
logic levels and the receive and transmit 
UART input/output RXD/TXD unipolar 
serial data streams. 

There are several models of look-alike 
Bluetooth transceivers within this family 
of modules. The most commonly available 
models are the HC-05 and HC-06. The 
HC-05 uses much more advanced, more 
recent firmware and can be switched to 
either master or slave mode. In contrast the 
HC-06 is factory programmed as either a 
slave or master device and in general is not 
nearly as versatile as the HC-05. Note that the 
HC-06 with the firmware named “Linvor1.5” 
behaves differently than the HC-05 described 
here. It uses a different command protocol 
and provides different status indications. This 
article will focus on the use of the HC-05 
model.1, 2 Should there be a need, detailed 
HC-06 information can be found with a 
Google Internet search.

The transceivers are available from 
various online vendors including many 
on eBay. The “Bluetooth Transceiver 
Procurement Criteria” Sidebar provides 
a list of factors that should be considered 
when selecting the particular module to be 
purchased.

Interface Hardware for USB Virtual 
Port Parameter Setup

Various hardware interface approaches 
for configuring the HC-05 transceiver can 
be found on the Internet. One approach that 
I tried was to program an Arduino AVR 
microcontroller board, which I then used to 
program the Bluetooth module indirectly. 
After experiencing success with that method 
it occurred to me that an easier approach 
would be to simply use a USB to TTL serial 
data adapter module interfaced directly to 
a computer USB port, which eliminates 
the intermediate microcontroller hardware. 
Inexpensive adapters of this type that use 

the well-established FTDI USB interface 
chip, and that support both 3.3 V and 5 V 
logic levels were, at the time of this writing, 
available for purchase online for about $5.00. 
When connected, they provide a virtual 
serial port on a computer, which can be used 
by a terminal program (such as Windows 
HyperTerminal) to communicate directly 
with the Bluetooth transceiver. 

Besides the cost savings, another 
advantage of using an adapter on a computer 
for this task is that convenient support is built 
into the operating systems for changing the 

1Notes appear on page 12.
Figure 4 — Here is my Bluetooth configuration setup, using the Sure Electronics double-deck 

USB adapter.

Figure 3 — One example of a typical low cost FTDI USB to TTL converter module.

serial port parameters (for example, data rate, 
word length, parity and stop bits). This makes 
it relatively easy to set up and test a Bluetooth 
module for different data rates and interface 
options.

Although there is little doubt that the use 
of the basic USB to TTL converter described 
above and as shown in Figure 3 would work 
for configuring the Bluetooth transceivers, 
my personal favorite USB adapter for a task 
like this is the dual function, double-decker 
design by Sure Electronics that is shown 
in Figure 4.3 The top deck converts USB 
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to TTL serial data and the bottom deck 
converts the TTL unipolar data to RS232 
bipolar levels, which appear on the two DE-9 
connectors. [Note that these connectors 
are often incorrectly designated as DB-9 
connectors. See en.wikipedia.org/wiki/D-
subminiature for more information about 
the naming standards. — Ed.]

The two decks of this adapter can be 
separated to form two separate adapters, 
one for each of the two conversions. The 
bottom deck on which the female and male 
DE-9 connectors are mounted for the RS232 
interface is not needed here for Bluetooth 
module communications, but could be used 
for an alternate Bluetooth application as will 
be described later. 

On the upper deck both 5 V and 3.3 V 
RXD/TXD data streams appear, along with 
both 5 V and 3.3 V regulated power, on 
screw terminal blocks. This makes Bluetooth 
transceiver module interconnection easy 
because both the 5 V power and 3.3 V data 
streams are physically easy to access. As 
shown in Figure 4, the Bluetooth module 
VCC and ground pins are connected to the 5 V 
terminal block on the right hand side of the 
upper deck and the TXD/RXD data leads are 
connected to the 3.3 V block on the left hand 
side. The computer USB port supplies the 
5 V power for both the adapter and Bluetooth 
module assemblies.

The installation of wire-wrap pins into 
the +5 V and GND positions of the 5 V 
terminal block, and into the RXD and TXD 
positions of the 3.3 V terminal block makes 

connection of the USB/TTL adapter to the 
Bluetooth transceiver an easy task. Singleton 
header socket connectors can then be easily 
slid onto the corresponding wire-wrap pins. 
Once connected, the computer operating 
system should establish a virtual Com port 
communications link to the adapter. If the 
Windows operating system requires a driver 
for the CP2102 chip, which is used in this 
particular adapter, the driver install files 
can be downloaded from the Silicon Labs 
website.4

Upon connecting to a USB port, the 
initial power up of the Bluetooth transceiver 
should be confirmed by the status LED 
quickly flashing about two flashes per 
second. This quick flash is indication that 
the HC-05 transceiver is ready and waiting 
for a connection request. Various status LED 
indicator states are listed and described in 
Table 1. 

At this point the Com port assignment 
for the adapter needs to be determined. 
With the Windows XP operating system, 
we can determine this from the Control_
Panel>System>Device Manager  > 
Ports(COM&LPT) list. The Sure Electronics 
adapter that I use is identified within the 
ports list as “Silicon Labs CP210x USB to 
UART Bridge.” In my case it was assigned 
to Com-3.

uCon Terminal Emulator Software
I used a Windows computer terminal 

emulator freeware application named uCon. 

The GUI interface is shown in Figure 5. 
This terminal emulator offers customizable 
hot key style mouse click buttons. You can 
download a self-extracting installation file for 
uCon directly from the uCon website.5 The 
uCon program is a good choice for setting up 
the Bluetooth transceiver options because the 
24 hot keys can be pre-programmed with the 
AT commands that are needed to set up an 
HC-05 module.

I have pre-programmed and saved the 
commands that I consider relative into a 
uCon setup file named “HC05_Bluetooth.
ct”. For details regarding the numerous 
other commands refer to the HC-05 AT 
Commands documentation. (See Note 
1.) This customized-for-the-job uCon 
configuration file is available for download 
on the ARRL website.6

Once saved, this HC-05 settings file 
can be loaded via the File>Open menu 
item when uCon is first started. If your 
computer assigned a different port than 
Com3 for the USB/TTL converter virtual 
port it will be necessary to change the 
uCon port number to match your computer 
configuration. This setting can be found 
via the Config>Backend>COM port menu 
item. After the installation is complete it will 
be necessary to copy the custom “HC05_
Bluetooth.ct” setup file into the uCon 
configuration folder. The path for this folder 
is usually C:\Program Files\ucon\config. 
When the “HC05_Bluetooth.ct” setup file 
is opened, the uCon GUI should show the 
various HC-05 AT commands pre-loaded 

Table 1
HC-05 Bluetooth Transceiver Status LED Indication Definitions

HC-05 Status LED Indication Transceiver State

READY 
Quick Flash – About 2 Flashes per Second Default Power Up – Pin 34 at logic low level: 
 The transceiver is ready and is waiting for a connection request. It will not accept
 configuration commands. Daughter board pin 34 toggled high after power up (switch
 depressed momentarily): The transceiver switched into AT command mode awaiting
 configuration commands to be sent using the current UART settings. The transceiver
 still monitors for a connection request and if received it will automatically switch back
 into ready mode and connect. (See Note 1)

PAIRED
Slow Repeating Quick Single Blink Displays this LED indication when first paired with a master device.

CONNECTED
Slow Repeating Quick Double Blink Connected and in data transmission mode.

38.4 K BAUD AT COMMAND MODE
Slow Flash, about 2 seconds on and 2 seconds off This AT command mode is entered by holding pin 34 at logic high during power up 
(See Note 2) and uses fixed 38,400 baud, 8N1 UART settings for communications. Connection requests are ignored during this mode. 
This mode provides a known port setting and speed to re-establish communications should the port settings for regular data transmission 
mode become unknown.

Note 1: Some AT commands will not respond unless pin 34 is held at logic high. AT+NAME and AT+CLASS are two that are known to 
require pin 34 to be held high.
Note 2: To enter this mode the PIN34HI switch can be held operated during power up, which places a logic high on pin 34. Once the slow 
flash starts the switch can then be released.
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into the hot key buttons as shown along the 
top of the screen shot shown in Figure 5.

Before connecting the Bluetooth module 
it is wise to confirm that the computer 
port, USB/TTL adapter and the uCon app 
are all functional. This can be done with 
a simple loop back test, which can be set 
up by temporarily connecting the RXD/
TXD TTL data terminals together on the 
USB/TTL converter. Once the RXD/TXD 
terminals are looped, any typed characters 
should be double echoed back to the uCon 
screen. Note that with the “HC05_Bluetooth.
ct” setup file parameters loaded, a double 
echo of the characters is normal because 
the HC-05 custom setup sets a uCon option 
to internally echo transmitted characters to 
the screen. This software loop-back option 
is set purposely in order to provide a view 
of the AT commands sent to the module 
during configuration as shown in Figure 5. 
It is important to remember that with the 
“HC05_Bluetooth.ct” settings in force, a 
single character echo would be indicative of a 
loop-back failure from the USB/TTL adapter 
— a double character echo is required before 
proceeding. 

Bluetooth Module Configuration 
Settings

Once the configuration tools are tested 
okay, the loop-back jumper from the RXD/
TXD adapter terminals must be removed 
to allow connection of the data streams to 
the Bluetooth module. Ensure 5 V is used 
for the power and 3.3 V data is used for the 
TXD/RXD leads. Ensure the converter TXD 
output is connected to the Bluetooth module 
RXD terminal and vice versa. 

The HC-05 firmware provides two 
command modes for configuring the 
Bluetooth module. The first mode, which 
is usually used for initial setup, has fixed 
UART settings that cannot be altered. The 
second mode, where the UART settings can 
vary, is relatively easy to access for making 
most configuration changes after the module 
has been placed into service. The first mode 
will be referred to here as the AT Command 
Fixed UART Mode and the second as the AT 
Command Variable UART Mode. 

The UART settings for the AT Command 
Fixed UART Mode are fixed at 38,400 
baud, 8N1. To enter this mode the PIN34HI 
switch must be steadily pressed for a few 

seconds during Bluetooth module power 
up. Confirmation of entry into this mode 
is provided by the indicator LED cycling 
with a slow two-second-on /two-second-off 
sequence. While running within this mode 
the Bluetooth module is offline and thus not 
available for connection. Advantages of this 
mode are that for performing the initial setup 
or for doing extensive setup changes there 
is no chance for interruption by an outside 
connection request, the UART settings can 
be altered without interrupting the computer 
uCon terminal emulator communications to 
the Bluetooth module and should the UART 
settings for the current application become 
unknown one has a restoration means to 
re-establish connection to the Bluetooth 
module with known proper settings. Possible 
disadvantages for the AT Command Fixed 
UART Mode are: 

• The power to the Bluetooth module 
must be interrupted for both AT Command 
Fixed UART Mode entry and exit.

• The computer terminal emulator port 
settings, which may be set to match the 
application at hand, may need to be altered 
to match the 38,400, 8N1 settings of the AT 
Command Fixed UART Mode. 

Figure 5 — This screen shot shows the uCon terminal emulator. You can see the Hot Keys across the top of the window, which have been 
customized for the HC-05 configuration.
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The UART settings for the AT Command 
Variable UART Mode (which by factory 
default are similarly set to 38,400, 8N1) 
will vary according to the settings used 
for the target application. This can be a 
convenience in the event that the computer 
uCon port settings have been previously set 
to match the target application. This mode 
is relatively simple to enter after normal 
power up, while the Bluetooth module is 
idling in Ready Mode awaiting connection. 
While in this state, with the LED indicator 
flashing at a quick half-second rate, the AT 
Command Variable UART Mode can be 
entered with a simple momentary press of 
the PIN34HI switch. In this case the LED 
flash rate indication does not change because 
the Bluetooth module remains available for 
connection. 

This mode is particularly convenient for 
making any in-service configuration changes 
that don’t affect the UART settings. Possible 
disadvantages of the AT Command Variable 
UART Mode mode are:

• The UART settings cannot be changed 
without loosing communications to the 
computer terminal emulation console.

• The configuration setup change session 

would be interrupted if a legitimate outside 
connection request is received during the 
session. In this event the Bluetooth module 
would automatically switch to Connected 
Mode, at which time the LED indicator 
would commence a slow, double blink cycle, 
confirming the connection. Once in this state 
it is not possible to return to the AT Command 
Variable UART Mode until the connection is 
dropped and the Bluetooth module returns to 
the Ready Mode. At that time another press 
of the PIN34HI switch would be needed to 
re-initiate a return.

To initially configure an HC-05 module, 
first enter the AT Command Fixed UART 
Mode. Once entry is made evident by 
the indicator LED, establishment of 
communications to the Bluetooth module 
must be confirmed before proceeding. 
Confirm communications by mouse clicking 
the F2 button on the uCon GUI screen. This 
will send the “AT” command, and as shown 
in Figure 5, the module should respond 
with an “OK” confirmation. If, alternately, 
it responds with an error message, possibly 
due to random characters that ended up in 
the buffers during startup, repeat the F2 
“AT” command. Keep in mind that a need 

to repeat commands may reoccur whenever 
the module is re-started or after the PIN34HI 
switch is operated.

Once communications has been confirmed 
“OK” the uCon GUI shortcut buttons may 
be used to complete the configuration. 
The commands have been assigned to the 
shortcuts in a typical sequential order for 
doing the configuration. Refer to Table 2 for 
a description of the individual commands. 

Figure 5 was captured from an actual 
module setup sequence. The commands 
with the responses that occurred during to 
the following setup sequence are listed in 
Figure 5:

• F2 sends “AT” to confirm Bluetooth 
module communications — confirmed with 
the “OK” acknowledgement.

• F3 reports the firmware version 
“+VERSION: 2.0-20100601.”

• F4 resets the module to factory defaults, 
which includes setting it to slave mode.

• F5 will report the current name of the 
module only if the PIN34HI switch is held 
pressed during this command. Pressing the 
PIN34HI switch maintains a logic high on 
pin 34.

• F6 prepares to set a new name, which 

Table 2
HC-05 Bluetooth Transceiver Partial Command List with uCon ShortCut Key ID

Command Response Comments
AT (uCon Key F2) OK Used at onset for checking the connection and data rate. If you can’t
  get the OK response nothing else will work. See “Additional Notes” below.*
AT+VERSION (uCon Key F3) +VERSION: 2.0-20100601 Prints module firmware version. This confirms the firmware is HC-05
  compliant.
AT+ORGL (uCon Key F4) OK This command resets the module settings to original factory default settings. 
AT+NAME? (uCon Key F5) +NAME:H-C-2010-06-01 Prints existing Name that is used to connect to the device.*** Factory
  Default: Probably the firmware release date. Note: Pin 34 must be held
  high to get a response (hold PIN34HI button pressed).
AT+NAME=name (uCon Key F6) OK Prefix string for changing the name. Where name is any text string. This
  is the device name that the Bluetooth connect sequence will look for.** 
AT+PSWD? (uCon Key F7) +PSWD:pswd  Prints existing password needed to connect to the device. Default
  password: 1234
AT+PSWD=pswd (uCon Key F8) OK  Prefix string for changing the password. Enter desired password where
  pswd is any four numbers.** 
AT+UART? (uCon Key F9) AT+UART =38400,0,0 Prints existing UART settings used for data transmission.
AT+UART= baud, stop, parity OK Set serial port data transfer mode parameters where: baud=desired
(uCon Mouse Click Buttons:    data rate, stop is 0 for one stop bit or 1 for two stop bits, parity is 0 for
B1..B10; — all settings 8N1)   no parity, 1 for odd or 2 for even. Default setting is 38400 baud, 8N1
  which would be set with the script command (without the quotes): 
  “AT+UART=38400,0,0\r\n” bauds accepted are: 4800, 9600, 19200,
  38,400, 57,600, 115200, 234400, 460800, 921600, 1382400. Note: 8N1
  stands for 8 data bits, No parity, 1 stop bit.
AT+STATE? (uCon Mouse  +STATE: PAIRABLE After the above settings are completed the transceiver state should be
Click Button AT+STATE?)  pairable. It should now be possible to connect to this device after pairing 
  with a master device (Android Tablet) using the name and passwords
  defined above. 
Additional Notes: 
* After a PIN34HI button press or mode change it may be necessary to repeat the first command as it is not uncommon
for an initial “ERROR:(0)” AT command error message due to the emptying of erroneous characters from the buffer. It should respond OK
when the command is repeated.
** HC-05 firmware commands must be terminated with CR and LF. It is important that the terminal emulation software options be set so
that a CRLF sequence is sent when the ENTER key is pressed (terminate commands with the “\r\n” escape characters in scripts).
*** Command will not respond with confirmation unless pin 34 is held at logic high. AT+NAME and AT+CLASS are two commands that
are known to require pin 34 to be held high.
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must be entered by the user. As shown in 
Figure 5 the name was changed to “VA7TA_
BT02.” One could now repeat the previous 
F5 step to confirm the name change (this is 
not shown in Figure 5).

• F7 reports the existing password. I 
chose to leave “1234” for my password. Thus 
the F8 step was skipped. F8 could be have 
been used to change the password.

• F9 reports the current data rate and port 
parameters settings. 

• I chose to set the new data rate to 
115,200 by pressing the 115200_8N1 button.

• AT+STATE? reported the state as 
“INITIALIZED.” The setup is complete.

After completing the above setup 
sequence the module should be ready for 
operation and after reset power cycling it 
should come back up with the LED quick 
flashing again. At this point it should now be 
possible to pair the Bluetooth module with a 
master such as a tablet and connect to it using 
the newly assigned name. 

Bluetooth Link Initial Testing 

Bluetooth Link Establishment and 
Preliminary Testing

While the Bluetooth transceiver is still 
set up for parameter programming and still 
linked to the computer running uCon it is 
a good time to test the Bluetooth link with 
the tablet. This test sets up a wireless link to 
support keyboard communications between 
uCon running on the computer and BlueTerm 
running on the tablet. 

The first step in establishing a Bluetooth 
link to the tablet is to enter the Android 
operating system Settings application 
and ensure that the Bluetooth service is 
supported (unfortunately not all Android 
tablets support Bluetooth) and if supported 
confirm that it is turned ON (Note that it is 
usually OFF by default to improve battery 
life). The Bluetooth service item is usually 
listed directly below the WiFi item in the 
top left hand side of the Settings screen. 
As the settings menu listing is quite long 
and extends off screen it may be necessary 
to scroll to the top of the list to find the 
Bluetooth item. The presence of an ON/OFF 
touch screen button for Bluetooth directly 
under the WiFi button confirms that the tablet 
is equipped with Bluetooth capability.

Once the Bluetooth service is confirmed 
available and turned ON it is necessary to pair 
the new Bluetooth module with the tablet. 
While still in the Android Settings menu 
ensure the Wireless & Networks>Bluetooth 
item is selected. A list of Bluetooth devices, 
which should include the name of the newly 
activated Bluetooth module (for the example 
above: “VA7TA_BT02”), should then be 
on the right under AVAILABLE DEVICES. 

Select the desired Bluetooth module and enter 
the PIN (for this example it was left at the 
factory setting of “1234”), select OK and the 
new device name should almost immediately 
be shifted into the PAIRED devices list. The 
Bluetooth module status LED sequence 
should switch from the quick flash to a 
slow repeating single quick blink indicating 
it has been paired but not connected. This 

tablet/Bluetooth transceiver pairing must be 
established to allow Android applications 
access to any new Bluetooth device. Without 
pairing even those applications that have 
been authorized to use the Bluetooth service 
would not be permitted to connect to the new 
Bluetooth transceiver.

Once the Bluetooth service is confirmed 
and turned ON, start the BlueTerm terminal 

Figure 6 — This screen capture from my Android tablet shows the BlueTerm screen 
displaying the help menu from a dual DDS control program.
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program. Then touch the menu list icon (four 
horizontal line button symbol) located on 
the BlueTerm bottom task bar. Then touch 
the Connect Device menu item icon that 
appears. A list of in-range Bluetooth devices 
that have been previously paired to the tablet 
will appear. This list should contain the name 
of the newly activated Bluetooth module 
(for the example described here: “VA7TA_
BT02”). Touching this name should initiate 
the Bluetooth connection, which will be 
confirmed by a connected:NAME notice 
in the top right of the BlueTerm title bar. It 
should also be confirmed by the Bluetooth 
module status LED switching to the slow 
repeating double blink sequence as an 
indication that it is connected.

Once connected, the link can be tested 
by sending text back and forth between the 
computer and the tablet via the uCon and 
BlueTerm applications respectively. Figure 
6 is a screen capture of the BlueTerm screen 
on my Android tablet, as it displays the help 
menu for a DDS control program. Once this 
test is successfully completed the Bluetooth 
link will be ready for other uses once the 
test link is released. To release the link 
press the BlueTerm MENU>DISCONNECT 
DEVICE icon. This will release the Bluetooth 
connection, which will be confirmed by 
a not connected status notification in the 
BlueTerm title bar and the status LED on 
the Bluetooth module returning to the Ready 
Mode quick flash sequence. At this point the 
Bluetooth link is available for use by other 
apps including any Bluetooth based Amateur 
Radio GUI controller applications.

ASCII Interface Advantage
As mentioned in the earlier parts of this 

article a significant argument for adopting 
a standard ASCII character command line 
interface for a project is that the project can 
be tested from the tablet using a known good 
Bluetooth terminal application. This provides 
an independent reference test method to 
confirm that the project can be controlled 
properly via the wireless link. If a problem 
is encountered while one is debugging a 
new Android application, an ASCII interface 
provides the developer the option to employ 
a known good terminal program to confirm 
that the link and project are still functioning 
properly. I found that from time to time, 
when I ran into GUI development glitches, 
that this technique was useful to fall back 
on for confirming the command responses 
from my NimbleSig generator module. In all 
cases, I found the Bluetooth link to be error 
free, which was reassuring. 

Bluetooth Transceiver Enclosure 
Options

Once the parameters are set up and the 

Figure 7 — Here is the empty “RF transparent” wall wart shell that I used to house my 
Bluetooth module. Note the plastic screw anchors hot glued into the corners to hold the cover 

screws.

Figure 8 — With a clear plastic cover fastened in place on the wall wart shell, I am able to view 
the Bluetooth module status LED.

wireless link is successfully tested, the 
Bluetooth transceiver assembly needs to be 
suitably mounted and connected to the target 
equipment. In many typical cases it might 
be most convenient to just simply mount the 

HC-05 module within the project enclosure, 
while ensuring the 2.4 GHz circuit-board-
etched antenna is not shielded from the 
surroundings. In the case of my NimbleSig 
III project, this was not an option because 
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the NimbleSig III RF generator had been 
previously built and was already mounted 
within a small RF tight housing. Additionally, 
I wanted convenient experimentation access 
to the Bluetooth transceiver. 

For the NimbleSig III interface I decided 
to use a plastic housing that would not shield 
the 2.4 GHz circuit-board-etched antenna 
nor block the view of the HC-05 status LED. 
I wanted convenient access to the TXD/
RXD data streams so that I could easily 
connect my logic analyzer to view the serial 
data. Finally, to allow powering the whole 
project from a single regulated 5 V supply, I 
wanted to provide a 5 V output source for the 
NimbleSig III RF generator module. With 
these considerations in mind I decided to 
use the shell from a surplus, junk box wall 
wart power supply, which just happened to 
be about the right size. As shown in Figure 
7, common plastic screw anchors hot glued 
into the shell corners worked nicely to Figure 9 — Here is my completed Bluetooth adapter secured into the wall wart shell.

Figure 10 — This screen shot from my Android tablet is the BlueTerm screen that shows the CP/M ASCII directory/
hex file dump from my legacy IMSAI 8080 computer. 
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Figure 12 — I used the bottom of a plastic pill-bottle-bottle style container to form a radome 
for the 2.4 GHz etched-circuit-board antenna on the Bluetooth module

provide a way to attach the cover. The clear 
polycarbonate cover for the shell, shown in 
Figure 8, provides an unobstructed view of 
the Bluetooth transceiver status LED. 

I mounted the Bluetooth module face 
up via its 4 pin header connector to a small 
100 mil grid prototype circuit board, which 
in turn was mounted with standoffs to 
the polycarbonate cover. The completed 
Bluetooth transceiver package is shown 
in Figure 9. The Bluetooth transceiver 
is powered from a commonly available, 
regulated 5 V dc wall wart power supply. 
The power is looped through the transceiver 
box for supplying power to the NimbleSig III 
module. I placed U-links on the TXD/RXD 

Figure 11 — I built an RS232 to Bluetooth converter into a metal enclosure to use with my 
legacy IMSAI 8080 computer and other applications. I added an LED indicator on the front 

panel to provide a Bluetooth status indicator.

Bluetooth Transceiver 
Procurement Criteria

When selecting the transceiver 
to purchase, besides taking 
the usual online purchasing 
precautions, you should be aware 
of the following Bluetooth module 
specific selection criteria:

• Make certain that the item 
listing specifies the model HC-05 
transceiver. It is possible to use a 
model HC-06 board as long as it 
is a “slave” version but the setup 
commands are limited, the firmware 
is not nearly as complete and as I 
found out there is at least one setup 
pitfall that needs to be avoided.

• The mother and daughter 
boards can be purchased 
separately or as a completed 
assembly with the daughter board 
pre-mounted. As there is little or 
no cost saving with purchasing 
the boards separately I prefer the 
pre-mounted version. Mounting 
the daughter board is not very 
difficult for those with surface mount 
construction skills, however. 

• There are some backboards 
(motherboards) that do not have 
the push button (PIN34HI) switch, 
which is sometimes referred to 
as the “Clear” switch in online 
vendor listings. Try to purchase 
the version with the PIN34HI 
switch because this switch offers 
a nice convenience during the 
configuration of the module. 
As an alternative some of the 
backboards without the switch 
provide an external header pin 
connection sometimes labelled 
“Key.” Placement of +3.3 V on 
this pin usually will provide the 
same function as pressing the 
PIN34HI switch. The switch is 
more convenient to use, however, 
especially if a +3.3 V voltage source 
isn’t easy to access externally.

•  The transceivers can be 
purchased either with or without 
desirable external connection leads. 
The nicest external lead option 
I have seen offered was in the 
form of a 4 conductor ribbon cable 
harness terminated with a 4 pin 
socket on one end and singleton 
wire-wrap pin socket connectors 
on the opposite end. I found the 
connection leads useful during 
the configuration setup procedure 
and then later for connecting to the 
target hardware. If you happen to 
already have a selection of header 
terminal jumper leads they could be 
used as an alternative.

leads to provide the logic analyzer test points.

Legacy Equipment Control
Figure 10 is a tablet screen-shot of a 

BlueTerm window that shows a directory 
listing and a hex file dump from my 1979 
vintage IMSAI 8080 computer. As shown, 
my IMSAI will still run the legendary CP/M 
operating system, which was well respected 
in its day. Like much legacy gear, the IMSAI 
8080 provides an ASCII text command 
RS232C interface. When I built my IMSAI 
from a kit some 35 years ago, keyboard 
control was from a Vucom terminal that 
seemed to weigh about 100 pounds and 
occupy about 8 cubic feet of volume on my 
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desktop. I certainly never imagined at the time 
that my then introductory microcontroller 
project would still be working three and a 
half decades later, and that I would be able 
to control it wirelessly with a portable hand 
held device. The IMSAI, which provides 
an RS232C ASCII console port interface, 
is a good example of how easy it is now to 
wirelessly control legacy equipment with an 
Android tablet. All that is needed is a simple-
to-build RS232 adapter, an example of which 
is shown in Figures 11 and 12. For those that 
don’t wish to build a Bluetooth to RS232 
adapter from two separate modules there 
now are pre-assembled versions available.7 

In many cases it should be inexpensive 
to adapt equipment with RS232 serial port 
ASCII character interfaces to Bluetooth for 

linking wirelessly to modern day mobile 
devices for user friendly, portable touch 
screen control. 

The RS232 adapter project permits 
Bluetooth control of any ASCII controlled 
project that uses an RS232 9600 baud 
8N1 interface. As outlined above, my main 
use for this interface is for nostalgic fun 
communicating with my 1979 IMSAI 8080 
S100 CP/M computer using my modern 
day Android tablet. This adapter provides a 
Bluetooth-to-RS232 conversion. (In the day, 
the 25 pin D connector —a DB-25 — was 
commonly used for the RS232 interface.) 
It uses an HC-05 Bluetooth module 
connected to the RS232 lower deck half of 
the previously described Sure Electronics 
adapter (The USB upper deck of the adapter 
remains available for configuring Bluetooth 
modules or other possible uses.). A surplus 
printer A/B switch metal enclosure was used 
for the housing. The Bluetooth module is 
mounted so that the 2.4 GHz circuit-board-
etched antenna pokes through one of the 
unused connector openings. A transparent 
plastic shell radome made from the bottom 
of a pill bottle style glue container provides 
protection for the HC-05 circuit board 
while allowing the 2.4 GHz etched antenna 
freedom to radiate into the surrounding area. 
A front panel mounted LED is extended from 
the Bluetooth module to provide a visible 
connection status indicator.

Conclusions
Although I am still climbing the steep 

portion of the Android development learning 
curve my initial wireless project control 
experiences have been rewarding and show 
future promise. I think development of 
Android applications will become easier as 
new development tools and more software 
examples become available. I believe the 
use of Bluetooth equipped hand held devices 
with user friendly touch screen graphics 
will become common place in the future for 
wirelessly controlling a variety of equipment 
within amateur radio stations.

Tom Alldread, VA7TA, became interested in 
electronics while still in grade school, repaired 
radio and television sets in his teens, obtained 
his Amateur Radio ticket at the age of 19, and 
went on to obtain commercial radio operator 

certification a year later. He subsequently 
graduated from the Capitol Radio Engineering 
Institute Engineering Technology program. His 
career was in the telecommunications industry 
where he worked in microwave and VHF radio 
equipment maintenance, training, engineering 
standards and design, and long distance 
network operations management. 

Tom is now retired and lives on Vancouver 
Island with his wife Sylvia, VA7SA. Tom has 
a history in repeater building and emergency 
communications, and he enjoys operating CW, 
building equipment and is currently the net 
manager for the 20 m Trans Canada Net. He 
is interested in microcontroller development 
projects associated with RF technology. He had 
the good fortune of winning second place in 
the 2006 Design Stellaris and first place in the 
2011 Renesas RX international microcontroller 
design contests. Other hobbies include 
computing, hobby farming and bicycling.

Notes
1For a tutorial on the Bluetooth HC-05 com-

mand set you can visit http://robopoly.
epfl.ch/files/content/sites/robopoly/
files/Tutoriels/Bluetooth/HC05-at_com-
mand_set.pdf.

2You can find a data sheet for the HC 
Bluetooth transceiver modules at www.
exp-tech.de/service/datasheet/HC-Serial-
Bluetooth-Products.pdf.

3There is more information about the Sure 
Electronics USB adapter at: http://store.
sure-electronics.com/mb-cm13112. At 
publication time this converter could also 
be found on ebay under “CP2102 USB/TTL/
RS232 Serial Port Converter Transceiver.

4The driver files and documentation for 
the Silicon Labs CP210 chipset used on 
the Sure Electronics USB adapter are 
available for download from: www.silabs.
com/Support%20Documents/Software/
CP210x_VCP_Windows.zip

5You can learn more about the uCon terminal 
emulator software and download the pro-
gram file at the uCon home site:

www.umonfw.com/ucon/
There is also a self-extracting uCon installa-

tion file available for direct download at: 
www.umonfw.com/releases/ucon_install.

exe
6The program files for this project are all open 

source code files. They are available for 
download from the ARRL QEX files website. 
Go to www.arrl.org/qexfiles and look for 
the file 9x14_Alldread.zip.

7One such adapter, online priced at about 
$15-20, that appears to use a Bluetooth 
daughter board similar to the HC-05 has the 
part number “BLK-MD-BC04-B_DEMO” silk-
screened onto the circuit board. A Google 
search will turn up several vendors.
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Jim Satterwhite, K4HJU

15006 Sawyer Ranch Rd, Austin, TX 78737; k4hju@arrl.net

Calibration and Monitoring 
of Frequency Standards 

— Phase Method
That frequency standard is only as good as your calibration technique allows.  
The author describes a monitoring system he uses to keep his under control.

In this article I am speaking primarily 
to the engineer, technician or experimenter 
who has an interest in precision frequency 
standards and their calibration and monitor-
ing. This article will deal with the calibra-
tion and monitoring of the various 10 MHz 
frequency standards. I wanted to measure 
frequency sources dynamically to an accu-
racy in the vicinity of one part in 1012. This 
resulted in designing and building a high 
performance test set for this purpose. The 
purpose of the design is to detect a phase dif-
ference as quickly as possible to (A) detect 
short-term drift and (B) minimize measure-
ment time. The performance achieved is an 
error display noise floor of approximately of 
2 parts per trillion. 

Years ago, I acquired an HP-106B fre-
quency standard, an early 1960s frequency 
standard intended as a reference for calibrat-
ing other standards at remote locations. It 
would be calibrated, put on an airplane and 
taken to the remote location. Then the remote 
standard would be calibrated using the HP-
106B as the reference. The HP-106B con-
tains a 5 MHz crystal oscillator in a double 
oven. See Figure 1. Frequency standard tech-
nology has come a long way since then. 

I searched for ways to verify the calibra-
tion of this instrument. What is involved and 
how do I go about doing it? I had designed 
and built what I consider to be some quite 
good and versatile frequency counters, and 
was familiar with frequency measurement; 
at least to parts in 108, but the HP-106B 
specification is a stability of ± 5 × 10–11 over 
24 hours. When the objective becomes ac-

curacy in the vicinity of one part in 1011 or 
1012, the challenge increases considerably. 

Low-tech ways of calibrating the HP-
106B would involve comparing the device 
under test (DUT) with a standard reference 
using one of the following methods:

Audio Zero Beat: Listening on a re-
ceiver for a zero-beat signal when the output 
of the device under test is mixed with the 
signal from an external reference such as 
WWV.

•  Accuracy is poor, because the ear can 
only detect errors of a few parts per hundred.

•  Accuracy is also determined by the 
low-frequency response of the audio por-
tions of the receiver because phase errors 
of one or two hertz must be audible to the 
observer.

Frequency Counter: Directly measur-
ing the frequency of the device under test 

with a frequency counter.
•  Accuracy is limited because most 

counters have internal references that are ac-
curate to a few parts per million for low end 
references and tens of parts per billion for 
high end references. 

•  Since the HP-106B is capable of preci-
sion approaching ± 5 × 10–11, the reference  
to which it will be compared must be at least 
as accurate, and by preference it will be at 
least an order of magnitude better than this.

Lissajous Pattern: By applying the refer-
ence and device under test signals to the X 
and Y channels of an oscilloscope, a Lissajous 
pattern can be created. The pattern goes from 
an ellipse to a 45° line and back to an ellipse 
as the phase between the reference and device 
under test varies through 360°. This is quite 
effective for tuning over a limited range; it is 
poor for measurement, however. 

Figure 1 — My HP-106B quartz oscillator.
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Reference Signal Sources
In discussing accuracy several terminolo-

gies are commonly used. Table 1 summarizes 
this terminology.

The first part of frequency calibration is 
to compare the unknown frequency to a fre-
quency known to an accuracy and precision 
greater than the desired calibration level. 
That means at the outset you have to have 
access to a source more accurate than the 
desired calibration level.

References for frequency measurement 
cover the gambit from stand-alone crystal os-
cillators on the low end to Cesium standards 
and beyond on the high end. Somewhat of an 
overview is given below for the various refer-
ence technologies in Table 2. For the budget 
concerned experimenter, there are two good 
choices.

1) Rubidium standards are appearing as 
surplus items because they are being retired 
from service in cellular telephone systems 
around the world. Frequency-stable outputs 
can be accurate at the 10s of parts per trillion 
(ppt) level.

2) Crystal oscillators can be “disciplined” 
— phase-locked — to US Global Positioning 
System (GPS) satellites.

Table 2 
Relative Accuracy of Various Frequency References
Reference Modification Accuracy Range
Crystal — 1 to 100 ppm
Crystal Temperature Compensated TCXO ~ 0.1 ppm
Crystal Ovenized OXCO 0.001 - 0.1 ppm
Crystal Double Oven ~ 50 ppt
Crystal GPS supervised OXCO ~ 5 ppt
Rubidium — ~ 50 ppt
Rubidium GPS supervised ~ 5 ppt
Cesium — 0.01 to 0.1 ppt
Hydrogen Maser Passive 1 ppt
Hydrogen Maser Active 0.0007 ppt

Table 1
Common Accuracy Terms

Description Scientific Notation 
Common Term Abbreviation
One part in 106  1 x 10–6 
Parts per million ppm
One part in 109  1 x 10–9 
Parts per billion ppb
One part in 1012  1 x 10–12 
Parts per trillion ppt

REF REF

DUTDUT

240 sec

Figure 2 — These screen shots show an example of relative phase measurement with an oscilloscope.

•  The GPS system requires that individ-
ual satellite clocks be maintained at accura-
cies exceeding a few parts per trillion. 

•  Earth-bound oscillators can be synchro-
nized with the GPS satellite clocks, using 
timing information derived from the GPS 
signal.

Calibration
In order to calibrate a standard or device 

under test, it must first be measured relative 
to a known reference. Then the task is to 
adjust the standard or device under test into 
agreement with the reference.

Measurement
Given the availability of such references, 

the metrologist performing a verification or 
calibration must answer two important ques-
tions:

1) Is a single, brief frequency comparison 
sufficient to ensure an accurate measure-
ment?

2) In making the measurement, how does 
one compare two frequency sources and es-
timate the difference/error between them?

The answer to the first question is No.
•  Separate measurements an hour, a day, 

or a week apart do not confirm that the differ-
ence between a reference and a device under 
test is consistent.

•  At best, they can only confirm that the 
measured error was the same at two points 
in time. They could not show that the de-
vice under test frequency remained constant 
through the measurement period.

•  Many measurements at short intervals 
over a long time are needed to establish the 
variation of the device under test with time.

•  The results can be plotted to 
show, graphically, how the reference 
and device under test frequencies dif-
fered over time.

•  The results can be “averaged” to 
arrive at a crude figure of merit for the 
device under test.

A number of answers can be given to the 
second question:

•  A frequency counter with a sufficiently 
accurate time base can be programmed to 
accumulate measurements over a period of 
tens, hundreds, or even thousands of sec-
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onds. The long measurement time base im-
proves overall accuracy by integrating errors 
over time; transient deviations are averaged, 
however.

•  Relative phase method:  when the 
frequencies of the reference and the device 
under test are nearly the same, measuring the 
difference in the phases of the two signals 
versus time may also be possible.

•  Oscilloscope — With both refer-
ence and device under test signals ap-
plied to the inputs of an oscilloscope, 
the scope can be triggered by the refer-
ence signal and the relative phase can 
be compared at a time A and at a time 
B. Then with the difference in time 
between A and B and the difference 
in the phase readings, either in degrees 
or in time, the difference in frequency 
can be calculated. An example is 
shown in Figure 2. Here the time is 
240 seconds and the phase is 156° to 
170°, or a shift of 14°, to yield a dif-
ference in frequency of 16 ppt. This 
example is rather straightforward in 
that the oscilloscope being used here 
computes phase for us. An eyeball es-
timation of the phase is somewhat te-
dious. Also, take note that variations in 
the phase difference during that time 
are practically impossible to observe.

•  Strip Chart — My first attempt 
at verifying the accuracy of my HP-
106B standard involved comparing 
its output to WWVB at 60 kHz and 
recording the relative phase of the 
WWVB reference and the device 
under test on a strip chart recorder.

•  This method can be time con-
suming because resolving a differ-
ence of only 10° at an accuracy of 
1 × 10–11 would require 12.9 hours. 
Increasing the resolution accuracy 
to 1 × 10–12 would require ex-
tending the measurement time to 
5.33 days!

•  The measurement time can 
be reduced when comparisons are 
done at higher frequencies.

Adjustment
Having measured the frequency 

difference, the next task in calibration is to 
adjust the device under test to some given 
limit, or as close as possible to the reference 
frequency. When long measurement times 
are encountered, the adjustment process 
becomes problematic since the operator 
cannot see the effect of the adjustment 
until another measurement is made. It 
takes time and patience to make this 
process converge. If the operator can see 
the effect in real time, the process becomes 

much easier and straightforward.

Automated Relative Phase Method
Automating the Relative Phase Method 

for comparing the frequencies of two sources 
can be extremely accurate if an accurate ref-
erence is available.

1) The method determines the rate of 
change of phase between two sources. A 
computer monitors the phase difference 
between them and presents the error graphi-
cally.

2) For example, a one-hertz phase error 
(one 360° phase change per second or 1 Hz 
frequency difference) represents a phase 
change of 360° per second. At 10 MHz, the 
time required to complete one hertz (one RF 
cycle) is 100 ns, so the error due to phase 
change can be described as 100 ns per sec-
ond.

3) We can elaborate the idea by stating 
the change in degrees of phase error per sec-
ond for a given fraction of a cycle. Thus for 
a 10 MHz comparison, Table 3 shows some 
useful relations.

4) Clearly, small phase errors approach-
ing 0.0036 degrees/second or 0.001 nanosec-
ond/second become visible only after many 
seconds if they are to be observed on an oscil-
loscope. A 1 ns error, for example, completes 
a full 360° phase shift in 1 × 109 seconds, 
which is nearly 280 hours, or 11½ days.

4) An important human factor involved 
with these types of measurements on an os-
cilloscope is keeping track of the variations 
over long periods of time.

From Table 3, some useful conversion 
constants for calculations emerge.

•  degrees / s = (1/0.0036) ppt
•  degrees /s = (1/360) ppm
•  ns / s = 1000 ppt
•  ns /s = 0.001 ppm
This method must be automated if accu-

racies approaching 1 ppt are to be realized.

Monitoring
Something I have found interesting in 

working with precision oscillators is that 
rarely are they what they seem at first glance. 
Since I have designed and built the instru-

Phase Comparison at  
60 kHz

At 60 kHz, a frequency error of 10 
ppt represents a phase change differ-
ence between the reference and the 
device under test of 0.0002156° / s. 
Thus, to accumulate a phase change 
difference of 10° would require 
46382 seconds or 12.9 hours. Achiev-
ing a frequency error of 1 ppt would 
require 463820 seconds or 5.33 days.

For 10 MHz the times are much 
shorter. For the same error levels as 
for 60 kHz, the times would be 278 s 
(10 ppt) and 2783 s (1ppt).

Of course, resolving the frequency 
difference change accurately de-
pends on being able to actually see 
the phase difference change on the 
medium presented, such as the strip 
chart or oscilloscope, accurately. That 
is another matter entirely.

Table 3 
10 MHz Error Values Versus Frequency Error
Error (Hz) ppm / ppt Degrees /s ns / s
1 0.1 ppm 360 100
0.1 0.01 ppm 36 10
0.01 0.001 ppm 3.6 1
0.001 100 ppt 0.36 0.1
0.0001 10 ppt 0.036 0.01
0.00001 1 ppt 0.0036 0.001

ment described in this article, I have found 
the true performance of several standards I 
have in my lab to be less ideal than I had ex-
pected. Because you calibrate an oscillator to 
1.1 × 10–10 and you come back tomorrow and 
it reads 1.2 × 10–10 doesn’t necessarily mean 
that you can depend on it having 2 × 10–10 
accuracy for general measurements. Now 
that I have the capability of monitoring vari-
ous sources at the 10–11 or 10–12 level, I have 
greater reservations about the performance I 
can expect from a given source with a certain 
calibration level. If you want to know how a 
source will truly perform for a given applica-
tion, I believe it is essential to monitor the 
error performance over a period of time, and 
from that determine what you can count on 
for the performance of that source. 

The Test Set
I chose to accurately measure the relative 

error between a reference standard of known 
accuracy and an unknown device under 
test (DUT), dynamically, and in real time. I 
determined that the best candidate for this 
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measurement was an accurate phase mea-
surement and automation of the method with 
as much precision as I could bring to bear 
on the implementation. Further, I wanted to 
present the results in real time on a computer 
screen in strip chart form for observation. In 
this way I could observe the real time perfor-
mance of various standards. What follows is 
the result of the evolution of that develop-
ment. This design limits the input frequen-
cies to 10 MHz for both the reference and 
the device under test with one exception. The 
device under test input can accept a 5 MHz 
input by moving a jumper.

Overview
As shown in Figure 3, the basic concept 

is simple. The specifics get a little more in-
teresting. 

The figure shows that the phase of the 
reference and device under test are compared 
and a value relating to the phase difference is 
passed to the computer. The computer soft-
ware initiates a fixed time interval trigger for 
each phase measurement. Calculations that 
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Figure 3 — This block diagram illustrates the basic concept of the  
phase method of calibrating the oscillator.

Figure 4 — Here is a detailed block diagram of the system.

Figure 5 — This graph shows a single XOR 
gate phase detector output.

result in the computed error being displayed 
on the computer screen are made from the 
fixed time interval and the measured phase 
difference for each interval.

Figure 4 shows the detailed block dia-
gram of the test set. To achieve high accuracy, 
the signals must be conditioned significantly. 
Each channel is first detected and phase-
locked to a higher frequency crystal VCO to 
obtain a precise square wave for presentation 
to the phase detector. This is necessary be-
cause, in simply squaring the input signals, 
it is difficult to maintain the necessary 50% 
duty cycle required for precise phase de-
termination. In addition, for the quadrature 
phase detector chosen, the reference fre-
quency needs to be four times the reference 
frequency. This will be discussed below.

The reference and device under test chan-
nels are almost identical. The exceptions 
are that the reference channel operates at 
40 MHz and its output supplies clocks for the 
quadrature phase detector. I will discuss the 
quadrature phase detector below.

The reference input signal is converted 
from analog to digital form by the input 
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Figure 8 — Outputs of the four XORs versus 
device under test phase.
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Figure 9 — Here is an example of the Quadrature phase detector output.

detector and is then divided by two by a 
digital counter. The 5 MHz output feeds the 
74HC4046 PLL phase detector. I prefer to 
operate this PLL phase detector at somewhat 
less than 10 MHz. The output of the PLL 
phase detector feeds the crystal VCO via the 
PLL filter. The 40 MHz VCO output feeds 
a divide by eight circuit, which supplies a 
5 MHz square wave to the PLL phase detec-
tor to close the 40 MHz PLL loop. It also 
drives a circuit to derive the reference clocks 
for the quadrature phase detector.

The device under test channel is identi-
cal to the reference channel, with two ex-
ceptions. The crystal VCO is operated at 
20 MHz and the output is divided by two 
to feed the quadrature phase detector at 
10 MHz and divided by four to feed the PLL 
phase detector at 5 MHz, closing the 5 MHz 
PLL loop. The 74HC4046 PLL phase detec-
tor is fed from the input divided by two for a 
10 MHz device under test input or moving a 
jumper bypass the divide by two for a 5 MHz 
device under test input. 

The outputs of the reference and device 
under test channels are compared in the 
quadrature phase detector (QPD) and fed 
to a 14 bit A/D that is coupled to the micro-
controller via the Serial Peripheral Interface 
(SPI). The microcontroller takes in the 
digitized phase values and routes them to 
the computer via a 5 V RS-232C-to-USB 
adapter. The computer, running a Windows 
application written in National Instruments 
Lab Windows/CVI, processes the data and 
presents the analyzed results on the computer 
monitor.

Quadrature Phase Detector
The phase detector chosen for this imple-

mentation is the Exclusive-OR (XOR) logic 
gate. For a single XOR, the output waveform 
for a phase difference from 0° to 360° is 
shown in Figure 5. The output, when filtered, 
is a triangular wave whose amplitude varies 
with the phase difference between the two 
inputs. Note that the output is multi-valued, 

that is there are two phase values for each 
voltage value, therefore the unique phase 
cannot be determined from the voltage read-
ing without additional information. 

This can be remedied by the addition of 
a second XOR gate driven by the reference 
signal, which is 90° out of phase and which 
forms the quadrature phase detector. The 
quadrature phase detector reference signals 
are derived from the input reference clock 
multiplied by four. The result is shown in 
Figure 6 and overlaid on the same trace in 
Figure 7.

From the combination of the two outputs, 
the in-phase component (I) and the quadra-
ture component (Q), the unique phase can be 
determined, since there is a unique value pair 
for each phase point. 

The circuit I use for the generation of the 
quadrature clocks is shown in Figure 13. It 
uses two additional XORs to help remove a 
very slight nonlinearity of phase versus am-
plitude at the peaks and valleys of the output. 
For this, I generate 10 MHz clocks at 0° (I), 
90° (Q), 180° (–I) and 270° (–Q). Figure 
8 shows the XOR outputs using the four 
clocks. I and Q are the in-phase and quadra-
ture phase components.

The I and –I and the Q and –Q compo-
nents are combined in software to give the 
resultant I and Q from which the phase cal-
culations are made. From the I and Q, the 
phase value is determined. At a sample rate 
of 10 samples/second and given the calcu-
lated phase values, the phase change rate is 
determined. The phase change rate multi-
plied by a conversion factor is the basis for 
the short-term error. The long-term error is 

GUI Trace Description
The GUI is in color and the Figures 

are presented without color. On the 
GUI, the red/pink trace is the short-
term error and the blue/light blue 
trace is the total accumulated aver-
aged error since the test began. Since 
negative values are problematic on a 
log chart, the error values are differ-
entiated for sign by color shading, with 
the dark colors representing positive 
error and the light shading being the 
negative error. The green trace is the 
accumulated phase error in degrees. 
For this display the phase display is 
limited to values between –360° and 
+360°, so that we see the trend in 
phase with time.
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Figure 10 — This is an example of the output data.
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Figure 11 — This is a schematic diagram of the input detector.

calculated by taking the first phase reading 
in a given run as the start reference. Then 
the present phase difference minus the start 
reference divided by the total time since start 
is the long-term degrees/second that times 
the conversion factor is the long term error.

Figure 9 shows a screen presenta-
tion from the GUI for a period of 98.5 s. 
A Trimble Thunderbolt GPS-supervised 
source is used as the reference input and 
an ovenized crystal oscillator as the device 
under test input to the test set. There are two 
strip chart presentations. The lower strip 
chart shows the measured I and Q values 
changing with time and the phase calculated 
from the two. From the calculated phase, the 
short-term (incremental phase change ver-
sus time increment) and the long-term (total 
phase change versus total time)  errors along 

with the accumulated phase are calculated 
and presented in the upper strip chart in the 
figure. In the GUI, colors are used to iden-
tify the various traces. Here, the long-term 
error is 4.01 ppb over a period of 98.5 s, 
and the last increment of short-term error is 
3.48 ppb.

Figure 10 shows an annotated screen pre-
sentation of measurements using a Trimble 
Thunderbolt GPS-supervised source as the 
reference and a rubidium oscillator as the 
device under test. Here the phase movement 
is so slow that the quadrature phase detector 
outputs look almost stationary (lower strip 
chart). The top strip chart shows the short-
term and long-term error traces and the ac-
cumulated phase difference trace. 

Note that the scale on the left of the upper 

strip chart has been adjusted to better show 
the excursions of the traces. If we study the 
traces closely we can determine the extent of 
the long-term error trace as it stabilizes and 
remains rather convergent while the short-
term trace varies considerably. This test is 
approaching the limit of the test set, as can 
be seen below in the section on performance. 
Note that the total phase error for the 98.8 s 
is only –0.54°, giving a long-term error of 
–1.52 ppt.

Processing

High Level Circuit Description
The input detector (Figure 11) is de-

signed to accept a variety of signal input 
levels and types. The transformer provides 
ground isolation between the two sources. 
An attempt has been made to isolate the 
reference and device under test inputs as 
much as possible to reduce the possibility 
of entraining of either of the two sources. 
Some oscillators exhibit the possibility of 
entraining with minute cross-coupling from 
a source close to their natural frequency 
and these two sources are quite close in fre-
quency. The 75107 line receiver provides a 
reliable transition detector function.

The VCO does not necessarily give a 
symmetric waveform output, so a divide by 
two is necessary to guarantee essential sym-
metry. Symmetry is particularly important in 
driving the phase detectors to derive phase as 
precisely as possible. 

The quadrature phase detector shown in 
Figure 12 offers the ability to uniquely iden-
tify the phase difference from 0° to 360°. 
Only two XORs are necessary to accomplish 
this; however the second two allow a bit 
more resolution, as will be discussed below.

Figure 12 shows the quadrature phase 
detector. The device under test signal is 
compared to the reference signal at 0°, 90°, 
180°, and 270° to give the Q, I, –Q and –I 
signals respectively. Each XOR detector is 
followed by a pull-down resistor to –5 V and 
an RC low pass filter. The detector outputs 
go through an analog multiplexer to the A/D 
converter. The pull-down resistor to –5 V 
helps increase the sharpness of the minimum 
value of the detector output.

To ensure symmetry, the circuit must be 
driven by four times the output frequency. 
Figure 13 shows the circuit for the genera-
tion of the quadrature phase detector clocks. 
Starting with the clock output of the 40 MHz 
crystal VCO that is phase locked to the 
10 MHz reference input, the 40 MHz clock 
drives the four stage synchronous counter to 
derive the 5 MHz PLL feedback and the D 
flip-flops to derive the four quadrature phase 
detector reference clocks.
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Figure 12 — Here is the schematic of the Quadrature phase detector.

Practical Considerations Limiting 
Performance

A number of practical considerations 
limit the performance of the over all system. 
It is interesting to look at the parameters 
that limit the performance of the test set. Of 
course the primary limit is the accuracy and 
stability of the reference source. Beyond that 
is the accuracy and stability of the PLLs. 
Further the short-term accuracy is particu-
larly dependent on the resolution of the A/D.

Reference Signal Sources
It is important to note that for a meaning-

ful reading, the reference accuracy must be 
at least an order of magnitude better than 
the desired level of measurement. High-
accuracy reference sources are available, 
but most are expensive and for the average 
experimenter, cost is important. The Trimble 
Thunderbolt GPS supervised source and 
various Rubidium sources are available from 
surplus sources. 

Trimble Thunderbolt
There are at least two kinds of GPS-

supervised sources. The one commonly seen 
in experimenter circles uses the GPS one-
pulse-per-second (1PPS) output, that is com-
pared with an ovenized crystal oscillator or a 
Rubidium source and used to derive a signal 
to correct the source. The second, which is 
used by Trimble in the Thunderbolt derives 
the GPS receiver reference clock from an 
ovenized crystal oscillator. The timing error 
from the GPS position solution corrects the 
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Figure 14 — Here is the data from a Trimble Thunderbolt to Reference and device under test 
Inputs. 

Microcontroller
Ref Input

DUT Input

5V RS232 - USB

Figure 15 — This photo is a component view of the test set.

ovenized crystal oscillator. The problem 
with the 1 pulse per second technique is 
that it is difficult to determine the difference 
between the supervised source and the 1 pps 
signal accurately, so making accurate correc-
tions is problematic. 

It is interesting that Trimble does not 
specify the accuracy of the Thunderbolt 
10 MHz output, but they do specify the 
phase noise. I suspect the lack of an accuracy 

statement is due to the various potential user-
related situations where a solid GPS solution 
is not possible or is intermittent. Such situa-
tions might include the setup or the antenna 
placement. The Windows utility they supply 
to set up and monitor the unit in operation 
does give a dynamic error report and with 
the unit I have that error varies around parts 
in 10–12. Some thought about the stability of 
these types of sources reveals that at some 

level they must jitter around. Consider that 
the source is an ovenized crystal oscillator 
(VCXO) and with a very few exceptions it 
is very difficult to make them perform better 
than 1 × 10–10. (The exceptions mentioned 
refer to ovenized crystal oscillators built as 
instruments such as the HP-106B that can 
perform to a higher level.) To me that means 
that in this application, with the VCXO 
controlled to X × 10–12, it is constantly mov-
ing away from that point and must be con-
stantly brought back by the controller. This 
is variation in frequency about the desired 
frequency. 

This approach works, although I can’t 
verify it because the Thunderbolt is the most 
accurate source that I possess. For my work, 
I consider the Thunderbolt to be able to hold 
something like < 5 × 10–12. 

Phase-Locked Loops
The PLLs must very closely follow the 

reference and device under test sources for an 
accurate short-term measurement. In a PLL, 
the VCO output is constantly compared to 
the reference frequency and an error correc-
tion signal constantly controls the VCO. The 
error correction signal will have some noise 
and there will also be some error. If the PLL 
is locked, this only means the VCO phase 
stays in a given region relative to the refer-
ence. There is always some jitter or varia-
tion. The objective here is to keep that jitter 
very, very small. As discussed below in the 
Performance section, the floor of the test set 
is approximately less than 2 × 10–12. 

Long-term measurements are less critical 
because, although the PLL VCO may jitter 
about the input frequency, it is still locked 
and the longer-term phase difference is still 
valid even though the short-term phase dif-
ference may have significant error. 

A/D Converter
The resolution of the A/D converter is 

very important. The A/D employed resolves 
14 bits, thus allowing the least significant bit 
to be one part in 16384. Since the range of 
one slope of the quadrature phase detector 
output is 90°, one least significant bit repre-
sents 0.0055° of resolution. From Table 3, 
we see that 1 ppt results in a phase difference 
of 0.0036° / s. Thus, this A/D cannot resolve 
a one second error of 1 ppt. To improve this 
resolution, a number of readings are taken for 
each point and averaged, to yield the value 
used in the calculations. Resolution could 
be improved by employing a 16-bit A/D. 
Resolution is much more important than ab-
solute accuracy, because the calculations are 
based on difference measurements.

Performance
As is sometimes said, the proof of the 
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Figure 16 —Test set wiring view.

Figure 17 — Test set front panel view.

pudding is in the eating. All of the factors 
limiting the range of the test set come into 
play when both the reference and device 
under test inputs are connected to the same 
high-performance source and establish the 
noise floor of the test set. Figure 14 shows 
the result of feeding the test set with the 
same source on both the reference and device 
under test inputs. This means the two PLLs 
are operating at the same frequency indepen-
dently and that the control dynamics of each 
crystal VCO PLL loop are independent. For 
the result shown, the two PLLs have to be 
operating independently with accuracies on 

the order of 1 × 10–12. Otherwise, the phase 
difference between the two channels would 
be much greater. One factor that does not 
come into consideration here is that the two 
are operating from the same frequency and 
therefore are not moving relative to each 
other. I have observed in earlier layouts, some 
interaction between the two channels when 
the zero crossings of the two channels are in 
the same region in time. Notice in this case, 
that the long-term error is predominately 
positive and that it begins to settle out as time 
progresses, while the short-term error con-
tinues to vary. Again, I beg your indulgence 

in interpreting the presented data as it is dif-
ficult to discern the traces from the black and 
white image.

From this, it can be seen that the noise 
floor of the test set is approximately 2 × 10–12.

Hardware and Software
The hardware is constructed using bread-

board techniques and thru-hole DIP ICs, as 
shown in Figures 15, 16, and 17. The inter-
connections are made with insulation dis-
placement wiring. The microcontroller is an 
Atmel ATMEGA328P in a custom module.

The microcontroller code is written in 
C for the Atmel ATMEGA 328P and the 
Windows application is written in C using 
National Instruments Lab Windows/CVI. 

I created the schematic using Eagle soft-
ware. Figures 18 and 19 show the schematic 
diagram.

Conclusions
The Test Set has met or exceeded my de-

sign goals. This project has given me a much 
deeper understanding of the performance and 
also the “care and feeding” of high accuracy 
frequency reference sources. I have found it 
interesting to discover just how these high 
accuracy sources vary with time. Visibility 
into the operation in real or near real time 
of a high accuracy standard has given me 
insight that allows more understanding. One 
point that has emerged related to the control 
circuits that allow external adjustment of the 
sources is that the control circuits need to be 
of high precision and stability as well. 

I have included links to several technical 
papers about frequency source stability and 
analysis in the References section.

Questions remain, and in getting here 
ideas have come forth to improve the test 
and to include more analysis such as Allan 
Variance.
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Figure 18 — Here is the schematic diagram of the test set, Part A.
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32 years as a development engineer with 
Teltest Electronics, the company he founded in 
1982. He holds a number of patents and patent 
applications. Jim enjoys developing electronic 
systems and is more comfortable with a track-
ball or soldering iron than a microphone.
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Digital Signal Processing (DSP) 
Projects: Examples of GNU 

Radio and GRC Functionality
After introducing us to GNU Radio Companion and leading us through the 

software installation in Part 1, the authors will lead us through several design 
examples and show us some of the things we can do with the software.

GNU Radio is the open source DSP 
software library that uses the GNU Radio 
Companion (GRC) graphical interface 
to implement DSP systems depicted as a 
visual flow graph on a computer screen. 
The examples of DSP projects begin with 
a visual orientation to the GNU Radio 
Companion graphical user interface (GUI) 
and detailed explanation of basic GNU Radio 
Companion terminology. Following the 
orientation to the GNU Radio Companion 
graphical user interface are illustrations 
of typical DSP flow graph applications 
that highlight some of the capabilities of 
GNU Radio Companion: a basic DSP that 
generates a 1 kHz tone internally and outputs 
the tone to the computer sound card, and 
more complex DSP back ends for FM and 
AM SDR receivers.

Example 1: Orientation to the GNU 
Radio Companion GUI

GNU Radio Companion opens on the 
computer screen with the graphical user 
interface depicted in Figure 1. The relatively 
empty center of the screen is the “active” 
work area. The active work area is the 
location where flow graphs are constructed 
and executed. The far right hand margin 
of the screen is the location of the DSP 
library which contains the DSP blocks. The 
library is organized into broad functional 
categories arranged vertically. Across the 

top of the screen is a menu bar that contains 
the buttons that reflect the available tools 
and operational commands for GNU Radio 
Companion. Of particular importance are the 
colorful “generate” button in the center of 
the menu bar, and the grayed out “execute” 
button just to its right. The generate button 
compiles the graphical flow graph into 
Python code and the execute button activates 
the DSP for signal processing. In the upper 
left hand corner of the active area is a small 
“Variable” block where the user can enter the 
DSP sample rate to reflect the desired digital 
bandwidth for the signal being processed.

To use this graphical user interface, you 
author a DSP flow graph in the active work 
area in a stepwise and logical manner. The 
first task is to enter the desired DSP sample 
rate variable for the bandwidth of the signal 
you want to process. The Variable block 
contains a variable named “samp_rate” 
that can be used within the DSP flow graph 
wherever a numeric value might be entered 
(rather than hard coding the sample rate in 
all block locations). Other variables can be 
defined and even linked to additional GUI 
blocks, GUI sliders or GUI choosers, which 
the user can change from the GUI while the 
DSP is operational. The next step is to place 
the desired DSP block from the right hand 
library into the active work area. A double 
click on the desired DSP library block is all 
that is needed to cause the desired block to 

automatically appear in the active work area. 
The DSP block can be moved within the 
active work area with a simple drag and drop 
technique. To open the parameter menu for 
any block in the active area, the user simply 
double clicks on the block. 

Once double clicked, the parameter 
menu for that block appears in the center 
of the screen. With the parameter menu 
open, the user must enter the “Type” 
(data stream format — complex, float, or 
integer), and other desired block parameters 
into the appropriate spaces in the menu. 
Clicking “ok” or <Enter> closes that block 
parameter menu and allows the user to 
continue authoring the DSP flow diagram. 
The process of moving desired library 
blocks into the active work area, followed 
by entering the needed numeric values or 
variable names into the block parameter 
menu is repeated until all the needed blocks 
for the desired DSP flow graph are placed 
and configured within the active area. 

When all the necessary blocks are placed 
and configured in the work space, the block 
ports must be connected in a series fashion 
with arrow links. Check to make sure there 
are no errors in your intended flow diagram. 
GNU Radio Companion has an automatic 
error message system that identifies errors 
in real time. If there is an error in the block 
parameters, or a missing input or output 
connection, GNU Radio Companion colors 
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Figure 1 — This screen shot is the opening screen of the GNU Radio Companion graphical user interface.

Figure 2 — This GNU Radio Companion screen shot shows a basic Source and Sink flow graph.
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the title of the block red. Blocks can also 
write error messages to the GNU Radio 
Companion status window located in a panel 
below the active work area. Once errors are 
eliminated, compile the underlying code 
using the “Generate” button from the menu 
bar at the top of the screen. To make the DSP 
flow graph operational, the “Execute” button 
to the right of the generate button executes 
the flow graph. An excellent video series by 
Balint Seeber depicts the GUI and the steps 
necessary to create functional DSP flow 
graphs.1 

Example 2: A Basic “Source” and 
“Sink” Flow Graph

Begin using GNU Radio Companion 
with a simple DSP project such as an audio 
waveform generator driving a speaker. 
Figure 2 illustrates such a DSP flow graph. 
The exact same GNU Radio Companion 
graphical user interface is rendered as 
was shown in Figure 1, but now, the work 
area contains the DSP blocks necessary to 
generate and output the tone. The sample 
rate in the Variable box at the upper left of 
the active area was set to 48000 Hz to match 
the sample rate of the sound card in the 
test computer. The Waveform generator is 

found in the intuitively named “Waveform 
Generators” category in the DSP library. 
This will create the Signal Source block in 
our flow graph.2 You can find the Audio Sink 
block in the “Audio” category of the DSP 
library, and it is connected internally to the 
computer sound card.3 

The source parameters are set for a “float” 
digital format “Type,” a cosine waveform, 
a frequency of 1 kHz and a sample rate to 
the same value as is set in the sample rate 
“Variable” box, 48 kHz. The parameters for 
the “Audio Sink” are set complementary to 
the source parameters in this example. The 
DSP is activated with the execute button in 
the menu bar. If you are following along with 
this example on your computer, you will hear 
a 1 kHz tone from your computer speaker. 
You can adjust the output volume using your 
computer sound card volume control.

Example 3: A VHF FM Receiver DSP 
Using a TV Dongle Front End

Figure 3 differs from the previous figures, 
and only shows the active work area of GNU 
Radio Companion, without the library on 
the right side of the screen. This example 
presents a more complex DSP flow graph: 
the DSP and control panel component blocks 
of an FM receiver that uses the inexpensive 
TV Dongle as the SDR front end. 

This DSP flow graph demodulates the 
received signals and adds provisions for a 
visual display of the RF and IF passband, 
as well as a receiver control panel. These 
features are visible when the flow graph is 
executed and the receiver is operational. 

The flow graph was constructed using the 
process described in the previous example. 
The TV Dongle block is found in the 
“Sources” library category and named “RTL-
SDR” block. The parameter menu is set to 
tune the receiver to the FM broadcast band. 
Note the frequency parameters visible in the 
RTL-SDR Source block: Ch0 Frequency = 
88.5 MHz. The RF and IF gain parameters 
for the RTL-SDR Source block are set by the 
user for optimum performance. 

Following the digital stream flow graph 
from left to right, the digital output from 
the source goes through a “Low Pass Filter” 
block, and then the information from the 
signal is extracted using a wide band FM 
demodulator (“WBFM Receive” block). The 
demodulated digital information continues 
through another “Low Pass Filter” block and 
a “Rational Resampler” block before going 
to a volume control (“Multiply Constant” 
block) and finally to an “Audio Sink” that 
completes the audio chain. 

Fast Fourier Transform (FFT) display 
blocks are positioned before and after the 

Figure 3 — Here is the DSP flow graph of a simple VHF FM Receiver.

1Notes appear on page 30
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Figure 4 — This screen shot is of the Display and Control Panel for the VHF FM receiver while it is operating at 88.5 MHz.

Figure 5 — Here is a screen shot of the DSP flow graph of an AM Broadcast Band receiver using the SDRstickTM HF1 SDR hardware.
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first low pass filter to display the RF and IF 
passbands. Upon executing the DSP flow 
graph, the FFT and control screen shown in 
Figure 4 is displayed, overlaying the flow 
graph.

Figure 4 shows the receiver control panel 
and both the RF FFT and IF FFT display for 
the received FM. Looking at the RF FFT 
display on the left, the main audio channel for 
the selected station is located in the center of 
the FFT display. The transmitted information 
sidebands, visible to the right and left of the 
main audio channel, contain the stereo and 
radio data system (RDS) information that 
is broadcast by the station. Adjacent FM 
stations are partially visible on the extreme 
margins of the display. The IF FFT display 
is on the right. The FM signal is centered in 
the IF passband. 

The sliders and buttons below the FFT 
displays are user configured controls that 
permit changing the received frequency and 
adjustment of the audio volume. Imagine 
viewing the FFT display, tuning the receiver, 
and simultaneously hearing the demodulated 
audio in your headphones or speaker using a 
custom DSP that you authored!

Example 4: An HF AM Receiver DSP 
Using the SDRstickTM HF-1 Front 
End

Figure 5 depicts the flow graph in the 

active work area for the final example: a 
DSP authored to receive and demodulate 
AM broadcast band signals using the 
SDRstickTM HF1 as the SDR front end.4 The 
SDRstickTM HF1 is a recently available HF 
SDR front end that was designed for use 
with a GNU Radio Companion DSP back 
end. The arrangement of this flow graph is 
similar to the arrangement of the flow graph 
for the FM receiver. In this flow graph, 
the AM demodulator, “Complex to Mag” 
block, replaces the FM demodulator, along 
with adding refinements such as AGC and a 
custom calibrated IF FFT display. Note the 
numeric variables visible in the “Band Pass 
Filter” block, which define the bandwidth, 
stop band, and filter shape. Variables are 
visible in other blocks as well. The digital 
stream “Type” is also different than Example 
3. In this example the “Type” is “Interleaved 
Shorts” (IShort), which is the digital stream 
“Type” from the SDRstickTM source block to 
the remainder of the DSP. This digital stream 
Type is changed from Interleaved Shorts 
to complex using the “IShort To Complex” 
block.

Figure 6 illustrates the RF spectra of 
an AM broadcast station centered in the 
display at 710 KHz. Adjacent AM Broadcast 
Band signals are visible at lower and higher 
frequencies. The GUI sliders permit control 
of audio volume and the receiver tuning 

frequency as in the previous example of the 
FM receiver.

Conclusion
Flow graph authoring is easy but not 

totally intuitive. Developing DSP projects 
with GNU Radio Companion flow graphs 
leverages the user’s foundational knowledge 
of signal flow and demodulation theory. 
GNU Radio Companion is a tool that builds 
on that knowledge and allows the user to 
easily implement practical DSP systems. 
To really learn digital signal processing, 
you must study DSP concepts and have 
a reasonable understanding of complex 
numbers.5, 6, 7, 8 GNU Radio with GNU Radio 
Companion makes it easier to learn DSP by 
allowing you to focus on blocks rather than 
arcane source code and to develop functional 
DSP systems with a hands on approach. 

More complex DSP flow graphs can 
be constructed to implement full featured 
communications oriented DSP systems, 
receivers and transmitters, for every 
imaginable modulation type and frequency. 
The potential is constrained only by the 
SDR front end hardware and the author’s 
imagination.

There is a lot to learn and we urge you 
to embrace the journey, because it is very 
rewarding! 

Figure 6 — Here is the RF FFT Display and Control panel for an SDRstickTM HF1 AM Broadcast Band receiver while it is operating at 710 kHz.
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Note: One of the inevitable consequences 
of writing a “How To” article about 
dynamic and rapidly changing Open Source 
software is that changes to the software 
and the interface often come in rapid 
succession. Since the publication of Part 1 
of this article in the Jul/Aug 2014 issue of 
QEX, there have been at least five version 
revisions to GNU Radio Companion, and 
some aspects of GRC have changed. In an 
effort to provide the latest information and 
installation instructions for GNU Radio and 
GNU Radio Corporation, the authors have 
created a website. Go to www.w7fu.com for 
the latest information. 

ARRL member, Official Observer, and 
Amateur Extra class licensee John Petrich, 
W7FU, was first licensed as K6OJV in 1955 
and then as W7HQJ after moving to Seattle. 
He is a practicing physician, and Clinical 
Associate Professor of Psychiatry, School of 
Medicine, University of Washington. John 
is active in community affairs, enjoys family 
life, sea kayaking and cycling. John’s radio 
experience parallels the evolution of radio 
communications technology over the past 
century. He started with a homebrew crystal 
receiver followed by a much loved and 
modified single tube regenerative receiver in a 
cardboard box. Upon earning his license, he 
graduated to operating QRP using a crystal 
controlled 6V6 tube transmitter constructed 
on a wooden chassis. Subsequently his rigs 
evolved from modified surplus gear to home 
constructed to full featured analog receivers 
and transmitters. John’s first love is CW, 
the prototypical digital QRP mode. He 
credits radio with endless opportunities for 
engaging learning opportunities and long 

lasting friendships. At present John’s rig is an 
experimenter’s station built around the HPSDR 
Atlas bus system. The station is supplemented 
with back-up rigs using Ettus and SDRsticktm 

SDR “front ends” and DSP “back ends” 
built using GNU Radio Companion. John is 
interested in communicating with others who 
have similar interests.

ARRL Life Member, and Amateur Extra 
class licensee Tom McDermott, N5EG, has 
been licensed 45 years. He is a member of 
TAPR, IEEE, and Internet2, and has been 
involved in the development of fiber optic 
transmission and switching systems since 
the initial deployment of single-mode fiber 
in positions ranging from ASIC designer to 
CTO. He currently is a participant in the 
IEEE 802.3 Ethernet 100GE and 400GE 
standards projects. Tom has a BSEE degree 
from the University of California, Berkeley, 
and has written one textbook on wireless 
digital communications. He’s been involved in 
many computer-related ham projects, from the 
TEXNET layer 3 packet radio system, to a VNA 
project, network simulation, and other efforts. 
His current interest is using a HPSDR Hermes 
SDR transceiver and GNU Radio to experiment 
with DSP algorithms.

Notes
1Balint Seeber has posted a YouTube 

video tutorial about how to set up some 
DSP functions: www.youtube.com/
watch?v=N9SLAnGlGQs.

2A “source block” is defined as having only 
output ports and is the origin of the digital 
stream for the DSP. 

3The term “sink block” is reserved for DSP 
blocks that only have input ports. The digital 
stream does not extend out of the sink, only 
into the sink. An arrow connects the output 
port of the source to the input port of the 
sink. 

4You can learn more about the SDRstickTM 
HF1 on the SDRstick website: http://
sdrstick.com/. Scotty Cowling, WA2DFI, 
also described the SDRstick HF1 and HF2 
boards in his article “Hardware Building 
Blocks for High Performance Software 
Defined Radios,” in the Jul/Aug 2014 issue 
of QEX.

5There is a free DSP textbook available on 
the Internet: The Scientist’s and Engineer’s 
Guide to Digital Signal Processing by Dr. 
Steven W. Smith. www.dspguide.com/.

6The ARRL Handbook For Radio 
Communications, includes a chapter on 
“DSP and Software Radio Design. H. Ward 
Silver, NØAX, Ed, The ARRL Handbook For 
Radio Communications, ARRL, 2013, ISBN: 
978-1-62595-001-7; ARRL Publication 
Order No. 0007, $49.95. ARRL publications 
are available from your local ARRL dealer 
or from the ARRL Bookstore. Telephone toll 
free in the US: 888-277-5289, or call 860-
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Scotty Cowling, WA2DFI

PO Box 26843, Tempe, AZ 85285; scotty@tonks.com

Hands-On-SDR
You’ve been hearing about it, you’ve even read about DSP techniques, now it’s time 

to actually put your hands on some hardware and install some software!

1Notes appear on page 37.

I often find that the fascination with 
something that works comes first, and the 
understanding of exactly how it works 
comes later. “I can actually pull music from 
out of the air with that little glass bead! How 
does that crystal set work, anyhow?”

In this new QEX column, I will show you 
how to combine off-the-shelf hardware and 
software components to make a working 
software defined radio (SDR). Our focus 
won’t be as much on how it works as how do 
I make it work. The digital signal processing 
(DSP) heavy lifting, complex mathematical 
functions and data transport (the Ethernet 
interface, for example) have already been 
implemented by others. We will hook up 
existing hardware and software blocks in 
order to build a working SDR. While I won’t 
delve into the internal workings of each 
block (at least not too much), I will show you 
how to get on the air with as little pain and 
confusion as possible. 

The main focus will be on the software, or 
user interface (UI). The UI acts as a “virtual” 
front panel (in other words, generated by 
software) of our SDR. We will control the 
operation of the radio from this virtual front 
panel. The UI that we will be using is called 
HDSDR, short for High Definition Software 
Defined Radio. Even though we will focus 
on the software, we still need some hardware 
to pull signals from the ether. 

In this first installment of the column, 
I will describe how to set up and use 
three different sets of commonly available 
hardware with the HDSDR software. You 
will want to select one of these radios to 
follow along. 

The first option I will describe uses the 
SDRstickTM HF1 boards that I described in 

the July/August 2014 issue of QEX.1, 2 The 
second option will be to set up an SDR-IQTM 
receiver from RFSpace.3 Last, we will install 
and configure a Softrock RX Ensemble II 
receiver, available from Five Dash Inc.4 The 
end result of each lash-up will be a working 
SDR receiver. 

You might ask, “Why set up three 
different radios, when I only have two 
ears?” There are several reasons. Each of 
these receivers connects to the computer 
in a different way (Ethernet, USB, or PC 
sound card); each has its own capabilities 
(display bandwidth, frequency range); and 
the price range is wide (from a $67 kit to a 
$525 assembled unit). By showing different 
connection methods, you will be more 
prepared to hook up any SDR than if we 
just showed one example. Taken together, 
these three radios are representative of 
the majority of SDRs that you are likely 
to encounter in the amateur marketplace. 
By looking at different capabilities, you 
will become familiar with the features of 
more than one SDR and learn the relative 
importance of these features. Lastly, you are 
more likely to have access to the hardware if 
we show three examples; if SDR hardware 
is not in your budget right now, you might 
be able to borrow some from one of your 
buddies in the local club. Beware! This is a 
fun part of amateur radio. After playing with 
your SDR Elmer’s borrowed hardware, you 
might just have to go out and get your own! 

Is this for me?
With the limited space available within 

each column, I must assume some technical 
knowledge on the reader’s part. In general, 
what do you, as the reader, need to know? 
What equipment do you need to have 
available? Keep in mind that many of the 
procedures are the same or similar for all 
SDRs. Even if you do not have the hardware, 
you may pick up some tricks by following 
along with the text. Note that things like 
programming knowledge, advanced 
math skills and RF design experience are 
conspicuously absent. We are assembling an 
SDR, not designing one.

 
A “Good” Windows PC

While the Marines need a few good men, 
we need one good PC. If you are a Linux or a 
MAC guy, you can still play with SDRs, but 
the experiments here require a Windows PC, 
running XP, 7, 8 or later. What is a “good” 
PC? I am not trying to be evasive, but the 
answer is, “it depends.” Generally any mid-
grade PC built within the last few years will 
do, but here are some guidelines:

•  At least two cores at 2.0 GHz or faster.
•  8 GB of memory.
•  At least 10 GB of free disk space.
•  Gigabit Ethernet port (minimum 100 

Mb Ethernet is required).
•  Minimum display resolution of 1024 × 

768 (the bigger the better).
•  One free USB 2.0 port.
•  Sound system with line input and 

speakers.
The ultimate test of a computer’s 

suitability is simply to try it. Just be prepared 
to upgrade if you are using an old workhorse 
PC; it is likely not up to the task. 
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Operating System Knowledge
I assume that you know your way around 

the operating system, and can perform the 
following tasks, as a minimum. There are 
many on-line references to help you if you 
need to learn or just to brush up on the finer 
points of your particular operating system.

•  Install applications.
•  Check system information and update 

hardware drivers.
•  Enable/disable both wired and wireless 

network ports.
•  Change PC IP address and network 

mask.
•  Enable and disable PC DHCP client.
•  Use Windows Command Shell to check 

IP addresses and ping network devices.
•  Check/set environment variables using 

the system properties dialog box.
•  Navigate the PC file system to copy, 

move and unzip files. 
You will need a signal source. This could 

be a resonant amateur band antenna or non-
resonant wire (to gather interesting signals) 
or a signal generator (not so interesting, but 
good for testing). Attenuators and high-pass 
filters are helpful too, especially if you live 
next door to a high-powered MW broadcast 
station. (More on this later.) We will list the 
specific hardware you need for each project 
before we show you how to put it all together 
to make an SDR.

 
Today’s Project: Let’s Make a 
Receiver!

The SDRs we will put together today 
are receivers that cover some or all of the 
medium wave band (300 kHz to 3 MHz) 
and all of the shortwave band (3 MHz to 
30 MHz). We will use HDSDR software 
for our user interface for each receiver, and 
connect each SDR to the PC in a different 
way. In spite of the simplicity of some of the 
hardware, all of these receivers perform well. 

What You Need: Hardware and 
Software

We will work with three different receiver 

hardware configurations. We will show you 
how to set up the software for all three of 
these and become an expert at assembling 
different SDR systems. When you run 
the HDSDR software, you will select the 
hardware that you want to use. Note that 
the three configurations were not chosen at 
random; each setup connects to the PC in a 
different way. The three different connection 
methods are the three most commonly used 
by modern SDRs. If you can make these 
three different setups work, you can hook up 
just about any SDR! See table 1 for a quick 
comparison of the three receivers we will 
set up.

In addition to your Windows PC, here 
is the hardware you will need for the 
SDRstickTM receiver: 

•  BeMicroSDK development board and 
a UDPSDR-HF1 receiver board (Figure 1).

•  5 V DC, 500 mA power supply.
•  Short Cat5 Ethernet cable.
•  SMA adapter to your antenna feed. 
Here is the hardware you will need for the 

SDR-IQTM receiver: 
•  RFSpace SDR-IQTM receiver (Figure 

2).
•  USB type A to type B cable (typical 

USB printer cable).
•  BNC adapter to your antenna feed. 
Here is the hardware you will need for the 

Softrock RX Ensemble II receiver: 
•  Softrock RX Ensemble II receiver 

(Figure 3).

•  USB type A to type B cable (typical 
USB printer cable).

•  Audio patch cord, 3.5 mm stereo male-
to-male.

•  12 V DC, 500 mA power supply.
•  Enclosure (optional).
•  BNC adapter to your antenna feed. 
There are six pieces of software you need 

to make these receivers operate with HDSDR. 
We will cover software downloading and 
installation in the next section.

•  HDSDR application for all receivers.
•  FTDI USB driver for SDR-IQTM.
•  LibUSB driver for Softrock receiver.
•  ExtIO_SDRSTICK.dll file for 

SDRstickTM receiver.
•  ExtIO_SDRIQ.dll file for SDR-IQTM 

receiver.
•  ExtIO_Si570.dll file for Softrock 

receiver.
 

Software Download and Installation
Installing the software is by far the most 

complicated and time-consuming task of the 
project. Here we will show you where to get 
each piece of the software and show you 
some tips for download and installation that 
will save you some time. 

For all receivers, we need the HDSDR 
User Interface

Download the HDSDR installer by 
going to www.hdsdr.de and clicking the 
Download button at the bottom of the page. 

Figure 1 — The BeMicroSDK data engine together with the HF1 RF front-end board.

Table 1
Feature Comparison of the Three SDR Receivers 

 SDRstickTM HF1 SDR-IQTM Softrock RX Ensemble II
Receiver type DDC DDC QSD mixer
PC Connectivity Ethernet USB Soundcard + USB
Freq Coverage 100 kHz to 30 MHz 100 Hz to 30 MHz 1.8 MHz to 30 MHz
Display Bandwidth 1.25 MHz 190 kHz 96 kHz
A/D Converter 14 bit @ 80 Msps 14 bit @ 67 Msps soundcard
Case no included $20 option
Power USB or external 5V USB only external 12V
Cost $243 assembled $525 assembled $67 kit/$92 assembled
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Save the software to a folder of your choice. 
Next, run the installer by using Windows 
Explorer to navigate to the folder where 
you saved the program, and double-click 
on HDSDR_install.exe. You will have to 
accept the license agreement (click on the 
“I accept the agreement” button). You will 
also have to select the Destination Location, 
the Start Menu Folder and the icons that you 
want. (I suggest that you accept the defaults 
on all of these choices.) You will then be 
shown a summary of all of the selections that 
you have made. At this step, write down the 
Destination Location, because you will need 
to know it later. 

Finally, click the Install button to install 

Figure 2 — The SDR-IQ receiver from RFSpace.

Figure 3 — The Softrock RX Ensemble II Receiver from Five Dash Inc.

the HDSDR user interface software. The final 
dialog box gives you the option to Launch 
HDSDR. Uncheck this box, since we have 
a few more things to do before we are ready 
to run the software. Click the Finish button 
to complete the installation. We will use this 
software to operate all three radios, but we 
are not quite there yet. 

In order for HDSDR to recognize and 
“talk” to our receiver hardware, we need 
one more file. This file is generically called 
an ExtIO.dll file, and we need a different 
one for each kind of hardware that we want 
to use. This means that there are three of 
these ExtIO.dll files that we will need, one 
for each receiver. (Take a look at the list of 

software, above, for the three file names.) 
Think of the ExtIO.dll files as “translators” 
that sit between the HDSDR software and 
our hardware. The “translators” convert the 
data from our hardware (in three different 
formats, a different one for each receiver) 
into the single native format that HDSDR 
understands. 

For the SDRstickTM HF1 receiver, 
download the file ExtIO_SDRSTICK.dll 
from svn.sdrstick.com in the /sdrstick-
release/software/extio section. Place this 
file in the HDSDR install directory. (You did 
write down the Destination Location during 
the install, didn’t you? Just in case you didn’t, 
the default destination location for Windows 
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XP is C:\Program Files\HDSDR, and for 
Windows 7 it is C:\Program Files (x86)\
HDSDR). 

For the SDR-IQTM receiver, download 
the USB driver from rfspace.com/support_
files/SDR14IQUSBdriver.zip and save it to 
a folder of your choice. Unzip the archive to 
either the same folder or a subfolder. Note the 
location of this folder, because we will need it 
to install the USB driver when we first plug in 
the SDR-IQTM receiver. Next, download the 
zip archive from www.hdsdr.de/download/
ExtIO/ExtIO_SDRIQ14_Bonito.zip and 
save it to a folder of your choice. The archive 
contains two files; unzip it and copy the 
ExtIO_SDRIQ.dll file into the HDSDR 
install directory. 

The Softrock procedure is a bit different. 
We need the LibUSB driver to talk to the 
Softrock USB port. Download the driver 
installer from pe0fko.nl/SR-V9-Si570/
PE0FKO-USB-Driver-installer.exe. Save 
this installer to a folder of your choice and 
run it. The Driver Setup wizard will guide 
you through the steps necessary to install 
the LibUSB driver. Use the defaults for 
Destination Location and Start Menu Folder 
and click Next after each selection. If you 
are prompted to install the certificate, click 
Install Cert. Click Install to run the Device 
Driver wizard, then Next and Finish to 

complete the LibUSB driver installation. 
Finally, click Finish to exit the Driver Setup 
wizard. If it seems like you are stepping 
through two installation wizards, it is 
because you are! The first (Driver Setup) 
wizard checks for the ROOT certificate and 
prompts you to install it if needed. This 
certificate is used to validate the driver. After 
the certificate is installed, the second (Device 
Driver) wizard installs the LibUSB driver 
itself. 

The ExtIO_Si570.dll file that we need 
is part of an install package that includes 
the CFGSR.exe configuration utility (which 
we do not actually need). To get both of 
these, download the setup program from 
pe0fko.nl/CFGSR/setup.exe and save it to 
a folder of your choice. Run this program, 
and it will automatically download and run 
the correct Windows installer version for 
your operating system. You will need to 
click the Next button to get to the Select 
Installation Folder dialog box. Accept the 
defaults and click Next, then confirm that 
you want to install by clicking Next yet 
again before installation will commence. 
After installation is complete, click Close 
to complete the setup. Now navigate to 
the CFGSR installation folder and find the 
subfolder ExtIO_Si570. (If you didn’t make 
a note of it, the default installation folder for 

Windows XP is C:\Program Files\CFGSR, 
and for Windows 7 it is C:\Program Files 
(x86)\CFGSR). Look in this subfolder to 
find the file ExtIO_Si570.dll; copy this file 
into the HDSDR install directory. 

Now that the software and its three 
ExtIO.dll “translators” are installed, we are 
ready to hook up the hardware. 

Hardware Programming
If you purchased your SDRstickTM 

BeMicroSDK and HF1 from iQuadLabs, 
the BeMicroSDK is already programmed, 
and no hardware programming is needed. 
If you purchased your boards from Arrow 
(www.arrownac.com/solutions/bemicro-
sdk/), you must program the BeMicroSDK 
yourself before it will work. The procedure is 
outlined in the HF1 user’s manual, so we will 
not cover it here.5 No hardware programming 
is required for the SDR-IQTM or Softrock RX 
Ensemble II receivers.

 
Hardware setup

To set up the HF1 receiver, first plug the 
HF1 front-end board onto the BeMicroSDK, 
making sure to line up the pin 1 marks. See 
the HF1 users’ manual for details. Plug the 
5 V DC power supply into the J3 connector on 
the HF1 board.6 Alternatively, you can plug 
the BeMicroSDK/HF1 combination into a 

Figure 4 — Screen shot of the HDSDR user interface application.
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USB port on your PC. Windows will not be 
able to power the receiver without the Altera 
USB Blaster driver, however. Again refer 
to the HF1 users’ manual for instructions if 
you want to power your receiver this way. 
When the receiver is correctly powered up, 
LED V701 lights on the BeMicroSDK board 
and LED1 and LED2 flash at about 1 Hz. 
Connect the BeMicroSDK Ethernet port 
either directly to your PC or to a port on an 
Ethernet switch that is on the same subnet as 
your PC. (Most home networks have only 
one subnet, so a free port on your router’s 
internal Ethernet switch will work fine.) 
Connect your antenna or signal generator to 
the SMA antenna connector (J4) and your 
hardware setup is complete. 

To set up the SDR-IQTM receiver, connect 
it to the PC with a USB type A to USB 
type B cable. These are commonly used to 
connect printers to your PC. The USB driver 
may install automatically (if a suitable FTDI 
driver is already on your system), but if it 
doesn’t, point the installer to the USB driver 
folder to where you unzipped the driver 
that you downloaded. As an alternative, 
you can go to the Device Manager and 
update the driver that way, again pointing 
to the unzipped driver folder. Connect your 
antenna or signal generator to the BNC 
antenna connector and your hardware setup 
is complete. When the receiver is correctly 
powered up, the green power light should be 
on, and the yellow LED next to the antenna 
icon should be slowly pulsing. 

To set up the Softrock RX Ensemble II 
receiver, connect it to the PC with a USB type 
A to USB type B cable. The USB driver will 
install automatically, since you have already 
installed the LibUSB software. Connect the 
Line in connector of the Softrock to the Line 
in connector of your PC sound card using a 
3.5 mm male-to-male audio patch cord. Note 
that you must use the Line in connection; 
typically the Microphone in connection 
will not work because it is a monaural input. 
Connect 12 V power to the front panel power 
connector (the pin is positive). Connect your 

antenna or signal generator to the BNC 
antenna connector and your hardware setup 
is complete.

 
Operating and Troubleshooting

We are now ready to “fire” up our SDR 
receivers. Each receiver communicates with 
the PC differently. If this communication 
channel is not working, our SDR will not 
work either. Let’s tackle the most difficult 
interface first: the Ethernet interface on HF1. 

HF1 Operation
HDSDR operation with HF1 is normally 

quite simple, but there are a few network 
hurdles that you might face the first time you 
start the software. If you have a DHCP server 
running on your network and use it to assign 
addresses to both your PC and SDR, you will 
have the least problems, since the PC and 
radio will be on the same subnet by design. 
If you use a fixed address for either the PC 
or the radio, you must make sure that the 
addresses are unique and that they are on the 
same subnet. The default IP address for HF1 
is 192.168.1.25 on the 192.168.1.x subnet. 

Go ahead and start the HDSDR application 
(see Figure 4). Since you have three ExtIO.
dll files in the HDSDR working directory, 
you will have to choose the one to use. Select 
ExtIO_SDRSTICK.dll from the list and 
click OK. HDSDR will perform a network 
discovery and, with any luck, find your HF1 
SDR (Figure 5A). The network discovery 
dialog box (see Figure 5B and 5C) will warn 
you if your HF1 cannot be found or if your 
HF1 and PC are on different subnets. If you 
get one of these warnings, you must fix the 
problem before your receiver will work 
properly. 

If you start HDSDR and see no dialog 
box of any kind, check to make sure that 
you placed the three ExtIO.dll files in the 
correct HDSDR installation directory. Also 
check to make sure that your PC and radio 
IP addresses are on the same subnet. Open 
a Windows Command Shell and ping the 
BeMicroSDK IP address; it should respond. 

If not, check your network addresses and 
connections. Another thing to be aware of is 
that multiple available networks on the PC 
confuse HDSDR network discovery. The 
most common occurrence of this problem 
is when you have your wireless network 
turned on. Disable your wireless network 
connection and it will work just fine. (You 
can even turn the wireless network back 
on after successful network discovery.) 
Speaking of wireless networks, the HF1 can 
operate over a wireless connection, but it uses 
a large chunk of bandwidth on the network at 
the higher bandwidth setting. 

HF1 is capable of two display bandwidth 
settings, 384 kilo samples per second (Ksps) 
and 1.25 million samples per second (Msps). 
At 384 Ksps, it uses about 15 million bits per 
second (Mbps) of network bandwidth, and 
at 1.25 Msps it uses about 50 Mbps. Some 
wireless networks cannot handle the lower 
rate, and most wireless networks cannot 
handle the higher rate. Wired Ethernet is 
recommended. 

Once HDSDR is running, click the Start 
button to turn the radio on. To select the 
display bandwidth, click on the Bandwidth 
(F6) button in the lower left of the display (or 
just press F6). At the bottom of the dialog box 
that pops up, there is a selection box; click on 
the down arrow to see the two sampling rate 
choices: 384 kHz or 1.25 MHz. Choose the 
higher sampling rate to see more of the band 
at once or the lower sampling rate if you have 
a slower PC. 

SDR-IQTM Operation
Start the HDSDR application. Again, 

you will have to choose which ExtIO.dll to 
use. For SDR-IQTM, select ExtIO_SDRIQ.
dll from the list and click OK. In this case, 
there is no network discovery since the 
SDR-IQTM is connected to a USB port. Just 
click the Start button to turn the radio on. 
To select the display bandwidth, click on the 
Bandwidth (F6) button or press F6. Click 
on the down arrow in the selection box to see 
the three sampling rate choices: 55.555 kHz, 

Figure 5 — HDSDR Network Discovery Dialog Boxes. (A) indicates that everything is okay, (B) is seen when no SDRstickTM can be found 
and (C) tells you that the PC and radio are not on the same subnet.

(A) (B) (C)
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111.111 kHz or 196.078 kHz. Just like 
before, choose the higher sampling rate to 
see more of the band at once or the lower 
sampling rate if you have a slower PC. 

Two other settings that you can choose 
are only found in the SDR-IQTM, but not 
in the HF1 or Softrock: the RF attenuator 
and IF gain settings. Click on the ExtIO 
button to see the controls and settings that 
are implemented within the ExtIO_SDRIQ.
dll file. Note that you can set the IF gain, RF 
attenuation level and the sample rate within 
the ExtIO dialog box. While you can set the 
sample rate elsewhere (as we have shown), 
the other two settings can only be made from 
the ExtIO dialog box. 

Softrock RX Ensemble II Operation
Start the HDSDR application. As usual, 

you will have to choose which ExtIO.dll to 
use. For the Softrock, select ExtIO_Si570.
dll from the list and click OK. No network 
discovery is performed and you can click the 
Start button to turn the radio on. To select the 
display bandwidth, click on the Bandwidth 
(F6) button or press F6. This time there is 
no selection box, but you can choose from 
the sample rates in the Input column. The 
highest rates may not be supported by your 
sound card; try them to see how they work. 
Typical rates will be: 48 kHz, 96 kHz or 
192 kHz. Just like before, choose the higher 
sampling rate to see more of the band at 
once or the lower sampling rate if you have 
a slower PC. 

Click on the ExtIO button to see controls 
and settings that are implemented within the 
ExtIO_Si570.dll file. Wait, what is all this? 
There are dozens of settings here, and things 
are complicated! It is time for a more detailed 
explanation of the Softrock RX Ensemble II 
architecture so we know what we are doing 
(at least more than we know now). The 
Softrock uses what is called a Quadrature 
Sampling Detector or QSD. This detector 
is similar to two conventional mixers, one 
operating in-phase (the I channel) and one 
operating in quadrature, or shifted by 90º (the 
Q channel). The Softrock uses a Silicon Labs 
Si570 IC hardware frequency synthesizer for 
its local oscillator. The center frequency of 
the display bandwidth is determined by the 
frequency of this local oscillator that feeds 
the two mixers. 

The Softrock uses the USB port to control 
the Si570 chip. The Si570 is very versatile, 
and many settings are needed to configure 
it. This is why you see so many tabs when 
you click on the ExtIO button. Note that 
the I and Q data from the mixer is sent to 
the PC soundcard line-in, and not over the 
USB connection. This is the analog receive 
data that the PC sound card processes to 
form the digital I/Q data stream that HDSDR 
demodulates and filters. The term analog 

should give away the reason that the sound 
card is used to transport the data instead of 
the USB port. The Softrock uses separate 
control (USB) and data (soundcard) ports, 
while the HF1 and SDR-IQTM each use only 
one port for both control and data (Ethernet 
and USB, respectively). The HF1 and SDR-
IQTM have on-board Analog-to-Digital 
converters, so their receiver data is digital and 
can be easily sent over the digital interfaces 
(USB and Ethernet). 

It is beyond the scope of this column to 
cover all of the Softrock ExtIO options here, 
but there are a few settings that you need to 
make before you can use the receiver. These 
settings only need to be made once, the first 
time you run HDSDR with new hardware. In 
the USB tab, click on the USB device from 
the list in the bottom window (there will 
likely only be one device in the list) and then 
click the Open button at the bottom of the 
window. In the Init tab, click the button next 
to the radio type, in our case Ensemble RX 
II LF/HF(HF). You can now click on the 
Hide button to dismiss the ExtIO window 
and get back to using the radio. To open the 
ExtIO window again, just click on the ExtIO 
button on the main HDSDR screen at any 
time. There is a wealth of information on the 
Softrock RX Ensemble II on line, and you 
can research and dig into the finer nuances of 
Si570 settings to your heart’s content.7 

HDSDR Operation for All Receivers
You can adjust the frequency by mousing 

over the fields in the Tune section and using 
your mouse wheel. If your mouse has no 
wheel, use the left mouse button for up and 
the right mouse button for down. As already 
described, use the Bandwidth (or F6) 
button to choose to see either more or less 
bandwidth on the panadapter and waterfall 
displays. Choose narrower bandwidths if 
you are running a less powerful PC and 
experience audio dropouts. The lower 
waterfall and panadapter windows are just 
zoomed-in versions of the pass band that is 
highlighted in the upper window. Slowing 
the screen update rates with the Speed sliders 
below each panadapter window can also 
ease the load on your creaky old PC if you 
experience audio problems. 

Go ahead and play around with the 
settings in the user interface. You can grab 
either edge of the pass band in the lower 
panadapter window and drag it to perform 
low-cut or high-cut on the audio. You can 
click in the upper panadapter window to 
instantly change frequency. You can record 
and playback using the controls just below 
the Volume and AGC sliders. Keep in mind 
that when you record, you are recording the 
entire spectrum, not just your selected pass 
band. This uses a lot of disk space at the 

wider bandwidth settings. HDSDR even has 
a scheduler for recording at predetermined 
times (it is under the Options menu). The 
advantage of recording the entire spectrum is 
that while playing back your recording, you 
can tune within the recorded spectrum, just 
as if you were listening to the airwaves “live.” 

One other thing to be aware of is ADC 
overload. As we have already described, the 
SDR-IQTM has an internal 20 dB attenuator 
that you can use to prevent overload. The 
HF1 front-end uses a 20 dB preamp that 
provides sufficient sensitivity for reasonable 
size antennas, but has no way to adjust any 
gain settings, and can be overloaded when 
using a large antenna. The Softrock can also 
be overloaded with RF from a large antenna. 
If you have a Yagi at 150 feet or live next 
door to a 50 kW broadcast station, you may 
overload the receiver front-end. For HF1, 
LED8 on the BeMicroSDK indicates ADC 
overload. On the SDR-IQTM front panel, 
the red LED above the clipped sine wave 
icon is the ADC overload indicator. You 
should never see these light up for more 
than an occasional flicker. If they do, you 
must reduce the level of the offending signal. 
Remember, the front-end has a broadband 
frequency response. 

The offending signal could be almost 
anywhere! You can just reduce all signals 
by adding an in-line attenuator (or using 
the SDR-IQTM built-in attenuator), or you 
can selectively remove the culprit with an 
external notch-, low-, or high-pass filter if 
you can identify it. The Softrock does have 
four internally switched low-pass filters, but 
unfortunately it has no overload indicator. 
Overload indications are distortion in the 
audio accompanied by a general rise in 
the noise floor (as seen on the panadapter 
display) and/or appearance of many spurious 
signals across the viewable spectrum. 

If you get stuck and just can’t make your 
receiver work, there is help available. For the 
HF1 receiver, the SDRstick Yahoo group has 
about 250 members and is a friendly group.8 
For the SDR-IQTM, the SDR-IQ group is 
your resource.9 The Softrock Yahoo group 
is named Softrock-40 after the first radio 
in the series.10 Just ask a question on any of 
these forums and you will very likely get 
help quickly. 

Next Installment: Interesting SDR 
Applications

Now that we have a working SDR, what 
can we use it for? Get ready to do some 
broadcast-band DXing, where you can 
see the signals, listen to digital shortwave 
broadcasts or copy one of the new digital 
modes.
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Scotty Cowling, WA2DFI, was first 
licensed in 1967 as WN2DFI, and has been 
continuously active since that time. An Extra 
Class licensee and ARRL Life Member, Scotty 
is active while mobile on HF CW and on 
APRS. He is an advisor for Explorer Post 
599, a BSA affiliated ham club for teens in 
the Phoenix, Arizona area.  He also enjoys 
minimalist QRP operating. He has participated 
in every ARRL Field Day since 1968!

Scotty has been involved in the openHPSDR 
project for the last 8 years, and has served 
on the TAPR Board of Directors (2006-2012) 
and as TAPR Vice President (2011-2012). He 
is active in the production of openHPSDR 
components and with other TAPR projects. He 
is a co-founder of iQuadLabs, LLC, a supplier 
of openHPSDR systems and other Software 
Defined Radio components, and is President 
of Zephyr Engineering, Inc, an engineering 
consulting firm.

Scotty’s professional specialty is FPGA 
and embedded systems hardware design. He 
designed his first project with a microprocessor 
in 1975 and his first FPGA project was in 
1987. He holds a BSEE from Rensselaer 
Polytechnic Institute and an MSEE from 
Arizona State University.

Notes
1BeMicroSDK and UDPSDR-HF1 are avail-

able for $243 from either iQuadLabs (www.
iQuadLabs.com) or Arrow Electronics 
(www.arrow.com). 

2Scotty Cowling, WA2DFI, “Hardware Building 
Blocks for High Performance SDRs”, QEX, 
Jul/Aug 2014, pp 28-40. 

3SDR-IQTM receivers are available for $525 
from RFSPACE, Inc. www.rfspace.com/
RFSPACE/SDR-IQ. 

4Softrock RX Ensemble II kits are available 
for $67 from Five Dash Inc www.fivedash.
com/index.php?main_page=product_
info&cPath=1&products_id=7. Assembled 
boards are available for $92 and metal 
enclosures for $20. 

5The HF1 User’s Manual can be downloaded 
at www.sdrstick.com/manuals/UDPSDR_
HF1_users_manual_V1_1.pdf. 

6The power connector for the HF1 is a 
2.35 mm × 0.7 mm barrel, CUI part number 
PP-012, DigiKey CP-012-ND. 

7Softrock RX Ensemble II information is 
available at these links: www.wb5rvz.org/
ensemble_rx_ii/index?projectId=16.

www.wb5rvz.org/common/softwareinstal-
lation. 

8The SDRstick Yahoo group is at: www.
groups.yahoo.com/groups/sdrstick. 

9The SDR-IQ Yahoo group is at: www.
groups.yahoo.com/groups/SDR-IQ.

10The Softrock Yahoo group is at: www.
groups.yahoo.com/groups/softrock40.
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An Automated Method for Measuring Quartz 
Crystals (Nov/Dec 2013)
Hi Larry,

Readers may like to note that in the article “An Automated 
Method for Measuring Quartz Crystals” by Richard J. Harris, 
G3OTK, QEX Nov/Dec 2013 pp 3-8, an exact formula can in fact be 
written for Ch. The formidable looking expressions in the text hide 
the fact that the algebra contains numerous cancellations. Using the 
valid approximation:
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1 2 1n nf f
f f

   
− ≈ −   

   
 we can derive:

 

 
[Eq 1]

where:

 
                                                                                                    [Eq 2]

(n = 1, 2) are the series capacitances as given in the text. Similar to 
Equation 12 in the text, which can be rewritten as Equation 3:
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we can also easily show that:

 
                                                                                                   [Eq 4]

Note that in the limit Cosc going to infinity then    and we 
recover the familiar Equation 2 from the August 2007 QST Technical 
Correspondence letter by Jack Smith, K8ZOA, “Measuring Motional 
Parameters of a Quartz Crystal,” but it is not identical to it:1
 
                                                                                                    [Eq 5]

From the above results we can also obtain Equation 6:

 
                                                                                                    [Eq 6]

This approximation is good for Cm << (Ch + Cosc), which in the limit 
of Cosc going to infinity is identical with Equation 2 from Jack Smith’s 
Technical Correspondence:
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Using values from Figure 1 of Jack Smith’s Technical 
Correspondence, we find a discrepancy of just under 7% too low 
from the formula of Equation 6, in agreement with Jack’s remarks 
of a – 5% further discrepancy in his Equation 2 from vector network 
analyzer measurements. Unfortunately no simple fudge factor for-
mula as he suggested for a capacitance can be added to Cn in 
Equation 7 to obtain agreement with Equation 6. Using my Equation 
6, we can also derive a simpler formula for Ch than my Equation 1:

 
                                                                                                   [Eq 8]

In view of the simpler formulas given in Equations 6 and 8, which 
can easily be coded into a program or spreadsheet, they can be 
used for finding Ch and Cm with an accuracy of at least 2%, without 
having to perform a numerical solution.

Note that all the formulas are subject to 1 / Q 2 corrections (See 
the QEX Letters to the Editor by Alan, Bloom N1AL.2), which are 
insignificant for high Q HF crystals but may be important for VHF 
and higher frequency overtone crystals. This is a subject recently 
investigated further by Jim Koehler, VE5FP.3

— 73, Tuck Choy, MØTCC; m0tcc@arrl.net

Hi Larry,

I must congratulate Tuck, MØTCC, for deriving an equation for the 
holder capacitance of crystals. I had tried to derive such a formula 
myself but gave up when I realized that I could achieve the same 
result using a numerical method. I have used Tuck’s formula 
(Equation 1) with data that I measured and I can confirm that it 
yields the same values for holder capacitance within ± 0.1 pF. Such 
small differences may well be due to measurement uncertainty. 

In my article I mentioned that I had not read of a method of auto-
matically measuring the motional parameters and holder capaci-
tance of crystals. I have subsequently learned of another method 
that was described by Jim Koehler, VE5FP, in an article entitled 
“Some Thoughts on Crystal Parameter Measurement,” and which 
was published in the July/August 2008 edition of QEX, as noted by 
Tuck. (See Note 3.)

—73, Richard Harris, G3OTK, 10 South St, South Petherton, 
Somerset TA13 5AD, United Kingdom; r.j.harris.g3otk@gmail.
com

Notes
1Jack Smith, K8ZOA, “Measuring Motional Parameters of a Quartz Crys-

tal (Technical Correspondence),” QST Aug 2007, pp 74-75. A straight-
forward derivation in a Colpitts oscillator configuration is also given by 
Andrew Smith, G4OEP on his website: http://g4oep.atspace.com/
crystal%20parameters/deriving_g3uur.htm but the Colpitts oscil-
lator configuration with Cosc assumed infinite is in fact not necessary 
for its derivation. 

2Alan Bloom, N1AL, “Letters to the Editor,” QEX Sep/Oct 2008, pp 41-42 
and QEX Jan/Feb 2010, pp 37-38.

3Jim Koehler, VE5FP, “The Shunt Method for Crystal Parameter Mea-
surement,” QEX Jul/Aug 2010, pp 16-25. Jim performed a quite thor-
ough analysis of the discrepancies in various formulas for overtone 
crystals.
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From the above results we can also obtain Equation 6: 
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This approximation is good for  m h oscC C C , which in the limit of Cosc going to infinity 

is identical with Equation 2 from Jack Smith’s Technical Correspondence:  
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Using values from Figure 1 of Jack Smith’s Technical Correspondence, we find a 

discrepancy of just under 7% too low from the formula of Equation 6, in agreement with Jack’s 

remarks of a – 5% further discrepancy in his Equation 2 from vector network analyzer 

measurements. Unfortunately no simple fudge factor formula as he suggested for a capacitance 

can be added to Cn in Equation 7 to obtain agreement with Equation 6. Using my Equation 6, we 

can also derive a simpler formula for    than my Equation 1: 
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In view of the simpler formulas given in Equations 6 and 8, which can easily be coded into a 

program or spreadsheet, they can be used for finding Ch and Cm with an accuracy of at least 2%, 

without having to perform a numerical solution. 

Note that all the formulas are subject to 1 / Q2 corrections (See the QEX Letters to the Editor 

by Alan, Bloom N1AL.2), which are insignificant for high Q HF crystals but may be important 

for VHF and higher frequency overtone crystals. This is a subject recently investigated further by 

Jim Koehler, VE5FP.3 

— 73, Tuck Choy, MØTCC; m0tcc@arrl.net. 

Hi Larry, 

I must congratulate Tuck, MØTCC, for deriving an equation for the holder capacitance of 

crystals. I had tried to derive such a formula myself but gave up when I realized that I could 

achieve the same result using a numerical method. I have used Tuck’s formula (Equation 1) with 
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AMSAT Symposium

October 10-12, 2014
Double Tree by Hilton Baltimore — 

BWI Airport 
890 Elkridge Landing Rd 

Linthicum, MD 21090
Hotel Reservation Phone:

410-859-8400

The 2014 AMSAT Symposium and General 
Membership Meeting will be held in the Baltimore/
Washington DC area, at the Double Tree by Hilton 
Baltimore — BWI Airport, on the weekend of 
October 10-12 2014. 

Whether you are a seasoned satellite operator 
or think you might like to give it a try, the 
Symposium will have plenty of presentations 
of interest. Catch up on the latest news about 
AMSAT’s various satellite projects as well as 
presentations about equipment and operating 
practices. The Call For Papers has not been posted 
to the AMSAT website at the time this column was 
being prepared, but now is the time to start thinking 
about any paper you might be interested in writing, 
for presentation at the Symposium, or for inclusion 
in the Proceedings book.

Check the AMSAT website (ww3.amsat.
org) for updated information. Mark those dates 
on your calendar now, and plan to attend. 

Microwave Update

October 24-25, 2014
Rochester Marriott Airport

1890 Ridge Road West
Rochester, NY 14615

Hotel Reservation Phone: 585-248-
8640 or 800-228-9290

The Rochester VHF Group (RVHFG) 
is hosting MUD 2014 at the Rochester 
Marriott Airport Hotel. Microwave Update is 
an annual technical conference and includes 
presentations by leading Amateur Radio 
microwave experimenters. Attendees from all 
over the world have the opportunity to discuss 
the latest technical developments and operating 
achievements taking place in the 902 MHz-and-
up amateur radio frequencies. There will be test 
equipment for measurements, including noise 
figure up to 47 GHz.  

The conference will conclude with the 
Saturday evening dinner banquet.  For early 
arrivals on Thursday, there will be a tour at the 
nearby Antique Wireless Association (AWA) 
Museum.

Microwave Update 2014 
— Call For Papers

The Microwave Update 2014 program 
committee is calling for papers and presentations 
on the technical and operational aspects of 
microwave Amateur Radio communications. 
Papers will be published in the conference 
proceedings (print and CD). Many will also be 
selected for presentation at the conference. 

The deadline for proceedings paper 
submissions is August 15, 2014. The Microsoft 
Word file format (text) is preferred for these 
papers. The deadline for the presentation 

Upcoming Conferences
version of selected papers is September 1, 
2014; Microsoft PowerPoint (slides) file format 
is preferred for presentations.

Even if you will be doing a presentation 
at the conference, please try to make your 
proceedings paper submission more than just 
the outline slides from the presentation. We 
would like the published proceedings to provide 
full content for people who are not able to attend 
the conference presentations.

Detailed formatting information for authors 
(margins, photos, other files) is provided on 
the website.

Please e-mail your papers, as well as 
questions or comments regarding the technical 
program, to Bill Rogers K2TER: k2ter@
rochester.rr.com.

Solicited topic areas include:
•  Centimeter, millimeter, submillimeter and 

light wavelengths.
•  Antenna design, simulation, construction, 

measurement, application.
•  Microwave building blocks (LNAs, PAs, LO 

chains, Mixers, Synthesizers, Filters, and so on).
•  Transverters (single and multiband).
•  Fixed station, Rover and Beacon design, 

packaging and operation.
•  Operating techniques, software and other 

aids.
•  Weak signal propagation modes and 

enhancements.
•  New or unusual emission modes (ATV, 

digital modulation, wide area packet networks, 
and similar topics).

•  Practical effects and limits of phase noise, 
antennas, path characteristics on various 
emission modes.

•  Microwave components (affordable and 
available modern commercial components; 
homebrewed; surplus).

•  Repeaters (microwave bands and/or 
unusual modes like ATV, packet WAN).

•  Construction techniques (SMT, wirebond, 
microstrip, waveguide, substrates, homebrew).

•  Measurement equipment and techniques 
(tuning amplifiers or filters, optimizing noise 
figure, measuring phase noise, antenna 
patterns and gain; professional results on 
homebrew/shoestring budgets).

•  CAD (preferably free or low cost) for 
circuit, antenna, path and system simulation 
and design.

•  Conversion of surplus microwave 
equipment.

•  Or — suggest your own topics.
Submissions may range from short notes to 

full length technical papers, original research 
to hints and tips, new designs to surplus 
conversions, professionally engineered to 
hacked on a shoestring budget.

Survey papers that summarize current 
know-how and tutorials that help and encourage 
newcomers are also welcome.  Some topics 
may be organized and presented as workshops 
(for example, construction and measurement 
techniques).

We are looking forward to seeing you and 
your presentation at MUD 2014.

Bill Rogers K2TER: k2ter@rochester.
rr.com.

MUD 2014 Technical Program Chairman
For further details and registration, go to 

the Microwave Update 2014 website www.
microwaveupdate.org. 
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Array Solutions Your Source for Outstanding Radio Products

Sunnyvale, Texas USA
Phone 214-954-7140 
sales@arraysolutions.com
Fax 214-954-7142

Array Solutions’ products are in use at top DX and Contest stations worldwide as well as commercial and governmental installations. 
We provide RF solutions to the DoD, FEMA, Emcomm, UN, WFO, FAA and the State Dept. for products and installation of antennas 
systems, antenna selection, filtering, switching and grounding. We also offer RF engineering and PE consulting services.

www.arraysolutions.com

AN Wireless and Array Solutions – 
Back Together Again

Taking Amateur Radio to New Heights
Free standing towers to 180 feet and complete 
antenna systems!
Packages Include:
■ PE Stamped certifi cations for your state 
■ Tower, Tower base and accessories
■ Rotators, plates, thrust bearings, certifi ed masts
■ Lightning arrestors and grounding products
■ Antennas, baluns 
■ Antenna switches and phasing systems
■ Professional delivery at discounted prices
Call us to discuss your needs and we can engineer an economical, safe, and 
effective system for you.

Professional Grade Equipment from Array Solutions
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TA P R 
PO BOX 852754 • Richardson, Texas • 75085-2754 
Office: (972) 671-8277 • e-mail: taproffice@tapr.org 
Internet: www.tapr.org • Non-Profit Research and Development Corporation 

TAPR is proud to support the HPSDR project. TAPR offers 
five HPSDR kits and three fully assembled HPSDR boards. The 
assembled boards use SMT and are manufactured in quantity 
by machine. They are individually tested by TAPR volunteers to 
keep costs as low as possible. A completely assembled and 
tested board from TAPR costs about the same as what a kit of 
parts and a bare board would cost in single unit quantities. 

HPSDR is an open source hardware and software project intended to be a "next 
generation" Software Defined Radio (SDR). It is being designed and developed by 
a group of enthusiasts with representation from interested experimenters 
worldwide. The group hosts a web page, e-mail reflector, and a comprehensive 
Wiki. Visit www.openhpsdr.org for more information. 

TAPR is a non-profit amateur radio organization that develops new communications technology, provides useful/affordable 
hardware, and promotes the advancement of the amateur art through publications, meetings, and standards. Membership 
includes an e-subscription to the TAPR Packet Status Register quarterly newsletter, which provides up-to-date news and user/
technical information. Annual membership costs $25 worldwide. Visit www.tapr.org for more information. 

+ 

• ATLAS Backplane kit 
• LPU Power supply kit 
• MAGISTER USB 2.0 interface 
• JANUS A/D - D/A converter 
• MERCURY Direct sampling receiver 
• PENNYWHISTLE 20W HF/6M PA kit 
• EXCALIBUR Frequency reference kit 
• PANDORA HPSDR enclosure 

PENNYWHISTLE 
20W HF/6M POWER AMPLIFIER KIT 

NEW! 

HPSDR Kits 
and Boards 

™



Projects:
■  Random Code Practice Generator
■  CW Beacon and Foxhunt Keyer
■  Fan Speed Controller
■  Digital Compass
■  Weather Station
■  RF Probe with LED Bar Graph
■  Solar Battery Charge Monitor
■  On-Air Indicator
■  Talking GPS/UTC Time/Grid Square

■  Iambic Keyer
■  Waveform Generator
■  PS/2 CW keyboard
■  Field Dat Satellite Tracker
■  Azimuth/Elevation Rotator Controller
■  CW Decoder
■  Lightning Detector
■  CDE/Hy-Gain Rotator Controllers

SHOP DIRECT or call for a dealer near you.
ONLINE WWW.ARRL.ORG/SHOP    
ORDER TOLL-FREE 888/277-5289 (US)

ARRL The national association for

AMATEUR RADIO®

225 Main Street, Newington, CT 06111-1494  USA

*Shipping and Handling charges apply. Sales Tax is required for all orders shipped to CT, VA, and Canada. Prices and product availability are subject to change without notice.
QEX 9/2014

Arduino for Ham Radio
ARRL Order No. 0161 

Special Member Price! Only $29.95* (retail $34.95)

Order Online www.arrl.org/shop
Call Toll-Free 1-888-277-5289 (US)

The Arduino has become widely popular among 
hobbyists and ham radio operators. Hams are 
exploring these powerful, inexpensive microcontrollers, 
creating new projects and amateur station gear. With 
its Open Source model, the Arduino community freely 
shares software and hardware designs, making 
projects easier to build and modify.

Arduino for Ham Radio introduces you to the 
exciting world of microcontrollers and Open Source 
hardware and software. It starts by building a solid 
foundation through descriptions of various Arduino 
boards and add-on components, followed by a 
collection of ham radio-related practical projects. 
Beginning with simple designs and concepts and 
gradually increasing in complexity and functionality, 
there is something here for everyone. Projects can 
be built quickly and used as-is, or they can be 
expanded and enhanced with your own 
personal touches.
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