
New AXP low-power logic

stimulates engineer’s 

high-powered creativity
Six months, six continents, six hundred contestants and six winners later,
the results of the high-powered creativity contest were....well....logical?

Launched in January of this year, the
2014 AXP Logic Design Contest, billed as
Our Low-power Logic and your High-
power Creativity, used the AXP1G57
Low-Power configurable multiple func-
tion gate as a design platform.

Designed and produced by Convergence
Promotions and Aspen Labs for NXP
Logic division, the contest ran for six
months and garnered some impressive
stats--and even more impressive results.

This article details the unbelievable
amount of creativity the contestants 
delivered to win thousands of dollars in
prizes and made the contest a success.

Phase one of the contest was registra-
tion, and contestants were required to go
to the AXP Design Contest landing page
on EEWeb and answer some industry
survey questions on logic devices. 

In phase two, they were shipped a free
3.5 inch by 4 inch AXP1G57GM Eval
Board with four configurable logic de-
vices, on-board power supply decou-
pling, and the ability to configure each of
four AXP1G57 devices in one of seven
unique functions. 

Full documentation and some design tips
were provided, along with on-line design
support. From there--the game was on!
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74AXP1G57 Description 
The 74AXP1G57 is a configurable multiple function
gate with Schmitt-trigger inputs. The device can be
configured as any of the following logic functions
AND, OR, NAND, NOR, XNOR, inverter and buffer. 
All inputs can be connected directly to VCC or GND.
This device ensures very low static and dynamic
power consumption across the entire VCC range
from 0.7 V to 2.75 V. This device is fully specified for
partial power down applications using IOFF. The IOFF
circuitry disables the output, preventing the poten-
tially damaging backflow current through the device
when it is powered down.

Features and benefits
n Wide supply voltage range from 0.7 V to 2.75 V

High noise immunity
nComplies with JEDEC standard:

lJESD8-12A.01 (wide range: 0.8 V to 1.3 V)
lJESD8-12A.01 (normal range: 1.1 V to 1.3 V)
lJESD8-11A.01 (1.4 V to 1.6 V)
lJESD8-7A (1.65 V to 1.95 V)
lJESD8-5A.01 (2.3 V to 2.7 V)

nESD protection:
lHBM ANSI/ESDA/JEDEC JS-001 

Class 2 exceeds 2 kV
lCDM JESD22-C101E exceeds 1000 V

nLow static power consumption; ICC = 0.6 μA 
(85 °C maximum)

nLatch-up performance exceeds 100 mA per 
JESD 78 Class II

nInputs accept voltages up to 2.75 V
nLow noise overshoot and undershoot < 10 % of VCC
nIOFF circuitry provides partial power-down mode 

operation
n Multiple package options
nSpecified from -40 °C to +85 °C

Phase 2: Designing on the AXP board
The AXP1G57GM Eval Board was shipped to all 600
registrants starting in March, giving them time to 
complete phase two. The boards featured:

■ The ability to be separated into four different 
segments for four different designs 

■ Four configurable logic devices 

■ Power supply decoupling is provided 
on board

■ Allowed the user to configure each of 
four AXP1G57 devices in one of seven 
unique functions, including: AND, OR, 
NAND, NOR, Buffer, Inverter, etc.

■ Provided the flexibility to connect the 
external supply voltage in the range of 
0.7V to 2.75V

■ Jumpers were provided for configuration of board

■ Provided the test points at all inputs and outputs to
measure the static and dynamic parameters like 
timing, input and output rise and fall times etc.
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Grand Prize: Clemens Valens

Multi-purpose PWM Wave Shaper
http://www.polyvalens.com/blog/electronics/multi-purpose-pwm-wave-shaper/

From Clemens Valen’s Contest Entry:
My goal was to design something funky using one or
more 74AXP1G57GM configurable logic chips and, if
needed, other parts.

I applied for a free board and received one some two
weeks later. The board actually consisted of four iden-
tical boards, each with a 74AXP1G57GM chip and a 4k7
pull-down resistor on every input. Per input three holes
are provided for easy connection, the output has only
one point of connection. The chip itself is so small that
you can hardly see it. The circuit diagram is printed on
the back of the PCB.

Looking at all the possible 2-input gate configurations
(AND, NOR, etc.) and imagining the two input signals
not being static levels but as being two square wave
signals where one has twice the frequency of the
other (i.e. f and 2f), you will observe pulse width modu-
lation or PWM. For instance, a 2-input AND gate with
square waves of frequency f and 2f on its inputs will
output a 25% duty-cycle signal with frequency f. An-
other example: when in the table above the input C re-
mains high, and if A and B represent square wave
signals (of frequency 2f and f respectively), the output
Y will be a 50% duty-cycle signal with frequency f.
75%, 0% and 100% duty-cycles are also possible.

Based on this observation I designed a circuit using all
four AXP chips and capable of producing a signal with
a 0, 25, 50, 75 or 100% duty-cycle. Switching between
the five signals is done with a single simple five-posi-
tion switch. This means that the circuit has five inputs
that each select a different duty-cycle.

The final circuit has some bonus options in the form of
a sixth output signal, a 2f square wave (i.e. 50% duty-
cycle), and an input priority scheme. This means that
75% has the highest, 25% comes second, then it is
50%, 0% and finally 100%. This will prove to be useful
in the applications that follow.

Eagle 6.5.0 schematic (SCH) file
Eagle library (LBR) for the 74AXP1G57 device
(Note: These are XML files and will be opened by a browser. Use
a right-click-save-as operation to download the files.)

To create the different duty-cycles, IC1 is reconfigured
dynamically – by IC2 and IC3 – either as an AND gate
(25%, input A=1, B=f and C=2f), a buffer (50%, A=1, B=f
and C=1) or as a NAND gate (75%, A=0, B=f and C=2f).
For the fast 50% signal IC1 functions also a buffer (A=1,
B=1 and C=2f) but the signal to buffer is now on input C
instead of on input B.

In the 0% and 100% modes IC1 is again in buffer mode
(A=1 and C=1), passing the signal on its input B, but
this signal is now forced by IC4 to either zero (0%) or
one (100%).

IC2 is configured as a NAND gate, allowing on/off con-
trol of the 2f-signal.IC3 switches between inverter and
buffer allowing it to pass either the signal on its input A
(inverter mode, C=0) or input B (buffer mode, C=1).

The four diodes help pulling down multiple logic gate
inputs to activate the different modes.

The fourth AXP chip IC4 is wired as an oscillator to
provide an input signal for the wave shaper. 
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Because of the 4k7 pull-down resistors on the evalua-
tion board that I did not want to remove, the feedback
resistor has to be rather small. I found that 1k worked
OK, but the signal produced was not very symmetrical.
Since I had to divide it by two to create the f and 2f sig-
nals, I used the second D flip-flop of the 4013 to make
the signal symmetrical before using it. So, the output of
IC5A (pin 1) is the f signal, the output of IC5B (pin 13) is
the 2f signal.

I powered everything from 2.75 V which is enough for
the CMOS D flip-flop to function even though its
datasheet recommends a minimum voltage of 3 V. The
AXP logic can run from 3 V if needed, its absolute max-
imum supply voltage is 3.3 V according to the
datasheet.

Here is a video showing the six different signals that
can be generated with the circuit shown previously. 

Now you may wonder what such a circuit would be
good for? Well, I have come up with the following list
of applications, but I am sure that there are more:

n6-state LED blinker
n5-speed motor control
n5-level LED brightness control
n3-position servo control
n6-state input for microcontroller
nStudent house doorbell multiplexer
nTwo-channel two-wire long-distance cable 

connection with cable integrity indicator

Because of this list I have dubbed my circuit the
“Multi-purpose PWM Wave Shaper”.

Six-state LED Blinker
If the frequency of the two input signals f and 2f is low
enough, say less than 10 Hz, the circuit’s output signal
is very well suited for controlling an LED in a visible
way. The six possible modes are Off, 25%, 50%, 75%,
On and Fast 50%. The first five modes can for instance
be used to indicate the charge level of a battery when
it is being charged, from empty to full. The 6th mode
might indicate a fault condition. The video below
shows the 6-state LED blinker.

Five-level LED Brightness Control
PWM is used often to control the brightness of an LED.
Of course the multi-purpose PWM wave shaper can be
used for this too. It will give you five levels of bright-
ness. BTW, for good brightness control you need an
exponential function, not linear. For every brightness
step you should double the LED current. You can
achieve this with this circuit by skipping the 75% mode:
0, 25, 50, 100, giving you four real levels of brightness:

Note that it is rather difficult to capture shining LEDs
on video. So even though I used a red low-efficiency
LED with (dimmed) background light, it still shows up
as a rather bright whitish spot.
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5-speed Motor Controller
PWM is also used a lot to control the speed of a motor.
Of course the multi-purpose PWM wave shaper can be
used for this too and it will give you five speeds. Inter-
esting applications of such a speed controller are for
instance toys, household equipement (for instance
blender or hair dryer speed control) and simple elec-
tric vehicles.

Three-position RC Servo Control
RC model servos are controlled by variable width
pulses. Usually a 1.5 ms pulse will move the servo to its
center position. A longer pulse will move it further, a
shorter pulse will move it less. The repetition rate or
frequency of the pulse signal is not very important. A
square wave with a frequency of 333 Hz has an on-
time of 1.5 ms and can therefore be used to move a
servo half way. The multi-purpose PWM wave shaper
can not only deliver such a signal, it can also provide a
0.75 ms pulse (25%) or a 2.25 ms (75%) pulse, meaning
that it can move the servo from the center position to
the left or to the right.

Using the input priority of the circuit we can fix the de-
fault or idle output signal to 50% (center), the left (25%)
and right (75%) have higher priority and will override
the center position signal, making the servo move.
After releasing the left or right override signal, the
servo will return to its home position. Such a servo
control makes a good steering system for f.i. simple 
remote controlled electric toys. If we fix the circuit’s
default output to 0% or 100%, the servo will keep its
last position when the 25%, 50% or 75% pulse signal is
removed. This is useful in say car central locking sys-
tems. This video shows the two modes of operation:

Together with the 5-speed motor controller you could
make a cool drive-by-wire remote controlled toy vehi-
cle for three-year olds.

When the servo controller is used in the return-to-
home mode (default to 50%) the circuit can be simpli-
fied quite a bit as is shown in this drawing.

Six-state Input For Microcontroller
In many microcontroler applications the number of
GPIO pins is limited, making it sometimes impossible to
connect all the pushbuttons you would like to and a
compromise has to be found. Unless you add the multi-
purpose PWM wave shaper to your circuit…

It is easy enough for a microcontroller to measure
pulse lengths with enough precision to detect signals
with 0, 25, 50, 75 and 100% duty cycles. Since a square
wave signal with frequency 2f has a pulse length iden-
tical to a 25% duty-cycle signal with frequency f, such
a signal can be detected as well, giving the microcon-
troller the capability of detecting six different states.
When you reserve one of these states for the idle
state, the microcontroller can detect key presses on
five keys using only one GPIO pin.

Student House Doorbell Multiplexer
If you have ever shared a home with several other
people, you may have known the doorbell chaos such
a situation can create. Either every occupant has his
or her own bell code or his or her own doorbell. In the
first case the codes have to be published so the visi-
tors know which code to use. 
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This results in ugly hard-to-read slips of paper being
stuck next to the pushbutton), in the second case a
doorbell has to be wired for each resident requiring
lots of cables. The multi-purpose PWM wave shaper
circuit can elegantly improve both situations for up to
five persons.

To improve the first case, simply use the circuit as I did
for the six-state LED blinker but replace the LED by a
doorbell. The f frequency has to be low in order to cre-
ate recognisable codes. All the residents share one
doorbell, but respond to a different code.

To improve the second case, keep the f frequency high
for improved response time and add a decoder circuit
at the other end, something similar to the six-state
input for microcontroller circuit. Each resident now
gets his/her own doorbell and button.

In both cases the six-way selector switch at the cir-
cuit’s input is replaced by five pushbuttons because
the sixth signal, the default 100% signal (or 0% if you
add an inverting transistor) will be used to indicate the
idle state.The advantages of such a system are clear:

nNo more codes to learn or figure out for visitors
nOnly one 3-wire cable from the door to the bell

My prototype with the D flip-flops on the breadboard

Two-channel two-wire long-distance cable connection
with cable integrity indicator
In some situations it may be necessary to connect a
cable between a switch or sensor and a display sys-
tem separated by a long distance. Long distance in this
context is up to say 1 km, but by employing suitable
cable drivers longer distances may be covered. 

Here I propose to use a RS-485 driver for transmitting
the switch states over two wires. Since RS-485 uses
differential signalling and because these drivers are
designed for harsh environments they are well suited
for driving long cables.

When we fix the multi-purpose PWM wave shaper’s
idle position to a signal with a 50% duty-cycle and use
the 25% and 75% duty-cycles to signal the switch
states (on1, off, on2), we can use the 0% and 100%
duty-cycles to indicate cable integrity. 

All we need is a PWM decoder similar to the ones
used for the Student Doorbell or the Six-state Input for
Microcontroller applications and off we go. The 0%
signal can be used to indicate a shorted cable, while
the 100% signal serves as a cut-cable indicator.

Here is the schematic for the long-distance cable
driver. This is the same as the servo driver but with an
RS-485 driver at its output.

PWM over RS-485.
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This is the circuit of the PWM decoder. With P1 you
can set the sensitivity. Note that I did not draw any bus
terminating resistors. Usually you would use 120 ohms
for this.

PWM decoder with RS-485 input.

R15 and C1 extract the average value of the incoming
PWM signal. This value is compared to four references
created with the resistive voltage divider P1, R5-R8.
Each comparator output switches the output just
below it using a PNP transistor. This ensures that only
one LED at a time will light up. The two diodes in the
lowest level output (0%) compensate the voltage differ-
ence due to the LM324 not having rail-to-rail outputs.
Without these diodes transistor T4 wouldn’t switch off.

During normal operation only the LEDs 2, 3 and 4 will
light up. When the cable is damaged the RS-485 driver
will either output a stable high level (open inputs, this
will happen in most cases) or, depending on the se-

lected driver, an undefined
sequence of high and low
levels (when input A equals
B). These error conditions
will be visualized by LED1 and
LED5.

Why Not Use a Micro-  
controller Instead?
Of course most of the appli-
cations described above can
be solved with a small micro-
controller, but doing it the
“discrete” way has some 
advantages:

No program to write, port,
compile, flash and maintain
Discrete logic can work at

much higher frequencies. It is easy to create an IC for
this circuit, making it cheap and small.

The second advantage can also be attained by using
an FPGA, but that introduces the first disadvantage of
programming.

Extending the Circuit
An interesting extension may be the addition of a 4f (or
0.5f) signal to allow finer-grained control of the duty-
cycle. But trying to do too much with discrete gates is
not a good idea, it may simply be faster and/or cheaper
to switch to a microcontroller or FPGA based circuit 
instead.

Sounding off
That’s it for this entry. I hope you enjoyed reading it
and I hope that it has been of some use to you. 

If you come up with any new applications for this
multi-purpose PWM wave shaper circuit, please let me
know.
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First Place: Milewicz, Ryszard

Light Sensor and Photosound
http://www.element14.com/community/people/RWM/blog/2014/05/31/nxp-74axp1g57-review

From Ryszard Milewicz’s Contest Entry:
NXP was so nice to send me demo board of
74AXP1G57. It is configurable, 3-input digital logic de-
vice. Can act as AND, EXNOR, inverter, buffer etc.
Power supply is in 0.7-2.75V range, however I checked
also voltages below lower limit. Demo board has 4 ICs:

In order to check dynamic behavior, I connected 3
gates configured as inverters to form ring oscillator. 

1) Supply voltage 0.6V ( lower than in datasheet; below
stable oscillations were not possible): Frequency gen-
erated was about 600kHz, so transition time of each
gate was about 275ns. Wave is not symmetrical due to
internal structure of gate.

2) supply voltage 0.65V: Frequency increased to about
1.8MHz (3 times), so transition time of each gate was
about 94ns. Wave is still not symmetrical due to inter-
nal structure of gate.

3) supply voltage 0.7V (minimum supply voltage speci-
fied for this logic gate): Frequency increased to about
3.4MHz (2 times), so transition time of each gate was
about 49ns. Wave is still not symmetrical due to inter-
nal structure of gate.
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4) supply voltage 0.8V: Frequency increased to about
8.6MHz (over 2 times), so transition time of each gate
was about 19ns. Symmetricity of wave improved.

5) Supply voltage 0.9V: Frequency increased to about
14.5MHz (nearly 2 times), so transition time of each
gate was about 11.5ns. Symmetricity of wave is nearly
perfect.

6) Supply voltage 1.0V: (next column).
Frequency increased to about 21MHz (about 1.5 times),
so transition time of each gate was about 8.1ns. Sym-
metricity of wave is nearly perfect.

7) supply voltage 1.2V:Frequency increased to about
32MHz (about 1.5 times), transition time of each gate
was about 5.1ns. Symmetry of wave is nearly perfect.

8) Supply voltage 1.5V (Below)
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(#8, Previous Page) Frequency increased to about
50MHz (about 1.5 times), so transition time of each
gate was about 3.3ns. Symmetricity of wave is perfect.

9) Supply voltage 1.8V: (Below). Frequency increased
to about 61MHz (about 1.2 times), so transition time of
each gate was about 2.7ns. Symmetricity of wave is
nearly perfect.

10) Supply voltage 2.5V: (Below).Frequency increased
to about 77MHz (about 1.2 times), so transition time of
each gate was about 2.2ns. Symmetricity of wave is
nearly perfect.

11) Supply voltage 2.75V: (Next Column, Top). 
Frequency increased to about 80MHz (about 1.05
times), so transition time of each gate was about 2.1ns.
Symmetricity of wave is nearly perfect.

(#11, Continued) Rise and fall times are relatively slow
(about 3.1 ns at period time 12.6 ns), so wave looks like
sinusoidal. Where is the source of such behavior? 

Wave was measured using standard oscilloscope
probe:

This probe has long ground connection, which has
substantial inductance. In order to improve measure-
ment results it is needed to remove probe tip and use
short ground connection: (See next page)
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The result: Rise and fall times improved substantially--
from 3.1 ns to about 2 ns:

Output waveforms of all 3 outputs: (Below) You can
easily see transitions between gates.

Applications

1. Light sensor
I needed to design light sensor for luminance meas-
urement for low voltage system. As most sensors have
supply voltage limit 2.7V or 1.8V and I needed 1.5V, I
was in a need to design low voltage sensor. It is also
possible to use photodiode, amplifier and ADC input,
but this was not possible.

I designed this sensor using 74AXP1G57 configurable
logic, photoresistor and capacitor. This simple oscilla-
tor generates wave with light-dependent frequency.
Variable frequency digital signal can be easily inter-
faced with low voltage MCU. Here’s the board:

And here’s the schematic and a few results.It is versa-
tile, energy-efficient solution, and you can change
measurement range by
selecting other photore-
sistor type and output 
frequency range by
changing capacitor. 

For reliable measure-
ments, capacitor should
be good quality (C0G 
ceramic or foil). Output
frequency change vs. 
illuminance is not linear,
but can be easily approxi-
mated by MCU.
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Applications (Continued)

2. PhotoSound
It is designed for fun: I combined two light-dependent
generators using Ex-NOR gate to intermodulate output
waves. So it is possible to obtain nearly 0 Hz frequency
(if both generators have the same frequency) or some
beat frequency (up to hearing limit).

Here’s the board, a schematic, and a video showing
you how much fun you can have playing PhotoSound!
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Second Place: Monte Chan

Wide Voltage Range Inductorless LED Driver
http://www.montman.info/axp-logic-design-contest.html

From Monte Chan’s Contest Entry
I've challenged myself to demonstrate many of the 
capabilities of the AXP family with just the AXP Logic
board and a just a few passive components.  The 
capabilities demonstrated include its extremely low
operating voltage, its voltage range, its native logic
functions, alternative functions and how it can be 
interfaced with real world sensors and outputs - all
with the minimum number of parts and no additional
active components.

I’ve built a wide voltage range inductorless LED driver
with ambient light sensor and low power indication
and wide voltage range inductorless Flashing LED that
can be easily adapted for other purposes. 

These are unlike the “Joule Thief” design that depends
upon a weighty and relatively large transformer. I've
also built an alternate action push button switch that
can be used as an on off switch.

I chose not to build a project using logic devices from
other higher voltage families such as 4000, 74HCxx and
74Cxx to just work with the AXP family for the obvious
reasons such as equivalent logic functions existing in
their own voltage ranges and huge packaging size dif-
ference between them and the AXP family.

Figure 1 – The completed demonstration project

The Design Experience
Familiarization 
Many thanks to NXP for providing me with an AXP
Logic Board. This board consists of four 74AXP1G57s
assembled with an easy to use interconnection sys-
tem.  With all of the parts being so incredibly small I 
really appreciated them being soldered in and made
easily accessible. It is a great time saver and it’s amaz-
ing to see AXP logic devices being smaller than its
supporting passive components. The board is divided
into four near identical sections each with its own
74AXP1G57, 4k7 input pull down resistors and decou-
pling capacitor with the only subtle difference being
the position of their power terminals.

Figure 2 – The AXP package (circled in red) is about the size of a
DIP pin!
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To enable rapid connection and reconnection I sol-
dered standard 0.1” pins to the board. I complemented
these by making jumper wires with mating sockets.
This allowed me to easily reconfigure the interconnec-
tions by press fitting or removing jumper wires.

Figure 3 – AXP Logic Board with Pins installed

Every logic input on Logic Board has two or three pins
allowing for easy connection of multiple jumper wires.
The output pins only have one so E-Z-Micro-Hooks
were used for multiple wire connections. The mating
sockets on the jumper wires are compatible with the E-
Z-Micro-Hooks thus making this task no more difficult.

Figure 4 – Jumper Wires (Left) and 
Figure 5 – Jumper Wires with E-Z-Micro-Hooks (Right)

The connection of the Vcc for the logic devices is
made really simple. There are three pairs of power
pins available for each section and the Logic board al-
lows the use of standard 0.1 inch header shunts to
connect them together. In addition to the logic board I
also received a printed Contest booklet. This contains
valuable information with respect to the AXP family
specifications and performance. I also download the
relevant datasheets from the NXP web site.

With all of these features in place I was ready to enjoy
my extremely low voltage adventure!

Development
Prior to developing any specific project I familiarised
myself with this new logic family by conducting a num-
ber of experiments to determine its capabilities.

Combinatorial Logic
There are many two input combinatorial logic gate
combinations available as described with the
74AXP1G57  datasheet but standard two input NAND,
XOR or OR gates cannot be constructed with a single
74AXP1G57.  This is why NXP has the 74AXP1G58 that
can perform these functions. A comparison of their 
internal schematics shows that the only difference 
between these parts is the output gate. If 74AXP1G57s
must be used then an additional inverter is required
meaning that two 74AXP1G57s are required.  The first
configured the NAND or NOR and the other an inverter
for the output. 

Just remember that by using De Morgan’s Theorem
you can represent gates as OR or AND gates and their
inverted AND and OR gate equivalents.  The contest
booklet and AXP datasheet shows these alternate rep-
resentations in the section titled Logic Configurations.
NXP have two more configurable AXP family devices
planned - the 74AXP1G97 /98 that provide 2 input multi-
plexer functions to further reduce part count.

Figure 6 – 
Internal
Schematic 
Diagrams
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If 74AXP1G57s must be used then an additional in-
verter is required meaning that two 74AXP1G57s are
required.  The first configured the NAND or NOR and
the other an inverter for the output. 

Just remember that by using De Morgan’s Theorem
you can represent gates as OR or AND gates and their
inverted AND and OR gate equivalents.  The contest
booklet and AXP datasheet shows these alternate rep-
resentations in the section titled Logic Configurations.

NXP have two more configurable AXP family devices
planned - the 74AXP1G97 and 74AXP1G98 that can pro-
vide 2 input multiplexer functions to further reduce part
count.

Sequential Logic
I could not find any sequential AXP logic parts on the
NXP website so I created SR flip flops using two
74AXP1G57s.  I built two versions. One using NOR
gates and the other with mixed input polarity NAND
gates.  The gate configuration corresponds to Figures
5 and 3 respectively in the 2014 AXP Logic Design Con-
test booklet.

The photos show the only wiring difference is the pins
used for the Set and Reset inputs. This shows off how
the pull down resistors simplify the wiring and the
input options available for a 74AXP1G57 based SR flip
flop. Just so easy!

Figure 7 – (Left) Standard NOR
gate SR flip flop

Figure 8 – (Right) Mixed Input 
polarity NAND gate SR flip flop

Figure 9 - SR Flip Flop Configurations

The only subtle difference between the two configura-
tions are the inputs used for the SR flip flops. For the
NOR gate version the A inputs are used and NAND
version the B inputs.

Figure 10 - Clocked RS Flip Flop

It is also possible to construct a Clocked SR flip flop
with the logic board but this would take all four gates.

Alternate Action Push Button
Alternate action push buttons are handy for many ap-
plications.  One can be can be constructed using two
74AXP1G57 configured as inverters, a push button, and
RC network and a feedback resistor.  The circuit is sim-
ple and uses a capacitor as the master storage device
and the inverters as a slave flip flop. The capacitor and
resistor values are selected so that there are no oscil-
lation or switch debounce issues. The circuit was built
and works a treat!
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Figure 11 – Alternate Action Push Button Schematic

Figure 12 – Alternate Action Push Button

RC Oscillator 
It is a standard practice to build oscillators using logic
devices and the AXP family is no different. To do this
with the Logic Board the pull down resistors on inputs
to the logic gate used as an oscillator need to be 
removed as not to interfere with the installed RC 
network.

The simplest form of a logic gate oscillator is the
Schmitt Trigger RC oscillator. It consists of an inverter
with a feedback resistor (R) and an input load capaci-
tor (C).  It is not dissimilar to a RC switch circuit except
that it is self switching by having R being fed by the
output of the buffer rather than from Vcc.

Figure 13 – Schmitt Trigger RC Oscillator Schematic Diagram

Figure 14 – AXP Logic Board configured as a Schmitt Trigger RC
Oscillator

Figure 15 – AXP Logic Board configured as a Schmitt Trigger RC
Oscillator with Light Sensor
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I experimented with resistor values of 1M, 100K, 10k,
1K and a variety of capacitor values including 0.022uF,
0.1uF and 20pF. 

All of the combinations I tried worked. I got results
from Hertz through to tens of MegaHertz. Here is a
small sample of the results performed at 1.5 volts.

0.022uF, 1k         62.5 kHz
0.022uF 10k        6.25 kHz
0.022uF 100k      630 Hz

Figure 16 – Oscillator Output for R= 100k and C= 22nF, Vcc = 1.5V

The standard formula for a Schmitt Trigger oscillator
for 74Cxx logic is given as

F = 1.2 / RC

From my few experiments for the AXP family it is
roughly (@ 1.5V)

F = 1.4 / RC

I noticed that the frequency increased slightly with in-
creased voltage so we effectively have a VCO (Voltage
Controlled Oscillator) to some degree. This feature may
be useful for many applications.

Logic input Hysteresis
The logic input hysteresis is used for both the RC Oscil-
lator and LDR light sensing. Figure 10 shows an LDR
connected to a logic input for enabling or disabling the
RC oscillator based upon the ambient light. 

The LDR in combination with the onboard 4k7 pull
down input resistor makes the 74AXP1G57 return a
logic ‘1’ for a bright environment and a logic ‘0’ for dark
environment. 

Output Drive

Figure 17 – 2.5 Stage Modified Dickson Charge Pump

The output drive of the 74AXP1G57 was tested to see if
it could be used to drive LEDs. By using a 2.5 Stage
Modified Dickson charge pump 0.7 volts was sufficient
to illuminate an LED.  

The output of the charge pump is a square wave signal
with DC offset component sufficient to drive LEDs with-
out flicker.

This validated the datasheet specifications that stipu-
late that the available drive current from an AXP de-
vice is proportional to its operating Vcc. 

The datasheet specifies maximum drive specified is +/-
8mA at max Vcc. This behavior was confirmed.

Figure 18 – Voltage Multiplier Output
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The Project Report- Putting it all together
Now with the above experimentation completed it was
time to create the project. To demonstrate as many as-
pects as possible of the AXP family in a single project I
built a Night light that can operate from a single bat-
tery or Supercapacitor and be miniaturized. 

Does it work? Absolutely! It works for the full range of
the AXP family from 0.7v to 2.75v.

Figure 19 – The completed 
Project prototype

Figure 20 – Various low voltage
power sources

The operating voltage 
used for prototype was 0.7
through to 2.75 volt pow-
ered from various sources
including a faulty 1.1 volt AA battery,  good 1.5 volt AA
battery, laboratory power supply and supercapacitor.
This power is also used as the voltage feed for the light
sensing circuit that comprises of a LDR (Light Depend-
ent Resistor) and 4k7 pull down resistor.

Supercapacitors are often surrounded by special
power supplies to boost their output to a higher usable
operating voltage.

This is not the case with the AXP family where a raw
2.7V super capacitor can be used for operation from its
maximum voltage of 2.7V down to 0.7V. 

There are also other suitable power sources available
such as low voltage DC dynamo generator, solar cell or
other energy harvesting device. In fact they can be
coupled with capacitors and supercapacitors as an
energy store.

Light Sensor
The light sensor detects whether the environment is
dark or well lit. It produces an AXP compatible logic
input and makes use of the AXP’s input hysteresis.

The light sensor comprises of a LDR and 4k7 input pull
down resistor. One end of the LDR is connected to Vcc
and the other to the logic input. 

This was tested from Vcc = 0.7V to 2.75V.

LED Operating Voltage
White LEDs commence illumination as low as 2.1 volts
and with only a fraction of this available from the Vcc
power source some sort of voltage converter is re-
quired.  This is addressed by constructing a modified
Dickson Charge Pump using one 74AXP1G57 as an RC
oscillator that feeds the remaining three AXP1G57 as
current buffers to provide enough power to drive a
Schottky diode and capacitor matrix and LEDs.

As with most voltage multipliers the effective output
voltage depends upon the load resistance. The load re-
sistances were tuned to ensure that that the voltage
multipliers worked effectively.

According to the data sheet the amount of current that
can be sourced or sunk by an AXP1G57 ranges from
+/- 2mA through @ 0.8V through to +/- 8mA @ 2.7V. This
is why the design uses three 74AXP1G57 in parallel to
multiply the current hence power threefold.

The effect can be seen directly observed as the LEDs
become brighter with each current buffer brought on
line or if Vcc increased or both.
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Tuning was performed by using a fixed Vcc (1.23V),
fixed RC oscillator capacitance (22nF),  fixed 1uF ca-
pacitors for the modified Dickson Charge pump, a sin-
gle White LED with inline 82 ohm load resistor  with the
only variables being the adjustment the Oscillators RC
resistance and the number of online current buffers
(from 1 to 3).

The sweet spot was rather large ranging from 390
ohms through 4k7. Diminishing returns were observed
for 10k and 100k with maximum current values of
0.47mA and 0.14mA respectively.

It was determined that the optimal value was 1k for a
frequency of 57kHz @1.23V because it was the mini-
mum switching frequency to return good results. At
this value:

1 current buffer = 0.29mA
2 current buffers = 0.44mA
3 current buffers = 0.53mA

With this network two additional LEDs were attached
in parallel with the existing LED. The results were with
3 current buffers;

1.23V = 0.62mA
1.5V = 1.92mA
1.75V = 3.37mA
2.0V = 4.6mA
2.4V = 7.3mA
2.75V = 9.7mA

In all cases all three LEDS illuminated to some degree
sufficient for a small night light or nocturnal indicator.

From this it can be seen that there is an obvious asso-
ciation with the power available and the input Vcc.
With this in mind I’ve incorporated a 2.5 stage modified
Dickson Charge Pump.

The first stage doubles the voltage, the second stage
triples the voltage and the fractional third stage
quadruples the voltage at its peaks only. Having a
complete third stage is an option but is not necessarily
required because the half stage is sufficient to drive an
LED and it also reduces the component count.

Oscillator On/Off Switch
A usual RC oscillator constructed from logic gates nor-
mally comprises of a single input inverter. Since the
AXP1G57 can be configured as a mixed input polarity
NAND gate the On/Off capability is provided using in-
verted input. When the inverted input is a logical ‘0’ the
oscillator turns on and when the inverted input is a log-
ical ‘1’ the oscillator turns on.  With this being the case
the Light sensor was connected to this input.The oper-
ation frequency determines the efficiency of the circuit
but it also determines the cost and size of the compo-
nents used. A slow frequency means less transitions
thus is more power efficient but the components may
be larger and more expensive and must be fast enough
to sustain the desired output voltage.

I tried various combinations with virtually all being
successful. The combination I settled on was a 22nF
capacitor with 1k resistor for a frequency of 56.8 kHz.

Figure 21 – A close up of the LED Driver

There are two or more white LEDs. One is connected
to the third stage of the charge pump in series with a
current limiting resistor of 2.2k. When the environment
is dark, this LED is illuminated throughout the entire
operating voltage of 0.7-2.75 volts. 

The current limiting resistor limits power consumed by
the LED so that sufficient power is available at the sec-
ond stage of the charge pump to illuminate the other
LED when the supply voltage is high enough to do so. 

As the supply voltage increases the intensity of the
LED connected to the second stage increase in inten-
sity.  
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he third stage LED’s intensity remains relatively con-
stant.  Depending upon the application of this design, if
driving from larger voltage often it is feasible to con-
nect additional LEDs to the second stage. Experimen-
tation showed that two connected LEDS at a supply
voltage of 1.2V has all three LEDs equally illuminated.

Flashing LED variation

Figure 22 – Flashing LED driven by a Super Capacitor

Figure 23 – Cascaded/Modulated Oscillator Output

I’ve also constructed a flashing LED variant. It is identi-
cal to original project but with that one of the current
buffers has been reconfigured as a low frequency
blink rate oscillator to replace the light sensor. It too
was tested and works across the full 0.7 to 2.75 volt
range.  Since the oscillators behave as VCOs frequency
of the LED blink increases with increased voltage.

LED Torch Variation
This variation demonstrates the alternate action button
with voltage multiplier and current buffers to turn an
LED on and off. 

Figure 24 - Toggle Button LED Torch

Summary
So there you have it.  A wide voltage range inductor-
less night light indicator with low power detection, a
wide voltage range inductorless flashing LED with the
capability and a wide voltage range inductorless LED
torch that can be transformed into a range of different
and useful products. Be sure to watch the videos.

Schematic Diagrams
To simplify the schematic diagrams I have drawn the
effective logic configurations for the AXP gates, on the
following page.

(Details are described in the 74AXP1G57 datasheet).
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Please feel free to adjust the LED current limiting 
resistor values to suit your application.

Figure 25 – Schematic Diagram of Night Light

Figure 26 – Schematic Diagram of LED Flasher

Figure 27 - Schematic Diagram of Push Button LED Torch
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Third Place: A. Youssef

Dry Soil and High Temperature Circuit Warning
https://docs.google.com/file/d/0B2ebWX9jVGk3V0hRZlRBcktaVE0/edit

From A. Youssef’s Contest entry:
When I received the free AXP logic board, I was lying
in my living room in front of television and next to my
plant. I was thinking of some simple, helpful project in-
which I could use this board, when I noticed again that
my plant was suffering  from lack of water. As I hurried
to water my plant, I had an idea: I decided to build a
simple circuit using the configurable logic block from
NXP, which would warn me if my pland needed water.

Circuit Design
Here are the requirements for my circuit :

nA red led blinks when the plant needs water.

nA Yellow led blinks when the temperature is above
32C

nA second led ( Danger!) blinks if the temperature is
above 32C and the plant need s water.

nThe circuit needs to be low cost and use readily
available components, use the minimum possible
components; reuse the same components to 
decrease the cost.

nThe circuit has to be low power, so it draws minimum
current from the battery.

I found some LM339 comparators in my drawer, so I
decided to use this component since it could be pow-
ered with 2.5V along with AXP logic chip. The power
2.5V will be provided from a 

battery 9V and an LM317 regulator. A thermistor (part
number KR303K0J) 30K at 25C (Beta 25-85C = 4000) will
be used to sense the temperature.

The Circuit is divided into six blocks:

1- This block
provides 2.5V
for the AXP
logic chips and
for the LM339
quad 
comparator.

2- This is the
oscillator for 
my block; it
uses a com-
parator and 
oscillates with
a rate of 0.5s.
The oscillation
rate is defined
by R19 and C3
values.

3- This is a 
simple refer-
ence voltage 
for the two
comparators.

23



4- (Previous Page) This is the comparator for soil re-
sistance. The comparator output goes low if the soil is
dry; which means resistance of the soil is greater than
100K. (This threshold value is found after performing
some experiments with my soil inside my house).

It is obvious that soil resistance will depend of many
factors, like soil types, temperature, humidity, etc.
I’m using two galvanized nails as soil probes.

5- This is the comparator for temperature. Since we
sense an NTC, the comparator output goes high if the
temperature is above 32C. (This NTC resistance de-
creases to 24K at 32C).,To provide some small hystere-
sis to the 2 comparators, a 10 MEG resistors is con-
nected from the positive input to the output of the 2
comparators.

6- This is my logic circuit, it receives the output of the 2
comparators and the oscillator and blink the first red if
soil is dry, blink the yellow led if temperature is above
32C and blink the 2nd. red led if temperature is above
32C and the soil is dry. It uses the AXP Configurable
Logic board. (2 chips 74AXP1G57GM configured as 2
input nand gate with input B inverted and the 3rd chip
is configured as 2 input and gate).

This circuit is simulated with LTSPICE, then built in my
breadboard (see picture 1) after that soldered in a 
perforated board (see picture 2), and finally packaged
inside a box (see picture 3).

1

2

3
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Honorable Mention: Robert Kong

Wireless Sensors Using NXP 74AXP1G57 Devices 
(ryk5108@gmail.com)

From Robert Kong’s Contest entry:
This application note describes how to digitize analog
sensors and how to transmit their values wirelessly
using the NXP configurable tiny logic gates 4AXP1G57.
The ability of these gates to be configured to work as
inverting gates with Schmitt trigger inputs is used to
build RC relaxation oscillatorsfor both digitizing analog
sensors and for producing the RF (Radio Frequency)
signal required to transmit the sensor values wire-
lessly. A reference design for a wireless temperature
sensor using amplitude modulated RF is provided. Im-
plementation of wireless sensors as RFID tags is also
mentioned as a means of building battery-less sensors.

Introduction
RC relaxation oscillators are very easy to implement
using an inverting logic gate with Schmitt trigger 
inputs as shown in Figure 1.

The resistor R and ca-
pacitor C control the
frequency of the oscilla-
tor; increasing the value
of either R orC de-
creases the frequency
of oscillation. Table 1
shows the frequency of
oscillation of the
74AXP1G57 gate with
various values of R 
with C fixed at 22pF.

Analog sensors are devices which have a physical
property that is dependent on one or more (ideally 
only one) physical parameters. 

Table 1: Resistance-Frequency Dependence

For example, a thermistor is a device which has a re-
sistance that changes with temperature; an electret
microphone has a capacitance that changes with air
pressure; a relative humidity sensor has a capacitance
that changes with the amount of moisture in the air.
The dependence of the oscillation frequency of a re-
laxation oscillator on the values of R and C is used to 
produce a frequency that varies with the varying val-
ues of resistance or capacitance of an analog sensor 
(and thus convert the analog sensor into a digital one)
and to set the frequency of the RF signal used to 
transmit the sensor value. 

Digitizing Analog Sensors
An analog sensor which behaves as a variable resistor
or capacitor as described above can be easily digitized
by replacing the resistor (if the sensor behaves like a
resistor) or the capacitor (if the sensor behaves like a
capacitor) in the RC relaxation oscillator of Figure 1
with the analog sensor. (Shown in Figures 2a and 2b.)

Note: Unused input pins must be tied high/low as 
described in the datasheet. For resistive sensors,
choose C to obtain a suitable frequency of oscillation.
For capacitive sensors, chose R to obtain a suitable 
frequency of oscillation. 

Figure 2a: Resistive Sensor                   Figure 2b: Capacitive Sensor
Figure 1: RC Relaxation oscillator
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If it is desired to encode the
analog sensor as a variable
duty cycle signal the circuit in
Figure 2c can be used.

As wired, the resistive sensor
controls the high part of the
signal while resistance R con-
trols the low part of the signal

Figure 2c: Duty Cycle Encoding

A Simple Wireless Sensor
By carefully choosing the values of R and C an oscilla-
tor can be built to generate a signal at a desired fre-
quency. If the chosen frequency is high enough it can
be transmitted wirelessly to a radio receiver. 

Furthermore, if the value of the analog sensor is used
to modulate the signal, the radio receiver can then 
retrieve the value of the analog sensor from the re-
ceived signal. Figure 3 shows a very simple circuit 
that both digitizes the value of an analog sensor (ther-
mistor) and transmits its value using a frequency 
modulated (FM) radio signal.

Note: 1) All unused
input pins must be
tied as described in
the datasheets. 2) If
using the NXP evalu-
ation board for the
74AXP1G57 ensure
pull-down resistor on
pin 3 is removed.

If the value of C is set at 22pF and a thermistor (TR1) is
chosen with a nominal value of 18 kOhm, the oscillator
will generate a signal at a frequency of about 1.9 MHz
(see Table 1). As the resistance value of the thermistor
varies with temperature the frequency of oscillation
will also vary, thus generating a radio signal at 1.9 MHz
that varies in frequency (Frequency Modulation - FM)
with temperature changes. The frequency deviation
caused by changes in the value of TR1 can be con-
trolled by adding a suitable resistance in series with
TR1. The value of C may have to be adjusted to gener-
ate a frequency in the range desired. 

For 1.9 MHz, C2 is 100pF and L1 is made with 55 turns of
enameled copper wire on a ferrite rod 10 cm long. C2
and L1 can be adjusted to optimize the range of the
signal. Unfortunately, while this FM wireless sensor is
simple and cheap to build, a radio receiver to recover
the sensor value is much harder. The following sec-
tions will examine how to build amplitude modulated
(AM) wireless sensors and a suitable simple radio re-
ceiver to recover sensor values.

AM Wireless Sensors
To put it all together, this section describes a reference
design to implement an AM wireless temperature sen-
sor. A 100k thermistor is used as the analog tempera-
ture sensor. A frequency of about 1.9 MHz is chosen as
the radio carrier frequency as this frequency is well
within the capabilities of the 74AXP1G57 device (and
within the capabilities of the cheap radio receiver that
is described in the next section). 

The thermistor is used together with a 0.02uF capacitor
and a 4AXP1G57 configured as an inverter with 
Schmitt trigger input to generate a frequency of about
11 kHz. The 1.9 MHz carrier frequency is generated
using a 22pF capacitor and an 18 kOhm resistor with a
second 74AXP1G57 device configured as a NAND gate
with Schmitt trigger inputs. The non-inverting input of
the NAND gate is used to build the 1.9 MHz carrier fre-
quency while the inverting input of the NAND gate is
connected to the sensor oscillator which turns on and
off the carrier oscillator, thus amplitude modulating the
carrier. Please refer to the circuit in Figure 4. 

Figure 4: AM Wireless Temperature Sensor

Note: 1) All unused input pins must be tied high/low as
described in the datasheets. 2) If using the NXP
evaluation board for the 74AXP1G57 ensure pull-down
resistors on pin 3 and pin 6 are removed.

Figure 3: FM Temperature Sensor
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The following waveform is the signal (SENSOR) pro-
duced at the output of the first AXP device (U1, pin 4).

When pin 1 of U2 is connected to ground instead of the
the U1 pin 4, the following waveform is obtained:

With pin 4 of U1 connected to pin 1 of U2 as shown in
the circuit of Figure 4 but with L1 disconnected, the 
following waveform results:

Connecting L1 to capacitor C2 results in the following:
(The blue waveform is the sensor signal, for reference)

Notice that the amplitude of the AM waveform is about
six times as large when compared with the waveform
without L1 and C2 connected. Adjusting the values of
L1 and C2 may result in higher amplitudes and thus
higher RF range.

Simple and Cheap AM Radio Receiver
If the carrier frequency is chosen to be between 525
kHz and 1.6 MHz it may be possible to use a standard
medium wave broadcast radio receiver to retrieve the
sensor oscillation frequency from the carrier (as an
audio signal). As the carrier frequency used in the ref-
erence design of section 5 is beyond the 1.6 MHz limit
of a standard medium wave broadcast radio receiver,
the receiver and decoder circuit in Figure 5  (See next
page) is proposed. 

Although the circuit contains significantly more com-
ponents than the sensor radio transmitter, the circuit is
very simple. U1 is the main component of the radio re-
ceiver asit provides the radio receiver functionality re-
quired. L1 and the variable capacitor form a tuned
circuit to select the carrier frequency of the sensor
carrier (1.9 MHz). 

The output of U1 is the sensor signal that was ampli-
tude modulated on the 1.9 MHz carrier. The LM317 volt-
age regulator (IC1) is configured to provide 1.3V to
power the MK484 radio receiver device (U1). As the
signal coming out of the radio receiver (U1) may be
quite weak, it is amplified by IC2B with VR1 acting as
amplification control. 

The sensor signal is recovered using a technique
called “Data slicing”. Resistors R5 and R6 with IC2C
provides a reference point (half the input voltage in-
jected at JP1) about which IC2B can amplify the sen-
sor signal. 

The amplified sensor signal is fed to one input of the
comparator built around IC2A. The average value of
the amplified sensor signal obtained using R9 and C6 is
buffered by IC2D and sent to the other input of the
comparator, the output of which is the retrieved sensor
signal used to amplitude modulate the carrier as can
be seen in the waveform in Figure 6.
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In Figure 6, the blue waveform is original sensor 
signal. Yellow waveform is recovered sensor signal.

Power Solutions for the Wireless Sensor
In the sections above no mention was made about
supplying power to the NXP 74AXP1G57 device. Note 
that as a radio transmitter is a device that converts
electrical energy into radio energy, a suitable power 
source must be selected to achieve the radio range 
required. A range of about 30cm was achieved with 
an old alkaline cell with a terminal voltage of 1.3V.
While the prototyping work described above was 
done using a partially depleted 1.5V alkaline cell as the
power source, the low voltages and very low 
power requirements of the NXP device make viable
power solutions which are not battery based.

A number of energy har-   
vesting solutions can be 
considered, such as scav-
enging power from RF 
energy from mobile phone 
towers or radio and TV 
broadcast stations. Taking 
advantage of extremely 
low power requirements of 
the 74AXP1G57 device, a 
viable option is to imple-
ment wireless sensors 
using the RFID (Radio Fre
quency Identification) tag 
model. A sensor is built as  
per Figure 2a or 2b with its 
power source consisting 
of circuitry to charge a 

capacitor from a radio signal, similarly to a RFID tag. 
When the value of the sensor needs to be read, the
reading terminal generates a radio signal which is
used by the sensor to power on and which it then mod-
ules as the sensor oscillates. The modulation of the
radio signal is detected and decoded by the terminal.

Appendix – Experience Using the NXP Eval. Board
The circuits described above were prototyped using the
NXP Evaluation Board for the 74AXP1G57 logic gate. With-
out the Evaluation Board it would have been very hard to
experiment with these tiny devices without first making a
printed circuit board to mount them. While circuit connec-
tions are screen-printed on the Evaluation Board, having
schematics supplied with the board may have spared me a
few minutes of head scratching while I figured out why an
RC oscillator built as per Figure 2a was not working – I had
not noticed the circuit printed on the board until I ran into
trouble! As noted above, some pull-down resistors on the
input of the logic device had to be removed to enable oscil-
lations. Furthermore, prototyping would have been easier if
holes at 0.1” spacing were provided to enable soldering in
standard pin-headers, thus enabling use of standard short-
ing blocks to be used to configure the logic and use of stan-
dard sockets to connect different components during
prototyping. The provision of extra power and ground holes
around the edges of each PCB module was very useful in
providing ground andpower connection to each of the mod-
ule used – pin-headers were soldered in and shorting
blocks used to connect used modules to ground and power.
The extra ground points were also useful as ground points
for connecting test equipment ground.

Figure 6: Recovered Sensor Signal

Figure 5: AM Radio Receiver and Data Recovery Circuit
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Honorable Mention: Yuri Tikhonov

A Smarter nanoRobot 
(geovas333@gmail.com)

From Yuri Tikhonov’s contest entry:
Having the opportunity to participate in AXP Design
Contest, I wanted to implement one of my robotic proj-
ects, so I decided to design a nanoRobot. I've always
wanted to mount my subminiature robot, which size
would be about 10x10mm. The first task that I set be-
fore this robot is to bypass obstacles. Then I’ll need 
intelligent, programmable logic from AXP! So, now that
the goal is set, the only thing that remains is to estab-
lish the convcept, then set the idea into schematics--
and then into a real working prototype. 

Concept 
First, we need to start with the concept. Let's consider
the idea of creating a robot capable to bypass obsta-
cles, namely, what it is and how it works. nanoRobot is
a two-wheeled robot, of about 10x10mm, equipped
with two motors with wheels, dual mustaches that
identify obstacles, a lithium battery, as well as elec-
tronic brain, (built on the platform of the 74AXP1G57). 

How does a typical robot of similar design work? 
Very simple! Let's see fig.2. The robot moves by the fol-
lowing algorithm: 

How does a typical robot
of similar design work? 
Very simple! 

Left: The robot moves by
the following algorithm:
If the way is clear, both
wheels rotate and the
robot moves forward.

Right: If the robot finds an 
obstacle, it turns to a cer-
tain angle (wheels rotate
in opposite directions or

one of them stops).

Left: If after the turn, the
robot detects an obsta-
cle again, the rotation
continues. 

If after the turn, the 
robot does not detect an
obstacle, it begins to
move in a straight line
again.
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Schematics
And now, we can talk about the scheme of our robot.
There are many such robots however I tried to make it
different from others. Look at its basic schematic
below in fig.3.

If you have previously
seen schemes of these 
robots, you know that to 
build them standard logic
NOR or NAND are nor-
mally used. 

In my scheme switching
logic is used, that makes
the algorithm of the 
robot more “natural” and
approximate in nature to
the movement of living 
creatures, and all this
thanks to the possibility 
of self-learning! 

The nanoRobot has two
mustaches, which act as
obstacle sensors: 
S2 – left and S3 – right,
and two additional mus-
taches (S1, S4) that are
responsible for self-study. 

For example, if the robot is constantly «banging 
his head against the wall» in the end, it will change its
behavior and begin to bend around obstacles.

I brought only one of the possible schemes of self-
learning robots based on programmable logic. It is
possible to develop many such schemes and each of
them will give to robot its unique “character”.

I am sure you are wonderinf  what is the ‘classic”
scheme of robot which bypasses obstacles? As exam-
ples, I cited two such schemes, they both can be
called classic (see fig.4 next page).

Breadboarding
Unfortunately, I progressed to the stage of bread-
boarding quite late and have not had time to build a full
nanoRobot, but I checked my concept in practice.

The layout is similar to the concept of the robot (fig.3)
with the only difference that instead of engines and
power MOSFETs I plugged the voltmeter and an oscil-
loscope. 

As a result of testing, I found out that the circuit works
correctly and we can proceed to the construction of
the prototype. The only thing remaining is to make (or
buy) subminiature motors capable of operating at
ultra-low voltages.

Fig.3 «Schematic diagram of the nanoRobot»
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Fig.4:  (Top) Schematic diagram of the classic robot which bypasses obstacles
Fig.5: (bottom) First experiments with 74AXP1G57
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