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$139
Free Shipping

“I founded Saelig in 1988 to search the 
world for unique electronic control 
components and test & measurement 
equipment, including: economical 
oscilloscopes, PC and RF spectrum 
analyzers, USB and logic analyzers, 
AWGs, pure RF sources, DMMs, 

dataloggers, SPI/I2C controllers, high-reliability industrial and panel PCs, 
EMI enclosures, USB serial converter cables and lots more.  ‘Saelig’ is an 
Olde English word meaning ‘happy, prosperous, and blessed’.    
That is what we wish for our customers!”

What makes Saelig different?  Take a look at our website’s 
‘Values’ statement - www.saelig.com/values.htm 

$379
Free Shipping

IkaScope WS200
30MHz Wireless Oscilloscope

WiFi-connected 30MHz scope-in-a-

probe for isolated measurements 

on tablets, smartphones and PCs. 

200MSa/s sampling rate, maximum 

input +/-40Vpp. Turns on when 

probe touches circuit. Weighs 2 oz. 

For  Windows, Mac, Linux.  
Starting at

$199
Free Shipping

GPS Series 
Linear DC Power Supplies

High quality linear DC power 

supplies with digital display meter 

and remote control.  Low ripple/

noise, overload and reverse polarity 

protection. 18V/5A to 30V/3A 

versions. Features constant voltage 

and constant current operation.

DS 1054Z
50MHz 4-Channel Oscilloscope

High quality 4-channel 50MHz 

Oscilloscope. 1GSa/s + 30,000 wfms/s.  

Innovative technology hits a new price 

point for reliable four-channel scopes. 

12 Mpt memory for zooming on fast 

glitches. Large 7” TFT color display is 

very easy to read.  FREE carry bag!$399
Free Shipping

CircuitGear Mini 
CGM-101 Oscilloscope

Combination oscilloscope/waveform 

generator/digital I-O in one small, low 

cost unit. 2MSa/s dual channel, 200 kHz  

11-bit oscilloscope, DDS AWG, 8-ch I/O. 

USB powered, no AC adaptor required. 

Open source software for Windows, 

Linux and Mac. $99.95
Free Shipping

SDS 1202X-E
200MHz 2 Ch Oscilloscope

Excellent 200MHz Oscilloscope. 

1GSa/s + 100,000wfms/s. 14Mpt 

memory for zooming on fast 

glitches.  Very low-noise front-end. 

Common adjustments quickly 

accessible with single-button 

control. Free serial decoders!$379
Free Shipping

Pico2204A
10MHz 2-Ch Oscilloscope

Passport-sized 2-ch PC-based 

scope. Compact alternative 

to benchtop instruments.  

100MSa/s in your laptop bag, 

traveling toolkit, or for demos.  

Built-in AWG, serial decoders & 

two X1/X10 passive probes. $329
Free Shipping

CTR-201
PC-Hosted Curve Tracer

Compact portable design. True 

voltage and current source drive 

plots diode/transistor/resistor 

characteristics up to 30V/1A. Pulsed 

test minimizes power dissipation. 

Auto-scaling. Open source software 

for Windows, Linux and Mac.

Alan Lowne, CEO
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26 Basic Biological
Signal Monitoring
with a Translational
Reality Twist
Build this inexpensive Arduino
based heart rate monitor that you
can use as an experimental platform to understand the
basics of biological monitoring.  As a bonus, also learn
how to use a translational reality interface to create an
Orwellian PID controller.
■ By Bryan Bergeron
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All the acronyms in this final quiz of 2017 are related to
electronics in some way. They are typical, but variations
can also be found, so don’t get overconfident on the easy
ones! 
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Aperson’s preferred
microcontroller/microprocessor

board says a lot about them. Here’s
my take on some common
MPU/MCU boards, and what they
say about their owners — based on
purely objective scientific evidence,
of course.

PIC
PIC users are old school. They’re

at home with the microcontroller
world, and don’t suffer from the
“grass is greener over there”
syndrome. They’re conservative in
their outlook, and don’t need to fix
something that’s not broken. PIC
users often pride themselves on
being able to solve problems others
see as impossible with a relatively
limited processor.

Arduino
Arduino users are solution-

oriented and care relatively little
about the process. They’re quick to
get to the fix and then move on.
They rarely document their work,
simply because they’re too busy
solving problems with the popular
microcontroller. Arduino users also
tend to collect shields — dozens of
them — just in case they might need
one in the future.

Raspberry Pi
Raspberry Pi users are often

converted Arduino users, attracted by
the power and flexibility of the
platform. They’re happy to give up
the certainty of the Arduino IDE
(integrated development
environment) for the wild ride of a
more powerful platform. RaspPi users
pay little attention to standard
practices in the microcontroller

world. They march on with a
certainty that they can tackle any
problem thrown at them.

Parallax Propeller
Propeller users think out of the

box. They’re not afraid to invest time
and money on seemingly wild
schemes, all in the name of
experimentation. Often, they’re
simply bored with the standard
architectures and long for the
excitement of multiple cogs running
virtually in parallel.

BASIC Stamp
BASIC Stamp users (over the age

of 12) seek security and safety. They
don’t care about speed of execution
or the latest features on competing
brands. They know what they like
and it’s the Stamp. They’re at home
with BASIC as a language, and don’t
feel intimidated by developers who
program in C or C++. Given a
choice, they’d hang out with PIC
users, but avoid the rest.

BeagleBone
BeagleBone users are

consummate first adopters. They
want and need to have the latest and
greatest technology available. They
tend to value speed of execution
over all else — even if it means more
work on their part.

There are, of course, many more
MCU/MPU boards on the market. I
welcome your take what a person’s
preferred board says about them,
even if you don’t have “hard
evidence” to back up your findings.
NV
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Do You Know Your Acronyms?
All these acronyms are
related to electronics in some
way. They are typical, but
variations can also be found.
Don’t get overconfident with
the easy ones, you might
have trouble with BNC. 
Good luck! 

1 2

■ Presented by David Goodsell

Scoring: Novice 1-7, Good 8-24, Expert 25-28. The correct answers can be found on page 45.

SMD
S _ _ _ _ _ E 
M _ _ _ _ _ D 
D _ _ _ _ E

XOR
(logic)
E _ _ _ _ _ _ _ E 
O _ 

DIP
D_ _ L
I_-_ _ _ E
P_ _ _ _ _ E

I2C
I _ _ _ R-
I _ _ _ _ _ _ _ _ D
C _ _ _ _ _ T

ARRL
A _ _ _ _ _ _ N 
R _ _ _ O
R _ _ _ Y 
LEAGUE

LiPo
(battery)
L _ _ _ _ _ M
- ION
P _ _ _ _ _ R

VTVM
V _ _ _ _ M
T _ _ E
V _ _ _ _ _ _ _ R

pF
P _ _ O
F _ _ _ D

PWM
P _ _ _ E
W _ _ _ H
M _ _ _ _ _ _ _ _ N

RPN
(calculator)
R _ _ _ _ _ E 
P _ _ _ _ H
N _ _ _ _ _ _ N

USB
U _ _ _ _ _ _ _ L 
S _ _ _ _ L
B _ _ 

FET
(component) 
F_ _ _ D
E _ _ _ _ T
T_ _ _ _ _ _ _ _ R

RMS
R _ _ T
M _ _ N
S _ _ _ _ E

CAD
C _ _ _ _ _ _ R-
A _ _ _ D
D _ _ _ _ N

N.C.
(switch)
N _ _ _ _ _ _ Y 
C _ _ _ _ D 

DAC
(component) 
D _ _ _ _ _ L 
TO  A _ _ _ _ G 
C _ _ _ _ _ _ _ R

GIGO
G _ _ _ _ _ E 
I _ 
G _ _ _ _ _ E 
O _ _ 

RAM
R _ _ _ _ M
A _ _ _ _ S
M _ _ _ _ Y

RISC
R _ _ _ _ _ D
I _ _ _ _ _ _ _ _ _ N
SET
C _ _ _ _ _ _ R

CRT
C _ _ _ _ _ E
R _  Y
T _ _ E

UHF
U _ _ _ A
H _ _ H
F _ _ _ _ _ _ _ Y

PDA
P _ _ _ _ _ _ L 
D _ _ _ _ _ L 
A _ _ _ _ _ _ _ T

BNC
B _ _ _ _ _ T
N _ _ _ L-
C _ _ _ _ _ _ _ N

LCD
L _ _ _ _ D 
C _ _ _ _ _ L 
D _ _ _ _ _ Y

MIDI
M _ _ _ _ _ L
I _ _ _ _ _ _ _ _ T
D _ _ _ _ _ L
I _ _ _ _ _ _ _ E 

RTC
(component)
R _ _ L
T _ _ E
C_ _ _ K

GUI
G _ _ _ _ _ _ _ L
U _ _ R
I _ _ _ _ _ _ _ E 

DPDT
D _ _ _ _ E
P _ _ E
D _ _ _ _ E
T _ _ _ W

1098765

282726252423

222120191817

161514131211

43
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Keep the Ham Stuff
Comin’

I have enjoyed Nuts & Volts for
quite a long time — if the width of the
shelf space occupied by my back issues
is any indication. I just wanted to write
to say I’m glad to see ham-related
articles showing up regularly. 

Ham radio was something that
intrigued me, but I never got into it. I
hope to do so, and the articles are
great motivators besides being
informative. I am especially keen to try
my hand at QRP. I will be relocating
shortly and plan to get started in
earnest in the new home. 

Also tubes! Love ’em; love to read
about them; and again, hoping to get
back into tube projects soon. Maybe a
new bass amp, or maybe refurbishing a
couple of old radios that decorate our
family room. 

There’s nothing like accidentally
touching a fingertip to the plate
connection of an output tube to
remind you that you aren’t in solid-state
land any more. Please keep up the
great work.

Keith Ujvary
Gibsons, BC 

Living by the Four Rs
I have been an avid fan for your

publication, Nuts & Volts — in a word
outstanding!

I wanted to praise Bryan
Bergeron’s editorial on "Conspiracy
Theory" — I couldn't agree more!

I live by the four Rs: Reuse,
Repurpose, Repair, and Recycle.

It's sheer joy to find items that folks
think are “broken” and bring them back
to an “as good as” or better condition.
Like Bergeron pointed out, the repairs
are mostly on the simple side: a broken

switch; frayed belt; or sometimes just a
little cleaning is needed.

However, on one hands we're
saving resources, helping the planet,
etc., but in this ever-changing world,
this way of thinking is bad (less profits).

For example, is it better to restore
a broken vacuum cleaner that may just

need a new switch, or should it be
trashed so a new vacuum would need
to be purchased? It’s the Great
Dilemma!

In any event, living the Rs way of
life has been most rewarding and keeps
life interesting!

Lee Gernes

READER FEEDBACK

December 2017 7

Be sure and check out our
2-For-1 Holiday offer on
one year subscriptions to
Nuts & Volts. Go to page
39 for details!
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In this column, Kristen answers questions about all aspects of electronics, including 

computer hardware, software, circuits, electronic theory, troubleshooting, and anything 

else of interest to the hobbyist. Feel free to participate with your questions, comments, or 

suggestions. Send all questions and comments to: Q&A@nutsvolts.com.

■ WITH KRISTEN A. McINTYRE

Relay Remote Control

QI have a Struthers-Dunn (Magnecraft) 120V AC 
relay that I would like to manage with a remote 
control. I see remotes at Home Depot (Defi ant 
indoor/outdoor). What kind of snubber circuit 

would I need to use to not blow up the remote with the 
kickback from the relay? Or, do these remotes have a 
zero-crossing circuit that would eliminate the need for a 
snubber? Or, maybe there’s a simpler way to remotely turn 
on and off a 240V water pump in a fountain.

Andy Eby
Parker, CO

AIt’s hard to say exactly what the control circuit 
in the Home Depot remote unit looks like 
without a schematic. I’m going to guess that 
it’s like many so-called solid-state relays and 

uses back-to-back thyristors, commonly called a triac. The 
Defi ant controller that I found online is rated at 13 amps. 
It would be important to check the coil VA rating for the 
Struthers-Dunn relay to be sure that the controller is fi ne 
with that much current.

Let me explain how to calculate that, but fi rst let’s look 
at some principles to understand.

Since the relay coil is very much like a transformer 
primary, it will appear to be inductive. The relay contacts 
are not in motion once they’ve settled into place. So, from 
a physics perspective, there is no work being done. Work 
is a specifi c concept in physics, and in the mechanical case 
it’s defi ned as  F • d, or force times (actually, a vector dot 
product) distance.

Work is equivalent to energy, by the work-energy 
principle. Power is energy per unit time. There shouldn’t 
be any power dissipated because no work is being done. 
You would think that the power — and thus the current — 
would be zero, but not exactly. If you look at it over each 
AC cycle, the net power is zero, but energy moves from 
the supply into the magnetic fi eld and back again. It’s that 
peak current when it’s moving back and forth that has to 
be calculated.

It’s worth mentioning that wire isn’t perfect, and so 
there will be power dissipated by the wire as heat. In the 
AC relay case, however, the dominant thing is the energy 
moving back and forth.

This isn’t really power because work is not being done; 
thus, the unit used is VA, as opposed to watts. VA is a 
voltage and amperage product, and represents a notion 
of imaginary or reactive power. It’s called that because of 
the complex number representation of the voltage-current 
product. It’s typically a root mean squared, or RMS value. 
This means that the peak is the RMS value multiplied by 
√2; roughly 1.414.

If the relay is rated for 120V, dividing the VA rating of 
the coil by 120 will give you the RMS current. The peak 
current is roughly that value multiplied by 1.414. If the 
controller can handle that much current, it should be fi ne. 
See Figure 1 for the equation.

As to the inductive kick, the thyristors should be 
alright, but again I can’t be sure without knowing the 
device. Often, these things are used to control motors 
which have very similar inductive characteristics to a relay 
coil. Most thyristors/triacs are very tough devices with 
high voltage ratings. It looks like those Defi ant devices are 
pretty cheap. So, if it dies, you won’t be out too much 
money.

• Relay Remote Control
• Boombox Revival
• A Big LED on a Pi

Q & A

■ FIGURE 1. Equation for AC relay peak current.
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Boombox Revival

QI have a great sounding old “boombox” that 
runs on eight D cell batteries. I would like to 
convert it to run on a rechargeable system like 
LiPo. Do you have a schematic for doing this?

Dale D. Thomas
South Boston

AFirst, we’ll start with calculating the required 
voltage. Then, we’ll see if we can find a suitable 
LiPo voltage. With eight D cells at 1.5V each, 
the nominal supply voltage is 12V (8 x 1.5V). 

That’s a convenient voltage for lead-acid batteries, but not 
so much for other chemistries.

Let’s look at the LiPo battery side of the equation. 
While the voltages vary a bit 
with construction techniques and 
charge state, the nominal voltage 
for this chemistry is about 3.7V. 
This doesn’t divide nicely (12 / 
3.7 = 3.25). However, I think your 
boombox might be okay with the 
voltage being a bit low. This may 
require a little experimentation.

I think three cells in series 
for a total of 11.1V would be 
the first thing to try. There are a 
number of options for the cell 
type and form-factor. Amazon 
has a large selection of LiPo cells 
in different capacities. D cell 
capacity is actually quite large; 
approximately 20,000 mAh. I 
doubt that equivalent capacity 
is needed to still get reasonable 
life — particularly since lithium 
batteries have very stable voltage 
throughout their discharge. Probably 5,000 mAh will be 
adequate to allow for peak current and reasonable running 
time. Amazon and other retailers have such cells available.

That is the easy part, though. The real problem will be 
finding a proper charging circuit or pre-assembled charger 
for this configuration of cells. It’s possible to build a single-
cell charger using parts like the Microchip MCP73833.

There are nice boards for not much money, though, 
that already use this device with a USB port to implement 
a single-cell charger. A great example is the Adafruit USB 
LiIon/LiPoly charger v1.2. Making this work as a multi-cell 
charger requires some work.

The Adafruit website has a nice tutorial on making 

a multi-cell charger using their board. You can find it 
at https://learn.adafruit.com/multi-cell-lipo-charging/
overview. I think they explain it in more detail than I could 
easily cover here, but the key concept is switching the 
batteries out of the boombox circuit and reconfiguring 
them from series to parallel for charging.

A somewhat more radical configuration change would 
be separating all of the cells and routing their connections 
to three individual chargers. This gives the fastest charge 
time and best balance charge, ensuring that each cell is 
optimally charged for longest life.

The tutorial shows two cells, but this could easily be 
extended to three. The switching can be done with relays, 
where the relay coils are powered from the USB charging 
power. Figure 2 shows a reproduction of the balanced 
charging approach from the Adafruit site.

I did find one other balance charger that might work. 
It supports two to three cells and has balance charging 
connections. You can find it at Trossen Robotics at www.
trossenrobotics.com/p/mini-balance-charger.aspx.

The specs would have to be examined carefully to 
see how the balancing connections should be made. The 
picture seems to indicate that the cells might not have to 
be reconfigured, with the balancing connections being 
made where the cells connect to each other in series. That 
would need to be carefully checked, though.

What if three cells don’t provide enough voltage for 
this to work? An additional cell could be added in series, 
boosting the voltage to 14.8, but that’s a bit high. Three 

QUESTIONS and ANSWERS
Post comments on this article and find any associated files and/or downloads at

www.nutsvolts.com/magazine/issue/2017/12.

n FIGURE 2. Balance lithium chemistry charger (CC BY-SA 3.0 license, Bill Earl 
author, adafruit.com, unmodified).
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diodes in series would reduce the voltage enough to be 
close to 12 at ~13V. Each diode is a drop of approximately 
0.6V for a total of a 1.8V reduction. A bit of power would 
be wasted in doing this.

Of course, with another cell, the charging problem 
is more complicated. I’d give it a try at three first and see 
what happens.

A Big LED on a Pi

QI worked my way through a Raspberry Pi / 
Python demo on blinking an LED. Now, I’d like 
to control a 3W LED. Is there a simple way to 
do this?

Latrice Griffin
Minneapolis, MN

AA 3W LED requires some current. Let’s see how 
much.

LED voltage drops are usually around 
3.4V. We’ll use the Ohm’s Law equation for 

power to solve for the current. Since P = V x I, we can 
rearrange this equation to say P/V = I. The result is 3 / 
3.4V, or approximately 880 mA. That’s much more than 
a Raspberry Pi can supply. That means we need a simple 
current amplifier.

We’ve talked about circuits like this before in this 
column, and they’re pretty simple to make with a single 

transistor. We just have to make sure that the transistor 
we use can handle the current we need (which is close 
to 1A) and has enough gain. We also need to choose an 
appropriate current-limiting resistor since we’ll be running 
the transistor into saturation, where it acts more like a 
switch than a current source.

I’ll assume we have a 5V power supply available for 
the LED, though the calculations could be revised for a 
different voltage. The circuit is shown in Figure 3. R1 is just 
to limit the base current for the transistor. R2 limits the LED 
current. I’ve chosen a TIP33 as the final transistor. It has a 
maximum collector current of 10A — significantly beyond 
the required 800 mA. The datasheet indicates that the V

ce
 

at saturation is about 1V max for 3A, so let’s assume a little 
less at around 0.8V. We’ll need approximately 300 mA 
base current to be well into saturation. That’s a problem 
because our Raspberry Pi can’t supply that much current.

We can solve this by using a Darlington configuration: 
one transistor to drive another, multiplying the current 
through each device. We’ll use a 2N2222 to drive the 
TIP33. To make a Darlington turn off effectively, we include 
a resistor to drain charge from the base of the second 
transistor. That is R3. It just needs to allow for a little 
current flow at 0.6V - V

be
. I’ve randomly chosen about 100 

ohms to give a 6 mA drain.
Let’s calculate our current-limiting resistor. If the LED 

has a 3.4V drop, our saturation V
ce

 is 0.8V; that leaves 
about 0.6V for a 5V supply. We want around 800 mA, so 
since V = IR or V/I = R, R = 0.8 / 0.8, or about one ohm. 
If the supply were different, the value would have to be 
recalculated using the new supply voltage.

Lastly, we need to figure out the base resistor, R1. The 
Pi nominally gives us a 3.3V signal when it’s in the high 
state. We probably only need about 10 mA to drive that 
base. The Pi can deliver 16 mA max, so that should be 
adequate.

We have quite a large amount of current multiplication 
(2N2222 at 30 and TIP33 at 15 worst case, so 30 x 15 
= 450). That means 10 mA is good for several amps. To 
get 10 mA from 2.1V (3.3 - 2 x 0.6V), we use V = IR to 
calculate ~210 ohms. Conveniently, the EIA value of 220 is 
pretty close for R1. The values are annotated in Figure 3.

One thing to keep in mind about this circuit is that it is 
inverting, so writing a one to the I/O port for that pin will 
turn the LED off; a zero will turn it on.  NV

n FIGURE 3. Raspberry Pi driver circuit for a 3W LED.

QUESTIONS and ANSWERS
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OPEN COMMUNICATION ■ BY LOU FRENZEL W5LEF

MURS Overview
Like all the other personal radio services, MURS is 

approved and regulated by the Federal Communications 
Commission (FCC). Its intended users are individuals 
and businesses who need to have some type of wireless 
communications service. It won’t replace your smartphone, 
but it will provide a two-way communications capability for 
some special situations.

You can read all the nitty gritty regulatory details in 
the Code of Federal Regulations (CFR) 47, Part 95. You 
can get that online from the FCC at www.fcc.gov. If you’re 
going to use MURS, you should have a copy of this just to 
familiarize yourself with the guidelines (see Part 95 Subpart 
J, 95.1301 through 95.1317, and 95.632 through 95.639).

Some new guidelines are covered in the revised Part 
95 from 95.2700 to 95.2799. It sounds complex and 
legal, but it’s all very short and easy to read. Not bad for a 
government document.

General Usage
You can use MURS for voice or data applications. It 

works like any other two-way voice radios such as those 
used for CB, GMRS, or FRS. It’s a half-duplex service with 
push-to-talk (PTT) convenience. You can also transmit serial 

binary data to link computers, collect and send telemetry 
data, or perform remote control.

Power
Maximum output power for a MURS transmitter is two 

watts. That’s not as much as GMRS permits, but lots more 
than the 0.5 watt of FRS units. This translates to longer 
range and greater reliability.

Frequency of Operation
MURS operation is permitted on fi ve channels. The 

channel designations and approved bandwidths are shown 
in Table 1.

Modulation
These radios will typically be frequency modulation for 

voice or frequency shift keying (FSK) for data. You must use 
narrow band frequency modulation (NBFM) on channels 
1 through 3 with a deviation not to exceed 2.5 kHz. You 
can use a deviation up to 5 kHz on channels 4 and 5. 
According to the regulations, you can also use AM or ASK, 
or even Morse code communications if you know it.

Data Rate
With bandwidth and modulation restrictions, the data 

rate is pretty low. For most industrial applications, the low 
data rate is okay. Depending on the modulation, there is a 
maximum data rate of about 5 kbps.

Range
This depends so much on the environment between 

n my April article on Personal Radio Technologies, I covered three types that 
individuals can use. These are Citizens Band (CB), General Mobile Radio 
Service (GMRS), and Family Radio Service (FRS). However, I forgot one. It 

may even be a better choice for you than any of the others. It’s called MURS 
which stands for Multi-Use Radio Service. Let’s take a look at the details here.

I

Personal Communications 
Services: The MURS Option

Another radio you can use license-free.

Table 1.

Channel Frequency (MHz) Max. Bandwidth (kHz)
1 151.82 11.25

2 151.88 11.25

3 151.94 11.25

4 154.57 20

5 154.60 20

Frenzel - Open Communication - Dec 17.indd   11 10/31/2017   1:44:41 PM
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the transmitting and receiving units, it’s difficult to say for 
sure. Estimates range from a few miles to over 10 miles. 
According to the laws of physics, you get more range at the 
lower frequencies for a given power and receiver sensitivity 
than at the higher frequencies. If you don’t have clear line-
of-sight (LOS) between the transmit and receive antennas, 
the signal will be greatly attenuated or even blocked 
completely. With antennas high and in the clear, the range 
is greatly increased.

Antennas
For MURS, you can use any antenna you want. It 

doesn’t have to be attached to the radio as is the case with 
FRS radios. A typical quarter wave vertical needs to be 
about 19 inches long at the operational frequencies, but 
most handheld antennas are of the helix variety and much 
shorter.

You can use a gain antenna like a collinear or Yagi 
connected remotely. The main restriction is that the 
antenna may not be more than 60 feet off the ground or 
more than 20 feet above any structure it is attached to.

With a gain antenna, the effective radiated power 
(ERP) will be higher than the two watt maximum 
authorized, but the signal will be directional where most of 
the signal will be focused into a beam rather than covering 
a wide azimuth. That’s a good thing.

Usage Areas
You can use MURS anywhere in the US and in most 

of the US island possessions. Some restrictions apply in 
Puerto Rico. Operation from an airplane is prohibited, but 
you can use MURS on any sea vessel.

Equipment
You must use MURS radios that have been built and 

tested to MURS standards. In other words, you cannot 

build your own radios.

Restrictions
A couple of key limitations are that repeaters may not 

be used. In addition, you cannot connect a MURS radio to 
the public switched telephone network.

An Unexpected Internet of Things Option
The Internet of Things (IoT) is a hot topic today. There 

is a massive effort to connect everyone and anything 
wirelessly. The examples are too many to list here, but you 
probably have several items that could be classified as IoT 
like Bluetooth headsets or speakers; personal assistants like 
Amazon Alexa, Google Assistant, Microsoft Cortana, or 
Apple Siri; or a smart watch.

Most of these devices use Wi-Fi or Bluetooth in the 
unlicensed bands of 2.4 to 2.4845 GHz, 5.8 GHz, or 902-
928 MHz. Other radio technologies like IEEE 802.15.4, 
ZigBee, and Z-Wave use these frequencies.

Range is inherently restricted at the higher frequencies 
as described earlier, but low power also restricts range 
to about 30-300 feet. That’s generally a good thing as it 
minimizes interference between devices. If you’re looking 
for longer range, other technologies have emerged. MURS 
is one of them.

One of the most popular longer range IoT technologies 
is called LoRa; it’s a standard and product of Semtech. It 
operates in the 902-928 MHz band, and stated range can 
be several kilometers. MURS beats that.

If you really need long range of multiple miles, MURS 
is certainly worth a look. It’s great for data gathering 
telemetry, or remote monitoring and control of remote 
sites.

Available Products
Two-way handheld radios are widely available online. 

THE LATEST IN NETWORKING AND WIRELESS TECHNOLOGIES
Post comments on this article and find any associated files and/or downloads at

www.nutsvolts.com/magazine/issue/2017/12.

Recent Changes to the Personal Communications Services
In May 2017, the FCC announced some proposed revisions 
to Part 95 that affect the CB, FRS, and GMRS services. 
These are detailed in the FCC documents 17-57, and the 
Notice of Proposed Rulemaking (NPRM) WT Docket 10-119 
that you can get on the FCC website. A quickie summary is 
provided here.

Citizens Band Radio Service (CBRS)
• Changed the name from Citizens Band to Citizens Band 
Radio Service (CBRS).
• Bluetooth or other wireless microphones are now 
approved.
• The 155 mile limit imposed on communications contacts 

is eliminated. This lets CB users on the 27 MHz band 
contact any other station regardless of distance. CB 
owners can now operate more like hams.

Family Radio Service (FRS)
• Eight new channels that are shared with GMRS.
• Power output boosted from 0.5 watts to two watts on the 
new channels.

General Mobile Radio Service (GMRS)
• More assigned channels to be shared with FRS.
• License term extended from five to 10 years.
See the FCC documents mentioned above for details.

Frenzel - Open Communication - Dec 17.indd   12 10/31/2017   1:44:56 PM
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While I have seen FRS and GMRS radios in Walmart, Best 
Buy, and other places, I have not encountered MURS units. 
I’m beginning to think that MURS is a stealth radio service.

If you go online, you will spot dozens of choices from 
manufacturers like Cobra, Motorola, etc.

If you’re looking for data radios, a great source is 
Lemos International. They are resellers of Radiometrix 
wireless modules. This UK manufacturer offers a huge 
range of different data radios.

I had a chance to play around with some of the 
Radiometrix NiM1B modules (see Figure 1). These are 
small, low cost, and easy to use. These would be a great 
option for a long range IoT project.

I used the 154.57 MHz module with NFBM 

modulation and a data rate up to 5 kb/s max. The 
transmit power is 13 dBm, or 20 mW. The receiver 
sensitivity is -120 dBm. This combination with a 
decent antenna should be good for several km.

I also experimented with the Radiometrix QPX1-
154-5-MURS transceiver (refer to the right-hand side 
of Figure 1). The unit will put out a full two watts, 

and the receiver sensitivity is -118 dBm. The transceiver 
uses the 154.57 or 154.6 MHz channels, but the unit may 
be reprogrammed to any frequency in the 135 to 175 
MHz range. The I/O is standard RS-232 with a typical data 
rate of 1200 baud (bps, in this case). I didn’t test for range, 
but it should be impressive.

If you’re looking for a MURS data radio, go to the 
Lemos website (www.lemosint.com) and take a look. 
There’s a lot to choose from. Prices are right and the tech 
support is excellent.

When you need another communications alternative, 
be sure to consider MURS. It is certainly not well known, 
but is an attractive and very affordable option.  NV

THE LATEST IN NETWORKING AND WIRELESS TECHNOLOGIES

Figure 1. The Radiometrix NiM1B modules are shown 
on the left. The unit on the right is the QPX1-154-5-
MURS transceiver. These and other units are distributed 
by Lemos International (www.lemosint.com).
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■ HARDWARE
■ SOFTWARE
■ GADGETS
■ TOOLS
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X-RAIL

ServoCity’s updated
version of the

Actobotics X-Rail
extrusion comes with
some cool new
features and
compliments the
already extensive
building system. The X
profile provides a slot
in the center of each of the four sides to capture X-Rail
mounts and solidly fasten components anywhere along
the rail. 

While that might exhaust the ingenuity of other
brands of extrusion, the Actobotics X-Rail has other key
features that increase the versatility. The corners have
been radiused so that the X-rail has a 1" diameter. This
means users can install it into a 1" bearing and use it as an
axle or even use 1" clamps to fasten components at any
point along the rail and at any angle. The 3/8” bore can
be used as a passage for shafting, threaded rod, or routing
wires. Plus, it can also be used to locate a 3/8" OD ball
bearing in order to create a rotating assembly. 

Dimensionally, the X-Rail is exactly half the size of the
channel so that the geometry remains correct for
expanding assemblies with additional Actobotics parts. It
is available in lengths from 1.32” up to 48”. Pricing ranges
from $2.39-$12.99.

X-RAIL SURFACE
ADAPTOR BRACKET

The X-Rail surface adaptor bracket allows you to attach
an Actobotics part with threaded holes to the side of

an X-Rail. This part has slotted thru-holes that align with
both the 0.770" pattern, as well as the side of the 1.5"
pattern (measuring 1.061"). 

When the bracket is fastened to the attaching part,
the 6-32 screw heads will fit down inside the X-Rail slot so

that the surface
adaptor bracket can
sit flush against the
side of the X-Rail. The
bracket then fastens
using the outer pair of
holes to the X-rail
using two single X-Rail
mounts and two 6-32

x 1/4" length screws. The brackets come in a two-pack
and are priced at $1.79.

X-RAIL
L-BRACKET

The X-Rail L-bracket
also from ServoCity

provides a way to create
or support a 90 degree
joint between two pieces
of X-Rail. The L-brackets
are constructed of zinc
plated steel to provide
excellent strength and
corrosion resistance. Clad a single side of the joint or (for
ultimate strength) clad both sides. The thru-holes allow
you to pass 6-32 x 1/4" length screws through and into
threaded X-Rail mounts for a no-slip connection. Each
plate has a series of holes to choose from and work well
with the single or dual X-Rail mounts. These brackets
come in a two-pack and are also priced at $1.79.

X-RAIL
T-BRACKET

The X-Rail T-
brackets from

ServoCity provides
a simple way to
make a T-joint
with X-Rail and
feature the same
attributes as the L-
brackets. They also come in a two-pack for $1.79.

FLUSH PERPENDICULAR
X-RAIL MOUNT

The flush perpendicular
X-Rail mount provides a

low profile way to attach
two X-Rails together
perpendicular to one
another. The four
counterbored holes allow 6-
32 socket head screws to
pass through and thread
into the end of an X-Rail
while leaving the heads
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INDUSTRIAL
BLUETOOTH
HEADSET

The Lemos/Sena Tufftalk is the first
fully Bluetooth integrated

intercom device to both protect the
user and supply a clearer
communication channel. 

The Lemos/Sena Tufftalk is an
earmuff Bluetooth communication
and intercom headset, and is
designed specifically to meet the
communication and connectivity
needs of industrial applications. 

Tufftalk sports a 1.4 km working
Bluetooth range. Its sturdy design and
tough manufacturing offers up to 15
hours of uninterrupted intercom
communication between up to four
headsets. 

The headset offers seamless
compatibility with other Bluetooth
and two-way radio devices, including
the Sena SR10i which allows for
wireless two-way radio
communication.

In rough and loud environments,
safety is key, and this is where
Tufftalk truly shines. Tufftalk’s secure
earmuffs help protect users from
harmful noise with an audio
attenuation of 24 dB. The ambient
mode feature allows users to amplify
external sounds, generating greater

awareness of surroundings so
important alarms or calls can be
heard while still protecting hearing.
For more active applications, Tufftalk
offers an optional hard hat mount
package.

Equipped with HD quality
speakers, Tufftalk delivers crystal clear
audio that industrial mobile workers
need to stay safe on busy and noisy
worksites. Tufftalk features Sena’s
Advanced Noise-Control™
technology, which limits the
interference of background noise

Continued on page 46

below the surface so that
the joining part can rest
flush on the mount. The
joining piece is then able
to fasten to the mount
using two single or one
dual X-Rail mounts, along
with two 6-32 x 3/8"
socket head screws. Price
is $3.49.

RAISED
PERPENDICULAR
X-RAIL MOUNT

The raised perpendicular X-Rail
mount also provides a way to

attach two X-Rails together

perpendicular to
one another. The
four holes evenly
spaced around the
1/2" center hole
are intended to
allow 6-32 socket
head screws to
pass through and
into the threaded
holes on the end

of an X-Rail. The remaining outer
holes are spaced on the side of the
1.5" hub pattern (measuring 1.061"
apart) so that they properly align with
a dual X-Rail mount or two single
ones to fasten a second X-Rail to the
bracket in a perpendicular
orientation. The slightly increased

height (as compared to the flush
version) offers access to the hollow
bore of the X-Rail if you wish to run
wires through the center bore. The
raised mount is also available for
$3.49.

For more information, contact:
ServoCity

www.servocity.com

December 2017                   15

New Products - Dec 17_Mar15 -NV - NewProducts.qxd  10/31/2017  2:36 PM  Page 15

mailto:orders@lemosint.com
http://www.lemosint.com
http://store.nutsvolts.com
http://www.servocity.com


BUILD IT YOURSELF

Build a

CUSTOM
WEATHER
GAUGE

By John Rucker

Post comments on this article and
find any associated files and/or

downloads at www.nutsvolts.com/
magazine/issue/2017/12.

A complete
stand-alone
platform for
displaying
data from
the Internet.

The weather gauge described here pulls data from the Weather Underground’s API
and presents it on an attractive custom gauge. It can pull information from
instruments in your backyard or even in another state through your home’s Wi-Fi
Internet connection. 

16 December 2017

Weather gauge photography by Audrey Parsell.

Part 1
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Case Work
The projects I enjoy the

most are the ones that
challenge me on several fronts. I
recently completed this project
that pushed the envelope for
me. It required detailed
woodworking, circuit design (a
custom printed circuit board
[PCB] with surface-mount
components), and code. Lots of
code.

I really wanted to make
something that looked at home
on a mantel above a crackling
fire, and knew I was going to
have to step up my game. I
needed to take my
woodworking and coding skills
to the next level to pull this one
off. The circuit design for this
project wasn’t a big challenge. I
mostly had to break the circuits out in an organized
fashion, so I could focus my efforts elsewhere. The real
challenge was with the 1,000+ lines of code and the
comprehensive woodworking.

People (including me) definitely judge a book by its
cover — especially when it comes to homemade projects.
Just the term “homemade electronics”conjures up visions
of buttons and gauges sticking out of a cardboard box or
in a plastic project container. Not this time! The case was
not going to be an afterthought at the end of the project. I
started with the case (wood enclosure) this time.

I had been collecting pictures of old clocks and radio
cabinets from the Internet, and with those in mind, I
started drawing in SketchUp®. I think I must have drawn
half a dozen detailed radio-looking solutions until I finally
settled on a simple round “clock face” design; refer to
Figure 2.

Once I had the SketchUp model to my liking, I sliced
it up and exported it to VCarve pro from Vectric to create
tool paths for my ShopBot. It took several attempts to get
the tooling correct for the inlays and v-carved grooves, but
I finally produced a prototype that looked pretty good.

I knew it still wasn’t all it could be, and to take it to
the next level I needed a professional’s input and
guidance. So, I threw my best-looking prototype in the
front seat of the truck and headed down to Grafton, IL. I
was hoping to catch Richard Mosby — a well-known local
craftsman — in his shop (Figure 3). I was in luck! He was
there. With a deep breath, I opened the door and humbly
walked into his shop and handed him my prototype.

To spark a conversation, I pointed out how I struggled
with a few minor flaws that I knew he instantly noticed. It

worked! I followed as we
walked back into his shop
to arrive at a huge planer
and a drum sander.

I used my planer at
home to get my
prototype to this point,
so I assumed he was
going to tell me to do the
same thing. Instead, he
pointed out that a planer
puts too much pressure
on the wood and can’t
really smooth out all the
warp. To get all the warp
out, I would need to use
a drum sander as he
opened the lid and
walked me through how
it differed from the
planer. He also offered to show me how to use it in the
future.

I was very pleased with the finished unit. What a great
guy to take the time to help me out! Plus, he wouldn’t
take a dime for his time. Thanks again, Richard! I’m now
saving up for my own drum sander.

It was time to make the magic happen and give my
wood case life.

The Devil’s in the Detail
In previous articles, I have written about how efficient

December 2017                   17

■ FIGURE 1.
Weather gauge.

■ FIGURE 3. Richard Mosby
from Mosby Woodworking.

■ FIGURE 2.
SketchUp model.
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and rewarding it is to
interface your project
to SmartThings®.
Their cloud platform

takes care of the user interface with an attractive
professional-looking smartphone application that runs on
both an Android and iPhone. For this project, I wanted a
complete stand-alone solution; a platform I could build on.
That meant the weather gauge would need to have its
own user interface for setup and administration.

Figure 4 shows the Bootstrap “mobile first” web
interface I created to accomplish this. It’s based on a

Node.js® web server
running on a
Raspberry Pi; more on
that later.

Let’s dig into
some details. So, what
exactly is the weather
gauge made of?

From the front,
you see a round solid
mahogany wood case
with Birdseye maple
inlays around the
outside. The gauge
face is laser etched
into a black on white
plastic laminate with
cutouts for the
alphanumeric displays
and the stepper
motor’s shaft. Around
the outside edge of

the gauge face is a strip of color LEDs used to light the
face.

The back of the gauge is 1/8” hardwood plywood
stained to match, with a lit pushbutton for user input. The
gauge is supported by two 3/4” brass tubes pushed into a
mahogany wood block that has a jack for the 5V DC
power plug. The wood was cut on a ShopBot-Buddy®
(CNC router).

We’re Goin’ In
Let’s dig into the innerworkings. Just behind the gauge

face is a 9-7/8” round 1/4” thick white acrylic
disk with mount holes for all the electronic
components (Figure 5). This disk and the
electronic components mounted to it form the
“clock works” for the gauge. The clock works
can be used inside any custom case; for
example, you could put them in an old
grandfather clock or make a custom case like I
did.

Here’s a list of the five main electronic
components that mount to the acrylic disk
(Figure 6):

• Raspberry Pi 3 Model B (with built-in Wi-Fi)
• My custom PCB daughterboard RG-

2MtrDrvr for the Raspberry Pi (DipTrace files
are included in the downloads at the article
link and on this project’s GitHub site at
https://github.com/RuckerGauge/NV-
Hardware).

• DotStar digital LED strip.

18 December 2017

■ FIGURE 5. Acrylic disk base “clock works.”

■ FIGURE 6. Weather gauge parts.

■ FIGURE 4. Weather gauge
web app.
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• Automotive grade stepper motor.
• Four quad alphanumeric displays — white 0.54” with

I2C backpack.

There is a significant amount of additional
components — cables, connectors, screws, etc. — included
in the Parts List, but the above five bolded items form the
core of the gauge’s clock works.

The glue that brings everything together is Node.js
mentioned previously. As stated on their website
(https://nodejs.org/en): Node.js is a JavaScript runtime
built on Chrome’s V8 JavaScript engine. Node.js uses an
event-driven, non-blocking I/O model that makes it
lightweight and efficient. Node.js’ package ecosystem —
npm (https://www.npmjs.com) — is the largest ecosystem
of open source libraries in the world.

I know this is a circuit focused magazine and
sometimes a discussion of code can sound like a bit of a
snoozer, but if you hang with me you may find it to be the
most rewarding part of the project! I know I did. I’m 100%
self-taught and there are going to be more efficient ways
of accomplishing what I did. So, be sure to check out all
the fantastic information online on how to program in
Node.js. The main thing I want to illustrate here is how I
used Node’s asynchronous event driven model to write

device drivers (node.js classes) for each of the major
hardware components. More on that later. Let’s get to the
circuits!

Hardware Platform
This project is based on the Raspberry Pi running

Raspbian Jessie Lite (Lynx without a graphical user
interface; GUI). There have been several articles in this
magazine and others on how to interface with the
Raspberry Pi’s 40-pin header, so I’m not going to spend
much time here on it. It’s straightforward if you have
worked with a microcontroller before.

The general I/O pins run at CMOS 3.3V levels, with
other pins providing I2C, SPI, UART, and PWM interfaces.
This project uses the I2C interface to talk with the
alphanumeric displays, and general I/O pins to bit bang
commands to the LED strip and motor control ICs.

Figure 7 is the schematic for the RaspPi RG-2MtrDrvr
daughterboard. It directly connects to the Pi’s 40-pin
header pictured in the center of Figure 7. As you can see,
there are not a lot of components; only two ICs MTR-A
and MTR-B — both Toshiba TB6612FNG H-bridge motor
drives. Only one is used in this project. However, the RG-
2MtrDrvr board does break out the various interfaces into
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■ FIGURE 7. Weather gauge RG-2MtrDrvr daughterboard schematic.
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headers that can directly connect to their components
with straight through cables (see the bottom of Figure 8).
This helps make the installation manageable.

A 5V power source connects to the 5VIN screw
terminal on the left side of the RG-2MtrDrvr PCB. This
power source drives both the RaspPi and the motor
circuits. A trace on the bottom of the PCB can be cut, and
a second power source connected to the MotorIn
terminal if using a higher torque stepper motor.

The two diodes, D1 and D2, provide bias protection
and isolate the motor noise from feeding back through the
power bus. To round out the general overview, you will
find a 5V piezo buzzer driven by Q4 in the top right of

the PCB (Figure 8).
Let’s now go a little
deeper into the core
components.

LED Strip Circuit
Detail

At the bottom of
Figure 9, you see the
DotStar LED strip
connected to a flat
ribbon cable. This
cable plugs into a
header labeled
“LEDstrp” on the
lower right side of the
RG-2MtrDrvr as
shown in Figure 10.

Adafruit’s DotStar
LEDs are 5050-sized
LEDs from Shiji
Lighting, model
APA102C. The LEDs
are on a flexible PCB
(LED strip) that are
driven with 5V. A two-wire SPI interface allows you to
send color and brightness commands to each LED in the
strip. That’s an easy task to bit bang through software on
the Pi.

Two transistors — Q1 and Q2, highlighted in the upper
left of Figure 11 — level shift the Pi’s 3.3V up to 5V for the
clock and data signals.

You’ll find an RG-LEDstrip Node.js driver at the article
link and/or at https://github.com/RuckerGauge/RG-
LEDstrip. This driver is a Node.js class that provides
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QTY PART # MANUFACTURER DESCRIPTION
1 2237 Adafruit DotStar digital LED strip
1 2424 Adafruit Automotive gauge stepper
1 2448 Adafruit TB6612FNG 1.2A DC/stepper motor driver board
3 2157 Adafruit Quad alphanumeric display — white 0.54" digits w/ I2C backpack
1 1479 Adafruit 16 mm illuminated pushbutton — white momentary
1 400 Adafruit Wire housing pack
2 2N3906-AP Mouser 2N3906 transistors
2 CF1/4CT52R202J Mouser 2K resistors
2 CF1/4CT52R102J Mouser 1K resistors
1 CF1/4CT52R221J Mouser 220 ohm resistor
1 276 Adafruit Five volt/two amp power with 2.1 mm ID positive tip connector
1 610 Adafruit Panel mount 2.1 mm DC barrel jack
1 SB340-T Mouser 3A Schottky diodes
1 2243 Adafruit GPIO header for Raspberry Pi HAT - 2x20 short female header
1 39357-0002 Mouser 3.5 mm screw-terminal block
1 3055 Adafruit Raspberry Pi 3 Model B
1 2693 Adafruit ScanDisk 16 GB Ultra Micro SDHC Class 10 card
1 400 Adafruit Extra long strip headers

PARTS
LIST

■ FIGURE 9. LED strip.

■ FIGURE 8. Weather gauge RG-2MtrDrvr
daughterboard PCB layout.
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methods for sending commands to the LED strip. For
example, the command:

LEDST1.SETALL(10,20,0,0);

sets all the LEDs in the strip to a dim red color. The
GitHub site for this driver shows you how to include the
driver into your code and has a “testMe.js” application
that will test all the methods in the class (this is included in
the article downloads as well). The testMe.js app is a
useful resource for understanding how your program
should make calls to this driver. You’ll find a testMe.js for

all the drivers in this project. In fact, testing is standard
practice for writing Node.js modules. You’re expected to
include a test process and document how to use it.

Quad Alphanumeric Display Circuit Detail
The alphanumeric displays are directly connected to

the RaspPi’s I2C bus (pins 3 and 5). Take a look at Figures
12, 13, and 14. This is a straightforward connection to the
I2C bus of each alphanumeric display. No additional
components are required. However, I’m not using a bus
configuration for the I2C communications. I’m using a star
configuration to connect each of the four quad

alphanumeric displays. This allows me to use straight-
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■ FIGURE 10. LED strip connection.

■ FIGURE 13. Alphanumeric display connection.

■ FIGURE 12. Alphanumeric bus.

■ FIGURE 11. LED strip schematic.
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through ribbon cables to connect each display.
Since the cable runs are short and the I2C clock rate is

only 1 kHz, the propagation delay should not be a
problem. I know this is not ideal, but the benefits of using
a center point of connection outweigh the extra work of
making a custom cable to connect all the displays together
in a bus.

Also included in the article downloads is an
alphanumeric hardware driver. The driver is designed to
drive one to four quad alphanumeric displays. On the

back of each alphanumeric display is an address bus
(solder bridge) that allows you to select a unique address
for each display.

My driver expects the address to be in a range of
0x70 to 0x73 (decimal 112 to 115). This driver allows you
to send text and numbers to each display by passing a
string to a method. It also can print a sentence across
several of the displays as a ticker. For example, this
command:

ALPHNUM1.TICKERPRINT8(‘THIS SENTENCE WILL

SCROLL ACROSS THE FIRST TWO BANKS.’);

will print the string “‘THIS SENTENCE WILL SCROLL
ACROSS THE FIRST TWO BANKS’ one character at a time
from right to left. The letters will appear to float across the
eight characters of the first two quad alphanumeric

displays.
Since these two quad displays

sit side by side, it looks like an
eight-character display, making it
easy to read a long message. This
is great for letting users know
about weather alerts and
displaying system messages during
setup. These displays can be driven
at 5V or 3.3V. I drive them at 5V,
so they are visible and easy to read
in a brightly lit room.

However, they are too bright
for dark rooms. No worries,
though, because the display’s

22 December 2017

■ FIGURE 15. Stepper motor schematic.

■ FIGURE 14. Alphanumeric display circuit.

■ FIGURE 16. Stepper motor header.
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brightness levels are controllable. The alphanumeric driver
controls the brightness as well as the blink rate, just in
case you want to blink them on and off to get attention.

Stepper Motor Circuit and Code Detail
The stepper is a small 5V bipolar automotive

dashboard stepper connected to a needle in front of the
custom gauge face. Refer to the schematic in Figure 15.
Four I/O pins from the Pi are used to drive the
TB6612FNG H-bridge motor driver. The TB6612FNG can
drive up to a 15V stepper with an average current of 1.2A.
However, in this configuration, we are driving it at 5V.

The same power source used to power the Pi is used
to drive the stepper. If you wanted to drive a higher
voltage stepper, you can cut the trace that connects the
two power headers (labeled 5VIn and MotorIn; see the
left side of Figure 16) and drive the two H-bridges with a
separate power supply.

If you have worked with the TB6612FNG motor driver
before, you may have noticed I don’t use the PWM inputs
and just pull them high with a 10K resistor. I did this to
reduce the pin count, and I can easily get the resolution I
need by using half stepping. Other than that, the
TB6612FNGs are wired up close to the reference circuit in

its datasheet.
The RG-2MtrDrvr daughterboard supports two

TB6612FNC motor drivers but only one is populated on
the PCB for this project. Refer again to the Figure 15
schematic of how the motor driver connects to the
RaspPi. Notice it uses four general I/O pins that are
directly connected to the Pi’s physical pins 23, 26, 29, and
32.

The TB6612FNC is a generic motor driver that can
drive two DC motors or a single stepper. Refer to Figure
17. That is why its input pins AIN1-AIN2 are paired up
with the output pins AOUT1-AOUT2, and the same for
the BIN-BOUT. The automotive “dashboard stepper” I’m
using has a 600-step resolution over 315 degrees of
rotation. It has built-in stops that keep it from spinning a
full 360 degrees. The gauge face also has a stop (needle
strike) at the zero point for the stepper’s needle to bump
against and find the home position.

A stepper driver is posted at https://github.com
/RuckerGauge/RG-Stepper and at the article link for this
stepper circuit. This driver is a Node.js class so you can
initialize it and pass it the location of a custom
configuration file (calibration.json) that lets you tailor the
driver to your gauge face. This allows you to use the same
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code base for multiple projects; you just need a unique
calibration.json file for each gauge. All other code will
remain the same!

Code Alert
I think it’s time to dig a little deeper into the code.

The process I followed when putting together the RG-

Stepper driver makes a good place to start.
The first thing I did was document how a

bipolar stepper works. Figure 18 shows the
polarity of the coils for each of the eight steps a bipolar
stepper follows when using half steps. The half steps occur
when one of the two coils are turned off; steps 2, 4, 6,
and 8 are half steps. A drawback to using half steps is the
torque of the stepper is reduced as only one coil is
energized.

I should give a plug to Thomas Hopkins’ AN235 app
note from www.st.com. He does an excellent job of
explaining how you can increase the current of the
energized coil to compensate for the half step torque
reduction. The half step torque reduction is not an issue for
this project since we’re only driving the gauge’s needle
with our automotive dashboard stepper, so I didn’t need to
compensate for it. With half stepping, we now have 1,200
steps to represent 315 degrees of movement. This gives us
good resolution, so you shouldn’t have a problem lining up
the gauge’s needle with a value on the gauge face.

Next, I mapped out each of the eight steps in a table

■ FIGURE 19. Half step logic table.

■ FIGURE 18. Half step sequence for a bipolar stepper (from Thomas Hopkins’ AN235 app note).

■ FIGURE 17.
Stepper
connection.
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(see the Coil A and Coil B columns of
Figure 19) so I could get an
understanding of what the logic would
look like for each step in the sequence.
Using the TB6612FNC datasheet, I came
up with the logic for the four Pi pins (26,
23, 29, 32) that drive the TB6612FNC;
see columns AIN and BIN.

I would like to point out with the
PWM input pins pulled high, the
TB6612FNC requires both the AIN1 and
AIN2 pins to be high to sink the output
pins. I do this for each half step, turning
the coil off by grounding both inputs.
That’s why you see two highs in the AIN
and BIN columns for the half steps.

With my pin states identified, I then mapped the
highs and lows for AIN and BIN pins to a binary
representation (refer to the binary column). Finally, I
converted the binary values to their decimal equivalent,
and I had my stepper sequence (9, 13, 5, 7, 6, 14, 10,
11). This sequence would be repeated over and over to
rotate the stepper clockwise. The faster you send the
sequence, the faster the stepper rotates. To rotate the
stepper counterclockwise, reverse the sequence
(11, 10, 14, 6, 7, 5, 13, 9).

Now with the stepper sequence identified, I
wrote a small 25-line Node.js app (see Figure 20) to
walk through the steps in the sequence and print it
to the screen in binary format (see Figure 21). I
placed the sequence (9, 13, 5, 7, 6, 14, 10, 11) in
an array called stepperSequencArry. I then created a
global variable to keep track of the last step number so my
app could keep track of where it is in the step sequence.
The test run issues two calls (see line 7 and line 9 of
Figure 20) to the rotate function, rotating clockwise 16
steps:

rotate (16, CW);

and then counterclockwise two steps:

rotate (2, CCW);

The output in Figure 21 matches the binary column in
Figure 19, telling me my code is a good representation of
my logic.

The next step is to control my RaspPi’s pins with this
same logic. To do that, I need to control the Pi’s general
I/O pins 23, 26, 29, and 32. Since I can’t natively control
the Pi’s I/O pins with Node.js, I added a module called
node-rpio to my project. Node-rpio was written by
Jonathan Perkin from the UK and is published under the
open source ISC License. Jon did a fantastic job with this
node module. It is rock solid and well documented on his

GitHub site at https://github.com/jperkin/node-rpio.
Look at Figure 22, lines 42 through 45; you’ll notice

they look very similar to Figure 20, lines 27 through 30. In
line 42 of Figure 22, you can see how I’m using the rpio
module to set the pin assigned to the AIN1 variable (26)
high or low based on the logic of the “if” statement.

The code in Figure 22 is a subset of the
stepperDriver.js, available at the article link and at
https://github.com/RuckerGauge/RG-
Stepper/blob/master/stepperDriver.js. If you’re interested
in more, I suggest you go through the testMe.js included
in the downloads. My GitHub site shows you how to
install it with Node package manager and incorporate it
into your project.

That’s all folks ... for now.

In the next article, we’ll assemble all these
components onto a custom acrylic base, set up the
Raspberry Pi’s operating system, and install our code. We
will then connect to the custom gauge’s Wi-Fi network
with the browser in our smartphone, and run through the
setup and control menus. Finally, I will close with some
security suggestions and considerations for your Pi.  NV

■ FIGURE 20.
Node.js sample

stepper
sequence app.

■ FIGURE 22. Controlling I/O pins with Jonathan Perkin’s
node-rpio module.

rotate 16 steps clockwise
[1, 0, 0, 1]
[1, 1, 0, 1]
[0, 1, 0, 1]
[0, 1, 1, 1]
[0, 1, 1, 0]
[1, 1, 1, 0]
[1, 0, 1, 0]
[1, 0, 1, 1]
[1, 0, 0, 1]
[1, 1, 0, 1]
[0, 1, 0, 1]
[0, 1, 1, 1]
[0, 1, 1, 0]
[1, 1, 1, 0]
[1, 0, 1, 0]
[1, 0, 1, 1]
rotate 2 steps counterclockwise
[1, 0, 1, 0]
[1, 1, 1, 0]

■ FIGURE 21.
Output from
stepper
sequence app.
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Biological Signal Monitoring
Given the popularity of electronic fitness watches

from Fitbit, Apple, Polar, and others, monitoring your heart
rate is perhaps the easiest and most popular form of
biological signal monitoring (I’m excluding non-technology
enabled forms of monitoring, such as a finger over a
pulsing artery or a hand over a warm forehead). 

Whether we’re talking heart rate, blood pressure,
blood glucose level, or blood oxygenation, biological
signals share several properties: irregularity; association
with conditions; they favor specific modes of detection;
and they are accompanied by noise.

Biological signals are typically irregular in amplitude
and/or frequency, compared to the output of, say, a

crystal-controlled oscillator. 
The electrical signals generated by our nervous

systems, muscle activity, joint motion, and various
metabolic processes change with activity, time of day,
time since eating or drinking, food or drugs ingested,
changes in the environment, emotional state, and the like.
The nature of your heartbeat varies with your breathing,
for example.

Certain biological signals are associated with specific
physiological states or conditions. For example,
abnormally elevated fasting blood sugar is associated with
diabetes; irregular heartbeats are associated with certain
forms of heart disease; and an abnormally high waking
heart rate is associated with overtraining. Similarly, a
quicker recovery to normal heart rate after an all-out effort

is associated with greater fitness.
Biological signals tend to lend themselves to a

specific form of monitoring or detection. Monitoring
the electrical activity of the heart is one method of
determining heart rate, but monitoring the electrical
activity of the pancreas hasn’t proven useful in the
monitoring of diabetes. 

This isn’t to say there’s only one method of
monitoring the function of a given organ.

For example, heart rate can be determined by
monitoring electrical activity of the depolarizing and
repolarizing heart tissue, or by directly (i.e.,
physically) or indirectly (i.e., optically) measuring the
pulsations of blood with each beat of the heart.

Biological signals are plagued by noise simply
because there’s a lot going on in a body. If you’re
measuring the electrical activity of a bicep muscle
via electromyography, for example, then there is
going to be unwanted signals from the triceps and
other nearby muscles, plus signals from the heart,

Build this inexpensive Arduino based heart rate
monitor that you can use as an experimental platform
to understand the basics of biological monitoring. As a
bonus, learn how to use a translational reality interface
to create an Orwellian PID controller.

Basic Biological
Signal Monitoring
with a Translational Reality Twist
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FIGURE 1. Hardware setup with Grove shield.

Bergeron - Biological Monitoring - Dec 17_Blank Rough NV.qxd  10/31/2017  12:45 PM  Page 26



diaphragm, and perhaps contraction of the stomach if
you’ve recently eaten.

Similarly, measurement of the perfusion of your biceps
is going to vary with a sneeze, a squeeze of your hands,
and other biological activity, not to mention factors in the
environment. Think a 5G pull in an F16.

Optical Heart Rate Monitoring
For this article, I’m going to focus on optical heart rate

monitoring — the same variety of monitoring used by the
Fitbit watch, as opposed to the EKG variety popularized
by Polar.

My first watch based heart rate monitor — a ‘70s
sports watch from Timex — was founded on optical
principles discovered well over 100 years ago. That is, with
each contraction of the left ventricle, a bolus of blood rich
in red blood cells (RBCs) is ejected into the aorta. 

Within a few milliseconds, this pulse reaches the
fingertips, ear lobes, and other peripheral areas, opening
the small capillaries and temporarily filling them with a
rush of RBCs. This transitory mob of red blood cells
absorbs and reflects light differently from surrounding
tissue.

If you measure the changes in amplitude of light
passing through capillaries in a thin layer of tissue (such as
an earlobe or fingertip), then heart rate can be easily
calculated in beats/minute. For an earlobe probe, this
entails fixing an LED on one side of an earlobe and a
receiver on the opposite side. 

Depending on the design, desired noise immunity,
and need to measure other blood parameters (such as
blood oxygenation), the wavelength is usually red, IR, or a
combination of the two.

Now, let’s say we’re going to monitor heart rate
during your daily workout on a treadmill or spinning bike.
Assume that it’s ideal to exercise at between 50%-85% of
your maximum heart rate, and that this maximum is 220
minus your age.

For example, if you’re healthy, athletic, and 20 years
old, your maximum heart rate is about 200 beats/minute.
For maximum aerobic conditioning, you’d want to run on
the treadmill with a heart rate of between 100 and 170
beats/minute. Cruise at 70 beats/minute and you’re
wasting your time. Sprint at 175 or 180 beats/minute for
more than a minute or two, and you might end up on a
stretcher en route to a cardiac care unit.

With this physiology background behind us, let’s get
to the project.

The Hardware
The key hardware for this project is an inexpensive

Arduino-compatible ear-clip heart rate sensor by Grove
($13 at www.seeedstudio.com). If you own a solderless

Grove shield, then construction takes all of five seconds.
Simply attach one cable to the shield and the other to

the sensor, and you’re ready to go. Figure 1 shows the
Grove shield and leads going to and from the sensors and
LEDs. Figure 2 shows one of the output LEDs. Because
the limiting resistor is built into the unit, there’s no need
for additional components. Just plug and play.

The red cable provides USB connectivity during
development and adequate power for operation. No
external power is required. If you’re working without a
special shield, then you can quickly connect the signal,

By Bryan Bergeron

FIGURE 2. Grove green output LED. Note the built-in
series limit resistor.

To post comments on this article and find any associated files and/or downloads,
go to www.nutsvolts.com/magazine/issue/2017/12.
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FIGURE 3. Ear-clip sensor with LED visible on one side
of the clip.
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power, and ground leads to the Arduino with male-male
jumpers. Figure 3 shows a close-up of the ear-clip sensor,
with the LED visible behind a glass panel in one side of
the clip. The receiver is similarly embedded in half of the
clip facing the LED side.

Figure 3 shows the component side of the ear-clip
sensor board. The three leads to the Arduino — signal,
ground, and VCC — are on the left. A 3.5 mm stereo jack
and plug leading to the clip body is on the right side of
the board.

In order to take this photo, I had to excavate the
board from a tomb made of hot glue and double-sided
tape inside of a sealed plastic case. I’m not sure what the
manufacturer might be trying to hide because there isn’t
much to see.

As shown in the figure, there’s a chip in the middle of
the board that’s encased in an epoxy dome. As such, the
ear-clip interface remains a black box, as I wasn’t able to
locate a schematic online. 

Fortunately, the inexpensive sensor works very well,
and a replacement is affordable.

Figure 5 shows the schematic of the heart rate
monitoring system. There’s an Arduino Uno (or
compatible board), three LEDs and associated current-
limiting resistors, and the ear-clip rate sensor.

Since the sensor draws less than 5 mA, a 9V battery
can power the system for several days. If you plan to
operate the system during a run or ride outside, you might
consider picking up an inexpensive case for the Arduino
($7 and up; Amazon).

The Software
The Arduino source code for the basic heart rate

monitoring system is shown in Listing 1, and an annotated
listing is available at the article link. In the definition of
constants and variables at the head of the program, note
the use of unsigned long and long variables.

This format is required because the interval
measurements between heart beats is calculated with the
system’s millis() function, which returns the milliseconds

since the program started in an unsigned long
format.

I’ve implemented filtering of the heart beat
signal in two ways.

First, each pair of pulse-to-pulse intervals
received from the ear-clip sensor is compared
with a timing window of physiologically
probable beats. 

In this case, given the user is exercising, it’s
reasonable to expect a heart rate of between
50 and 200 beats/minute. These correspond to
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FIGURE 4. Component side of the ear-clip
sensor board.

Listing 1. Arduino code for heart rate.

#define Clip 2                            
#define SlowLED 4                              
#define ZoneLED 5 
#define FastLED 6 

unsigned long ZoneLow = 0;
unsigned long ZoneHigh = 0;    
unsigned long previousMillis = 0;
unsigned long currentMillis = 0;
unsigned long Interval = 0;
unsigned long currentInterval = 0;
unsigned long previousInterval = 0;
const long minInterval = 300;  
const long maxInterval = 1200; 

void setup() {
pinMode(Clip, INPUT);                  
pinMode(SlowLED, OUTPUT);     
pinMode(ZoneLED, OUTPUT); 
pinMode(FastLED, OUTPUT);   
ZoneLow = 860;    
ZoneHigh = 600;

}

void loop() {
if(digitalRead(Clip)>0){              

unsigned long currentMillis = millis();
currentInterval = currentMillis - 
previousMillis;
if (currentInterval > minInterval) {

previousMillis = currentMillis;
Interval = (previousInterval + 
currentInterval)/2;
previousInterval = Interval;
if (Interval < ZoneHigh){

digitalWrite(FastLED, HIGH);  
digitalWrite(ZoneLED, LOW);
digitalWrite(SlowLED, LOW);

}else{
if (Interval > ZoneLow){
digitalWrite(FastLED, LOW);
digitalWrite(ZoneLED, LOW);
digitalWrite(SlowLED, HIGH); 
}else{
digitalWrite(FastLED, LOW);
digitalWrite(ZoneLED, HIGH); 
digitalWrite(SlowLED, LOW);
}

}     
}

}
}
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1,200 millisecond and 300 millisecond
intervals, respectively, as represented by
maxInterval and minInterval. 

A beat detected outside this window is
ignored. This is admittedly a generous window
— I’ve never met anyone with a heart rate of 50
beats/minutes while running or otherwise
exercising.

The second filtering operation is performed
in the loop by averaging the current beat-to-
beat interval measurement with the previous
interval, and using that average as the current
interval duration.

For example, if the current interval is
measured at 1,000 milliseconds and the second
is measured at 800 milliseconds, then the
average of 900 milliseconds is taken as the
value of the current interval.

This walking average approach to filtering
minimizes the LED display jumping from one
color to the next with every beat when the
user’s heart rate is at the fringes of the training zone.

In this example, the training zone assumes a 20 year
old user with a training target of between 70 and 100
beats/minutes, represented by a ZoneLow value of 860
and a ZoneHigh value of 600, respectively. 

If you’re not 20, then you’ll have to modify the values
for ZoneLow and ZoneHigh to reflect 50%-85% of your
maximum heart rate, as described earlier.

Operation
Once you’ve entered the heart rate limits for your age

correctly in the software and uploaded the code to the
Arduino, simply clip on the sensor and start exercising.
Within a minute of maintaining a pace within your
exercising window, the green LED should be illuminated.
If, instead, the white LED is illuminated, you need to speed
things up. Conversely, if the red LED is illuminated, you’re
red-lining it.

Once you’re happy with the basic setup, you can
extend the hardware and software in a variety of ways. An
easy add-on is to have the appropriate LED blink in synch
with the beat signal from the sensor. If you’re more
adventurous, add a color OLED display that shows the

numeric heart rate, in white, red, or green, with a blinking
heart icon to the side of the numeric display.

Although I find it a bit annoying, if you want to, you
could substitute a buzzer for the red and green LEDs. It
should be obvious to you whether you’re over- or under-
exerting yourself.

The Translational Reality Twist
Okay. We’ve covered the basics of biological

monitoring, including the need to handle noise and
variability in the signal. Now, let’s do something a little out
of the ordinary.

If you’ve followed my recent translational reality
articles in SERVO and Nuts & Volts, you know that the
idea is to provide a real time closed-loop system in which
a user operates a familiar first device and — in so doing —
both monitors and controls a second device. The kicker is
that feedback is appropriate to the first device, but reflects
the operation of the second device.

In this article, I’m going to show you how to leverage
the innate pattern matching and self-regulatory skills of the
user to serve as a proportional integral differential (PID)
controller.

As you may know, a PID controller has myriad
application areas — from automotive cruise control to
maintaining constant robotic arm movement regardless of
load, and home temperature control. In short, although
the user thinks they’re modifying their pace to keep their
heart rate within the training zone (as indicated by the
green, red, and white LEDs), they’re actually controlling
and monitoring the pressure, temperature, level, etc., of an
external remote device.
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FIGURE 5. Schematic of the heart rate monitoring system.
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Updated Hardware

For simplicity, the goal of our human PID controller is
to maintain the temperature of a 100 ohm 1/4 watt
carbon comp resistor within a fixed range. We’re closing
the feedback loop with a hard-wired thermistor.

As shown in Figure 6, the 10K negative temperature
coefficient thermistor ($0.75; SparkFun) is bonded directly
to the resistor with thermal epoxy. The updated schematic
in Figure 7 shows how the thermistor is combined with a
10K resistor to form a voltage divider.

Again, for simplicity, the local Arduino is going to
serve to both display the local heart rate and to process

the data from the remote thermistor. In practice,
the remote device would have an embedded
processor that would communicate with the
remote processor.

For example, the cable between the remote
device — in this case, a resistor fed by a power
source — could be replaced with a pair of $7
ESP8266 Wi-Fi modules. Regardless of the form
of connectivity, the feedback to the user is the
same as before. 

However, in this case, the three LEDs
indicate the temperature of the remote system,
not the user’s heart rate.
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FIGURE 7. Updated schematic.

Listing 2. Arduino code for
translational reality interface.

#define tempInput A1
#define Clip 2                            
#define SlowLED 4                              
#define ZoneLED 5 
#define FastLED 6 
#define pulseOut 7
#define heatIntensity 255
#define heatTime 150
int temperature = 0;
int ZoneLow = 0;
int ZoneHigh = 0;    

void setup() {
Serial.begin(9600);                    
pinMode(Clip, INPUT);                  
pinMode(SlowLED, OUTPUT);     
pinMode(ZoneLED, OUTPUT); 
pinMode(FastLED, OUTPUT);   
pinMode(pulseOut, OUTPUT);
ZoneLow = 500;    
ZoneHigh = 520; 

}

void loop() {
if(digitalRead(Clip)>0){      

analogWrite(pulseOut, heatIntensity);   
delay(heatTime);
temperature = analogRead(tempInput);
Serial.println(temperature); 

if (temperature > ZoneHigh){
digitalWrite(FastLED, HIGH);  
digitalWrite(ZoneLED, LOW);
digitalWrite(SlowLED, LOW);

}else{
if (temperature < ZoneLow){
digitalWrite(FastLED, LOW);
digitalWrite(ZoneLED, LOW);
digitalWrite(SlowLED, HIGH); 
}else{
digitalWrite(FastLED, LOW);
digitalWrite(ZoneLED, HIGH); 
digitalWrite(SlowLED, LOW);
}

}
}else{

analogWrite(pulseOut, 0);  
}

}

FIGURE 6. Teardrop10K thermistor (top) bonded to 100
ohm resistor.
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Updated Software

The updated software is shown in Listing 2. Unlike the
code in the first listing, the user’s actual heart rate controls
the remote system. Note the addition of the tempInput
port (A0) and pulseOut port (D7) on the Arduino, as well
as constants for heatIntensity and heatTime. They operate
as the names suggest.

For example, heatTime is the time in milliseconds that
the 100 ohm resistor is sent a 5V PWM signal at 100%
duty cycle. Note also that while most of the code is
unchanged from Listing 1, the comparison operators
within the main loop are the inverse of what appears in
Listing 1.

Depending on the ambient temperature and exact
configuration of your hardware, you may need to tweak
the operating window to be larger or smaller within the
normal training range of the user. That is, you might select
a five degree window for the remote system to map onto
a, say, 20 heart beat range.

For debugging purposes, I left in the
Serial.println(temperature) function. You’ll probably need it
to get the operating window defined.

In my experiments using a 5% tolerance resistor and a
71 degree ambient temperature, the temperature value
was 478 cold. At a pulse rate of 90 beats/minute, the
value returned by the voltage divider reached a steady
state of 514 at two minutes. Most of the changes
occurred within 30 seconds of changing pace.

This is admittedly a narrow range of input voltages for
mapping purposes, and even though the thermal mass of
the epoxy-resistor-thermistor
combination is small, it is significant.

If you want to get into serious
remote control of the temperature,
then replace the thermistor with a
sensitive solid-state temperature
sensor with good linearity. I’ve had
great results with the MCP9808 ($5;
Adafruit) which uses a standard I2C
interface. There’s a good tutorial on
the Adafruit site.

If you do opt for a more sensitive
and accurate temperature monitoring
sensor, then you have the option of
revisiting the time and duty cycle of
the signal sent to the 100 ohm
resistor.

In the current configuration, the
power is either fully on or off. With
more dynamic range to play with,
you can experiment with modulating
the time and/or duty cycle of the
heating current. 

Of course, in the real world, you might be monitoring
and controlling a much larger heat source, offering a
much wider operating window and obviating the need for
a more sensitive and accurate sensor.

Updated Operation
Operation, from the user’s perspective, is the same as

before. The user exercises at a high enough intensity to
keep the green LED illuminated, kicking it up a bit when
the white LED is illuminated and easing back when the red
LED lights up. 

Although potentially unethical, you could also map
the changes in the remote system such that the user
would have to exercise past their 85% maximum heart
rate value in order to keep the remote system under
control.

Discussion
Admittedly, this is an Orwellian example of how

translational reality can be utilized. I don’t think that I’d
mind being used as a human PID controller for the heater
control of a municipal swimming pool, but I might have
second thoughts about remotely and unknowingly
controlling a Predator drone.

My point in this admittedly twisted exercise to
showcase what could be done with translational reality
technology is quite easy. 

If you think about it, there are a number of innate
human skills or physiological attributes that could be
applied to much harder (and practical) problems. NV
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Since the article that inspired me was based on
Microchip products, that was the direction I
headed in. So, I started climbing the learning
curve. What follows are my steps up said curve
that I made, just in case you’re interested in

making the climb yourself.

Develop design goals.
I decided to develop a circuit that would function as a

general-purpose platform that would be easily adaptable
to future projects. I decided on the following:

A. Communicate via Bluetooth LE to my iPhone.
B. Have two digital inputs for reading in data.
C. Have two digital outputs for remote control.
D. Have one analog input for reading sensor information.

Order a development board/
programmer.

I bought the Curiosity integrated
programmer/debugger (eight-bit) for $20. It comes with a
PIC16F1619 microcontroller and was purchased on
Microchip’s website (see Resources #1). You’ll need a
cable to connect the board to the USB port of your

The idea was to build a circuit that could communicate to my cell phone.
Sounds easy? Right? After rolling this idea around in my head for several
months, I decided to give it a try after reading the Automagic with the MPLAB
Code Configurator article by Fred Eady in the December 2015 edition of Nuts &
Volts. It was an excellent article but way over my head at the time, and the
application didn’t talk to a cell phone like I wanted to do. I decided to give it a
try anyway. Maybe adapt it ... how hard could it be?

Climbing 
the 
Learning 

Curve
By Jerry Baumeister

32 December 2017

To post comments on this article and find any
associated files and/or downloads, go to

www.nutsvolts.com/magazine/issue/2017/12.

How a novice
learned PIC
microprocessor
development and
embedded C
programming
while building a
circuit to talk to
his cell phone.
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computer. I had one I used with my digital camera that
worked, but if you don’t have one laying around you will
need a USB male to micro B cable.

Order a Bluetooth low energy
module.

Since the Curiosity board comes with solder pads for
the Microchip Low Energy Bluetooth module RN4020, I
used it. It cost $8.83 from Microchip (see Resources #2).
Alternately, I could have purchased a “BLE2 click” which is
a RN4020 (see Resources #3) already mounted on a
board that can plug directly into the mikroBUS socket on
the Curiosity board. It would save me some soldering, but
would add $30 to my expenses. In either case, you will
want to download the RN4020 user’s guide for future
reference (see Resources #4). 

Download the required software
for programming the
microprocessor.

Start by downloading the MPLABX IDE (integrated
development environment), XC8 compiler, and XC16
compiler from http://microchipdeveloper.com/
tls0101:start and www.microchip.com/mplab/compilers.
The first link is to a tutorial for MPLABX IDE which is used
to configure and program the PIC. Click on the “Required
Tools and Files for Lab Exercises” link under Table of
Contents on this page. 

Download the MPLABX IDE and the XC16 complier,
then go to the second link and download the XC8
complier. You’ll use the XC8 compiler for programming
the PIC16F1619 used in this project, and the XC16
compiler for when you get around to working through the
tutorials.

Later, as you continue to develop your skills, you’ll
want to come back to work through parts of this tutorial.
As of this writing, MPLBX IDE is at version 3.55 and XC8 is
at version 1.36. Later versions should be very similar, but
you may need to do a little extrapolation.

Learn enough embedded C
programming to utilize the
MPLABX IDE with the Code
Configurator.

The Code Configurator is part of the MPLABX IDE
and makes programming the PIC significantly easier —
providing you know enough embedded C programming to

tie the pieces together!
If you’re following along on this journey, you can

probably skip this step for the time being. I’ll provide all
the C code needed for this project in a file at the article
link. Once you decide to branch out on your own, I would
recommend you check out an excellent embedded C
programming tutorial located on the Microchip website
(see Resources #5).

The tutorial covers all the basics with meaningful
exercises and instructions. It uses the simulator in the
MPLABX IDE, so the tutorial can be used without the
development board. I would also recommend you
download the PIC16F1619 code ZIP file from the
Curiosity home page (see Resources #1). This download
contains two useful documents: “MPLAM XC8 Getting
Started Guide” and a ReadMe file with simple program
descriptions that I found very useful while I was learning
to code. I would recommend working through the tutorial
first and then the other two documents.

Download the phone app.
Download “Bluetooth Smart Data” which is available

at the Apple App Store. If you have an Android phone,
you’ll need to contact your local Microchip sales office for
the phone app. Since I only have iOS devices, I can’t
speak to the use of the Android app, but I assume it
would work the same.

I really wanted to develop my own iPhone app to talk
to the circuit, but currently this step is still beyond my
reach. Maybe one day someone will write an eloquently
simple straightforward article on mobile app development,
but until then — and for this project — we’ll use the app
developed by Microchip for communicating with the
RN4020.

Verify the operation of the
Curiosity board.

Plug the Curiosity integrated programmer/debugger
board into the USB port on the computer; then, read
through the short Curiosity Development Board User’s
Guide (see Resources #6). Next, verify the functionality of
the board using the demonstration program that comes
programmed in the onboard PIC16F1619.

Connect the RN4020 Bluetooth
module to the Curiosity board.

If you are using the BLE2 click module, then simply
plug it into the mikroBUS socket on the Curiosity board. If
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you’re using the generic RN4020, you will need to solder
it to the board.

If you’re not experienced in soldering surface-mount
components, you need to be careful. I used a 35 watt iron
with a pencil sharp point, and began by wiping a
microscopically thin layer of solder paste on the RN4020
contacts. Using a magnifying glass (so I could better see
what I was doing), I started by soldering one of the
corners, then pressing down on the RN4020 to make sure
it was flat against the board.

After soldering the corner, I checked to make sure the
RN4020 was still lined up with the other pads. I soldered
the opposite corner, checked alignment again, and then
soldered the remaining pads. It was only necessary to tin
the end of my soldering iron and then touch it to the
contact and pad.

I also found it helpful to solder IC pin sockets in the
holes that surround the RN4020. I did this so I could use
jumper wires to connect the RN4020 to the PIC16F1619.
If you don’t have some pin sockets lying around, you can
cut some IC DIP sockets in half length-wise, and use the
halves. RadioShack sells DIP sockets (#2761998 ). Of
course, if you’re using the BLE2 click board in the
mikroBUS socket, you don’t need to bother with jumpers
since the Curiosity board is connected to the mikroBUS
internally.

That takes care of all the prep work. Let’s create the
project in the integrated development environment and
add the embedded C program.

Create a new project in the
MPLABX IDE.

Plug the Curiosity board into the USB port of your
computer, then open the MPLABX IDE and select File,
then New Project. Under Categories, choose “Microchip
Embedded,” and under Projects choose “Standalone
Project,” then “Next.” For Device, select “16F1619,” then
“Next,” For Supported Debug Header, select “none,” then
“Next.” For Select Tool, select “Curiosity — Fn: Starter Kits
(PKOB),” then “Next.” For Compiler, select “XC8,” then
“Next.” Finally, for Project Name, use “Blue” (or some
other name of your choosing), then select “Finish.”

Install and open the Code
Configurator.

Select Tools, then Plugins, then Available Plugins.
Select “MPLAB Code Configurator,” and then “Install.”
The Plugin Installer will start. Select “Next,” accept the
license agreement, and select “Install.” Select “Restart
Now” and then “Finish.” MPLABX IDE will close and then
restart.

After MPLABX IDE reloads, select Tools, then
Embedded, and finally “MPLAB Code Configurator.”

After loading and opening the MPLAB Code
Configurator, the IDE screen will appear as shown in
Figure 1. I’ll be referring to the sections in this figure as
we work through the development of the program.
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FIGURE 1. MPLABX IDE sections.
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Select the PIC16F1619 package
type.

In the upper left corner of the Pin Manager: Grid
[MCC] (Section 5), for Package, select “PDIP20” as shown
in Figure 2.

Set up the System parameters.
In the System Module (Section 4), set

System Clock Select to “INTOSC;” for
Internal Clock, select “16 MHz_HF.” Also,
insure that Low-voltage programming
Enable is checked (Figure 3).

Identify the pins to be
used.

In the Pin Manager: Grid[MCC]
(Section 5) on the GPIO input row, select
the “lock” icon for pin 6 (Port C4), pin 16
(Port C0), and pin 19 (Port A0). On the
GPIO output row, select the lock icon for
pin 2 (Port A5), pin 3 (Port A4), pin 5
(Port C5), pin 7 (Port C3), and pin 17
(Port A2). Note that Figure 4 shows the

pin selections for GPIO, as well as the settings for the
other device resources to be added in subsequent steps.
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FIGURE 3. System
Module setup.

FIGURE 4. Pin Manager grid.

FIGURE 2. IC package type.
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As we add resources, their pin allowance will appear in
the grid.

Configure EUSART pins.
In the Device Resources window (Section 3), scroll

down the list and expand “EUSART,” then select
“EUSART.” The EUSART form will appear in Section 4
and “EUSART” will appear in Project Resources
(Section 2). In the Pin Manager: Grid[MCC] window
(Figure 4) on the row for EUSART TX, select the lock
icon for pin 10 (Port B7); in the row for EUSART RX,
select the icon for pin 12 (Port B5).

Configure the USART
parameters.

On the EUSART screen (Figure 5), check Enable
USART, Enable Transmit, Enable
USART Interrupts, Enable
Continuous Receive, and Redirect
STDIO to USART. Set the Baud
Rate to “115200,” Transmission Bits
to “8,” Reception Bits to “8,” and
Clock Polarity to “Non-Inverted.”
Check Redirect STDIO to USART;
set Software Terminal Buffer Size to
“64,” and set Software Receive
Buffer Size to “64” as well.

Configure ADC pins.
In the Device Resources

window (Section 3), expand ADC
and then select “ADC.” The ADC
form will appear in Section 4 and

“ADC” will appear in Project Resources (Section 2). In the
Pin Manager: Grid [MCC] window (Section 5) on the ANx
row, select Port C “0” (pin 16) as shown in Figure 4.

Configure ADC
parameters.

In the ADC form (Figure 6),
check Enable ADC, and set Clock
to “FOSC/1.6.”

Add custom names
to pins.

In the Project Resources
window (Section 2), select “Pin
Module.” The Pin Module form will
appear in Section 4. In the Custom
Name column, label RA0 as
“input1,” RA2 as “outputA,” RA4 as
“WAKESW,” RA5 as “outputB,” RC0
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FIGURE 5.
EUSART setup.

FIGURE 6.
ADC setup.

FIGURE 7. Pin module custom names.

FIGURE 8. 
Project listing.
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as “POT,” RC3 as “WAKEHW,” RC4 as
“input2,” and RC5 as “CMD.” Make sure you
name them exactly as shown in Figure 7
because the Custom Name is used in the program.

Generate code.
Select the Generate button located next to Project

Resources (Section 2). The MPLABX IDE will then create
all the C language code necessary to implement all the
settings you previously chose.

Write the program.
Above the Project Resources window (Section 2),

select the tab labeled Projects. Looking at Figure 8, select
the “+” beside the project name (Blue) and then the “+”
next to Source. Select main.c. The program listing will
appear in the middle window (Section 4).

Scroll down the program listing to one line under
where it says #include “mcc_generated_files/mcc.h” as

shown in Figure 9. This is where you would enter
the embedded C program that ties all the pieces
together and makes a working project.

The code I wrote to implement the design
goals outlined here is contained in the file Blue
Source code.txt available at the article link. 

To implement my code, erase everything
below #include “mcc generated files/mcc.h” and
then copy and paste the contents of Blue Source
code.txt. You can use Windows Notepad to open
and copy the file.

Notice that the program listing has three main
sections: Variables, Functions/Subroutines, followed
by the main program. The main program also has
three parts: SYSTEM_Initialization / interrupts; the
RN4020 setup; and the program loop. 

Although there are acceptable variations, I
recommend sticking with this form and order to
minimize confusion. As you will learn when you
complete the embedded C programing tutorial, the
order and position of the program components
matters.

Wire the circuit.
Make the connections listed next using

jumpers on the Curiosity board shown in Figure
10. If you’re using the BLE2 click module, just plug
it into the mikroBUS socket; no jumpers are
needed.
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Resources
1) Curiosity integrated programmer/debugger (eight-bit)
www.microchip.com/Curiosity

2) RN4020
www.microchipdirect.com/product/rn4020

3) BLE2 click
http://www.microchipdirect.com/product/TMIK037

4) RN4020 Bluetooth Low Energy User’s Guide
http://ww1.microchip.com/downloads/en/DeviceDoc/70005
191B.pdf

5) Microchip C programming tutorial
http://microchipdeveloper.com/tls2101:start

6) Curiosity Development Board User’s Guide 
www.microchip.com/developmenttools/productdetails.asp
x?partno=dm164137

Additional Tutorial:
Get Started with MPLABX IDE and Microchip 
Tools
http://microchipdeveloper.com/tls0101:start

Software:
MPLABX IDE and XC16 compiler
http://microchipdeveloper.com/tls0101:start

XC8 compiler
www.microchip.com/mplab/compilers

FIGURE 10. Curiosity board wiring.

FIGURE 9. Program listing.
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16F1619 Pin            RN4020 Pin
3 ————jumper ———— 7
5 ————jumper ———— 8
7 ————jumper ———— 15
10 ———-jumper ———— 6

12 ————jumper ———— 5

Build and run the program.
Plug the Curiosity board in and select the “Make and

Program Device” button on the toolbar (Section 1). It’s
the icon with the downward pointing arrow.

Open the “Smart Date” app on
your cell phone or tablet.

On the opening screen (Figure 11), you should see
the name of your project plus the last four digits of the
RN4020 serial number. Tap the name of your project.

The data entry form (Figure 12) will open. Type a “~”
in the “Enter text to send” box (marked in Figure 13) and
press Send. You’ll get the following response in the lower
portion of the form (Figure 13):

Hello
Analog Port is <—— -64
Port 1 <—— “low”
Port 2 <—— “high”
Port A is set ——>”off”

Port B is set ——>”off”

• Enter “A,” tap “send,” and LED D6 will light and the
phone app will display Port A is ——>’on.’
• Enter “a,” tap “send,” and LED D6 will turn off and the
phone app will display Port A is ——>’off.’
• Enter “B,” tap “send,” and LED D4 will light and the
phone app will display Port B is ——>’on.’
• Enter “b,” tap “send,” and LED D4 will turn off and the
phone app will display Port B is ——>’off.’
• Enter “1,” tap “send,” and the phone app will display
Port 1 <—— ‘low.’
• Enter “2” while pressing switch S1, tap “send,” and the
phone app will display Port 1 <—— ‘low.’
• Enter “2,” tap “send,” and the phone app will display
Port 2 <—— “high.’
• Enter “3,” tap “send,” and the phone app will display a
number representative of the voltage on the center pin of
the potentiometer.

That pretty well wraps it up. I have provided a copy of
the complete project, as well as a copy of the C code for
download at the article link.

Next thing I’m going to do is etch a circuit board so I
can move the PIC16F1619 and RN4020 off the
development board and get the circuit “out in the “field”
for some testing.

After that, maybe I’ll start climbing the curve for iOS
application development. NV

FIGURE 11. iPhone Screen
#1.

FIGURE 12. iPhone Screen
#2.

FIGURE 13. iPhone Screen
#3.
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As a quick review, the first article described a
general-purpose 555 replacement by using the
PIC12F1572. The second article (May 2017)

reviewed the circuits and their PIC equivalents, which
used the 555 basically as a mono-stable multivibrator.

References to the PIC replacement are to version 1.4
of the program. This version makes three enhancements to
the original: all astable modes (modes 4-6) use pin 4 as a

gate input; mode 5 replaces the off-time function with
period; and mode 6 is a metronome.

FM-2
Circuit 2 (Schematic 1) from Mims’ book shows the

555 connected as an astable multivibrator. It shows some
of the internal circuitry of the 555 which will be helpful in

discussing the circuits that follow. The operation of the
circuit can be described briefly as:

1. Initial condition: Power off.
2. Apply power.

A. Initial C1 voltage is 0V which is below the
trigger voltage (1/3 Vcc).

B. Flip-flop is set: Output high, discharge circuit off.
3. C1 charges through both R1 and R2.
4. C1 reaches the threshold voltage (2/3 Vcc).

A. Reset the flip-flop.
B. Output goes low.
C. Discharge circuit on.

5. C1 starts discharging through R2.
6. C1 voltage decreases to the trigger voltage (1/3 Vcc).

A. Set the flip-flop.
B. Output goes high.
C. Discharge circuit off.

7. Cycle starts over at step 3.

This third article in a recurring series continues to examine several of
the circuits from the popular 555 Timer IC Circuits by Forrest Mims,
which are variations on audio oscillators. Some will use the PIC
replacement covered in the first article (December 2016), while others
will develop specific programs using a PIC which will emulate a
particular implementation of a 555. The remaining oscillator circuits
will be discussed in a future installment of this series.

A Digital
Analog — Part 3

By Larry Cicchinelli

40 December 2017

To post comments on this article and find any associated files and/or
downloads, go to www.nutsvolts.com/magazine/issue/2017/12.

When a PIC can Replace a 555

Engineers Mini-Notebook 555 Circuits by Forrest M.
Mimms, III ©1984. Also see www.forrestmims.org.

SCHEMATIC 1. Basic
555 astable circuit.
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Figure 1 shows the power-up sequence of a
555 astable multivibrator. The output is high while
C1 is charging. The first pulse is longer because the
capacitor has to charge up to the threshold value
(2/3 Vcc) from ground, while for the remaining
pulses, C1 charges up from the trigger level voltage
(1/3 Vcc).

The actual ratio of the first pulse width to the
remaining pulse widths is about 1.7:1. You might
initially think that the first pulse should be twice that
of the remaining pulses, but the voltage rise is
exponential — not linear.

All the documentation I have seen for 555
astable operation states that the charge time will
always exceed the discharge time since the
capacitor is being charged through R1 and R2, but
is being discharged only through R2. Therefore, the
duty cycle will always be greater than 50%. The higher the
R2/R1 ratio, the closer to 50% you get.

If R1 = R2, the duty cycle will be 66%. If R1 gets low
enough, the discharge transistor will no longer saturate,
and the discharge time will be longer than the calculated
value which can lead to duty cycles less than 50%.

Schematic 1 also shows two options for changing the
charge time dependency on the value of R2. A diode in
parallel with R2 will decrease the charge time once the
voltage across R2 reaches the diode threshold value. This
is about 0.6V for a typical silicon small signal diode, as
low as 0.3V for a Schottky diode, and about 0.2V for
germanium.

With a Vcc of 5V, the difference between the
threshold voltage and the trigger
voltage is about 1.66V. The diode
will short R2 during a portion of the
charge cycle.

If you want to make the on
time totally independent of the off
time, you can put an FET like the
2N7000 across R2 and drive the
gate from the 555 output. The FET
will short out R2 when the output is
high, causing C1 to charge only
through R1. Using an FET, you can
easily get duty cycles much less
than 50%. You will want to make
sure that R1 is not so small that it
could cause so much current
through the FET that it is destroyed.

From a totally practical
perspective, I would never have less
than 100 ohms for either R1 or R2.
If you are using a pot for either or
both, I strongly recommend a fixed
resistor of at least 100 ohms in
series with each pot.

The PIC replacement circuit is

shown in Schematic 2. R1 and R2 should be selected to
force the 555 replacement into Mode 4 — one of its
astable modes. R3 and R4 are used to select the range
(see the first article for details); R5 and R6 set the off time
and on time.

Keep in mind that for both the mode and range, it’s
the ratio of the two resistors that is the determining factor.

I’ve written four sample programs (available at the
article link) that demonstrate astable multivibrator
operation using the PIC12F1572. Three were derived from
the three samples discussed in the second article of this
series.

Program 1 (ASMV-1) demonstrates the simplest and
fastest astable possible, with a 50% duty cycle using

December 2017                   41

FIGURE 1. 555 astable power-up.

SCHEMATIC 2. PIC 555
replacement, astable
circuit.
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programmed I/O. The pulse generation code is only two
statements. The period of the square wave is six
instruction cycles which — for the 32 MHz clock — will be
1.33 MHz.

Keep in mind that one instruction cycle is four clock
cycles. This can be trimmed down to four instruction
cycles (2 MHz) if a 25% (or 75%) duty cycle is
acceptable.

Program 2 (ASMV-2) uses delay functions to create
the high and low times. There are both millisecond and
microsecond functions which can be called from the main
loop to generate whatever duty cycle you need — within
the resolution of the clock.

Program 3 (ASMV-3) is quite a bit more complex than
the previous two. It uses the A/D to read a voltage which
controls the period of a square wave by setting the
timeout value of Timer 1.

There is no capability to have separate control over
the on time and off time. The program uses an interrupt
based on Timer 1 to change the state of the pulse. There
are definitions in the program which allow the Timer 1
clock to be changed.

Program 4 (ASMV-4) uses the PWM module and A/D
inputs to develop a variable period and duty cycle square
wave.

The program was developed starting with the PIC 555
equivalent program and then modified to use the PWM
module. It is well-documented, so it should be fairly simple
to modify.

There are eight overlapping period ranges from about
62.4 ns (16 MHz) to 67 s (.0148 Hz). The range selection
method is identical to that of the PIC 555 replacement
from the first part of this series.

Schematic 3A shows the debugging connections for
all my PIC programs (I’m currently using a PICkit 3), while
3B shows the application connections for ASMV-4. Due to
the methods used in ASMV-3 and ASMV-4, the processor
doesn’t need to be dedicated to executing the code.

FM-11
Mims’ Circuit 11 (Schematic 4) shows the 555

connected as a voltage controlled oscillator (VCO), and is
basically the same circuit as FM-2. The major differences
are the speaker and the potentiometer on the control
voltage input. Normally, in most 555 applications, this pin
has a bypass capacitor on it. For this application, as a
VCO, it’s used as a means to vary the frequency by
controlling the trip point voltages of the two comparators.

Looking at the schematic, you can see that the control
voltage is one input of a comparator which has the
threshold voltage as its other input. Varying the control
voltage changes the frequency of oscillation because the
difference between the trip voltages of the two
comparators is changing. Note that the trigger voltage
point will always be half of the control voltage.

As shown in the Mims book, as the control voltage
decreases from 4.8V, the output frequency increases.
However, an interesting characteristic of the circuit is that
when the control voltage passes through some low value
(about 1.6V when Vcc = 5V), the frequency decreases
until the voltage gets close to 0V and the unit stops
oscillating.

Take a look at Graph 1 which plots the output
frequency vs. the control voltage. The spreadsheet called
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SCHEMATIC 3.
PIC voltage
controlled
oscillator and
debug
connections.

SCHEMATIC 4. 555 voltage controlled oscillator.
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Graph 1.ods (available at the article link) also plots the
same information for a 556, which shows the same
characteristic as the 555 but with a slightly lower
inflection point of 1.2V.

As part of the investigation for this article, I found
that the resistors (labeled R) which form the internal
voltage divider shown in the 555 schematic can be
different among manufacturers. Out of nine
manufacturers I found, only four listed the resistor
values. Three of them were 5K and one was 100K. The
100K unit used FETs, while the others show bipolar
transistors.

One way to determine the resistor values is to
measure the CtrlV and then place a 47K resistor from
the CtrlV to ground and measure the voltage again. If
the voltage doesn’t change much, then the resistors are
low value and probably 5K. All three resistors will be the
same whatever their value.

The reason for the discussion above is that the book
shows a 100K potentiometer on pin 5. If the voltage
divider uses 5K resistors, the 100K pot will have very little
effect on the voltage over approximately the center 80%
of its range.

I’ve included another spreadsheet (Voltage
Divider.ods) in the article downloads which shows this
characteristic in a table as well as graphically.

If you want to implement this circuit, I recommend
that a potentiometer of at most 5K be used; 1K would be
better or — better yet — drive it from an op-amp.

Also notice the presence of R5 which is not in the
book. It is inserted to ensure at least some resistance for
when the pot is at minimum resistance. Having the
internal discharge circuit connected directly to Vcc didn’t
seem like a good idea to me. I’ve done the same thing to
all of the 555 circuits in this series.

The equivalent circuit using the PIC 555 replacement
(PIC FM-11) is
shown in Schematic
5. By tying pins 5
and 6 together, the
circuit will output a
50% duty cycle. For
a wide range of
audio frequencies,
the best range
selection for the
circuit is Range 1
(R3 = 6.5K, R4 =
1.5K): 10 µs to 10
ms.

This would
theoretically yield a
square wave
frequency range of
50 kHz to 50 Hz.

However, with software delays, the shortest period is
closer to 60 µs, or about 16 kHz.

The higher frequencies will change more rapidly with
voltage than the lower frequencies due to the 10 µs
resolution/step size. For example, a 50 kHz signal has a
period of 20 µs. The next longer period (lower frequency)
available with this program would be 40 µs (except for the
delays mentioned above), which is a frequency of 25 kHz.

The step size is 20 µs because both the on time and
off time are changing simultaneously by the same amount:
10 µs per step.

I used a different circuit to drive the speaker, which
should be safer for the PIC which has less current
available on its outputs than a 555. The same circuit can
be used for the 555 if desired.

One of the differences between the operation of the
555 and PIC circuits is the overall frequency range. The
555 is usually rated up to a maximum output frequency of
3 MHz. The PIC replacement — without any software
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SCHEMATIC 5. PIC
555 replacement
voltage controlled
oscillator.

GRAPH 1. 555 VCO frequency
vs. control voltage.
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changes — will only do up to 500 kHz.
If you want to use the PIC and need a higher

frequency, the program can be modified, or you can
start with program ASMV-4. However, you may
need to program it specifically for your application
since programming a more general-purpose device
(such as the 555 replacement) will usually cause
lower output frequency capability.

The 555 has a fairly linear frequency vs. control
voltage characteristic as shown in Graph 1. In
contrast, the PIC replacement has a very linear
period vs. control voltage response. This will not
work well for those applications which may want to
use an analog signal to modulate the PIC for use in
an FM application.

However, it’s possible to implement a
numerically controlled oscillator (such as is used
in DDS systems) using software in the PIC.
Programs NCO-1 and NCO-2 use software timing
loops to create an NCO with a 50% duty cycle.
NCO-1 develops a programmable frequency of
up to 400 kHz with about 6 Hz resolution. NCO-
2 allows the frequency to be modified via an
external potentiometer. Its range is adjustable via
definitions in the program.

One feature of the PIC’s A/D that I used in
one of the timing loops is that the A/D result
registers are both loaded simultaneously at the
end of the conversion cycle. This means they can
be accessed during a conversion for any
calculations that may be desired.

The output will have some amount of jitter in
it due to the resolution of the timing loop. There
is a timing value in one of the loops that
determines the full-scale frequency. The
calculations are described fully in the program

comments.
Program NCO-3 uses the NCO

peripheral of the PIC16F18313 to develop
a square wave. Graph 2 plots the output
frequency vs. control voltage of NCO-3 for
Range = 0. Like the 555 replacement, it
also uses a potentiometer for frequency
control and a voltage divider to select from
among six ranges.

Range 0 is probably best for audio
applications since its range is from 7.6 Hz
to about 7.7 kHz in 7.6 Hz steps. RA4, pin
3, is used to enable the output when it’s
low. There’s only one statement in the
program which needs to be changed if
high-enable is wanted.

Schematic 6 shows the connections for
the NCO-3 application. Schematic 3A
shows the connections for programming

44 December 2017

SCHEMATIC 7.
555 gated
oscillator.

SCHEMATIC 6. PIC numerically controlled oscillator.

GRAPH 2. PIC NCO frequency vs. control voltage.
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and debugging. Once the devices are programmed
for an application, pin 7 may be left floating but pin 4
should be tied high. RA3 can only be a digital input
when the unit is not connected to a programmer.

FM-16
Circuit 16 (Schematic 7) is a gated oscillator

which uses an FET in series with the timing resistors
as the gate. The FET can be replaced by directly
connecting the output of the logic device to the high end
of R1 if you use a device from one of the many CMOS
families such as 74HC.

Either solution requires that the supply voltage be 5V
or lower. If you use a device from one of the original
CMOS logic families — such as the 4000 series — you can
use a supply of up to 18V.

Another solution for the 555 is shown in the
schematic as an option. You can simply use the Reset
input to gate the oscillator. You’ll need to remove Q1 and
connect R5 directly to R1.

All three astable modes of the PIC replacement for
the 555 are gated. For most audio applications, mode 4 is
appropriate (Schematic 5) with pins 5 and 6 tied together
for a 50% duty cycle. Pin 4 is the gate input; it’s shown
tied high for normal astable operation. Grounding it turns
off the oscillator.

FM-20
Circuit 20 (Schematic 8) shows a 555 wired as a tone

burst generator. It uses an RC network (R3, R4, C2) on the
Reset input in order to enable and disable the output.

When the switch is closed, the output is enabled and
C2 charges up to above the threshold voltage of the Reset
input. When the switch is opened, C2 will discharge
through R4 until it’s below the Reset threshold, which
then turns off the output.

The time interval that the output remains on after the
switch is opened is dependent on the R4*C2 time
constant. The circuit will respond more quickly to the
switch if the value of R3 is reduced; 100 ohms will work
nicely.

I modified the original PIC replacement program so
that it now has gated astable multivibrator modes using

pin 4 as the gate input. The same circuit used by the 555
in Schematic 8 can be used on the gate input of the PIC.
It will operate identically to the way in which the 555
operates, except the 555 has a 0.7V threshold whereas
the PIC inputs are set up for Schmitt trigger levels with a
somewhat higher threshold.

You can also use the same speaker circuit on the PIC
as is used by the 555. However, I prefer the speaker
circuit shown in Schematics 2 and 5.

All of the sample programs, schematics, diagrams, and
pictures for this series can be found on my website
(www.qsl.net/k3pto), as well as the article link on the
Nuts & Volts website (www.nutsvolts.com).

Happy PICings until next time!  NV
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SCHEMATIC 8. 555 tone
burst generator.Resources

All schematics are drawn using DipTrace
www.diptrace.com

All parts purchased are from Digi-Key
www.digikey.com

My website
www.qsl.net/k3pto

Answers to the Acronyms Quiz
on Page 6:
1. Double Pole Double Throw. 2. Graphical User
Interface. 3. Real Time Clock. 4. Musical Instrument
Digital Interface. 5. Liquid Crystal Display. 6. Bayonet
Neill-Concelman. 7. Personal Digital Assistant. 8. Ultra
High Frequency. 9. Reduced Instruction Set Computer.
10. Random Access Memory. 11. Garbage In Garbage
Out. 12. Digital-To-Analog Converter. 13. Normally
Closed. 14. Computer-aided Design. 15. Root Mean
Square. 16. Field Effect Transistor. 17. Universal Serial
Bus. 18. Reverse Polish Notation. 19. Pulse-Width
Modulation. 20. picoFarad. 21. Vacuum Tube
Voltmeter. 22. Lithium-ion Polymer. 23. American Radio
Relay League. 24. Inter-Integrated Circuit. 25. Dual In-
Line Package. 26. Exclusive OR. 27. Cathode Ray Tube.
28. Surface-Mounted Device.
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while maintaining the full volume of
voice communication.

Sena’s patented Jog Dial design
is glove-friendly and easy to control,
while the VOX technology allows
users to answer phone calls,
communicate, and react to voice
commands all while hands-free.
Tufftalk is also compatible with the

Sena app to configure settings and
presets easily through any
smartphone. 

As with all Sena units, Tufftalk is
completely firmware upgradable to
ensure it remains compatible with all
of the latest Bluetooth technology.

Features include:
• Firmware upgradable

• Sturdy design for industrial
environments

• Optional 1.4 km communication
range, or 800 km with default
antenna

• Equipped with VOX for hands-free
control

• Pairs to smartphones and other
Bluetooth enabled devices

• 15 hours of talk time with lithium
battery or 12 hours with AAA
batteries

• Attenuation of 24 dB
• HD-quality speaker with Sena’s

Advanced Noise-Control  blocking
external noise

• Compatible with two-way radios
• Optional hard hat mounting

available
• Bluetooth 4.1

FIVE HOBBY
D-SERIES
SERVOS

Hitec announces the addition of
five new hobby servos to their

advanced popular D-Series group.
The programmable digital D89MW,

■ NEW PRODUCTS Continued from page 15
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For more information, contact:

Lemos International 
Co., Inc.

www.lemosint.com
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D145SW, D485HW,
D646WP, and D777MG
offer incredible performance
and precision in five distinct
sizes, all with 32-bit high
resolution, ultra-response
technology, and wide voltage
operation. 

The mighty micro-sized

D89MW delivers solid power with a
coreless motor. The slim wing
D145SW has heavy-duty steel gears,
providing instant torque and holding
power for slim aircraft and glider
wings. 

Replacing the standard-size HS-
5485HB and HS-5495BH servos, the
sport class D485HW brings faster
response and accuracy to various
radio control needs. 

IP-67 rated with D-Series
enhanced technology, the D646WP
is the perfect answer to its digital
predecessor, the HS-5646WP. Hitec’s
new low-profile D777MG servos
have evolved directly from their
popular metal gear HS-7775MG and
HS-8775MG. Pricing starts at $59.99.

For more information, contact:
Hitec RCD USA, Inc.

www.hitecrcd.com

Performance Specifications D89MW D145SW
Operating Voltage Range (volts DC) 4.8V ~ 7.4V 4.8V ~ 7.4V
Speed (second @ 60°) 0.17 ~ 0.11 0.21 ~ 0.14
Maximum Torque Range (oz/in) 74 ~ 118 54 ~ 83
Maximum Torque Range (kg/cm) 5.3 ~ 8.5 3.9 ~ 6.0

Physical Specifications D89MW D145SW
Dimensions (inches/millimeters) 1.14 x 0.51 x 1.18 / 1.18 x 0.39 x 1.45 / 

29.0 x 13.0 x 30.0 30.0 x 10.0 x 37.0
Weight (oz/grams) 0.88 / 25.0 0.84 / 24.0
Circuit Type 32-bit 32-bit

programmable digital programmable digital
Bearing Type Dual ball bearing Dual ball bearing

If you have a new product
that you would like us to
run in our New Products
section, please email a
short description (300-500
words) and a photo of your
product to: 
newproducts@nutsvolts.com
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A L L
E L E C T R O N I C S
www.allelectronics.com  Order Toll Free 1-800-826-5432

50 for $6.45 each

100 for $6.00 each

SPECIAL, 12 VDC 
3 AMP POWER 
SUPPLY
6' output cable w/ 

2.1mm coax plug, center+. cULus.

CAT# PS-1272    

$695
each

THERMOELECTRIC
(PELTIER) DEVICE
• 40 x 40 x 3.6mm   • lmax - 7A

• Umax - 15.4V   • Qcmax - 62.2W

• Tmax - 69C   • 1.7Ω resistance

• 127 thermocouples

• Max Operating Temp: 180°C

• Min Operating Temp: -50°C

CAT# PJT-13   
$495

each10 for $4.80 each

1.5-3 VDC MINI-MOTOR
Tiny 12 x 10 x 16mm DC motor. 

1.5mm diameter x 4mm long shaft. 

2 tapped mounting holes on 8mm centers.

Draws 50 mA @ 1.5 Vdc, no-load. 

Solder terminals.

CAT# DCM-491   75¢
ea.

100 for

60¢ each

LED WALL WASHER, 120 VAC
Earthtronics Model 

TLP250K3X3. 

Nice-looking white plastic 

"wall washer-type" fixture. 

Operates on 120Vac house 

current. 30 bright 5000K 

"Cool-white" LEDs in a 2" x 

2" array with diffuser lens. Inclines 

approximately 30° from mounting surface.

CAT# TLP-250   $400
each

THROUGH-BEAM PHOTO-
ELECTRIC SENSOR PAIR
SICK Optics WS15-D1130 / 

WE15-A1130. 

Photo-electric sender 

and receiver pair. Useful 

in automation, alarm 

systems and door annunc-

iators. When the beam is 

broken, the receiver 

produces a current that can be used to trig-

ger an audio-visual signal or relay-operated

device. 5 Meter range. Front-mount hard-

ware is included. Operate on 10-30Vdc.

Power supply not included. cULus.

CAT# OSU-1130   $1500
pair

20.0 UF 400 VDC POLY-
PROPYLENE CAPACITOR
ASC. Ideal for 

audio applications. 

20.0 MFD ±10%, 

400 VDC. 2.25" long x 1.40" x 1.1". 

CAT# MKP-204

10 for $2.75 each

100 for $2.25 each
$300

each

ROOKIE SOLAR RACER v2
Owikit# OWI-MSK681. 

Great little solar powered 

racing car kit for kids ages 

8 and up. Easy and fast to 

assemble, no batteries 

required. Get two or 

more to race. 2.62" x 

2.17" x 2.40" high. Solar 

panel output: 1.1V x 75ma. 

Requires direct sunlight to run.

CAT# MSK-681

$1195
each
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T Minus One Day
Based on winds aloft predictions,

my wife (Rachel) and I decided to
drive around the Ontario, OR area
(this is near the eastern border of
Oregon and Idaho) in search of a
possible balloon launch site (north of
us was predicted to be very crowded
during the eclipse). We found a good
location several miles north of town
and its regional airport.

Unfortunately, room at the little
park could become cramped or
possibly unavailable if other people
had plans to be there before us. So,
we established several other locations
in the off chance that our first choice
was occupied before we got there.
However, none of these other
locations were as promising as our
first choice.

I came up with one more idea,
and that was to contact the Ontario
airport. Since it has no flight tower, I
had to search for the airport manager
who might not be working on a
weekend. I missed the manager’s first
reply to my call, but fortunately
received a positive response the
second time around. 

It turned out the airport already
had eclipse plans and we’d be
sharing the airport with pilots who

were flying in to watch the historic
event.

The airport was an ideal location
for the launch. Rachel and I would
have plenty of room to spread out
the launch gear and near spacecraft
during the balloon filling. Better yet,
we could guarantee that the balloon
launch would not impact civilian
aircraft (we already filed a NOTAM,
or notice to airmen for the
commercial aircraft).

A launch at the airport meant the
balloon’s climb out of the airport
would be nearly straight up and not
over the runway. In addition, the
airport could notify us about
approaching aircraft.

Luck wasn’t finished smiling on
us. The winds aloft predicted for the
time of launch were going to be very
weak. Weak winds produce a short
balloon chase, and therefore my wife
and I would be able to watch totality
at the airport prior to chasing the
balloon.

So, I loaded up my balloon gear,
near spacecraft, and ground-based
experiments in preparation for the
drive to the airport the next morning.

Launch Day
Out of an abundance of caution,

we left for the airport four hours
early. The prediction for the last
several months was for thousands of
people to visit Idaho to see the total
eclipse. I didn’t want traffic jams to
hold me up (the roads were already
packed in central Oregon on the
20th). Funny thing though. 

Rachel and I experienced no
traffic on the morning of the 21st. No
where as many people traveled to
Idaho to watch the eclipse as
predicted. So, Idaho’s lost revenue
was my low-stress drive across the
border.

After lift-off, Rachel and I spent
time enjoying the progress of the
eclipse and speaking with the visiting
pilots and their families on topics of
astronomy and near space. The chase
wasn’t quite as perfect as the flight,
but was an eventual success. 

The problem with the chase was
the lack of amateur radio reception
and Internet access in this part of
Oregon (this was only a problem at
the end of the flight).

I did get to the landing zone
after a short delay to begin the
extraction process. The actual
extraction of the payload was the
worst part of the entire flight as you
can see in the photo with the
mountains.

Well, that was fun! I’ve never experienced a total solar
eclipse before, so August 21, 2017 has become one of the
most spectacular days of my life. It was great because I
was able to observe 90 seconds of totality at the Ontario,
OR airport. I also launched a near space flight that you
might be interested to read about. So, let’s press on with
those details.

■ BY L. PAUL VERHAGENEAR SPACE

Total Solar Eclipse Near Space
Flight Results

48 December 2017

paul@nearsys.com

Using a Fuji FinePix
S700 digital camera

set to six power
optical zoom, I was
able to capture this

image of my first
total solar eclipse.
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The Visual Data
Not everything worked

as planned. For example,
some of the cameras ran out
of memory during the
ascent due to my extreme
caution (I started cameras
too early in fear of forgetting
to start them before launch)
and not double-checking the
memory cards of a few
cameras. But wow! The data
I got turned out to be really
cool and included some of
the best I’ve ever collected
in near space.

Arguably, the most
important data was the near
infrared (NIR) images
recorded at 45,000 feet (the
mission reached 90,496
feet). While visible light —
especially towards the blue
end of the spectrum — is
strongly scattered by
molecules in the
atmosphere, NIR penetrates
the atmosphere with almost
no scattering.

The result was NIR
images showing the moon’s
shadow on the ground
without the fuzzy blue
atmospheric interference.
The images are
monochrome in order to prevent
weird color shifts from becoming a
distraction.

An added benefit is that farm
fields appear as bright white patches
on the ground in monochrome NIR.
The reason why plants appear so
bright is because the chlorophyll
molecule is very reflective to NIR
(chlorophyll strongly absorbs blue
and red for energy, but reflects green
and NIR).

The second camera returning
photos was a Seek Reveal thermal
imager. I didn’t have the time to
create a BalloonSat payload that
synchronized the thermal imager to
both the visible and NIR cameras.
Therefore, I have no context for the

APPROACHING THE FINAL FRONTIER

To post comments on this article and find any associated files and/or downloads, go to
www.nutsvolts.com/magazine/issue/2017/12.
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The scene shortly before we started
filling the balloon (I want to thank Dr.
Ebener at the College of Southern Idaho
for the 1,500 gram balloon we used). I
tethered each BalloonSat to its neighbor
using four strings. The BalloonSats were
layed out on a bed sheet during the
filling process to protect them from the
dirt. This was most important for the
BalloonSats carrying cameras.

Here, I’m giving a short presentation
to an audience of private pilots and

their families before my army of
volunteers released the balloon. I

want to thank the families who flew
into the Ontario airport and to Frazier
Aviation (the FBO) for helping Rachel

and me launch this near spacecraft.

The recovery site was only 1,000 feet off the road (Great!). Unfortunately,
it was also 700 feet up a mountain (Rats!). It took over an hour to climb

this steep mountain and another hour to get back down. Its steepness
made for a treacherous recovery at times as I had my hands full. I ended

up with more cuts and scrapes after this recovery than in any of my
previous 172 missions.
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thermal images. However, after
looking at over a hundred of them,
I’ve concluded that the eclipse didn’t
affect the thermal imager’s view of
the horizon. That’s because there’s
no obvious heat signature of the
moon’s shadow in the images.

There are two complicating
factors regarding the thermal images.
First, air molecules don’t have as
large a thermal mass as the ground
does. So, only when the thermal
imager is looking across the horizon
through tens of miles of atmosphere
does the air’s temperature begin to
affect the quality of the camera’s
images (the image details get washed
out). Now compare this to images
taken from an imager looking straight
down; these do show variations in
ground temperatures.

The second complicating factor
is that the thermal imager scales its
color palette to match the
temperature extremes observed. The
ground is always warm (around 40
degrees); however, the temperature
variations observed across the
ground only amount to 10 or so
degrees.

Near space, on the other hand,
has a temperature of -90 degrees,
according to the thermal imager.
Whether the temperature variation
observed in a thermal image is 10
degrees or 140 degrees, the thermal
imager uses the same color palette to
map the temperature range.

Therefore, while a temperature
change of 10 degrees observed
looking straight down is easily
detected in a thermal imager, the
same 10 degree change in
temperature becomes impossibly
small to observe when the
temperature range becomes 140
degrees, as it does in an image taken
of the horizon.
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After passing over the balloon,
the moon’s shadow is now seen
going east towards Idaho Falls.
The lake visible in this image is
Lake Lowell, and is located just
south of the towns of Nampa and
Caldwell.

The entire moon’s shadow is visible in this image. The distance to the
horizon is over 250 miles and the moon’s shadow is 70 miles across.

The moon’s shadow approaching the balloon at a speed of 2,000 MPH.
This image was taken around 43,000 feet and is looking west over
central Oregon.
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So, whatever effect the moon’s
shadow had on the ground, it must
be minor compared to the
temperature variation observed
across the ground and near space. It
probably only affected a thin layer of
air anyways.

I believe that if both the ground
and air were cooled by the moon’s
shadow, then I would have expected
to see at least a circular orange patch
(slightly cooler than the yellow
ground) in the thermal imager.

Next time, I’ll write about the
results from the flight’s non-imaging
experiments. Plus, I’ll explain what I
learned from this experience, and
what I plan to change in preparation

for my next eclipse flight in 2024.
Onwards and Upwards,

Your near space guide  NV

One of the hundreds of non-
descript thermal images that

my flight collected. The yellow
region at the bottom of the

image is the ground. The
yellow and white mottling
results from differences in

terrain temperature. The red
band is (I believe) a

combination of warm ground
and a thicker mass of cold air

the camera is looking through.
The blue region above the

horizon only shows even colder
air and no warmer ground. A

cloud appears as a fuzzy white
patch above the horizon.

Irrigated farm
fields with leafy
vegetation are
cooler than dry
desert with
sparse grasses,
sage brush, and
rocks. That’s
why cooler blue
patches (farms)
appear mixed
within the
warmer yellow
regions (desert).

Introducing the
ME Labs K40 D-Stick

    

    

ME Labs’ Advanced K40 D-Stick 
provides all the functionality of 

Microchip’s 40-pin PIC18F47K40 in a 
hardware module that includes a USB 
on-board programmer and virtual COM 

port. 
Available now with a 6’ micro USB cable 

ONLY $49.99!
www.melabs.com

PICBASIC PRO™ Compiler
PBP3

Order and details at:
melabs.com
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- USB
- Ethernet
- Web server
- Modbus
- CNC (Mach3/4)
- IO

- up to 256 
  microsteps
- 50 V / 6 A

- Isolated

- up to 50MS/s
- resolution up to 12bit
- Lowest power consumption

- 7 in 1: Oscilloscope, FFT, X/Y, Recorder,  

- up to 32 
  microsteps
- 30 V / 2.5 A

- Encoders
- LCD

www.poscope.com
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GREAT FOR DIYers!

Programming PICs in Basic
by Chuck Hellebuyck

If you wanted to learn
how to program 
microcontrollers, then
you've found the right
book! Microchip PIC
microcontrollers are
being designed into 
electronics throughout
the world and none is
more popular than the 
eight-pin version. Now
the home hobbyist can 
create projects with these little 
microcontrollers using a low cost 
development tool called the CHIPAXE 
system and the Basic software
language.Chuck Hellebuyck introduces
how to use this development setup to
build useful projects with an eight-pin
PIC12F683 microcontroller. $14.95

Programming Arduino
Next Steps: Going Further

with Sketches
by Simon Monk

In this practical guide,
electronics guru Simon
Monk takes you under
the hood of Arduino
and reveals professional
programming secrets.
Also shows you how
to use interrupts, 
manage memory, 
program for the
Internet, maximize
serial communications, 
perform digital signal
processing, and much more. All of the 75+
example sketches featured in the book are
available for download. $20.00

Beginner's Guide to Reading
Schematics, 3E

by Stan Gibilisco

Navigate the roadmaps
of simple electronic
circuits and complex
systems with help from
an experienced 
engineer. With all-new
art and demo circuits
you can build, this
hands-on, illustrated
guide explains how to
understand and create
high-precision 
electronics diagrams.
Find out how to
identify parts and connections, decipher
element ratings, and apply diagram-based
information in your own projects.

$25.00

Programming the Raspberry Pi,
Second Edition: Getting Started

with Python
by Simon Monk

An updated guide
to programming
your own RaspPi

projects

Learn to create inventive
programs and fun games
on your powerful
Raspberry Pi with no
programming experience
required. This practical
book has been revised to fully cover the
new Raspberry Pi 2, including upgrades to
the Raspbian operating system.  DIY
projects include a hangman game, RGB
LED controller, digital clock, and
RasPiRobot with an ultrasonic rangefinder.
$15.00      

Electronics Workshop
Companion for Hobbyists

by Stan Gibilisco
In this practical
guide, electronics
expert Stan
Gibilisco shows you,
step by step, how to
set up a home
workshop so you
can invent, design,
build, test, and
repair electronic 
circuits and gadgets.
Electronics Workshop
Companion for Hobbyists
provides tips for constructing your 
workbench and stocking it with the tools,
components, and test equipment you’ll
need. Clear illustrations and interesting 
do-it-yourself experiments are included
throughout this hands-on resource.
$25.00

Make Your Own
PCBs with EAGLE

by Eric Kleinert
Featuring detailed
illustrations and
step-by-step 
instructions, Make
Your Own PCBs with
EAGLE leads you
through the process
of designing a
schematic and 
transforming it into
a PCB layout. You’ll
then move on to
fabrication via the generation of standard
Gerber files for submission to a PCB 
manufacturing service. This practical guide
offers an accessible, logical way to learn
EAGLE and start producing PCBs as 
quickly as possible.

$30.00

How to Diagnose and Fix
Everything Electronic
by Michael Jay Geier

A Fully Revised
Guide to
Electronics 
Repair all kinds of
electrical products,
from modern digital
gadgets to analog
antiques, with help
from this updated
book. The Second
Edition offers expert
insights, case studies, and step-by-step
instruction from a lifelong electronics guru.
Discover how to assemble your workbench,
use the latest test equipment, zero in on and
replace dead components, and handle
reassembly.  $24.95
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The Nuts & Volts WEBSTORE
For  comple te  pr oduct  de t ai ls ,  v is i t  us onl ine!!

Arduino Project Handbook, Vol. 2
by Mark Geddes

Each project
includes cost and
time estimates,
simple instructions,
colorful photos and
circuit diagrams, a
troubleshooting
section, and the
complete code to
bring your build to
life. With just an
Arduino board and
a handful of
components, you’ll make gadgets like a
rainbow light display, noise-level meter,
digital piano, GPS speedometer, and
fingerprint scanner. This collection of
projects is a fast and fun way to get started
with microcontrollers that’s perfect for
beginners, hobbyists, parents, and
educators.  $24.95    

20 Makey Makey Projects 
for The Evil Genius

by Aaron Graves,
Colleen Graves

This hands-on guide is
filled with DIY projects
that show readers step-
by-step how to start
creating and making
cool inventions with the
Makey Makey invention
kit. Each project
features easy-to-follow
fully-illustrated
instructions and detailed photographs of
the finished gadget. Readers will see how
to apply these skills and start building their
own Makey Makey projects.
• No prior programming or technical
experience is required
• Basic enough for beginners, but
challenging enough for advanced makers
$25.00
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The Nucleo-F030R8
Our target ARM Nucleo development board is based

on the STM32F030R8T6. If you ignore the ST-LINK
programming portion of the Nucleo board, the
STM32F030R8T6 is host to a very basic configuration.
Right now, we only have a single pushbutton and one
lonely LED that we can directly control via the
STM32F030R8T6. That’s okay because we are mainly
interested in how to get the STM32F030R8T6 to do tricks
on our application’s command.

As you can see in Photo 1, we are using the Nucleo-
F030R8’s Morpho connectors to realize our physical
connections to the STM32F030R8T6 microcontroller
instead of the existing Arduino portals. The Nucleo-
F030R8’s Morpho connectors are nothing more than dual-
row male headers with connections to the
STM32F030R8T6. 

We’re able to access most all of the STM32F030R8T6
pins directly from the Nucleo-F030R8’s Morpho headers.

The Morpho headers fit nicely into a pair of dual-row
female headers that are supported by a Twin Industries
perfboard. The Twin Industries perfboard we are using is
equipped with plated-through holes and ground planes on
both sides of the board. There’s enough room left on the
perfboard to mount a solderless breadboard, which could
come in handy later. There are also unused female header
pins that we could use to accommodate other pluggable
devices.

The idea behind the Nucleo-F030R8 development
board is low cost. That’s why the ST-LINK
programmer/debugger is included in the Nucleo-F030R8
development board’s design. However, with a little bit of
wiring, the Nucleo-F030R8 board can be programmed and
debugged using an external Segger J-LINK device. We’ll
forego the Nucleo-F030R8’s onboard ST-LINK

programming system and opt for the more
powerful external J-LINK solution.

A ready-made SWD (Serial Wire
Debug) programming/debugging portal is
provided on the Nucleo-F030R8 in the
form of a six-pin male header, which you
can easily pick out in Photo 1. The J-LINK’s
standard programming/debugging interface
is a 20-pin male header.

Instead of crafting a custom
programming/debugging header board to
accommodate the J-LINK’s 20-pin monster
header, we’ll call upon a tricky little SWD
adapter from Adafruit on the Nucleo-
F030R8 end of the programming cable and
a just-as-tricky J-LINK adapter from Olimex
at the J-LINK end of the 10-pin
programming cable.

The 20-pin to 10-pin adapter
arrangement we’ll use is shown in Photo 2.
The Olimex ARM-JTAG-20-10 adapter can
be obtained from Digi-Key.

Go ARM in ARM with Hardware
and Firmware

■ BY FRED EADY

Let’s get serious about some ARM hardware and firmware. In this edition, we are
going to assemble some ARM hardware and write some ARM code. The ARM
hardware will consist of an STMicroelectronics Nucleo-F030R8 development board
pinned down to a Twin Industries perfboard. Enough talk. Let’s get to work.

THE DESIGN CYCLE

■ PHOTO 1. The Twin Industries perfboard is the
perfect foundation for our Nucleo-F030R8. There’s

plenty of room for expansion and everything we
need right now is there.
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To post comments on this article and find any associated files and/or downloads,
go to www.nutsvolts.com/magazine/issue/2017/12.

The Nucleo-F030R8’s power supply design is
straightforward, using linear voltage regulators all the
way through. The Nucleo-F030R8 can be powered via
its onboard USB portal or the VIN pin. Using the VIN
power portal requires that we bring out a power
connector on the perfboard. It’s easier to just power our
Nucleo-F030R8 from its onboard USB portal.

The Nucleo-F030R8 schematic set is every bit of
four pages. So, we won’t publish it here. You can get it
from the STMicroelectronics website. However, to make
things a bit easier for you, I have posted the Adafruit-to-
Morpho SWD connections in Figure 1.

Crawling Before We Walk
I’m using a J-LINK Pro and a licensed copy of the

Keil ARM C compiler. You don’t have to dive in like I
did. You can use the educational version of the J-LINK
and the free version of the Keil ARM C compiler.

If you go with the free Keil compiler, you can only
build applications that are less than 32 kB in length. If
the J-LINK is breaking your development tool budget,
you can reFlash the Nucleo-F030R8 microcontroller
running ST-LINK with J-LINK OB (OnBoard) code.
The details on converting your Nucleo-F030R8’s ST-
LINK to J-LINK OB can be found on the Segger
website.

Once you have some form of J-LINK connected
to your Nucleo-F030R8, you must tell the uVision
IDE (integrated development environment) that a J-
LINK device will be used for programming and
debugging. This is done by clicking on the little
magic wand in the uVision IDE and entering the
Options for Target window set. You can see that
this has been done in Screenshot 1.

To keep from pulling your hair out, take the
Settings tab beside the J-LINK selection and set the
port type to SW (SWD). The port type defaults to
JPEG and you will get “can’t find a device”
messages when you try to contact the Nucleo-
F030R8’s STM32F030R8T6 microcontroller with the
J-LINK device.

Here’s the scenerio: You are clueless about the
STM32F030R8T6 and you have just been
introduced to a simple “blink the LED” program that
was specifically written for the STM32F030R8T6.
The ARM source code is in front of you and it
appears to be written in a foreign language. 

Fear not! The Keil uVision firmware
development system is your machete in this

ADVANCED TECHNIQUES FOR DESIGN ENGINEERS
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■ PHOTO 2. I use this setup for my Nordic BLE radio projects
and it works great for the Nucleo-F030R8 too. The Adafruit

adapter takes the pain out of assembling the Nucleo-F030R8’s
SWD interface.

■ FIGURE 1. You could have easily figured this out from the
Nucleo-F030R8 schematic set. However, why make you do that

when I’ve already cracked the nut?

■ SCREENSHOT 1. Clicking on the magic wand will
take you to the Options for Target window set. Be

sure to select the J-LINK Settings tab and switch the
port from JTAG to SW.
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seemingly impassable firmware jungle. The firmware
you’re looking at is actually an example program that
originates from the examples area of the Keil ARM C
compiler. It’s called Blinky. To get Blinky, open the Keil
Pack Installer, dial up the STM32F030R8 (Screenshot 2),

and install the STMicroelectronics Nucleo Boards Support
and Examples pack (Screenshot 3).

While you’re there, you might as well install the
STMicroelectronics STM32F0 Series Device Support and
Examples pack, too. You’ll then be able to simply copy the
Blinky example code to a destination of your choice.

Enabling Blinky’s Clock
The STM32F030R8T6 Reference Manual is a good

thing to have right now. So, go ahead and download it
from the STMicroelectronics website. Let’s take apart the
clock setup function line by line.

The first order of business is to enable HSI, which is
the 8 MHz internal clock oscillator. This is accomplished
by setting the associated bit in the Clock Control Register,
which is part of the RCC (Reset and Clock Control)
register set:

void SystemCoreClockConfigure(void) {

RCC->CR |= ((uint32_t)RCC_CR_HSION);    
// Enable HSI

while ((RCC->CR & RCC_CR_HSIRDY) == 0);
// Wait for HSI Ready

The really cool thing about the Keil compiler —
officially known as MDK-ARM Essential — is that you can
instantly see the values by hovering the mouse pointer
over the register names and arguments in the uVision IDE.
Right-clicking on the register names and arguments will
allow you to trace the origins of the registers and values.

The next step is to declare the HSI as the system
clock. Again, we rely on the RCC register set. This time,
we will twiddle bits within the CFGR (Clock Configuration
Register):

■ SCREENSHOT 2. The Keil ARM C compiler comes with
Pack Installer. Here, we have zeroed in on the
STM32F030R8.

■ SCREENSHOT 3. This is where we install the example code. Note also
that we can install lots of other goodies from here as well.

RESOURCES
Keil MDK-ARM

Essential C Compiler
Keil

www.keil.com

STMicroelectronics Nucleo-F030R8
Development Board

Digi-Key
Mouser

www.digikey.com
www.mouser.com

J-LINK Pro
Segger

www.segger.com
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// HSI is system clock
RCC->CFGR = RCC_CFGR_SW_HSI;
// Wait for HSI used as system clock      
while ((RCC->CFGR & RCC_CFGR_SWS) !=
RCC_CFGR_SWS_HSI);  

The smoke is cleared once you trace back to the
CFGR and RCC_CFGR_SW_HSI definitions. Check out
Screenshot 4. You can also see the read-only
RCC_CFGR_SWS status bits in Screenshot 4.

The next lines of code are self-explanatory:

// Enable Prefetch Buffer
FLASH->ACR  = FLASH_ACR_PRFTBE;   
// Flash 1 wait state                       
FLASH->ACR |= FLASH_ACR_LATENCY;    

This is a simple application, and none of the clocks
are divided, prescaled, or postscaled. The peripheral
(PCLK), system clock (SYSCLK), and systemcore (HCLK)
clocks run at the same speed:

// HCLK = SYSCLK
RCC->CFGR |= RCC_CFGR_HPRE_DIV1; 
// PCLK = HCLK                        
RCC->CFGR |= RCC_CFGR_PPRE_DIV1; 

The STM32F030R8T6 will run at 48 MHz wide open.
We will utilize the STM32F030R8T6’s on-chip PLL to whip
the internal 8 MHz clock up to 48 MHz. We need to turn
the PLL off to configure it:

// Disable PLL
RCC->CR &= ~RCC_CR_PLLON;                  
//  PLL configuration:  = HSI/2 * 12 = 48 MHz
RCC->CFGR &= ~(RCC_CFGR_PLLSRC |
RCC_CFGR_PLLXTPRE | RCC_CFGR_PLLMUL);
// HSI used as PLL clock source :
SystemCoreClock = HSI/2 * PLLMUL 
RCC->CFGR |=  (RCC_CFGR_PLLSRC_HSI_DIV2 |
RCC_CFGR_PLLMUL12);

Now, let’s turn the tiger loose. We will execute no-ops
(no operation) until the PLL comes up to speed:

// Enable PLL
RCC->CR |= RCC_CR_PLLON;   
// Wait till PLL is ready   
while((RCC->CR & RCC_CR_
PLLRDY) == 0) __NOP();  

We have successfully climbed
the clock chain ladder using the
HSI as our base. We are now
ready to crown a new system
clock King:

// Select PLL as system clock source
RCC->CFGR &= ~RCC_CFGR_SW;                
RCC->CFGR |=  RCC_CFGR_SW_PLL;
// Wait till PLL is system clock src
while ((RCC->CFGR & RCC_CFGR_SWS) !=
RCC_CFGR_SWS_PLL);  
}

The SystemCoreClock variable defaults to 8000000. To
keep any tick timing routines we may write accurate, we
need to update the SystemCoreClock variable to
48000000. 

If you follow the SystemCoreClockUpdate function
through its paces, you’ll see that is exactly what happens.

Setting Up the Blink
Unlike PIC microcontrollers, we have to do a little

more ARM work on a GPIO pin to get an LED to work.
ARM GPIO ports have four 32-bit configuration registers
(GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, and
GPIOx_PUPDR), two 16-bit data registers (GPIOx_IDR and
GPIOx_ODR), and a 32-bit set/reset register
(GPIOx_BSRR). 

Ports A and B also have a 32-bit locking register
(GPIOx_LCKR) and two 32-bit alternate function selection
registers (GPIOx_AFRH and GPIOx_AFRL).

The GPIOx_MODER register is used to select the I/O
mode which can be either input, output, AF (Alternate
Function), or analog. 

The output type, push-pull, or open-drain is selected
using the GPIOx_OTYPER register.

Speed of the I/O is determined by the value within
the GPIOx_OSPEEDR register. The GPIOx_PUPDR register
is used to select the pull-up/pull-down — whatever the I/O
direction.

GPIOx_ODR stores the data to be output and is
read/write accessible. The data input through the I/O are
stored in the input data register, GPIOx_IDR, which is
read-only.

Now that we have a rundown on ARM GPIO, let’s
tackle the initialization of the Nucleo-F030R8’s LED port:
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■ SCREENSHOT 4. I right-clicked
on RCC_CFGR_SW_HSI and

selected Go To Definition. This is
where the value of

RCC_CFGR_SW_HSI is set.
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int32_t LED_Initialize (void) {

RCC->AHBENR |=  (1ul << 17);   
/* Enable GPIOA clock         */

/* Configure LED (PA.5) pins as */
/* push-pull outputs, No pull-up, */
/* pull-down                */
GPIOA->MODER   &= ~((3ul << 2*5));
GPIOA->MODER   |=  ((1ul << 2*5));
GPIOA->OTYPER  &= ~((1ul <<   5));
GPIOA->OSPEEDR &= ~((3ul << 2*5));
GPIOA->OSPEEDR |=  ((1ul << 2*5));
GPIOA->PUPDR   &= ~((3ul << 2*5));
return (0);

}

To use ARM GPIO, we must always enable the port
clock. In our LED_Initialize function, we first set GPIO pin
PA.5 to analog by writing a binary 00 to the MODER5 bits
of the GPIOA_MODER register. The &=~ operation clears
the bits in MODER5, which associates to GPIO pin PA.5.

To put PA.5 into output mode, we must write a binary 01
to the MODER5 position.

This is accomplished using the |= operation. If you
were to stop the program in debug mode at this point and
hover the cursor over the GPIOA->MODER characters, you
would see that the GPIOA_MODER register contains
0x28000400. The default value of GPIOA_MODER is
0x28000000. We placed a binary 01 in the MODER5
position to force the 04 into the mix.

To set up push-pull on PA.5, we simply clear position
OT5 in the GPIOA_OTYPER register using the &=~
operators. The setup for the GPIOA_OSPEEDR register is
similar to the GPIOA_MODER register in that we shift in
binary 00 to the OSPEEDR5 position of the
GPIOA_OSPEEDR register to clear the bit positions (low
speed = 00).

Since we are just blinking an LED, low speed will work
fine. However, we’ll set up medium speed (01), which fills
the GPIOA_OSPEEDR register with the value of
0x0C000400. The reset value of the GPIOA_OSPEEDR
register is 0x0C000000.

We can ditto the GPIOA_OTYPER register setup
mechanics when loading the GPIOA_PUPDR register. We
need only clear the bits associated with PA.5 (PUPDR5
bits) in the GPIOA_PUPDR register. Our LED GPIO pin is
now ARMed and ready.

Following the flow of the example, the next operation
is to initialize the pushbutton I/O pin (PC.13). If you
follow the flow of the Buttons_Initialize function, you will
find that the PORT C clock was enabled, and the bit
associated with PC.13 in the GPIOC_MODER register was
cleared (input mode).

Setting Up the Nucleo-F030R8’s
USART

If you look ahead in the Blinky source code, you’ll see
that a printf statement is executed following every blink
cycle. I’ve modified the original printf statement contents
as follows:

printf (“Design Cycle\n\r”);

Here is the source code for the Nucleo-F030R8
USART initialization:

int stdout_init (void) {

#ifdef RTE_Compiler_IO_STDOUT_User
RCC->AHBENR  |=  (   1ul << 17);    
/* Enable GPIOA clock */
RCC->APB1ENR |=  (   1ul << 17);     
/* Enable USART#2 clock */
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■ PHOTO 3. A little heat from my hot air soldering system
made this change feel like a walk in the park.
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/* Configure PA3 to USART2_RX, PA2 to 
/* USART2_TX */
GPIOA->AFR[0] &= ~((15ul << 4* 2) | (
15ul << 4* 3));
GPIOA->AFR[0] |=  (( 1ul << 4* 2) | 
( 1ul << 4* 3));
GPIOA->MODER  &= ~(( 3ul << 2* 2) | 
( 3ul << 2* 3));
GPIOA->MODER  |=  (( 2ul << 2* 2) | 
2ul << 2* 3));

/* 115200 baud @ 48MHz   */
USARTx->BRR  = __USART_BRR(USART_CLK, 
USART_BAUDRATE);
USARTx->CR3   = 0x0000;               
/* no flow control */

USARTx->CR2   = 0x0000;               
/* 1 stop bit */  

USARTx->CR1   = ((   1ul <<  2) |    
/* enable RX */

(   1ul <<  3) |     
/* enable TX */

(   0ul << 12) |    
/* 1 start bit, 8 data bits */

(   1ul <<  0) );    
/* enable USART */

#endif
return (0);
}

You are definitely familiar with the ways of the USART

code. The Nucleo-F030R8’s USART code uses the same
shifting and &=~/|= operators to manipulate bits within
the registers. The Nucleo-F030R8’s USART register bit
positions are explained in detail within the STM32F030R8
Reference Manual. Now that you understand how the
ARM registers work, we won’t go through them in detail
here.

However, there is some hardware work to be done if
we want to use the Nucleo-F030R8’s USART with our J-
LINK setup. We must disconnect the STM32F030R8T6
USART from the ST-LINK microcontroller and reroute it to
our Morpho/Arduino headers. This is easily done by
moving a couple of zero ohm resistors on the back side of
the Nucleo-F030R8. You can see in Photo 3 that I have
moved the zero ohm jumpers from SB13 and SB14 to
SB62 and SB63.

Tick Tock
Recall that we ran a function that reset the

SystemCoreClock variable to 48000000. Well, here’s why:

SysTick_Config(SystemCoreClock / 1000);   
// SysTick 1 msec interrupts
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The SysTick_Config function uses the value of the
SystemCoreClock variable to set up a timer to overflow
and interrupt every 48,000 clock ticks. That equates to an
interrupt every one millisecond.

An interrupt handler for each millisecond tick along
with a millisecond tick counter function make up the clock
that blinks the Nucleo-F030R8’s onboard LED:

volatile uint32_t msTicks;            
// counts 1ms timeTicks

/*——————————————————————————————————————
* SysTick_Handler:
*——————————————————————————————————————*/

void SysTick_Handler(void) {
msTicks++;

}

/*——————————————————————————————————————
* Delay: delays a number of Systicks
*——————————————————————————————————————*/

void Delay (uint32_t dlyTicks) {
uint32_t curTicks;

curTicks = msTicks;
while ((msTicks - curTicks) < dlyTicks) 
{ __NOP(); }

}

The Delay function simply processes tick counts while
executing no-ops. The millisecond tick interrupt handler
does nothing but increment the msTicks variable every
millisecond.

Blinky Blink
The endless loop blinks the only LED on the Nucleo-

F030R8 development board every 500 milliseconds. The
blinking can be stopped by holding down the only user-
accessible pushbutton on the Nucleo-F030R8
development board. 

Here’s the code:

for (;;) {
LED_On(num);                              
// Turn specified LED on
Delay(500);                     
// Wait 500ms
while (Buttons_GetState() & (1 << 0));    
// Wait while holding USER button
LED_Off(num);                        
// Turn specified LED off
Delay(500);                            
// Wait 500ms
while (Buttons_GetState() & (1 << 0));
// Wait while holding USER button
num++;                                
// Change LED number
if (num >= max_num) {

num = 0;                               
// Restart with first LED
}

printf (“Design Cycle\n\r”);
}

I’ve captured the execution of the printf statement in
Screenshot 5. Rather than just show you a terminal screen
capture, I thought you might enjoy a Saleae logic analyzer
view of the asynchronous data stream.

I figured you might want to add a Saleae logic
analyzer to your Design Cycle along with your Keil C
compiler and J-LINK. NV
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■ SCREENSHOT 5. Instead of capturing the text with a terminal
emulator, I thought you might like to see what an asynchronous
data stream looks like from the viewpoint of a Saleae logic
analyzer.
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       R E A D E R  -  T O  -  R E A D E RTECHFORUM
>>> QUESTIONS
VAX VMS Emulation

Is there an emulator for a Digital 
Equipment Corporation’s VAX VMS 
4.7 machine, either running on an 
SBC (Single Board Computer), or 
possibly an image that can run as 
a virtual machine in VMWare or 
something similar? 

I want to create a four-node VAX 
cluster like the one I used to work 
on, and would love to see it sitting on 
my desk as a stack of Raspberry Pi 
boards.
#12171 Troy Thoele

Huntsville, TX

AMP Clamp
Could someone explain in simple 

terms how an AMP clamp works? 
Does it have a transformer in it or 
Hall-effect sensors or similar?
#12172 Kevin Champion

Cleveland, OH

VGA To LCD
I would like to be able to drive 

a 4x20 line LCD with a VGA output 
from an old computer. Is there a 
simple interface to do this?
#12173 Evan Lee

Elizabethtown, IL

Solid-State Tube Replacement
I’m refurbishing a tube-type 

Hallicrafters shortwave receiver. I was 
planning on using a solid-state plug-in 
replacement for the rectifier tube; 
mostly because I can’t find the tube. 

I’ve been told that a solid-state 
rectifier could result in higher voltage, 
and may blow the filter capacitors 
and run the tubes at a non-linear 
part of their operational curves. Can 
someone confirm or explain if this is a 
good idea or not?
#12174 Matthew Stiefel

Steelville, MO

>>> ANSWERS
[#9171 - September 2017]
What’s In A Board?

There are plenty of high quality, 
double-sided printed prototyping 
boards readily available on eBay. 
They are perfect if used as they are, 
unless — as it often happens — the 
need arises to trim, grind, or otherwise 
shape them. 

Here is my problem: I am deeply 
concerned that these boards are made 
with asbestos. I know that for any 
grinding job a facial mask is a must, 
but if the dust created in the process 
could contain asbestos particles, 
much stronger protection measures 
would be warranted. Or, perhaps such 
operations should be entirely avoided. 

I imagine that many electronics 
enthusiasts cut or even grind these 
items, completely unaware of the 
danger they may pose. I tried to gather 
information from the Web about these 
products, with little success. 

I would like to know — preferably 
from an authoritative source — what 
materials are used in production 
of these (mostly Chinese in origin) 
prototyping boards. 

#1 A “proper” printed circuit board 
(PCB) is made from epoxy resin with 
a fiberglass filler or from phenolic 
resin with paper filler. Any of this stuff 
would be better if you didn’t breathe 
it, but it’s not asbestos. One way to 
minimize the problem is to cut the 
fiberglass board with tin snips. That 
makes little to no dust.

Chip Veres
Miami, FL

#2 It’s unlikely you’ll find asbestos 
in circuit board material. Most are 
fiberglass and epoxy. Still, you don’t 
want to breathe fiberglass dust when 
you cut a board. A dust mask and 
safety glasses work well to keep dust 

out of lungs and eyes. 
Most often I use a sharp box 

cutter or an X-ACTO knife to score 
the PCB and then snap the sections 
apart. The knife doesn’t need to cut 
all the way through a piece of board. 
A small coping saw with a fine-tooth 
blade would work too.

Also look at jeweler’s saws that 
come with fine-tooth blades. You’ll 
need a vise or a clamp to hold the 
PCB steady for sawing.

Jon Titus
Herriman, UT

[#9172 - September 2017]
Electromagnetics: Transformers, 
Generators, Motors, And Other AC 
Machinery

I’m trying to make sense of 
everything coiled, but the only thing 
getting wound up is me! I thought I 
knew a bit about electromagnetics, 
but recently I’ve been trying to make 
sense of all these fields and flows. 

What is the difference between 
the magnetic field and the flux? 
How does flux work in a transformer 
or a generator? Does anyone really 
understand Maxwell’s Equations? 

So many textbooks dealing with 
electromagnetism speak in equations 
instead of English. I want to know 
HOW it all works, not just how to 
compute these things. Am I just 
reading the wrong books? Can you 
help me figure out what the flux is 
going on?

#1 I'm also struggling with 
the same thing. I recently found 
a series of great electricity and 
magnetism lectures that are easy on 
the math and have lots of practical 
demonstrations on YouTube. These 
are by Walter Lewin at MIT and you 
can find them by searching for 8.02X 
on YouTube.

The first lecture is at https://
www.youtube.com/watch?v=x1-
SibwIPM4&t=478s . Also, there 
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are lots of other free video lectures 
available for free from MIT open 
courseware as well at http://ocw.mit.
edu.

Keith Ujvary
Gibsons, BC

#2 My best attempt to explain a 
transformer: Any time you move a 
magnet near a wire, you generate 
electricity in the wire. Especially so if 
the magnetic field lines “cut through” 
the wire as they are moving. 

The secondary (output) windings 
on the transformer are constantly 
being “cut” by the moving magnetic 
field from the primary, so they 
generate electricity. The job of the 
primary (input) windings is to set up 
the moving magnetic field in the core 
and in the secondary. The primary is 
acting as an electromagnet. 

The “movement” results from the 
fact that the current in the primary 
is AC and constantly changing. A 
transformer will work on AC but not 
on DC. That’s it. Fools rush in where 
angels fear to tread.

Chip Veres
Miami, FL

#3 Magnetics can be really 
fascinating. I could sit here and type, 
but if you Google "left hand motor 
rule," it has nice diagrams to explain 
the functions. Motors are different, so 
you need the right hand rule. 

I was very confused as you are, 
but an instructor in the Marines 
demonstrated the hand rules and it 
then made sense. Good luck and 
enjoy!

Thomas Sides
Phoenix, AZ

#4 The magnetic field is a force 
field that exists around any current-
carrying conductor. When the wire is 
wound as a solenoid, the fields add 
and it acts like a magnet if the current 
is DC. If the current is AC, the north 

and south poles continuously reverse. 
The force field is continuous; 

there are no lines, but it's convenient 
to measure the density of the field in 
Webers per square meter or Gauss, 
depending on the system. The density 
of the field is sometimes called flux.

Russell Kincaid
Milford, NH

[#9173 - September 2017]
Audio Leveler

My wife and I are hearing 
impaired. We need an AVC amplifier 
for TV audio to keep the level 
constant going into Wi-Fi hearing aids. 
Commercial or build-it-yourself (no 
surface-mount); analog not digital.

#1 What you want is to 
dynamically increase the volume 
of the soft passages, and diminish 
the volume of the loudest passages. 
The circuit to do this is called a 
compressor/limiter. 

You don’t want a simple passive 
circuit because when you are hearing 
impaired, you need to retain the 
clarities and minimize the distortion of 
the higher frequencies to distinguish 
consonants and articulation of 
speech, and you don’t want to muddy 
the lower frequencies so you can 
catch inflection and vowels. 

Radio stations (and to some 
extent, TV stations) employ this to 
maximize modulation (so their signal 
comes in stronger), and yet not so 
loud as to over-modulate per their 
license. 

As you experience in TV, 
marketing companies use separate 
circuits for each narrow band of 
frequencies to blast out commercials 
as loud as possible over the program 
material. Now you’ve got program 
material with softer speech passages, 
and louder music passages and 
loud commercials. This is where the 
compressor/limiter comes in for 
hearing impaired use. 

There are numerous examples 
available of all varying complexities, 
such as this one from Georgia Tech 
University: http://leachlegacy.
ece.gatech.edu/ece4435/sp08/
sp08dp06.pdf, or this one based on 
an Automatic Gain Control circuit 
by Jim Keith on Electro-Schematics: 
www.electroschematics.com/9400/
audio-compressor-agc. 

I myself am using a a circuit 
based on the TDA1054 IC as 
described here by P. Marion: www.
electroschematics.com/232/audio-
compressor.

Scott Hall
Raleigh, NC

#2 Right now, there are 304 “audio 
compressors” listed on eBay. Pick one 
within your price range and go for it.

Chip Veres
Miami, FL

[#9174 - September 2017]
Door Chime Protection Circuit

I need a way to protect my 
hardwired door chimes from being 
accidentally “burnt up” when the 
doorbell button gets stuck. 

A couple of times when the 
button got stuck, I was home and 
able to fix it before damage occurred. 
The last time it happened, however, 
nobody was home. Someone came to 
the door, and we arrived home to the 
smell of burnt electronics. 

I’ve replaced the button more 
times then I can count. I guess the way 
the weather hits it — eventually — it 
becomes stuck. I am now on my third 
set of replacement chimes. 

I have TWO 16 volt chimes 
(10VA) wired to a single button (LED 
lamp) on a 16V 30VA transformer. The 
transformer is much larger than normal 
to accommodate the two chimes. 

I would like to protect the chimes 
in one of two ways: 

1) Simple protection — Inline fuse 
that would blow if the chimes were 
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pulling current for more than (let’s say) 
fi ve seconds. I fi gure a “slow-blow” 
fuse would be ideal, but not sure on 
the rating. 

2) More complex protection — A 
“time out” circuit that would cut 
power to the chimes if the circuit was 
live for more than fi ve seconds, self-
resetting either after the button was 
released or after 60 seconds (chime 
would activate again, indicating a 
stuck button).

#1 The simplest (though 
embarrassingly low-tech) method is 
to put a power resistor (a few ohms, 
fi ve watts) in series with a normally-
closed thermal switch (opening about 
50°C) in one leg of the line from the 
transformer. Epoxy the resistor to the 
switch, wrap with a bit of fi berglass 
pipe insulation, and tuck it into a 
small bottle. 

As current fl ows, the resistor 
drops a few volts and gets warm, 
opening the switch. The thermal 
insulation keeps it from cooling off 
too quickly, so the power doesn’t 
cycle on as often. Each time the 
switch resets, the chimes will remind 

you to fi x the button. Check the 
current draw of the chimes, and select 
a resistor that drops two or three volts 
— enough power to get warm; not 
enough to interfere with the chimes. 

Use any “junkbox” parts on hand, 
as values are not critical. BTW, keep 
the switch assembly inside where it 
won’t get too cold to shut off.

Bresnik
via Internet

#2 The simple answer is a 1.25 
amp fuse. I suspect, however, the 
more complete answer is that the 
inductive “kick” from the two chime 
coils is welding the pushbutton 
contacts closed. 

Weather usually makes switches 
fail open, not shorted. To prevent the 
welding, you need a surge suppressor 
across the chime coils. A suitable part 
is the Cornell-Dubilier Quencharc # 
104M06QC-22. Available at Allied, 
Digi-Key, and a bunch of other places. 

If money is critical, just one 
should do. If you can afford it, put 
one across each chime coil.

Chip Veres
Miami, FL

#3 It seems to me you don’t need 
a circuit. If the switch contacts fuse 
and short the circuit, your problem 
is current fl ow. Too much and the 
contacts arc, fusing the contacts. You 
need to add some resistance to the 
circuit with the contacts. 

I would start with 50 ohms. 
Just tie in series with one leg of the 
switch. If the doorbell still rings, go 
to 75 ohms; one watt should suffi ce. 
You can go to 100 ohms if it still rings. 
It really doesn’t take a lot of current 
to ring that doorbell. What we want 
to do is limit it, to protect the contacts 
in the switch. If we put a timing circuit 
in, it will only start ringing again after 
the time-out. With 75 or 100 ohms, 
you're going to cut down that current. 

Thomas Sides
Phoenix, AZ

#4 The best approach: Scrap your 
chimes and buttons and buy a set of 
wireless chimes and weatherproof 
buttons. No wires, no transformer, no 
fuse, no time-out circuit. Amazon lists 
several types for under $30.

Jon Titus
Herriman, UT
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