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Pro. (Image credit: Seagate)

tion. But | bounced back the same day thanks to the amount of data redun-

dancy | have. I've adopted the 3-2-1 rule:

* 3 copies of your data.
* 2 copies local in different formats.
* 1 copy remote.

For the 2 local copies

| do have 2 local copies in the form of two RAID-configured hard drives.
When I've had drive failures, | just pop out the failed drive and replace it. I've

been safe for decades now.

My suggestion here is a set of drives from Seagate (Fig. 9). The Ironwolf
Pro series is designed for continuous use. I've been running on several for

quite some time.

This isn’t exactly what they mean when they say two different formats for
the local copies, even though it’s literally 2 copies.

For the real second local copy in a different format, | have essential data
backed up on Blu-ray and DVD. However, that's not enough space. | need
about 12 TB for all my work and personal files.

I’'m considering tape. Yes, a tape backup. The price per terabyte is cheap,
but the drives are not: $100 45-TB cartridges, but $6,000 drives use them.
9. On my wishlist is the 28-TB Ironwolf The verdict is still out on this one. Normally, | would say, “Can you put a price

on your family pictures and video?” However, apparently | have. $6k is more
than any car I've ever owned.
| was also considering USB flash drives, but they’re flaky. | considered SD cards, too. How

about | just put 12 TB onto 8,333,334 3.5-in. floppies? Thanks, HowManyFloppyDisks.com.
All of these options are cheaper than tape’s initial cost, but the main issue is the ease of
backing up. It seems 1 TB is common in both USB and SD technologies. Still, | would have
to manually replace the individual memory devices at least 12 times. Perhaps there’s a way
to make the 12 devices look like 1... hmm...

10. “Wall of PODS” from Backblaze
2014. (Image credit: Backblaze)

. Each one holds quite a few HDDs.

Picture is from

The 1 remote copy

Now for the remote copy.
Technically, they suggest it be
a cold storage on a remote site.
Instead, I've gone with a remote
cloud storage option. Out of all the
cloud storage options I've tried, |
found Backblaze is the cheapest,
easiest to use, with far more options
in the backup process (Fig. 10). It
has unlimited storage space for a
flat fee. Setup is straightforward —
fire and forget.

If you do choose this remote back-
up option, please consider using my
personal referral code linked here.
Thanks! | appreciate it.
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Even better, Backblaze publishes periodic reports on its drive failures. This is an option
for your local hard-drive selection. Choose a drive from their list with the lowest failure
rates. That's where | picked the Seagate drives mentioned earlier. | do notice that after
drive reports are published, the specific drives they mention tend to be a bit more expen-
sive from retailers. Very suspect.

Guess what... Last year, | found a DVD with all my college senior design project files!
Lost for years and years. Apparently, | was thinking two copies local even back then.
Where was it? On the bottom of a box of random school papers, in a paper CD sleeve.
| wrote on the DVD with a Sharpie. | was surprised the Sharpie ink didn’t ruin the disc.

Body and mind addressed. Now it's time to revisit some items from last year’s list.

Revisiting Important Tools

Calipers Again

In the last gift guide, | said under
no circumstances ever get a digital

caliper. I've since changed my mind,

slightly. | still have a mechanical
one, but recently obtained a digital
one and find it's really accurate, and | can
switch between metric and imperial with ease.
I’'m surprised how often that needs to be done.
Isn’t this why that billion-dollar Mars rover crashed? A

problem with measurement conversions? So, keep track!

| was building parts for Halloween costumes for my son and |, and had
STLs in both measurement types that needed redesigning.
| got a Werka digital caliper and really like it. One downside is that it
uses those LR44 batteries. Not the most common. So, get a bunch
of them. Like | said before, you'll have to replace the battery
more than you think. The caliper does have an

auto shutoff, so maybe it won’t be too bad.
Cheap Multimeters Again
| am still advocating the cheap multime-
ter from Harbor Freight on the last holiday
list (Fig. 12). But | have a suggestion: Cut
t h e probe ends off some of them. No reason
why. That’s it. Next.

Just kidding. Cut the ends off and solder on some
project wires. It's so useful for doing breadboard or
dev board (with pins) project troubleshooting. Also
great for hands-free monitoring.

You should have dozens of these. So, no loss to
mod a few of them.

The limitations of the cheap multimeters are very

7 FUNCTION

GITAL
En‘ULTIMETER

11. 7-Function Digital Multimeter from
Harbor Freight. It’s had the same price for
several years. (Image credit: Harbor Freight)

12. Werka digital caliper. | finally, and begrudgingly,

went digital. (Image credit: Werka)
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apparent if you're trying to watch fast voltage changes on some pins. Perhaps next year
I'll have found an upgrade, but still a cheap multimeter that can track fast voltage changes.

3D Printers Again

| can’t count the number of things that | 3D printed this past year. Needed a pen holder
for my desk, so | printed one. Needed a smartphone holder for video calls, so | printed
one. Needed a way to hold tiny Arduino boards while soldering other parts to it, so |

13. The QIDI Plus4: A balanced price vs. size QIDI 3D Printer that
currently works with the QIDI BOX. (Image credit: QIDI)

‘ MWMWMM Lﬂh T

printed that. Needed some stands to display art and
pictures, so | printed them. Needed Halloween cos-
tume parts to become Team Fortress 2 characters
with my son; | printed those, too.

It's the gift that keeps on giving.

This year, | am going all in on recommend-
ing QIDI 3D printers. The price-to-quality ratio is
unmatched.

| am recommending the QIDI Plus4 (Fig. 13).
The print envelope is large. It's also compatible
with the “QIDI BOX,” a multicolor upgrade for the
platform (Fig. 14). Printing large prints in four col-
ors, yes please!

OK, truth time... | don’t have a QIDI Plus4. | just
want one. I've never used the QIDI BOX, but it
seems awesome.

| have one of their older and smaller printers, and
it's performed for years without fail. | didn’'t even
have to re-level the bed in all this time. I've only
printed in PLA+ (upgraded PLA comes in many
names), which is a little gentler on the components.
That may have saved me. | needed to print a helmet

for the Team Fortress 2 “Soldier”
character, but it had to be printed
in two halves. However, if | had
the Plus4, | could have printed the

L wm ()

RiDiER

For all of us tiny 3D printer peo-
ple, | have one final item for you
to consider: Split3r (Fig. 15). It's a
way to split large 3D models into

14. The QIDI BOX is an upgrade to
some of the QIDI printers that lets
you print in four colors. (Image

credit: QIDI)
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way to split large 3D M o D E Ls , o » 8
models into smaller I e ‘ ! = KigKetr

chunks that fit together
like LEGO bricks, The smart SOFTWARE solution

sort of. (Image credit:
Split3r)

smaller chunks, but it automatically adds tenons on the sides needed to lock all of the
parts together.

| backed the Kickstarter project for it originally. But now it’'s available to everyone!

For the record, | used Split3r on the Team Fortress 2 helmet halves mentioned above.
It made lining up and connecting the two parts so easy. However, the epoxy spillover was
not my best work (Fig. 16).

That’s it for my immediate — Black Friday/
Cyber Monday — personal gift guide. A little
greed is okay, especially if it improves your
life in healthy, productive ways, as it has for
me.

Happy upgrading!

to view this article online, U5 click here

1> BACK TO TABLE OF CONTENTS

16. The Team Fortress 2 “Soldier” helmet | printed using a small QIDI printer

with Split3r. My epoxy work needs work; | may have been a little too liberal
with the amount. (Image credit: Cabe Atwell)
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CHAPTER 3:

Suggested Gifts for
Electronics Nerds of All Ages

ANDY TURUDIC, Technology Editor, Electronic Design

ift-giving isn’t an easy chore when the target of your generosity is that engineer,
kid, Maker, electronics hobbyist, or geek who seems to already have everything.
To avoid that old standby of socks or a sweater, here’s a take on some ideas for
electronics-related gifts to give your technology-oriented loved one for the holi-
days, birthday, anniversary, or “just because.” Note that all of the example pricing
is at the time of this writing and could change either way, as can availability of the item.

Under $50

One thing that’s not a big hit on the pocketbook, but will garner a smile from any gift-re-
ceiving geek, is an Arduino “shield” or board. There are many choices here, from the
original Arduino Uno to the more compact Arduino Nano.

Arduino has a rich community of developers and an environment of learning resources
and libraries that makes programming easy. The software development tools are avail-
able at no cost. The Arduino hardware is open source, and though an Arduino Uno R3
“clone” can be bought for as little as $10, a much more capable genuine Arduino Uno R4
WiFi board includes the ability to use Wi-Fi, Bluetooth, and USB connectivity—and it's 5
V friendly (Fig. 1). The board is available from the Arduino store for about $28 shipped.
These, or the more compact Arduino Nano at about $25, also make great stocking stuffers.

For complete beginners, take a look at Elenco’s Snap Circuits. Available in a vast array
of kits, anyone who can button up the snaps on a jacket can build circuits, with no special
tools required. The kits start at below $25 for the beginners’ kits, with those being suitable
for ages 5-9. From there, they increase in complexity, including things like FM radio kits.

One interesting Snap Circuit kit that’s Lego-compatible claims to be “suitable for ages 8
to 108” and sells for around $29. Sneak up on those gamers, in the same age range, by
making them learn electronics with the Arcade kit for about $45.

1 LEARN MORE @ electronicdesign.com | 17


https://www.electronicdesign.com/technologies/embedded/media-gallery/21282609/electronic-design-the-best-iot-arduino-shields-to-start-2024
https://www.amazon.com/dp/B08H1RB61B/ref=sspa_dk_detail_7
https://www.amazon.com/Arduino-UNO-WiFi-ABX00087-Bluetooth/dp/B0C8V88Z9D/ref=sr_1_3
https://www.amazon.com/Arduino-A000005-ARDUINO-Nano/dp/B0097AU5OU/
https://elenco.com/
https://www.amazon.com/Snap-Circuits-Electronics-Exploration-Unlimited/dp/B011M0XXXM/
https://www.amazon.com/Snap-Circuits-BRIC-Electronics-Exploration/dp/B07CNDG65B/?th=1
https://www.amazon.com/Snap-Circuits-Electronics-Exploration-Unlimited/dp/B00VKRK7K0/
https://electronicdesign.com/library?utm_source=comm101ebook&utm_medium=ebook&utm_campaign=embedded_links

1" ElectronicDesign.LIBRARY A\ \1( A

CHAPTER 3: Suggested Gifts for Electronics Nerds of All Ages

s
w
3
o
H

1. The Arduino Uno R4 WiFi board. Arduino

For the ASIC (“chip”) designer near and
dear to your heart, classical textbooks by
Rezavi and by Franco are also available in
this price range.

Gifts Between $50 and $150

Taking the Arduino game up a notch is
the Arduino Plug and Make kit at about $89
(Fig. 2), which includes the Arduino Uno R4
WiFi board, as well as a number of sensor
boards that make exploration and invention
of loT and other widgets, with controls and
readouts possible over Wi-Fi, the cloud,
and by a smartphone. Read more about it
in Electronic Design’s article.

Likewise, Elenco’s Snap Circuits kits can
be taken to another level in this price range.
They include hundreds of projects possible
within one kit—the 500 project kit (Fig. 3),
selling for about $85.

2. The Arduino Plug and Make Kit. Arduino
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3. The Snap Circuits Pro SC-500 Electronics Exploration Kit. Amazon.com

Rather than simply connect circuits
by snapping them together from instruc-
tions, the Fundamental Analog Circuits &
Semiconductors book teaches readers by
starting from basic components and progress-
es to building functional circuits using bread-
boards and test equipment. More details,
including copies of the table of contents, are
in this Electronic Design article.

A “kit” that includes the book and all of the
components needed to execute all of the
book’s exercises is available for $141. There’s
also a complete set of lab equipment available
as a $230 adder to the kit. It has a power sup-
ply, small oscilloscope and function generator,
multimeter, breadboard, some wire, and a few
other components.

If that's a bit too fundamental, gift an addi-
tion to your favorite ASIC designer’s library
with classic IC design textbooks by Baker at
$129 and by Grey et al at $120. Or for pretty
much anyone into electronics circuits, there’s
the generalists’ electronics go-to reference
book by Horowitz & Hill, The Art of Electronics
for $78.

Any Maker, hobbyist, engineer can use a 3D
printer to build real things out of plastic, or even
metal. A good starter machine is the Creality
Ender 3 (Fig. 4). It can be had on eBay as a
refurbished item by Creality for under $100
with coupon, or about $119 if a coupon is inac-
tive. Or it can be found on Amazon if you want
a new, easily returned, item.

Don't forget to include a roll of “PLA” fil-
ament, 1.75 mm in diameter and on a 1-kg
spool. Stick to basic colors, since exotics like
glow-in-the-dark, metal, and carbon-fiber-in-
fused filaments are abrasive to the stock brass
extruder nozzles. Hardened nozzles are avail-
able to enable 3D printing of these materials,
though.

Gifts Under $500

The Altair-Duino (Fig. 5) includes everything
needed to build a fully functional emulator of
the historic Altair 8800 computer. Included is
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an SD card with disk images of Altair DOS,
Altair BASIC, CP/M, and Time-Sharing
BASIC. A kit version requiring
soldering skills sells for about
$209, with a fully-assembled
version going for around $500.
Both are available November
2024 and will likely sell out
quickly as they have in the past.
The Cat S62 Android phone
is waterproof to 5 feet, features
an integrated (-20 to +400°C)
FLIR Thermal camera, and sells
for about $365. Or augment your
gift recipient’s existing phone with
a plug-in thermal camera from
Fluke—the TCO1B (Fig. 6). Unlike the FLIR phone plug-
in thermal cameras that cost less, it features temperature
measurement to 500°C/932°F and higher resolution at
256 x 192 pixels for about $494. The TC01B is available
for iPhone or for Android smartphones.
Digilent’s Analog Discovery 3, ranging between $379
iSee™ [HERMAL and $429, is a USB-based, two-channel oscilloscope that
also features a couple of programmable power supplies,
analog I/O, and 16 digital inputs and 16 digital outputs
that enable operation as a logic analyzer.

6. The Fluke TCO01B 25-Hz - iSee Mobile Thermal
Camera. Amazon.com Gifts Under $1,000
Treat your reasonably savvy electronics designer
friend to Matt Venn’s Zero to ASIC course, which includes a dedicated space on real sil-

icon for a customer chip designed in the course for about $650. There’s no greater flex
than to be able to claim having designed, taped out, and received a custom-designed chip.
The design methodology uses free, open-source tools; their installation is described in this
Electronic Design article.

Most community colleges offer both credit and non-credit continuing education courses
in engineering, programming languages, shops, crafts, art, and other interesting subjects.
Browse the course catalogs, and handwrite your own “gift certificate,” with expiry date, for
the college tuition.

For the older ones in your life, some schools offer significant discounts for seniors’
tuition, so pry them away from the TV by getting them to clip your handmade tuition gift
coupon. Nothing gets done without deadlines, so think about putting an expiry date on it.

A nice piece of equipment for the lab/shop of any electronics enthusiast is the $749
Digilent ADP 2230 (Fig. 7), which can be thought of as Analog Discovery 3’s big brother. It
increases the two-input channels’ bandwidth from 9 to 50 MHz and provides deep memory
buffers to store captured waveforms.

Digilent provided an ADP2230 a few months ago on request. It's the oscilloscope con-
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7. The Analog Discovery Pro ADP2230: Mixed Signal USB
Oscilloscope, Waveform Generator, Logic Analyzer,
and Variable Power Supply. Emerson NI

nected by USB cable to the laptop
that’'s showing the attractor wave-
forms as X-Y mode traces in this
Electronic Design article.
Pro-tip...Digilent has discounts
that hit your text messages every
Tuesday if you sign up for those, so
it's possible to score a bit of a discount
on all of the company’s products with a little
patience and planning ahead.

Happy Holidays, AndyT

to view this article online, I35 click here

1> BACK TO TABLE OF CONTENTS
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CHAPTER 4:

Peripheral Prototypes
for the Holidays

WILLAM G. WONG, Senior Content Director - Electronic Design and Microwaves & RF

Make gm-gwmg a o you have or know someone who has a development board like a BeagleBoard,
Raspberry Pi, or Arduino (Fig. 1)? Then they probably need a peripheral module or

breeze W|t|] these g|ft two to enhance their system. Now each one of these has a specific set of add-on

] . boards that only fit their form factor, but many have standard interfaces like USB
ideas f0|' that engIIIEEI', and Ethernet. Some also include de facto standard expansion interfaces that pro-

vide access to a plethora of sensors and control modules.

kid, Maker, electronics
hobbyist, or geek

who seems to have
everything—including
socks and sweaters.

1. These are popular form factors for modules, including Digilent’s version of the Arduino
(left), the first Raspberry Pi (middle), and the BeagleBone Blank (right).

William Wong © Endeavor Business Media
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2. These are a few of the peripheral form factors, including MIKROE’s mikroBUS (top left), SparkFun’s Qwiic (top middle),
Adafruit’s Stemma (top right), Digi International’s XBee (bottom left), Seeed Studio’s Grove (bottom middle), and Digilent’s

PMOD (bottom right).

SparkFun, MIKROE, Digilent, Digi International, Seeed Studio, Adafruit

Five popular, de facto interfaces include mikroBUS, Qwiic, Grove, Stemma, XBee, and
PMOD (Fig. 2). You want to make sure which of them are supported by the host proces-
sor board. However, in many cases there are expansion boards for each form factor that
provide access to these. For example, SparkFun’s Digi XBee Arduino Shield plugs into an
Arduino-compatible board and provides access to XBee and Qwiic interfaces.

What is mikroBUS?

MIKROE developed the mikroBUS, which has been adopted by many other companies
that create modules using this form factor. MikroElektronika Click boards are MIKROE's
brand. They use two single-row 8-pin headers (Fig. 3).

The modules can be stackable, although only power and 12C interfaces can be shared.
Other interfaces need to be specific to one module. Many modules can’t be stacked,
requiring additional mikroBUS sockets for expansion. Multiple interfaces tend to be handy
since the peripherals on the module can utilize the most appropriate one with the proper
device drivers.

You may not find every peripheral you need in a mikroBUS form factor, but given its
popularity, there are a lot of options to choose from. Availability of device drivers could be
more of a challenge, although many have C code versions that can be adapted to most
embedded programming environments.
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Why Do | Need Qwiic, Grove, or Stemma?
SparkFun, Adafruit, and Seeed Studio are OEMs and distributors of electronic compo-

nents and modules. They all have a similar set of 12C interface systems, Qwiic, Stemma,
and Grove, respectively, to provide easy access to peripheral modules (Fig. 4). The 4-wire
cabling provides the two 12C signaling channels plus 5- or 3.3-V power and ground.

Analog -
Reset -
SPI Chip Select -
SPI Clock -
SPI Master Input Slave Output -
SPI Master Output Slave Input -
VCC-3.3V power -

Reference Ground -

2 000000 ON )

AN
RST
CS
SCK
MISO
MOSI
+3.3V
GND

mikro

BUS

1

PWM
INT
RX
X
SCL
SDA
+5V
GND

J

3. The mikroBUS form factor is typically implemented in a stackable fashion. Mikroe

- PWM output
- Hardware Interrupt
- UART Receive
- UART Transmit
- I°C Clock
- |I°C Data
- VCC-SV power

- Reference Ground

4. SparkFun’s Qwiic (left), Adafruit’s Stemma (top right), and Seeed Studio’s Grove (bottom
right) all employ I12C to link a host to multiple devices. The Grove module bridges between
Qwiic and Grove. SparkFun, Adafruit, Seeed Studio
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s

PMOD
1I2C Type1 Type2 Type3 Typed

5. Digilent’s PMOD uses one or two 6-pin headers. PMODs can utilize any one of these
interfaces, but it’s up to the user to make sure the host interface matches the device.
Digilent

One advantage of this approach is that the host doesn’t necessarily need a matching
header. It just requires a compatible 12C interface and a way to connect a cable to it. That
end of the cable must match the host connector. The main differences betwen the three
systems is the connector and possibly the voltage supply.

It's possible to incorporate modules from any of the sources assuming compatible
cabling and voltages. Adapters, like the one in Figure 4 from Seeed Studio, bridges
between Grove and Quwiic.

Many devices have a pair of connectors for building a daisychain. 12C is not the fastest
interface, but it's one of the most flexible. Almost any 12C device can be easily patched
into a system.

Drivers usually aren’t required, as a generic 12C driver is sufficient. It's more an issue
of mapping the device addresses to an application programming interface (API) for the
device. Often, generic C code is provided to implement or support custom driver creation.

What is a PMOD?

Digilent's PMOD is another popular prototyping peripheral interface (Fig. 5) because of
the ease of including it on a board.

PMODs have the advantage of simplicity, but it depends on users to match the host
interface to the device. Connections are host- and device-specific, and incorrect connec-
tions can potentially damage the host or device.

One advantage with PMODs is the ability to use a simple ribbon table to connect the
host to a device. A disadvantage is the inability to make a rugged connection. PMODs tend
to not include mounting holes or other ways to fix the module in place. Often they simply
hang off the host board, which is usually sufficient for lab work but not necessarily a good
idea in the field.

PMODs tend to have a lot of support with both host boards and peripheral modules due
to the simplicity of the interface. There may be multiple connectors on a host. Also, hosts
can typically be configured to handle different PMOD interfaces using the reconfigurability
available in many microcontrollers that allow for remapping of functions to different pins.

Device drivers tend to be device- and host-specific, too, if they exist. Often just the
device description in terms of pins or ports is provided for non-serial interfaces. 12C sup-
port would be similar to Qwiic, while serial interfaces tend to have a protocol defined.
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6. The XBee form factor and interface was
XBee developed by Digi International to sell the

company’s wireless modules. Others have

1| Ovee ADO/DIOOO |20 adopted the form factor primarily for wireless
2| Opout AD1/DIO1O [19 chores. Digi International

3| ODIN/CONFIG AD2/DI020 |18

41 ObDos AD3/DI030O |17

5| ORESET RTS/DIOGO |16 Oftentimes, an AT-style serial protocol is
6| OPwMo/RsSI ASC/AD5DI0SO |15 used for many devices.

7| OpwmM1 VREFQ |14

8 | ORESERVED ON/SLEEPQ |13 How Does XBee Work?

9 | ODTR/SLEEP_RG/DIS CTS/DIOTO |12 XBee (Fig. 6) comes by way of Digi
10| OcND AD4DI04O |11 International. It supports the company’s

wireless chip and module solutions. The
interface has been adopted by many others
primarily to support wireless chores. The number of pins are usually sufficient to hold a
module in place; many systems employ it in production solutions. It's not as rugged as
M.2 or Mini-PCle.

XBee is interesting as it can be a host or device. Typically, the wireless devices are
controlled by a host using an AT-style serial protocol on the serial interface pins. The other
interfaces are available on some devices that act more like hosts driving or capturing the
digitial or analog data.

What to Buy?

When it comes to ordering a peripheral module, you want to make sure you’re very
specific when asking someone to gift it. Likewise, if you're looking to stuff a stocking, then
take the same care. It may not work even if it looks like it will connect to that Raspberry
Pi or Arduino board.

to view this article online, I35 click here
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