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Professional Lab Power Supply
Broadly speaking, low cost and
high quality (low noise and good
regulation) are mutually contradic-
tory reguirements. Specifically for
power supplies, the logical solu-
tion to this dilemma is to combine
linear and switching technologies in
order to reap the benefits of both,
which calls for a more complicated
design.

T-Boards 8/14/28

As your projects become more
ambitious, at some point you may
need to make the move away from
the Arduino platform. More complex
projects, particularly those that need
a specific physical form, are often
best implemented with custom PCB
designs that directly incorporate
the microcontrollers. Enter Elektor's
T-Boards-8, -14 and -28.
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Programmable
in-circuit/out-of-circuit
integrated circuit tester

Microcontroller BootCamp (5)
One of the longest chapters in the
ATmega328 data sheet is the one
that describes its three timers.
The timers can be used in so many
different ways that we only have
space in the article to look at a
small fraction of the possibilities.
The main application areas are in
measuring time intervals and fre-
guencies, and in generating various
signals including PWM output.

16-bit Data Logger

To make accurate voltage measure-
ments you need an A/D converter
(ADC) chip which has good res-
olution. The folks at Elektor Labs
have developed a board containing
a four-channel 16-bit ADC. It's

no coincidence the board uses

a Gnublin/EEC connector which
makes it compatible with Elektor's
Linux board, the Xmega Webserver
and the latest Extension shield for
Arduino.
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Isolated Oscilloscope Probe

An oscilloscope with electrical-

Iy isolated inputs is out of the
financial reach of many. Even
differential probes, which (within
certain limits) enable voltages to
be measured without reference to
ground, often cost the private user
more than a complete scope does.
So what can you do when either
safety considerations or the nature
of the task in hand require the use
of isolated connections to your
oscilloscope? You build the Elektor
Isolated Oscilloscope Probe.

Three-way CH Boiler Valve
Monitor

How a 5-dollar circuit can help to
prevent costly repairs on central
heating boilers.

Efficient Water Solenoid valve
An intelligent low-power control
circuit for a reverse osmosis water
filter.
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Review

VirtualBench: Multi-function
Measurement Instrument
VirtualBench uses the functionality
of a PC or tablet for its display and
operation, meaning that it doesn’t
nead a built-in screen or controls.
This idea is certainly not new, but
it has never been taken as far as in
this device.

Industry

Taking the Strain

A novel approach to performing strain
gage measurements using PSoC
technology and a clever algorithm.

News & New Products

A selection of news items received
from the electronics industry, labs
and organizations.
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DesignSpark

DesignSpark Tips & Tricks

Day #13: Component placement.
This month we look at the choices
available to users to place compo-
nents on PCBs: automatically or
manually.

Peltier modules
Weird Components—the series.

Labs

ELPP: Elektor Labs Preferred
Parts

Clemens Valens discusses the advan-
tages of purposely limiting the choice
of parts that are “nothing special”,
like electrolytics and .25W resistors.

Inexpensive MyDAQ Connectivity
A clever solution for a hard to

find connector with .15-inch pin
spacing.
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Regulars

Hexadoku
The Original Elektorized Sudoku.

Retronics

BK Precision BK560

Programmable IC Tester

A glimpse back to the glory days of
TTL (74xx) and CMOS (40xx) ICs,
when testing and replacing individ-
ual devices was serious business if
not craftsmanship.

Series Editor: Jan Buiting.

Gerard's Columns: Engineering
Success

A column or two from our colum-
nist Gerard Fonte.

Next Month in Elektor
A sneak preview of articles on the
Elektor publication schedule.
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Lab Power Supply
Quality has its price

By Arne Hinz and | ) ,
Martin Christoph Ordinary power supplies are as commeon as sand on

the beach, and even lab power supplies come in all sorts and
sizes. These are adequate for many purposes, but if you want high quality, high sta-
bility and precise regulation, you have to put out a lot of money—and that for a power
supply with only modest output power. Another option is to build one yourself.

If you regularly put together electronics proj-  for most of the small circuits you build yourself.
ects, a small power supply with an output cur-  Small adjustable power supplies of this sort with
rent rating of around 1 A and an output voltage regulated output voltage and an enclosure are
adjustment range of at least 1 Vto 12V orsocan  available from electronics mail-order companies
certainly come in handy. That should be enough  at low prices, and most of them have displays



that show the output current and voltage at the
same time.

However, for the rest of your projects you need
something more. This is especially true for ambi-
tious hobbyists who tackle relatively complex
electronics projects, as well as professional devel-
opment labs where good lab power supplies are
an essential part of the basic test equipment and
a lot of money is spent on professional equipment.
The question of which power supply features are
generally important or relevant is, as in so many
cases, not so easy to answer because the require-
ments depend on the application. However, it's
certainly worth having a close look at the vast
numbers of laboratory supplies that offer a lot
of power at relatively low cost.

For less than 100 dollars you can buy power
supplies made in Asia with an adjustable voltage
range from 0 V (or close to that) to 30 V and
adjustable current limiting from (nearly) 0 A to
around 3 A, and which also have digital displays,
remote control and other features. For 50 dollars
maore, you can even get a switching power supply
with nearly 600 watts of output power. However,
the adage “cheaper is better” is far from true
here. You don't have to be a genius to realize
that at these prices, it's not possible to combine
good basic specs with other important features
such as good efficiency, good voltage regulation
or durability. For power supplies, guality means
complexity and complexity means cost.
Although the power supply described in this article
won't beat units in the four-figure price range, it
has very good specs.

Basic design

Good laboratory power supplies have two com-
mon characteristics: they stay relatively cool and
they deliver a stable output voltage. The first of
these requires switching technology, since high
power dissipation (heat inside the power supply)
reduces the lifetime and degrades the output
voltage drift. The second means that the out-
put voltage remains virtually constant over the
entire load range and temperature range (static
stability ). With regard to dynamic stability, a fast
and clean control response is important to keep
overshoots and undershoots due to load changes
or other causes as small as possible. Low ripple
voltage and essentially zero output noise are also
basic requirements. However, keeping high-fre-
quency output noise under control is not espe-
cially easy with switching regulators. Finally, we

» Efficient lab power supply with switching preregulator
» Operates from the 12 V output of a PC power supply

» Efficiency up to 70%
» Full electrical isolation with multiple modules

* Voltage and current shown on LED displays
» Good load regulation

® Low drift

» Fast shutdown button

« Qutput voltage 0-30 V, adjustable in 10 mV steps
# Qutput current 0-1 A, adjustable in 10 mA steps

can also mention a factor that is more related
to practical use than to quality: if a power sup-
ply can provide more than one output voltage,
the outputs should be galvanically isolated so
they can be connected together in any desired
arrangement without asking for trouble.

From all this, we can conclude that low cost and
high quality (low noise and good regulation) are
mutually contradictory requirements. The logi-
cal solution to this dilemma is to combine linear
and switching technologies in order to reap the
benefits of both, which calls for a more compli-
cated design.

This takes the form of a conventional linear reg-
ulator in the output stage, which allows the volt-
age or current to be adjusted quickly and pre-
cisely and ensures low noise. Ahead of this linear
stage there is a switching regulator that provides
the input voltage for the output stage, which is
always a bit higher than the output voltage but
does not have the same high quality. The power
dissipation of the linear output stage is low, even

Figure 1.
As you can

see from the
block diagram, this is not a

with low output voltages and high output cur- simple circuit.
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Figure 2.
The schematic of the lab
power supply is fairly

extensive, even without the

display & control section.

rents, because the voltage drop over this stage is
low. This requires more components than a sim-
ple design, so it is more complicated and more
costly. Ready-made lab power supplies with this
configuration are therefore distinctly expensive.
The authors took this into consideration and
gave careful thought to the design. Development
started at the Institute for Rectifier Technology

and Electrical Drives (ISEA) of the Aachen Uni-
versity of Applied Sciences (RWTH Aachen, Ger-
many), and the design was subsequently refined
by Arne Hinz in the electronics lab as a project
for the practical part of his studies.

The block diagram in Figure 1 shows the result.
To make things easier for DIY construction, the
switching regulator input stage is not designed for
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direct off-line operation from AC power. Instead, top row of the block diagram, from left to right,
it Is designed for low-voltage operation with an  the first stage Is a standard ATX power supply. It
input voltage of 12 V DC. This can be provided feeds the switching regulator in the middle, which
with sufficient quality and power at low cost by a  acts as a sort of preregulator for the linear out-
simple PC power supply, and PC power supplies  put stage to the right. At the bottom middle you
with capacities from less than 200 W to 1 KW are  see the block for the secondary voltages (£15V
readily available. Strictly speaking, this meanswe  and +5V on-board supply voltages), and at the
have a three-stage power supply design. In the  bottom right the display & control module with
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the controls, indicators and displays for voltage
and current. The advantage of this three-stage
modular design is that you can obtain several
galvanically isolated supply voltages by connect-
ing several regulator modules (with combined
switching and linear regulators) to a single ATX
power supply in the same enclosure. Galvanic
isolation is provided by the power transformer
in the switching regulator stage in the middle.
As a result, all output voltages can be connected
together in any desired arrangement.

Detailed circuit description

First a recap: the high-performance lab power sup-
ply module consists of a switching regulator input
stage with galvanic isolation and a linear regulator
output stage. This arrangement is fed by a high-
power 12-V source, such as a low-cost ATX power
supply. The two regulators and the microcontroller
that controls everything are assembled on a single
PCB, with the display & control components on
a second PCB. The result is a compact module,
and several of these modules can be packaged
in a conventional 19" rack-mount enclosure and
powered collectively by a PC power supply.

But first let's look at the requirements, since
quality is not simply a matter of using a 19-inch
package or delivering a lot of output power. The
regulation characteristics are what really mat-
ter. To keep the cost of this circuit design within
reasonable bounds despite the relatively high
complexity, the output power is dimensioned to
be sufficient for many common lab applications:
maximum output voltage 30 V, maximum output
current 1 A. With a maximum output power of
30 W, a relatively small transformer can be used
in the switching regulator stage. What's more, we
have designed a transformer that is very easy to
make yourself—more about that later.

12V input

The schematic diagram in Figure 2 is a bit daunt-
ing at first glance. However, it's not as bad as it
looks, even if there isn't much white space on
the drawing. Connector K3 at the bottom left is
a standard ATX 2.2 power supply connector, as
found on every PC motherboard. The main power
connector of an ATX power supply can therefore
be plugged in directly. K3 is wired so that the
PC power supply delivers output power when it
is plugged in to K3 and switched on (AC power
present). This means that the AC power switch of
the PC power supply is the AC power switch for

the entire lab power supply. The lab power sup-
ply is supplied from this 12-V rail. The two blade
connectors K1 and K2 can be used to daisy-chain
the 12 V rail to other lab power supply modules.

Secondary voltages

The circuitry for this block in Figure 1 is located in
the bottom right corner of the schematic diagram
in Figure 2. Here the DC/DC voltage converters
DC1i, DC2 and DC3 generate the =15V supply
voltages for the opamps and other components.
DC1 and DC2 are wired in parallel for the +15V2
(15.2 V) supply rail; DC3 handles the -15V2
supply rail on its own. The converter modules
also provide galvanic isolation. These are switch-
ing converters, so their noise is suppressed by
choke L2 at the input and chokes L3 and L4 at
the output. Otherwise the high-frequency noise
would penetrate to the output voltage of the
power supply. For proper understanding of the
schematic diagram, it is essential to know that
two different ground symbaols are used here. The
usual ground symbol relates to the 12 V input
side, while the symbol with the “A" superscript
relates to the galvanically isolated output side.
To avoid noise problems, high-voltage capacitor
C40 provides high-frequency coupling between
the two ground levels.

There are two on-board 5 V supplies. Most of the
digital circuitry, including the microcontroller (IC9)
and the display & control section (in Figure 3), is
powered from +5V2, which is derived from +15V2
by a small linear regulator (IC12). A separate +5V
supply voltage referenced to the input ground is
also necessary on the input side. It can be taken
directly from the 5V output of the PC power supply
or derived from its 12 V output by another voltage
regulator (IC10). Since some PC power supplies
have poor 5 V regulation when the 5V output is
lightly loaded and the load on the 12 V output is
variable, it is preferable to connect pins 2 and 3
through the solder bridge S11.

Switching regulator

The circuitry for this block in Figure 1 is spread
out over the schematic diagram in Figure 2. First
let's look at the voltage conversion circuitry. The
12V input section, with a massive array of decou-
pling capacitors, is located at the top left of the
diagram. The bank of five relatively small electro-
Iytic capacitors (C24-C26, C28 and C30) and six
multilayer capacitors wired in parallel drastically
reduces the high-frequency input impedance, pro-




viding very good decoupling of the current spikes
coming from the PC power supply. The same
strategy is used on the secondary side, since
parallel arrangements of this sort have better
dynamic characteristics than a single capacitor
with the same total capacitance.

The four power MOSFETs form a bridge circuit
driven by the switching regulator IC LTC6992
(IC17). A pair of IRF2183 MOSFET drivers (IC13
and IC14) are located between the voltage-con-
trolled PWM output of the regulator IC and the
gates of the MOSFETs. They provide sufficient
drive current and have built-in dead time to
ensure that both MOSFETS of a half-bridge sec-
tion cannot conduct at the same time. Each driver
IC has a bootstrap circuit consisting of a Schottky
diode (D6 or D7) and storage capacitors (C31/
C33 or C34/C35) to provide sufficient drive volt-
age for the gates of the high-side MOSFETs. IC17
only has a single 300 kHz PWM output, so a
clock signal with opposite phase is generated
by inverter IC5. The two D-type flip-flops (IC6)
supply control signals at 150 kHz with an offset
depending on the duty cycle.

Now comes the question of how the switching
regulator adjusts its output voltage so that it is
always slightly higher than the output voltage of
the linear regulator. For this purpose, the control
signal MOD (which comes from the optocoupler
0K1) is generated for IC17. The emitter LED of the
optocoupler is simply driven by the current through
series resistor R41 resulting from the difference
between the output voltage of the switching regu-
lator and the output voltage of the linear regulator.
The MOD signal controls the output voltage of the
switching regulator to maintain a voltage difference
of approximately 1.5 to 2 V. The VL_MESS signal
from the switching regulator output is taken from
voltage divider R42/R43, while the VOUTMESS2
signal from the linear regulator output is taken
from voltage divider R32/R33. The two signals are
buffered by opamps IC8a and IC8b and applied to
optocoupler OK1 as VL_IST and V_IST2.

Linear regulator

The output stage of the linear regulator is built
around the PNP power transistor T4, which is
wired in common-emitter configuration and

LU LD LDE. LA = STE-1T5HNA.
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Schematic of the display
& control section with LED
displays, LEDs and rotary
encoders is significantly
simpler.



driven by transistor T3. The emitter current of
T3, which is the same as the base current of T4,
is determined by the voltage and current regu-
lators. It flows through P1, which is adjusted so
that T4 can only become slightly saturated. This
improves the regulation characteristics. The two
diodes D2 and D3 in combination with resistors
R21 and R22 form an override circuit for current
regulation. This works as follows: As long as the
output current is below the set limit, the voltage
regulator (IC1a and IC3a) controls the base cur-
rent of T4 and thereby the output voltage, since
the voltage at the output of the current regulator

(IC1b and IC3b) is “logic low” and D3 is reverse
biased. However, if the output current becomes
too high due to a low-resistance load, the output
of the current regulator overrides the output of
the voltage regulator, raising the voltage of the
drive signal. As a result, the output voltage drops
to the level necessary to keep the current at the
limit value. Current regulation takes precedence
because R22 has a lower resistance than R21.

In the voltage regulator, IC1a acts as a differ-
ential amplifier. Its inputs are the VOUTMESS
signal from the output voltage (via R29, R30
and R31) and the setpoint value V_SOLL, which

Component List: Supply

Resistors
(default: 0.1W, 1%, SMD 0603)

R1,R18,R48,R45,R56,R57 = 1kQ
R2 = 560 5%, 0.33W, SMD 0805
R3,R50,R58 = 3.3kQ
R4,R14,R17,R33,R43,R52,R53 = 10k
R5,R6,R7,R9,R11,R12 = 27k0Q 0.1%
RE,R10 = 2.7kQ, 0.1%

R13,R15 RS54 R59,R60 = 5.6k02
R16,R23 = 100Q

R19 = 560kQ

R20 = 1MOQ

R21 = 3300

R22,R41 = 270Q

R25 = 12kQ

R26 = 2.4kQ

R27 = 3.9kQ

R28 = 100k2

R29,R30 = 5608, 1.5W, SMD 2512
R31 = B2Q, 0.25 W, SMD 1206
R32,R42 = 27k0

R34 = 15kQ

R35 = 0Q (wire link)

R36 = not fitted

R37 = 56kQ

R38 = 39kQ

R39 = 160kQ

R40 = 6.8kQ

R44-R47 = 1.8kQ 1W, 5%, |l=aded
R51 = 0.33Q 2W, SMD 2512

R55 = 4.7k

P1 = 2k, multiturn trimpot, tall (9353755)

Capacitors

(default: 50V, X7R, SMD0O603)

Ci1-Ce6,C11,C13,C14,C15,C19,C22,C31,C34,
C37,C38,C41,C46,C51,C52,C54-C59,C61-
C70,C74 = 100nF

C7 = 6BOpF, NPO

CB = B2pF, NPO

C9 = 4.7nF

C10,C71 = 56puF 63V, 3.5mm pitch, 8mm
diam.

C12,C24,C25,C26,C28,C30,C42,C43,C44,C6
0,C72,C73 = 100pF 63V, low ESR, 3.5mm
pitch, 8mm diam.

C17,C18,C33,C35,C36 = 1pF, X5R

C16,C20,C21,C23,C27,C32,C45,C47,C48 =
100nF, SMD 1206

C29 = 1nF

C39,C49 = 2.2pF 50V, X5R, SMD 0805

C40 = 1pF 100V, PET, 7.5mm pitch

C50,C53 = 18pF

C66 = 100nF 630V, SMD 1812

Inductor

L2,L3,L4 = 47pF 0.94, dual choke (1869658)

LS = 10pF, SMD 0805 (Reichelt # 1CI 2012
10u)

Semiconductors

D1,D02,03,011 = BAS40W, SMD SOT323
(8734380)

D4,D5 = B560C, Schottky, SMD SMC
(1858602)

06,07 = PMEG4010ET, Schottky (2311223)

D9,010,012,013 = PMEGG030ER, Schottky,
SMD S0D128 (1829207)

D& = BZV55-C2V4, zener diode, SMD Mini-
MELF (1097193)

LED1, LED2, LED4-LEDS8 = LED, orange, SMD
0603

0OK1,0K2,0K3 = KB817-B, DMD4,
optocoupler

T1,T2,T3 = BCB17, SMD S0T23

T4 = TTA1943, PNP, TO-3P (1901558); alter-
native: 2541943

T5-T8& = PSMN015-60P5, n-channel-MOSFET,
TO220 (1845643)

IC1,IC3 = TL5580, SMD SOICB (1755396)

IC2 = LM311D, SMD S0IC8 (2293183)

IC4 = INA19SAIDEVT, SMD SOT23-5
(1564942)

IC5,IC11 = 74HC1G04GW, SMD SOT353
(1085251)

IC6 = 74HCT74D, SMD S0OIC14 (1085304)

IC7 = 74HCT4538D0, SMD SOIC16 (1631658)

IC8 = TLO74, SMD S0OIC14 (1459705)

ICS = ATmega32-A, SMD 44TQPF, pro-
grammed, Elektor Store # 130234-41

IC10,IC12 = 78LOS, SMD SOICB

IC13,IC14 = IR21835PBF, SMD SOICB
(1023247)

IC15 = LT1461CCSE-4, 4,096 V, SMD SOICE
(1663430)

IC16 = MCP4922-E/SL, SMD S0IC14
(1332114)

IC17 = LTC6992CS6-2, SMD TS0T23-6
(1848046)

DC1,DC3 = TMA 12155, 12V/15V, 1W, Traco
(1007521)

DC2 = TMH 12155, 12W/15V, 2W, Traco
(1007560)

Miscellaneous

X1 = 16MHz quartz crystal, SMD HC49

Heatsink for T4, Fischer SK 08, 3.2K/W (Re-
ichelt V 4511D)

Heatsink for T5-T8, Fischer SK 125 84,
5.8 K/W (4621335)

K5 = 10-pin boxheader

K6 = 16-pin boxheader

K4, K7, K8 = 6-pin boxheader

K3 = 24-pin AT¥-2.2 plug, PCB mount
(2113352)

K1,K2,K9,K10 = Spade terminal, PCB mount,
4.8 x 0.5mm (4215552)

RE = relay, 12V, 2 x o/o (Reichelt FIN 40.52.9
12V)

2 pcs ferrite core E32/6/20-3F4 (3056107)

Cable ties for securing cores

Washer, ceramic, TO-3P, for T4 (RS Compo-
nents 283-3830)

Washer, ceramic, TO220, for T5-T& (RS Com-
ponents 177-7767)

Screws and nuts for heatsinks and T4-T8

19-inch case, 3 rack units (3U) with:
Module carrier 3U, e.g. Hammond B4TE
235mm Typ F
2 pcs support rail, length 220mm

PCB #130234-1 and 130234-3

7-digit numbers in round brackets are
MNewark/Farnell order codes
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comes from the dual DAC IC16. In the same
way, IC19 provides the current setpoint value
I_SOLL to IC1b, where it is compared with the
signal INA_OUT. The latter signal represents the
output current and is obtained by converting

the voltage drop over the low-resistance sense
resistor R51 into a ground-referenced voltage.
This is handled by the INA196 (IC4), which is
specifically designed for this purpose.

Of course, the DAC has to get data from some-
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Figure 4.

Component layout of the
regulator board for the
circuit shown in Figure 2.
The power transistors are
mounted on the rear.

Figure 5.

Rear side of the regulator
board. Here you can see
how the heatsinks and
board are screwed together
and where the power
transistors are located.



Figure 6.
The secondary winding PCB
for the planar transformer.
Like the regulator board, it
has four layers.

Figure 7.

Photo of the fully assembled
regulator board. This gives
you an impression of the
planar transformer.

where so it can provide the setpoint values. This is
where the microcontroller (IC9) comes into play.
It receives voltage and current signals which are
buffered by opamps IC8c and IC8d and applied
to two internal inputs as V_IST and I[_IST. IC9
measures the voltage levels of these signals and
outputs the measured values to the display. The
microcontroller also outputs the setpoint data cor-
responding to the user settings to the DAC IC16.
Above K3 you can see IC15 (LT1461), which is
a precision voltage regulator that supplies a ref-
erence voltage of 4.096 V with a tolerance of
0.08% and a drift of only 12 ppm/°C (with the
specified version). It is not essential to use this
high-grade version of the IC, since the overall
accuracy depends more on the precision of the
resistances of the voltage dividers used to mea-
sure the voltage (R30/R31 and R32/R33) and the
current (R26/R27 and R51).

Display & control

The circuit diagram of the display & control sec-
tion in Figure 3 includes the displays, drivers,
LEDs and controls. Connector K1 is connected
to K& of the main circuit board (Figure 2). The
MAX7221 driver IC receives data from the micro-
controller in Figure 2 over a serial link. It controls
a four-digit seven-segment LED display for the
voltage and a three-digit display for the current,

using multiplexed signals. For both voltage and
current the decimal point is hard-wired with two
decimal places. Since this means that the driver
does not have to handle any decimal points, the
corresponding outputs are used to drive the four
LEDs (LED1-LED4) and the LEDs integrated into
S1. The red LEDs on the right side are lit alterna-
tively when the voltage regulator is active (LED2)
or the current regulator is active (LED4). The
green LEDs on the left side light up when a new
current or voltage is setfing is initiated by press-
ing S3 or S2. Button 51 lights up when the output
voltage is present.

Miscellaneous

A relay is necessary to allow the output voltage
to be switched on and off quickly with S1 (Fig-
ure 3). In Figure 2 it is driven by T1, which in tum
is driven by a digital output of the microcontroller
via R1. LEDs LED4-LEDS indicate the presence
of the input voltage and the secondary voltages.
Diodes D4 and D5 protect the circuitry against
reverse currents due to incorrect connection of
the output terminals, which can easily happen in
lab situations (e.g. when waorking with batteries).
The response times of the regulators are tuned
by the RC networks R20/C8 (voltage) and R19/
C7 (current). The comparator circuit built around
IC2 checks whether voltage regulation or current
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regulation is active and informs the microcontrol-
ler via T2. LED1 is lit when current regulation is
active. A switch-on delay is implemented using
the monostable IC7a and the reset pin of IC6,
so0 that the switching regulator does not start up
until all of the supply voltages have stabilized.
Connectors K7 and K8 can be used for serial data
communication with the USART of the micro-
controller. Among other things, this could be
used to link several power supply modules in
order to generate balanced supply voltages. The
input through K8 is galvanically isolated by OK3,
enabling serial linking without galvanic connec-
tion of the modules. However, this interface is
not presently integrated into the firmware, so if
you want to use it you will have to do a bit of
programming. Several I/O pins of the microcon-
troller are brought out to K5. They can be used for
any desired purpose by extending the firmware.
The microcontroller can be programmed over K4
with the usual in-system programming devices.
Transformer TR1 is a planar transformer. Its con-
struction is described below. The turns ratio of
TR1is 2:3.

Construction

There are individual PCBs for the circuits in Fig-
ure 2 and Figure 3. The massive use of SMD com-
ponents in 0603 format is a sure sign that you will

need a lot of soldering experience, among other
things. A project of this complexity is definitely
not a good choice for beginners, and even then
you should not tackle it without assistance. For
experienced builders, it's surely unnecessary to
say that you should fit the low-profile components
first and then the higher components.

With the regulator board shown in Figure 4, there
are three things that require special attention.
The first two are apparent when you look at the
rear of the board (Figure 5): transistors T4 and
T5-T8 are mounted on the rear side. It is also
necessary to fit insulating spacers on the screws
connecting the heat sink for T4 to the PCB, to pre-
vent it from causing short circuits on the board.
Things are easier with the heat sink for the MOS5-
FETs because it can be fastened directly to the
PCB with short M3 screws. The MOSFETs can be
mounted with screws or with suitable mounting
clips, which is easier. All five transistors must be
insulated from their heat sinks by thermal pads.
The most unusual thing about this project is
unguestionably the planar transformer. It is built
with a pair of ferrite pot cores, and the clever part
is that you don’t have to wind anything because
the primary winding is integrated in the PCB.
There is a separate small PCB for the second-
ary winding (Figure 6), which is connected to
the main board by thick copper wires and glued

Ca_ E_le'k*.r:vr
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Figure 8.

Close-up view of the planar
transformer. Here you can
see how the small PCB with
the secondary winding is
fitted.



Figure 9.

Compaonent layout of the
display & control PCB. The
board is a conventional two-
layer design.

onto the main board with a layer of Kapton tape.
The tape must be kept out of the mating areas
of the pot cores. Although this “printed” trans-
former does not utilize the full winding volume
of the cores, it saves a lot of manual labor. To
ensure that this works properly, both PCBs are
built with four layers. Making your own PCBs for
this project is therefore not recommended. The
four layers provide four parallel windings, which
reduces the negative impact of the skin effect at
high frequencies. After fitting the small PCB with
the secondary winding, position the two pot core
sections so they pass through the holes in the
regulator board and secure this assembly with
a cable tie. The picture of the prototype in Fig-
ure 7 and the close-up photo in Figure 8 show
what it should look like.

The PCB for the display & control section (Fig-
ure 9) has a significantly simpler layout and is
built as a conventional two-layer board. There are
only a few special aspects here. One is that K1 is
mounted on the rear of the PCB, and another is
the reason for the two round holes in the board.
Maybe you guessed already: they are cutouts for
4-mm jacks mounted on the front panel of the
enclosure. These jacks should be connected to

KS and K10 on the regulator board by lengths of
stranded wire with insulating sleeves. Figure 10
shows the finished combination of regulator board
and display & control board.

A 19-inch rack-mount enclosure with 3-unit height
is a good choice for housing a decent lab power
supply. It provides enough space for the PC power
supply as well as several lab power supply mod-
ules. The PCBs have been specifically designed
for this.

Adjustment and operation

After the boards are assembled, checked and
connected by a ribbon cable, all that's missing
is the microcontroller firmware. It was written in
C with AVR Studio and can be downloaded from
the Elektor web page for this article, along with
the layout files for the PCBs. The microcontroller
can be programmed using an ISP device, such
as the Atmel AVRISP MKII or similar. Of course,
the microcontroller must be powered up before it
can be programmed, which means that the board
must be connected to a 12 V supply.

After the microcontroller has been programmed,
you should see something reasonable on the dis-

<c> Elektor
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Component List: Display

Resistors
R1 = 10kQ 0.1W, 1%, SMD 0603

Capacitors
C1, = 100nF 50V, X7R, SMD 0603

Semiconductors

LD1-LD4,LD6,L0D7,LD8 = SC39-11GWA, LED-Dis-
play, red , common cathode (2314233)

LED1,LED3 = LED, green, rectangular, leaded
(1142607)

LED2,LED4 = LED, red, rectangular, leaded
(1581150)

IC1 = MAXT72210WG+, SMD SOIC (97257 25)

Miscellaneous

51 = pushbutton with LED, Multicomp MC-
SPHN3-YCA043T (2146950)

52,53 = rotary encoder with switch, (Mouser
652-PEC12R-4220F-524)

Knobs for rotary encoder

Caps for knobs

K1 = 16-pin boxheader

2 pcs 16-way IDC socket for flatcable

16-way flatcable

PCB # 130234-2

7-digit numbers in round brackets are
Mewark/Farnell order codes
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play. When you press rotary encoder 53 or 52,
the corresponding green LED lights up to indicate
that you can set the voltage or current by turning
the encoder knob. Each encoder increment corre-
sponds to 10 mV or 10 mA. If you turn encoder
53 while it is pressed, the voltage increment is
1V, and when S2 is turned while pressed the
current increment is 100 mA. Pressing S3 or 52
again exits setting mode; the setting is accepted
and the green LED goes dark. After this the actual
voltage and current values are displayed again.
To access the calibration mode, press S1 and turn
S2 at the same time. Now you have to apply a
load to the output of the power supply by con-
necting an ammeter, which effectively short-cir-
Ccuits the output. A meter with a measuring range
of 2 A is ideal. In this mode the output voltage
is set to 1V and the current limit is set to max-
imum. The display shows the measured current
and a correction factor instead of the voltage.
LED1 indicates the sign of the correction factor.
First turn P1 about one to two turns past the point
where the current stops rising. Then you can use
53 to change the compensation factor in steps of
0.1 percent. Adjust the compensation factor so
the displayed current matches the current read
from the external ammeter. Exit this mode by

again pressing 51 and turning S2. Current mea-
surement is affected by component tolerances
and the minimum load current through R29-R33.
Figure 11 gives an impression of the regulation
characteristics of the lab power supply for a load
change from S0% to 10% at a voltage of 15 V.

(130234-1)

Web Link

ww.elektor-magazine.com/130234

Figure 10.

The finished prototype,
consisting of the requlator
board and the display &
control board.

Figure 11.
As you can see from this
oscilloscope screenshot,
the output voltage (15 V)
remains perfectly stable
when the load is suddenly
reduced from 90% to 10%.



By Andrew Retallack

T-Boards 8/14/28

Three sizes

for cheap & fast AVR prototyping.

The Arduino platform is a perfect way to get
into the world of microcontrollers and embed-
ded systems, particularly for those of us without
a formal Electrical Engineering background. At
some stage, though, you’ll probably start hitting

constraints and want make the leap to working with
‘raw’ microcontrollers. The T-Board makes that jump just a little less daunting.

One wouldn't want to belittle the design of the
Arduino boards—without the Arduino the Maker
movement would be a fraction of its size and
far less people particularly youngsters would be
comfortable using microcontrollers. However, as
your projects become more ambitious, at some
point you may need to make the move away
from the Arduino platform. More complex proj-
ects, particularly those that need a specific phys-
ical form, are often best implemented with cus-
tom PCB designs that directly incorporate the
microcontrollers. Some projects need to meet
specific constraints, which require flexibility the
Arduino can't provide—for example, more pow-
er-efficient designs by operating at lower volt-

ages or at slower clock speeds. For less complex
projects a smaller Atmel AVR microcontroller is
better suited to the task and more cost effective
than a full Arduino. Whatever the reason, the
first step most of us would take in a prototyping
process would be to set the microcontroller up
on a breadboard.

Microcontrollers on breadboards:

a challenge

On the face of it, it doesn’t take much to build
your own microcontroller project on a bread-
board—there are plenty of online resources avail-
able [1], and the supporting components are
inexpensive. However, once you actually start



working on a project, it becomes clear that there
are a number of challenges. For starters, a basic
microcontroller setup already has a number of
jumper wires, capacitors, resistors and connectors
infringing on your limited breadboard work-
space. This not only limits the num-
' ber of available connections, but
makes it harder to trace your
connections and carry out any
troubleshooting.

Secondly, all the pins on the
microcontroller are acces-
sible {which is something you
- . don't always want) and are unlabeled.
~ Consequently extra care and a lot of
pin-counting to connect components up
correctly and to keep the white smoke
from escaping from inside your MCU! Finally,
and importantly, is the programming—whether
you use an FTDI or ISP programmer, you're add-
ing even more to the breadboard just to get the
microcontroller working. The result is a rat's nest
of wires and components with temperamental
connections and an experience that isn't as
fun and rewarding as you'd like!

AN

Making prototyping simpler:

the T-Board

It was from the author's experiences and frus-
trations with breadboard prototyping that the
T-Board design emerged: a breakout board
that would speed up microcontroller prototyp-
ing by reducing the complexity whilst retain-
ing flexibility. Three versions of the board were
designed, to accommodate Atmel’s more popular
AVR microcontrollers: the 28-pin ATmega range
(ATmegaB8/48/88/168/328), the 14-pin ATtiny
range (ATtiny20/24/44/84/441/841) and 8-pin
ATtiny range (ATtiny13/25/45/85). All three ver-
sions are breadboard-friendly, can be self-pow-
ered at 3.3 V or 5V, and contain ICSP headers
for easy programming.

The electrical design

T-Boards come in three flavors: ‘8, ‘14" and ‘28';
you select the one that best suits your require-
ments. Because there are three boards, there are
also three schematics: Figures 1 (T-Board 8),
2 (T-Board 14), and 3 (T-Board 28).

Apart from the obvious differences due to the
microcontrollers used, the schematics are largely
identical. Power is supplied through a standard

2.1-mm center-positive jack K1, with diode pro-
tection (D1), a PTC resettable fuse with a 1-A trip
rating (F1), and filtering capacitor (C1). The two
voltage regulators IC1 and IC2 are low dropout
regulators with fixed 5-V (NCP1117DT50G) and
3.3-V (LD1117S33TR) outputs, with maximum
input voltage of 20 V and rated output in excess
of 1 A. The jumper JP1 selects the output volt-
age. The T-Board 28 with its AVR ‘328 can also
be powered from the FTDI board, assuming a
5V supply.

The microcontrollers are mounted in DIL sockets,
to allow them to be exchanged—there are a num-
ber of MCUs with compatible pin configurations. A
0.1-yF decoupling capacitor (C4) is placed close
to the microcontroller’'s VCC and GND pins. The
ICSP header connection is a standard 6-pin one,
and powers the board during programming. Be

Figure 1.

T-Board 8 schematic. Tiny
indeed—that '45 with just

8 pins.
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Figure 2.

T-Board 14 schematic. The
mid-size aption, based on
the ATmega48 micro.

aware that the voltage will be determined by the
ISP programmer. A reset button, 51, that pulls
the Reset pin low completes the design elements
commaon across all three boards.

The real boards

The physical design of the T-Boards is relatively
straightforward, as can be seen from the photo-
graphs in Figures 4, 5, and 6. Shaping was the
key challenge, and the author went through vari-
ous iterations in an attempt to achieve a balance
between flexibility, simplicity, footprint size and
future-proofing. The T-shape of the board was
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arrived at to keep as much as possible off the
breadboard in order to free up working area—
the power management and FTDI header (in the
case of the T-Board-28) all sit off the breadboard.
The footprint could have been made reduced fur-
ther (currently two rows of the breadboard are
occluded on each side of the center channel),
but that would have been trade-offs. Flexibility
could have been sacrificed by using a smaller
surface-mount MCU, losing the ability to inter-
change different PDIP controllers. Alternatively,
the smaller footprint would have been at the cost
of simplicity, by moving the microcontroller off

Choosing your IDE

Choosing an IDE is a very personal decision,
and to recommend one outright is guaranteed
to upset users loyal to Windows vs Mac vs
Linux, or open a bouncy debate about the
merits of open source vs commercial software,
and bloated vs lightweight GUIs. In the end,
most of the options available will be fine for
those starting out with MCU development. It's
when you get into serious embedded systems
that require high levels of speed/memory/
power optimization that more in-depth
investigation is needed. To get you started,
here are a few options:

Arduino IDE

Yes, you can use the Arduino IDE [3] to work
directly with the raw MCU. You will be limited
to those MCUs that the Arduino IDE supports,
but you can find online resources to support a
number of additional MCUs such as the ATtiny
range.

The pros: working in a familiar environment;
good library support; simple to configure;
open source; Windows/MacOS/Linux support.
The cons: limited flexibility; limited MCU
support; lack of advanced features; no
debugaging.

Eclipse with AVR Plugin

Eclipse [4] is a very popular open source
IDE, supports many programming languages
and runs on Windows, MacOS and Linux.
The flexibility and wide range of applications
comes at a cost - it requires a little time

to get installed and configured, and some
understanding of the toolchain (compiler,




the board (either as a vertical plug-in module, or
a move to a 4-layer board). In the end, for what
the author was looking to achieve, we believe the
design is a good balance.

In selecting components, a combination of
through-hole and larger 1206 SMD components
were chosen to allow for easy hand soldering.
Certain readers may want fo assemble their own
though without needing to get their hands on
reflow ovens.

T-Boards are available ready-assembled from the
Elektor Store at prices that should defy home
assembly from parts. For completeness’ sake,

linker, assembler).

The pros: powerful and configurable IDE; open
source; Windows/MacOS/Linux support, no
code-size limitations; a strong community.
The cons: requires a plug-in to support Atmel
MCUs; not a straightforward installation; does
not support debugging natively.

Atmel Studio

This is Atmel’s own offering [5], based on
the Visual Studio platform. It of course
supports all Atmel's MCUs including their ARM
processors, so if you are focusing on Atmel
only it's a good place to start.

The pros: support for all Atmel MCUs;
advanced features including debugging and
simulation; easy to install and get going; no
code-size limitations.

The cons: Windows only; some may not like
the Visual Studio interface; documentation
could be stronger.

IAR Embedded Workbench [6]

An IDE targeted at the professional market,
with a code-size limited version that can be
used for free. In addition to supporting Atmel's
AVR MCUs, it also supports microcontrollers
from other major manufacturers which make it
a good option if you want to work on multiple
MCUs in a single tool.

The pros: support for all Atmel AVR MCUs,
advanced features including debugging and
simulation, a single professional tool for
multiple manufacturers’ MCUs.

The cons: free version restricted to 4 KB;
expensive to buy; Windows only.

in good Elektor tradition, and to serve all e-die-
hards insisting on home-construction-all-the-way
the three component overlays and associated
parts lists are printed jointly in Figure 7. Also,
the PCB artwork can be downloaded from the
Elektor Magazine website [10]. Want to build it
yourself? Go ahead.

The T-Board 28

The T-Board 28 with its ATMega328 micro has
two features not present on the T-Boards 8 and
‘14 which are ATtiny boards. In contrast to the
ATtiny microcontrollers, the compatible ATmega

Figure 3.

T-Board 28 schematic. The
largest board with the most
powerful processor type
ATMega32s.
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Figure 4.

T-Board 8 prototype. Small
differences may exist with
the final version supplied
through the Elektor Store.

Figure 5.

T-Board 14 prototype. Small
differences may exist with
the final version supplied
through the Elektor Store.

Figure 6.

T-Board 28 prototype. Small
differences may exist with
the final version supplied
through the Elektor Store.

MCUs have a hardware UART and dedicated Tx/
Rx pins. As a result, an FTDI header has been
included for the 28-pin T-Board 28 only. This
enables the board to communicate serially; con-
nect a serial-to-USB convertor such as the Elektor
FT232R USB/Serial Bridge [2] and you're able
to communicate with a terminal program on
your computer or program the microcontroller
(assuming it has a bootloader). Serial commu-

nications can of course be implemented on the
ATtiny in software, but with a lack of dedicated
pins it was decided to exclude an FTDI header.
The T-Board 28 additionally has a 2-way socket to
accept an optional external quartz crystal. In line
with Atmel’s recommendations, 22-pF load capac-
itors are present. The decision was taken not to
include these sockets for the smaller T-Boards,
due to the limited number of I/O pins as well as
the likelihood that the more common applications
of these would not require the additional accu-
racy that an external crystal offers.

The 1-2-3 of T-Boards

As in the world of the Arduino, there are three
steps to ‘building” a T-Board project. However,
now that we've moved onto working with a “raw”
microcontroller, there is added complexity (and
flexibility).

1. The first step, designing the physical project,
is actually easier than with the Arduino. Snap
the T-Board onto your breadboard, hook up your
positive and negative power rails, and you can
start placing components onto the breadboard
without the need for additional jumper wires.
2. The second step, writing the code to control
the MCU, can be as simple or complex as you like.
You can either stick with the Arduino integrated
development environment, or you can increase
your flexibility by moving to a more fully-fea-
tured IDE such as Atmel Studio, Eclipse or IAR
Workbench (refer sidebar: Choosing your IDE).
3. The third step is of course getting the compiled
code onto the MCU. For an Arduino, this is taken
care of by an on-board USB connector. However,
there are limitations with this—for example using
ATtiny MCU's. The T-Board provides the greatest
degree of flexibility by including ICSP headers. This
is the easiest way to flash your program onto the
MCU (see inset: Choosing your Programmer). You
could use the FTDI header on the T-Board 28, but
the ISP programmer is easier, simpler and faster.

A kickoff project

A blinking LED is the “Hello World” of the embed-
ded world, and for our purposes a good place to
start to illustrate the workings of the T-Board.
For this project I'll be using Atmel Studio, as it
is the simplest to get up and running (a quick
download and install from the Atmel website).
The same principles covered here would apply to
your preferred IDE. We'll follow the three-step
process discussed above.



Step 1: set up the breadboard

» Snap the T-Board onto the breadboard;

» Move the voltage selection jumper to the 5V
position;

» Connect a jumper wire between the GND pin
and the breadboard’s negative supply rail;

» Connect a resistor between an empty row
on the breadboard and (depending on the
T-Board being used):

- PBO on the T-Board 28
- PAS5 on the T-Board 14
- PB4 on the T-Board 8

= BarRel
ST rem
= - B

S ey PO

» Connect the anode of the LED to the resistor
and the cathode to the negative supply rail.

Step 2: Write the Program

Create a new project in Atmel Studio, ensur-
ing that you choose a ‘GCC C Executable Proj-
ect’. Select the correct device, depending on the
T-Board being used:

» T-Board 28: ATmega328

» T-Board 14: ATtiny 84

» T-Board 8: ATtiny 85

Physical Layout and Function

example: T-Board 28

A. FTDI Connector:
Connect an FTDI breakout board for
Serial communication over USB
(T-Board 28 only)

B. Reset switch

C. Power LED

D. Power Connector:
A standard 2.1-mm center-positive
jack (DC, max. 9 V)

E. Voltage Selection Jumper:
Allows the microcontroller to operate
at either 5V or 3.3V

F. Crystal header pins:
Gives you the option of connecting an
external crystal (T-Board 28 only)

G. ICSP Connector:
Connect an ISP programmer to
program the microcontroller




Component List

T-Board 8
Ref. no. 130581-92 (ATtiny45). Available
ready-assembled from the Elektor Store

Resistors
R1 = 10kQ 250mW 1%
R2 = 3308 250mW 5%

Capacitors

C1 = 100uF 50V radial

C2 = 10yF 50V radial

C3,C4 = 100nF 50V 10% X7R

Semiconductors

D1 = 1N4007

LED1 = SMDO, green, 20mA

IC1 = NCP1117DT50G, 5V 1A regulator

IC2 = NCP11175T33T3G, 3.3V 1A
regulator
IC3 = ATTINY45-20PU, 8-bit MCU

Miscellaneous

K1 = DC barrel jack 2.1mm pin

K2 = 6-pin 2-row pinheader (2x3)

K3,K4 = 4-pin pinheader

S1 = switch, tactile, 24V 50maA,
exemm

F1 = 500mA PTC resettable fuse

1P1 = 3-pin pinheader

8-way DIL IC socket

jumper, 2-way, 0.1" (2.54mm)

PCB # 130581-

Component List

T-Board 14

Ref. no. 130581-91 (ATtiny24). Available
ready-assembled from the Elektor Store

Resistors

R1 = 10kQ 250mW 1%
R2 = 330Q 250mW 5%

Capacitors

C1 = 100pF 50V radial

C2 = 10yF 50V radial

3,04 = 100nF 50V 10% X7R

Semiconductors

D1 = 1N4007

LED1 = SMD LED green 20mA

IC1 = NCP1117DT50G, 5V 1A regulator

IC2 = NCP1117ST33T3G, 3.3V 1A
regulator
IC3 = ATTINY84-20PU B-bit MCU

Miscellaneous
K1 = DC barrel jack 2.1mm pin
K2 = 6-pin 2-row pinheader (2x3)

K3,K4 = 7-pin pinheader, 1 x 7 pins
S1 = switch, tactile, 24V, 50mA, 6x6

mm
F1 = S00m& PTC resettable fuse
1P1 = 3-pin pinheader

14-way DIL IC socket

jumper, 2-way, 0.1" (2.54mm)
PCB # 130581-1
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Component List

T-Board 28
Ref. no. 130581-93 (ATMega328). Available
ready-assembled from the Elektor Store

Resistors

R1 = 10kQ 250mW 1%
R2 = 3302 250mW 5%

Capacitors

C1 = 100puF 50V radial

C2 = 10yF 50V radial

C3,C4,C7 = 100nF 50V 10% X7R
(5,06 = 22pF, 50V, 1206

Semiconductors

D1 = 1N4007

LED1 = SMDO, green, 20mA

IC1 = NCP1117DT50G 5V 1A regulator

IC2 = NCP11175T33T3G 3.3V 1A regulator

IC3 = ATMEGA328P-PU 8-bit MCU

Miscellaneous

K1 = DC barrel jack, 2.1mm pin

K2 = 6-pin 2-row pinheader (2x3)

K3 = 6-pin pinheader, right angled

K4 = 6-pin pinheader

K5 = 7-pin pinheader

K& = 4-pin pinheader

K7 = 5-pin pinheader

X1 = 2-way socket

S1 = switch, tactile, 24V, 50maA,
exemm

F1 = 500mA PTC resettable fuse

1P1 = 3-pin pinheader

28-way 300mil width DIL IC socket

Jumper, 2-way, 0.1"" (2.54mm)

PCB # 130581-3

P4 PCE PR RCLACE

(savararars) IE

I » = m =]
oD

Figure 7. Component overlays of T-Board 8, T-Board 14, and T-Board 28.
Note that all T-Boards are available ready-assembled from the Elektor Store www.elektor.com.




Then enter the code from Listing 1 into Atmel
Studio. This code is far from optimized, but in
retaining simplicity it achieves what we need for
our purposes here. If you come from an Arduino
background, you probably won't recognize some
of the code—if so, the Microcontroller BootCamp
series of articles starting in the April 2014 edi-
tion of Elektor magazine is compulsory reading!
If you are not using the T-Board 28 then change
the above code to refer to the LED pin, as sum-
marized in Table 1.

Once the code is entered, it needs to be com-
piled. Ensure that the Configuration Manager
is set is set to “release”, then press F7 to build.

Step 3: Flash the program to the T-Board
Connect the ISP programmer you'll be using to
the T-Board and PC

Select the ISP Programmer that you will be using,
by select the Project menu, then ...properties

Table 1. Changes to T-Board 28 program code to suit T-Board 8,

T-Board 14.

Existing T-Board 14 T-Board 8
DDRB DDRA DDRB
DDBO DDAS DDE4
PORTE PORTA PORTB
PORTEO PORTAS PORTE4

On the Tool tab, select the debugger/program-
mer you're using.

Upload the program to the T-Board: Click on
Debug menu, then Start without Debugging
The LED should start blinking.

If you like you can now disconnect the T-Board
from the ISP programmer, and connect it to a 9-V
battery to operate in stand-alone mode.
Hopefully you'll agree that this was a great deal
simpler than laying a full microcontroller bread-
board out.

Listing 1. T-Boards LED Blinker.

/*
# T_Board_Blink.c

*

# Created: 24/05/2014 11:54:26

*

*/

#include <avr/fio.h>
#include <util/delay.h>

int main(void)
{
J/fConfigure the LED port
DDRB |= (1<<DDBo);

while(1)
{

PORTB |= (1<<PORTB@);
_delay_ms{1l@08) ;
PORTB &= ~(1<<PORTE@);
_delay_ms(1086);
}

* Author: Andrew Retallack, Crash-Bang Prototyping

#define F_CPU 168@e860UL //We are runming at 16MHz. Used to time the delay

//Set Pin PB@ as an output pin

//Turn the LED on, by making PB® high
//Delay 1 second

f/Turn the LED off, by making PB® low
//Delay 1 second




Going Further
The Author The T-Board family was designed to provide
With a background in greater flexibility than the Arduino. Of particu-
information systems and lar interest to the author was the ability to easily
software development, Andrew and relatively cost-effectively optimize the power
Retallack discovered the joy consumption of projects. A future article will dis-
of using electronics to interact cuss ways to use the T-Board to measure the
with the physical world a few current consumption of a project, and then how
years ago. He is enthusiastic to reduce this by altering the input voltage, using
about sharing his learning with low power modes and interrupts, and changing
others who do not have formal the processor clock speed.
electrical engineering training, (130581)
and focusses on AVR and
MSP430-based sensing, RF and
automation projects.

Choosing your programmer

An ISP is an In-System Programmer, a hardware tool that enables you to flash (or download) your compiled code onto a
microcontroller. There are a wide range of ISPs available, but here are three options that come in at the hobbyist end of the
market. If you know of other options, let us know.

Arduino as an ISP

You may already know that an Arduino can function as an ISP. Simply connect four of the Arduino pins to the ICSP header
on the T-Board, as well as power and ground, and you're good to go. There's a detailed tutorial available online to step you
through the process [7]. There is of course no cost involved if you already own an Arduino; if you don’t own an Arduino it's
recommended that you look at buying a dedicated programmer. Admittedly the disadvantage to using an Arduino is having
to wire the T-Board up every time you want to program it—you may want to build a cable with the ICSP header to speed this
up.

USBTinyISP

This is an open source collaborative effort, and actually uses an ATtiny MCU as the programmer. It is a great low-cost
option, and if you are interested you can build it yourself from parts (also available as a kit). The only disadvantage is that
it is not natively supported by Atmel Studio, as it uses the AVRDude software to control the flashing of the controller. This
does mean a few extra steps [8] to get it working as well as some reduced functionality (e.g. Setting of Fuses), but it could
be worth the savings in cost.

AVRISP mkII

Atmel’s own ISP, the AVRISP mklIl [2], comes in as the most expensive of the three listed here, but at $34 (at time of
print) it's still within reach. The benefit of this tool is that it is natively supported by Atmel Studio—if that's your IDE of
choice. However, it requires some additional configuration to get it up and running with other IDEs, and does not seem to be
supported by IAR Embedded Workbench.

Web Links

[1] www.crash-bang.com/resource/breadboard-arduino/ [6] www.iar.com/Products/IAR-Embedded-Workbench/AVR/
[2] www.elektor.com/ft232r-ush-serial-bridge-bob-110553-91  [7] www.crash-bang.com/resource/bootload-atmega328/
[3] http://arduino.cc/en/Main/ Software [8] www.cra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>