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Take a look at the above schematic, and understand what is being

attempted. Let’s assume
an 8081 microprocessor,
signal called R/%W that

that *WR and

As wvou can see, when ¥WD iz low,
and XRD will be held high. Inversly,
reguested, ¥RD will go low while XWR
that there are going to bse two valid
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éFé invalid., What we sees here is an
heing dependent on the state of the

For our example, let us further s

the schematic above.

¥RD are directly connected to

and you ars attempting to create a single
iz compatable with the I8 microprocessor.

a write operation is being requested
when a read operation is being

iz héld high. We know from this

and two invalid states:

- Write state was requestad
- Read state was raquested.

Both XRD and XWR active
Both ¥RD and XWR inactive

enclusive or with the output
inputs.

uppose that we have a fault within
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We will say that the computer hardware is ﬁurned on, and that the
BOG1 is attempting to executs some command but that the R/XW signal is

not in a transistional condition. That is, there is no activity on that

signal. For discussion, suppose the signal R/¥W is constantly LOW.

Take a look at the above schematic again and notice that there are
some additional numerics inserted along etch connections. We would
use a logic probe to land upon these numbers to view the logic states
of sach node.

When we land on node 1, we s & LOW., This is the problem we are
attempting to isolate. We know that this signal should be
toggleing from LOW to HIGH to LOW again, causing our logic
probe to respond with a "LOWY light and a "HIGH" light being
illuminated. Because the output is bkad, let us check the two
inpute to the 741s00, {(guad Z-input nand).

When we land on node 2, we see a transistional signal. The logic
probe is returning the "LOW" and "HIGH" indicators. We know
that this is a valid state for the ¥RD signal leading off of
the microprocsssor. There is a possibility of the micro-
processor being in o a "HALTY state so vou need to check the
agsorted Micro~F signals that deal with "HALTs". Becauss we
see a good sigmal on that neode, lebt s go further.

When we land on node 3, we ses a transistional si
probe ig again reporiting activity on the sec
gate.

gnal. This logic
ond input of the

With the above signal readings in hand, we can say that the output
of gate 2 was faulty, while its two inputs were good. This tends to
tell wus to replace gates two.

Batore that gate gets replaced, keep in mind that the outpul may
be tied to a gound somewhere on the board. Ferhaps there is a drop of
znlder shorting that cutput to ground,.

I+ vou would like to check for a "Loaded” output, you may deside to
cut the etch just atter the chipe putput. I+ vou do this, you would be
able to again check the output to see i+ there is transistional data
on it. I+ so, then the signal was being grounded. I+ nothing improves,
the gate should bhe replaced and the etch repaired.




There is & draw-back to cutting stches. You may not do =0 i all of
the military applications you may work for, Etch cutting should only
be done as a guick—and—-dirty fault isolation.

You may choose to remove the chip and replace it, reguardless of if
?Uﬂ think the gate is bhad or the owubtpur loaded. Attsr the mew chip is
zoldered in and the output i=s still bad, then thers could still be a

1
shorted stch. !

There iz zomething slse to remember along these lines:
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~ Retfer to the schematic again for another exercise. This one will take

om the +ollowing N

Unerm we land on rnode 1, we see a tranmsistional signal. Looking at it
on a scope, wWe s2e that the signal doess not look like the wave-
form of a known—good signal. That is to say, the timing and shape
of the wave—form is deformed away from what it should look like
as compared with a unit vou know to be good. From thiz, we can
call test node 1 as a2 failuwre, Let’s check the gates inputss:

When we land on test node 2, we see a transistional signal that looks
just like it does on a known good board. From this, we will say
that this input is good so we can check the remaining input.

When we land on test node three, we see that the signal is in a
constant HIGH condition. We know this is not a good logic reading
for this signal:; we should be sseing transistions. We can say
that test rnode T failed. With this, lets check the two inputs of
gate 1 and see what they are doing.

When we land on test node 4, we see a constant high. This is good
bacause we have tied this input HIGH. By tieing this input HIGH,
we rause the Z-input nand gate to invert the signal on the
other input. Let’s say test node 4 passed and go on.

- When we land on test node 5, we see a transistional signal. This is
good for the signal because it comes directly from the micro-F.
We will call this test node a pas

i

Let’s take the information we have found, and review if to sees where
the fault may lig in the schematic:
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If we say that gate 1 is faulty because itnhas two good inputs and
oroduces a bad, we are probibly correct. We could also say that the
input of gate 2 may be holding the cutput of gate 1 HIGH.

These Z-input nand gates are simple transistors that may be blown

internally. Let’s attempt to take a look at the interrnal working of
the rtansistor.
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What this is trying to show is a device that has a base, an emitter,
and a collector. Let™s tie the collector to fifteen wvolts.
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The emitor will be at a low condition i+f there is no voltage at the
base of the transistor. If a five volt signal is applied to the base of
this device, then the emitter will be to fifteen volts.

For ow quad Z-input nand chips, each gates has several of these
transistors. If fact, TI's 74L8G0 has siu per gate. It also has six
diodes and four resistors for =sach gate.

The input of our chip is tied to the base, {(through a resistor and diode
network), to a transistor. I¥ the transistor has suffered electrical
damage, the base of the transistor may be disconnected, causing a float,
or tri-stated input, or it may be blown against a ground or power
source. If this be the case, the source of the signal will be sopped
to what sver failwe condition the damaged transistor is in.




As an aside, most TTL chips, (bthat is, transistor-tramsistor-lo
wee rensr diodes in what they call 3 "Diodes Cluster Input®. This
help to "zener” off unwanted voltasges on inpuls in an attampt o
the device, yet we a2ll know that static charges can build hellish
wvaltages swpassing 300,000 volts on & good day. Tharg is no way
\/amaiatar may handles that voltage. Yes, the cuwrent is low, vet
hardly matters when yvou shunt such a high voltage through a transi
substrait. :
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To isolate the fault, vou might replace both gatess, one at a time, to
zea if the fault goss away. If after both gates are replaced and fault
is still prssent, then the stch is tied to a high voltage source. {(Don't

forget we read a HIGH on this noder.

I8

There is another way. I+ vou would like to spend zome money on &
device that will offer good advice, logk into Hewlett Fackards Current
Probe. On it vow will find some LED s that will help track down the
zource 0f the failure.

Following the directions, yvou would place the current probe as close
to the input of gate 2 as possible and observe the LEDs. If they are good
and bright and get dimmer as you move towards the gutput ot gate 1, then
thersa is an indication that gate two’s input is at fault., If the LED's
get brighter, then perhaps the cutput of gate 1 is at fault atter all.

So much for manual Guided Fault Isolation. What about all of the neat
computer equipment available that vou plug your board into, probe arosund
wherese told, and vou get a list of parts to replace?

Yes, there is such sguipment. Take a look at the John Fluke Manufachturing
company and look into what they call their "9000 Series trouble shooters".
These are two computers that sit on the work desk that interface to vour
had board.

~ The 2010 is what I liked the best over the 9030. The 010 is fully
contained, and can interface to just aboubt any micro processor based unit
vou would care to name.

Let’=s see how this equipment interfaces to ouwr circut with the +fault,
and ses what a program on Flukes® 2010 would look like.

The 9010 reguires vou to take the micro processor out of the bad board
which contains the faulty circuit., For this example, we would nesd to
remove the BO051 chip., Atter do;ng s, an interface pod leading from the
P0I0 plugs into the socket where the BO51 used to reside.

At this time, the %010 device has compleate control of evervyihing that
is or the bus. Address, Data, Status, and Control. In addition, vou may
pass aver the +first tri-stated device and test 170 devices with simple
programming. orF what they call, "test seguencing
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A test sequence to test this would look something like this:

1} Ask operator to touch probe to test node 1.
2) Read the result of the signal at the end of the probe.
Iy Is it a good signal? Is the SIGNATURE good?
4) I+ yes, then report no fault and terminate.
5 Ask operator to touch probe to test node 2.
&) Read the result of the signal at the end of the probea.
7) Was that signal good?
8) If rno, then report a faulty conmnection from the micro-p and stop.
F) Ask the opsrator to probe test node 3.
1G) Read the result of the gignal at the end of the probe.
11y Is it good? I so, report gate 2 bad or loaded and stop.
12 Ask operator to probe test point 4.
- \3) Fead the result of the signal at the end of the probe.
~14) Was it a constant high voltage source?
S If not, then report a faulty =tch at this point and stop.
16y Ask the operator to probe test point 5.
17 Read the result of the signal at the end of the probe.
18 Was it good? I+ so, report gate 1 bad or loaded.
19) Test node © is bad so report bad connection ts micro—p and stop.

The operator is able to quickly +ind the fault i+ prompted with what
to test next. This would be great if you have a lot of boards that need
to be repaired, {such as in & manufacturing environment), but what
about testing RAM, BOM, and the BUS?

I have +ound that the 2010 alliows vou to press one button and have
it report if any address, data, status, or control lines are tied HILGH,
LOW, or together. Fretty powerfull stuf+. In addition, at the press ot
two buttons, the F010 will report what data bits are faulty in any
size RAM memory vou would care to offer it. With that information, vou
can figure which chips to replace, or have the 2010 tell you which
ones need to be replaced.

You can also access any memory, emmulates the 8051 that was removed,
or do just about anvihing yvou might want to do.




I found out that you arese not allowed to have the suspect board run

a program, and have the 010 watch the address bus for

address, and bresak the run om it.

a particular
The act of watching the address bus

interrupts the run the instant the watch is reguested. [ guess this
‘- ok because we are not concerned with scottware development or

-bugging.

We have seen how manual fault
logic probe and a current probe,
computer device.

isolation cam be accomplished with a
and how it might be done from a small



