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Description

As we know that LED is a very small electronic component, but it allows the users to create assorted types of magnificent creation and it is totally depends on the creator’s imagination!

You can display a wide range of low-resolution 3D images or animations on the cube. Or, you can use an accelerometer to detect the horizontal or vertical orientation of the cube, so that you can adjust the display and remains upright even you’re turning the cube anyway you want!

You can use the cube to display a message or display a little light show animation.

There’s one important thing you have to pay attention on this project: The controlling of this mega 3D LED display. In order to overcome the problem, you would like to connect the entire up and down columns of LEDs to the same positive terminal and connect all the horizontal levels to the same “ground”.

The cube described on this page uses a 5 x 5 x 5 matrix of single colour LEDs.  This is a good size to experiment with as the number of LEDs required at 125 keeps the cost down. The power requirement is under 1 amp and the use of just one colour keeps both the hardware construction and control software fairly simple

Circuit Description
The LED cube is made up from 125 LEDs arranged into 5 layers of 25 LEDs each.  The display itself is multiplexed so instead of requiring 125 connections it requires one to each of the five layers and 25 to each LED in a layer making a total of 30.  The cube is refreshed by a software interrupt routine with each layer active for 2ms, so the entire cube is refreshed every 10mS (100Hz). This results in a display with no visible flicker.
The main problem with controlling each LED individually was that to do so we would need to run at least 1 wire to each and every LED. This problem quickly got out of hand; at the bottom of the cube we would have at least 6 wires running off of each of the 25 columns. All of these wires would have made for an aethstetically unpleasing cube and present the question of how we would route all these wires together and fit them into the base of the cube. We realized we would need to wire the LED's together in a way that we could address them individually without having to run a separate wire to each one. This was a tricky problem since a typical addressing scheme such as selecting a column, then a row, then a level would have the undesirable side effect of lighting more LED's than we wanted. 

Cube design: 

To do so we would connect all of the up and down columns of LED's to the same positive terminal (25 columns total, with 5 LED's each) and then connect all of the horizontal levels to the same 'ground' (5 levels with 25 LED's each). To select a single LED we would apply 5V to the column in which the LED is located and then ground the level that it is on. This way using only 25 control lines for the columns and 5 control lines for the grounds we could select each LED individually. However, this still results in the previous problem of lightning extraneous LED's accidentally if we try to light more than 1 LED at a time. As illustrated in Figure 3, if we wanted to light just the first LED in the top level (back left corner) and the last LED on the bottom level (front right corner) we would set the 1st and 25th columns high and then ground the top and bottom levels. However, if we do this, instead of just having 2 LED's lit we would have 4 (top and bottom of back corner and top and bottom of front corner). To get around this we only try to light LED's in one column at a time. To display images that have LED's from multiple columns lit we cycle through each column at a fast rate (about 62.5Hz) to make it appear as though more than one column of LED's is on at the same time.

Hardware Description
There was a lot of circuitry that had to be constructed in order to realize this project. First, we had to build the LED cube itself which actually turned out to be a much more difficult task then we first anticipated due to the shear number of LED's. We built each horizontal 5x5 plane individually by laying the LED's flat on top of wire and soldering all the negative terminals of the LED's onto the wire and leaving the positive terminal hanging. This essentially connected all the negative terminals of the LED's in the same level to the same ground plane. We then had to carefully solder the 5 horizontal planes together by first mounting them on the side of a cardboard box and taping them into place in a upright position and then soldering 1 wire to connect all the LED's in a vertical column together for each of the 25 columns. 

In addition to building the LED cube itself we also had to design and build our own custom LED driver circuit. This circuit had to take inputs from a limited number of microcontroller pins and decode them into something that could control the cube. If we had simply taken the input of each column and each ground level directly from a microcontroller pin this would have taken 30 pins which would have taken up most of the 32 port pins of the Mega32 microcontroller. This would have been alright for our final application (which only needed two extra pins for the accelerometer input) but would make it hard for future projects to utilize our design. Instead, we decided to come up with a clever way to decrease the bus size and simplify the interface between the driver and the microcontroller.We created a decoding circuit (Figure 1) that could control 24 columns using only 5 pins. The remaining 25th column and the 5 ground levels were controlled directly from the microcontroller; this resulted in using a total of only 11 pins to control the entire cube. 
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The first two bits of the 5 control lines feed into the first decoder (inst37). This decoder acts as a control that can select to enable any one, and only one, of the other 3 decoders. There is also a fourth option in which none of the output decoders are enabled which we use as a way to turn off all the LED's in the cube. The remaining 3 control lines feed into the 3 output decoders (inst34, inst35, and inst36). The outputs of these decoders feed directly to the columns; since only one output of any given decoder is high at a time, and only 1 of the output decoders is enabled at any given time, it is only possible to turn on 1 column at a time. This is highly favorable because, as shown in Figure 3, attempting to drive more than one column high at a time results in the unwanted lighting of additional LED's. Basically using this decoding scheme we can select any of the first 24 columns simply by sending the binary number of the column (the top two bits being a control for the master decoder and the bottom three being the input to the selected decoder).

After completing the design of the digital circuit we were ready to connect it to our LED cube, however, before we did, we realized a glaring problem. The output from each pin of each decoder was to drive an entire column of LED's. This meant driving as many as 5 LED's in parallel, each drawing around 40 mA of current (Figure 4), for a total of 200 mA of current, however, the maximum current output of the decoder chips was rated at only 25 mA which would not be enough to drive even 1 LED, let alone all 5. Additionally, the port pins of the microcontroller were originally going to serve as the ground plane for all the LED's but we realized that they could in no way sink the amount of current that we needed to sink. To account for this we had to design a LED driver circuit which still used the outputs of the decoders and the microcontroller to control each column and the ground planes but drove the LED's through an external power and ground. 
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Fioure 1: The digtal crcut usedto decod the LED cortrols.
The decorers used were T4HCT238'. The inputs CO-CS come directly fromthe MCU port. The

outputs of decoders inst34, nst35, nst38 were feci through nverters to inferface with the anslog LED
drivers (not shown).




[image: image3.jpg].2y -

150 Volage across
resistor

Figure 4: Sinpifiec LED civeut usectta determing the cunert craw through
ach LED. The actual current draw is less than what s estimated here due
1o resistances framthe transistors inthe an st (nat shown).




To control the LED's using the outputs of the decoders we used 25 pMOS transistors as high side switches and 5 nMOS transistors as low side switches (Figure 2). The pMOS transistors use the output of the decoder circuit as a sort of enable and supply the LED's with 5V when they are turned on. However, since pMOS transistors turn on with a low gate to source voltage, and the decoders we used were active high, we had to feed the output of the decoders through inverters before we connected them to the transistors. In a similar way the MCU ports are used to control nMOS transistors that connect the LED's to ground, however, since the control comes directly from a port pin there is no need for inverters here. Another problem that we encountered involved the amount of current that we could drive. The power now comes directly from a 5V regulator that is rated to supply at least an amp of current, which was more than enough, but the pMOS transistors that we used are only rated to supply 160 mA of continuous current. This meant that we would still have trouble driving all 5 of the LED's at the same time since each of the 5 LED's would try to draw 40 mA of current for a total of 200 mA. In order to get around this we employed a trick in the software that, instead of turning on all 5 LED's at the same time, would turn on the bottom 3 LED's first and then turn on the top 2 LED's.

Conclusions

Our cube performed reasonably well; we were able to display a message on the cube that was readable if the room was relatively dark and you were looking at it on axis. Our light show also worked as expected and both the message and the light show adjusted themselves when you turned to cube sideways. If we were to redo our project we would have designed a slightly different LED driver circuit that would be able to supply enough current to power all 5 LED's at once and also make each LED brighter. We might also consider making some sort of plexiglass case to make the structure stronger and more visually pleasing. Additionally we would look into displaying some other interesting thing on our cube

