Octal Logic Probe

by Jim Brannan

Especially when proto-typing with single chip computers like the PIC, SX, etc. it is often necessary to determine if multiple outputs
arecorrect. So| created this, an octal logic probe that can be plugged directly into a proto-typing socket to view eight adjacent pins at

once. Several can be used to monitor the complete chip. Don't worry if one or two pins are analog or even tri-state, this probe wont
mind and it wont affect your application either.
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Figure 1. The Basic Blocks

As shown in the schematic of figure 1, there are three basic sections to the logic probe; Power, V oltage Reference, and the actual Probe
logic. The Power section uses (in my case) atwo foot RCA cable filtered/bypassed by a capacitor on the board. The voltage reference

section provides a common reference voltage of about 2 V for all eight sections. Each individual probe is composed of avoltage
comparator driving a LED with a current limiting resistor.

Theory of Operation

The capacitor is optional, | haven't needed it. Y ou may need a small by-pass capacitor to prevent noise from being transferred to/from

the location being tested and the power source or even alarger one to filter the supply voltage due to the changing LED current and the
quite long power cable. The holes are there, just in case.



There isan important note on the "Input Common-Mode Voltage Range" parameter of the LM2901:

Note 8: Positive excursions of input voltage may exceed the power supply level. Aslong asthe other voltage remains within
the common-mode range, the comparator will provide a proper output state. The low input voltage state must not be less
than -0.3 V DC (or 0.3 V DC below the magnitude of the negative power supply, if used) (at 25°C).

| interpret this to mean that the maximum difference between the two input pins where the output will still be correctisVoo - 1.5V.
Any larger and though the comparator won't be damaged it may not produce the correct output result. For a5V supply that means
they can't be further apart than 3.5 V. So to make sure that the output is correct for al input values from ground to +V, the reference
voltage must be between 1.5V and +V - 1.5 V.

Aninteresting property of most LEDs isthat the voltage drop across them, when emitting, is nearly constant regardless of current. In
the case of these green LEDsiit varied fromaround 1.9V at 3mA to 2.1V at 16 mA. Thisiswell within the necessary common-mode
voltage and is also a pretty good reference for TTL. Thislets us have a (nearly) arbitrary supply voltage and as a side benefit we get a
pilot light to indicate that power is applied and the probe is working.

The output of the voltage comparator is open collector, to ground, with a current limit of (typically) 16 mA. It goeslow when the
negative input is higher than the positive input. A 1K ohm resistor, with a2 V drop acrossthe LED, allows3 mA at 5V, and 16 mA
at18V.

Power Dissipation

One must always consider the power dissipation of ICs and other components. Basic LM2901 operation takes a maximum of 2.5 mA
so with an 18 V supply, that makes 45 mW. Each of the four output transistors drop 400 mV when saturated (on) and conducting 4
mA. Though it rises with higher current, even at the maximum of 16 mA we have only of about 7 mW (rounding up is always a good
idea) per output. The complete total is 73 mwW, well under the 1050 mw limit.

With the 1K resistor®minimum resistance (for 5% tolerance) of 950 ohms combined with the 1/4 W rating (P=I2R, I=SQRT(P/R)) we
can have amaximum of 16.22 mA. With avoltage drop of 2.1 V for the LED and 0.4 V for the output transistor the maximum
allowable supply voltageis 17.9 V to keep within the resistor®power rating. Now the output transistor®@voltage drop goes up with
higher current, but we don®have a specification of how much and 16.22 mA isalittle larger than it can take so let®be safe and keep to
amaximum supply of 17 V.

All these specifications assume that the IC is at 25°C (77°F), which is mostly valid since we haven®put it in any sort of box and air can
flow freely around both ICs.

Design Variations

As| have built them, the probes are for monitoring TTL (and related families), and can be powered from nearly any supply. If you
wish to work with CMOS, a better variation would be to replace R9 and D9, with 3K and 2K ohm resistors respectively. The threshold
would then vary with supply voltage and would fall somewhere in between the typical CMOS values, but you will then have to power
the probe with the same (voltage) supply as the circuit under test.

Equal valued resistors would probably be best for monitoring 3.3 V logic (remember the common-mode voltage above). The LM2901
will work down to 2 V but the LEDswon®... at 3.3 V and lessthan 1 mA the LEDs may be alittle dim.

Power Distribution

There are many ways to bring power to the probe. Since we are dealing with proto-typing sockets one could use a length of two
conductor ribbon cable with two pins soldered to one end that would then be plugged into the socket. Thisworks well, except that you
have to remember to get the the polarity right each time you set it up.



Figure 2. Power Distribution Block

| chose to make a power distribution block from several of the ganged RCA jacks like you see at the back of VCRsand TVs. | then
wired it permanently to my power supply and mounted it next to the proto-typing socket. The probe's power cable endsin an RCA
plug that makes it easy to power it up.

In the future | intend to make other kinds of modules that contain common blocks of logic (RS232 plus DB9) and/or other test gear
(debounced push buttons) and they can use the same power panel..

Parts Availability and Substitutions

If you can't find an LM 2901, the LM 339 or any other member of that family will do. Even other quad voltage comparators, just make
sure you check the pin-outs and adjust the PCB board if necessary and redo the cal culations above for voltage limits etc.

Figure 3. Slicing up aCable

| actually obtained 6 ft. stereo RCA cables and the gang jacks at my local HSC store (http://www.halted.com/) and expect that they are
available in other surplus stores or on sale at various retail stores. The cables| found had alittle blob of plastic (Figure 3) at each end
that kept them from coming apart and once that was cut off with apair of scissorsit was easy to separate them into mono cables, and
then cut two feet from each end. | discovered they weren't actually shielded, and the ground wire was a little delicate to work with, but
| ended up with four 2 foot power cords for less than a buck

Therest of the parts are from Jameco (http://www.jameco.conV). |If you substitute LEDs make sure you get small ones (T 3/4) and
verify the voltage drop for various currents to redo the design computations above if necessary.

Since it has a much better price per pin; | bought the 17 pin headers (SMH17 = Jameco #103376CX) and cut off two 8 pin sections.

Double sided, plated through, solder coated circuit boards are available from my store (http://ImpossibleEnterprises.com/) for $6.50
each or with a kit of partsfor $9.50. Prices and availability may vary.



PC Board

Figure 4. The Printed Circuit Board

| used software from ExpressPCB (http://www.expresspch.conV) to layout the schematics and board (Figure 4) and their service to
manufacture them. Please note that the bottom copper is still viewed from the top, and will need to be reversed left-to-right if you are
making your own boards. A dremel-like tool with athin cutting disk was used to break the large result apart into individual modules.
All the design files will be available on the Nuts & Volts (http://www.nutsvolts.com/) web site aswell asin my store.

The gain on these devicesisincredible; When near the threshold voltage, a very small voltage change will make avery large changein
the output, but inverted. Unintentional feedback can lead to oscillation and so there must be shielding between the input and output
sections of these devices. Mostly thisisn't much of a problem here asit's just us humans who are watching the LEDs and we'll never
notice if they flicker when apinisdriven really near 2 V (the reference voltage). But, it may be the case that areally strong oscillation
will generate asignal in the power leads or even back down into the circuit under test so in the layout | tried to get a band of ground
between the inputs and outputs, on both sides of the board.

A couple of hints on PCB design, it is always a good ideato label either the top or bottom of the board, especially when you don't have
asilk screen. Itisalso agood ideato mark the board with a version number so that if you have any spares left over you will know just
which layout you have when you find them years from now; Hence the "TOP" and "JSB 2.0" bits of text on the top copper layer.

Construction

(1) Testing LED (3) Testing your work (4) Header Attachment (6) Hot Glue Strain Relief
Polarity

Step 1) Solder the top row of LEDs. Thisisthetricky part. Note how the LEDs straddle the edge of the PC board and are
soldered to pads rather than inserted through holes. Though one LED lead is dightly longer than the other to
indicate polarity, | find it easier to just test it with a power source and current limiting resistor, especially after
having trimmed the leads and then dropping it on the bench. Get their polarity right; Cathodes on the front, anodes
to the back. | didn't the first time and it was a chore to unsolder and reverse them. Thereisjust enough room for
each T 3/4 sized LED, packed edge to edge so start in the middle of each group of four then do each adjacent one
and then the final one. Position one. Note how much wire needsto be cut off. Trimit. Hold it in place with your
finger and tack the front lead using the solder that's already on the board. Solder the back and then resolder the front
lead.

Step 2) Solder all resistors and D9. Watch out for the polarity once again. Work from the middle of each quad out, like the
LEDs. A pair of toe-nail clippers makes a great tool to trim the |eads after soldering.



Step 3) Test what you've got so far. Rig up a power supply and a couple of alligator clips. Place a 200 ohm resistor in series
just to make sure any shorts won't cause trouble. Clip the plus lead to the center area between the LED groups and
the negative lead to one end of a volt-meter probe. Touch the probe to ground; The pilot light should light. Touch
the probe to the each of the eight resistors; Exactly one led should light. If one does not, check the solder joints and
the LED polarity. If more than one does look for solder bridges.

Step 4) Cut and attach the header. Not too close, remember to leave alittle room for the IC pins. Use 'gator clipsto hold the
edges and solder some center pins then remove the clips and finish the job.

Step 5) Timeto add the ICs. Make sure that pin one is nearest the LEDs. Alternate soldering between the two ICsto give
them a chance to cool down.

Step 6) Strip and solder the power cable to the designated holes. The center conductor should be +V, the hole between the
LEDs. The shield goesin the hole on the left just below the LEDs. Insert both from the front, then bend the cable
around to the back and use a blob of hot melt glue to anchor it to the back of the board.

Step 7) Build your power distribution panel by connecting the center terminals of al the RCA Jackstogether. Typicaly all
blocks have the ground (outer) connector already in common. Add a cable from it to your power supply. Keep the
center lead connected to +V.

Capabilities

So now you have one, just what can it do? It can be powered from any DC source between 5V and 17 V, even a9 V battery; Just
make sure the ground is common with the circuit under examination. It drawsamaximum of 149 mA at 18 V or just 32 mA at 5 V.
Each input has a threshold of around 2 V regardless of supply voltage which is acceptable for TTL and ok for CMOS designs. It may
even be good for monitoring 3.3 V designs as well when powered with 5V or more. The inputs will not be damaged by any
POSITIVE voltage up to 36 V, regardless of supply. With the extremely high input impedance each input draws 250 nA (yup
nanoamps) and so they won't add any loads to your logic. The boards are only alittle bit wider than the eight locations that they are
monitoring so you can, by staggering them alittle, plug in as many as you need to to watch awider bus or more output ports. They are
symmetrical so flip them around to make more room.

Restrictions
Ok, So what's the bad news? Well the inputs are not protected against NEGATIVE voltages. Any value lessthan 0.3 V below ground

can possibly fry the input section of the chip and/or the source of the signal. With the threshold of 2 V it istheoretically possible that
your TTL or CMOS circuit will see an intermediate voltage as a one while this probe displays a zero, or visaversa.

What would | change?

Now that |'ve made them what would | redesign? | think | might try using surface mount |1Cs to make the boards just a little narrower
so that you could really stack them end to end. Thiswould also leave more room for a 10K resistor on each input to limit the current
drawn when faced with negative voltage.

| may change the next version of the PCB to move the LEDs and resistorsjust alittle bit further apart.

Perhaps some way to alter, automatically or manually, the threshold so that it can be more useful with CMOS, and at 3.3 V and below.



Conclusion

Well there you have it, asimple, basically cheap, built-in-an-afternoon and useable for the rest of your proto-typing days octal logic
probe. Make a bunch, you'll need them eventually.

End



