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You Still Haven't
Built a Logic Probe!

- try this one

The completed 5vnchroni7ed Logic Probe in act ion. Custom case ;.S a ci~ar tube.

M any people who get
i nvol ved in ho m e

computer systems o r any
other form of digital elec­
tronics at o ne time or an­
other run into hardware
problems. If you w ant to fix
them yourself, you need
so me way to look at what's
going on inside the logic.

Usually, if you want to
see logic levels, you migh t
use a simple logic probe
or a high-irnpedence FET
(Field-Lt tec t Transistor) vol t

ohm mete r (VOM). If you
want to see a t iming rela­
tionship, you need a trig­
gered sw eep oscilloscope
to see the actual timing
relationship of two dif ­
ferent pu lses o r signal s.

Not every home comput­
erist ca n afford to buy a
good sco pe just to look at a
logic signa l o nce In awhile,
so here is a unique logic
probe which can see t im ing
relationships as w ell as per­
form the usual functi ons o f

a logic probe. It 's inexpen­
sive, with provi sions for
both posit ive and negative
sync inpu t. It ca n almost re­
place an oscilloscope in
ma ny digi tal ap plica tions ,
If you don 't have an osci llo­
scope and ca n't afford o ne,
then th is logic probe is a
usefu l substi tute.

At work and at home I
use m y Svnchronized Logic
Probe to ident ify most logic
problem s easier and faster
than w ith a scope. M any

times it 's too much trouble
to pull ou t the scope, so I
use this probe instead. M y
probe also has featu res
m iss ing in an oscilloscope .
D id you ever try to see an
18-m pulse on a scope
when it on ly happens about
o nce every 5 or 10 seconds?
W ith a scope, such a pul ..e
is invis ib le, but using a
probe which st retc hes the
pulse en ables it to he seen.

This logic probe wil l d is­
pl aya P for appro ximately
0.75 seconds every time a
pulse occ urs. I t also d is­
plays sta ndard logic level..
l ike l for a low (false), H for
a high (t rue), and an F for a
f loa t (open). Not o nly tha t,
you can svnch ror nze It to
one signa l and see if an­
o ther signal happens at the
lead ing or t railing edge of
the sync mput. One of the
nicest points about th is
logic probe is that you can
build it for about ..even dol­
lars.

How does th is work? See
the scherna t!c, Fig. 1, and
the t im ing d iagram, Fig. 2.
Under al l cond it ions, seg­
men t.. E and F are always
enabled via the + 5-vo l t
power bu s form ing the left­
hand ve rt ical bar o f P, L, H,
or F. The fi rst condition
discussed wi ll be the stat ic
or no-signal cond ition.

At th is time, the probe tip
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Fig. 1. Schema tic diagram of the Synchronized Logic Probe.
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cond ition: When you first
apply the probe tip to a log­
ic fa lse signal , the changing
state of IC1 A through IC3A
tri ggers t he one-shot. mak­
ing the Q output fa lse. This,
in tu rn, enables segments A.
B. and G regard less of t he
o ther inputs and also dis­
ables segments C and 0 ,
thus d isplay ing a P for ap­
proximately .75 second s
before going to an l d is­
play. This can be v iewed as

the low a self-chec king way to see if
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Fig 2. Timing diagram fo r logic probe.

A. wh ich remains off . Pin 1
of IC1A goes fal se, mak ing
its output t rue. This is in­
verted by ICl B, so a false is
appl ied to p in 9 of IC1C
along with a true from the
outpu t of ICl O. This makes
the output of IC1 C true.
Th is is then app lied to pin
12 of IC20, along with a
true from the Q output o f
1(4, wh ich mak es the IC20
ou tput fa lse. This keeps
segment A off .
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applied to both inputs of
lCl B. making its output
true, w hich is then app lied
to pin 9 of IC1C.

The probe tip input is
also applied to pin 13 of
IC1 0 . mak ing its output
false and thi s being the
o ther inpu t to 1(1C, thus
ma kes its output true. This
t rue which is appl ied to one
input o f lC20 along with a
t rue on the other input f rom
the Q output of the one­
shot makes the outpu t of
1( 20 false, whi ch turns seg­
ment A off. Pin 9 of lC2C is
false from ICl D. ma king its
output t rue and light ing
segment B. Pin 4 of 1( 2B is
true from t he inverted ou t­
put of IC10, m aking the
ou tpu t of lC2B fa lse, which
is inverted by IC3E , l ighting
segment C. Pin 1 of IC2A is
fa lse from the output of
IC1 A making the output of
IC2A true, wh ich is used to
light segment G and is also
inverted by 1( 30 which
keeps segment 0 off . Now
we have segments B. C. and
G lit, w hil e segments A and
o are off. Remember that
segments E and F are al­
ways on and thus the d is­
play of H for a static t rue .

As for the low cond it ion,
all segment ou tputs are op­
posite except for segment

"H o n '0 0 11".
is connected to neit her a
ground nor a true va lue . Pin
1 of ICl A is f loat ing (true in
TTl ) and pin 2 is connected
to a true (Vee) through Sl
and J1 (Sync inpu t). giving a
fal se outpu t of IC1A. Pin 13
of ICl0 is at grou nd poten­
t ia l through R6, and pin 12
of ICl 0 is also t rue th rough
51 and 11 . so the output of
pin 11 is t rue . The false out­
put of IC1A is applied to
both inputs of ICl B. making
its output true.

This t rue is applied to
one input. pin 9. of ICl C.
The other input. pin 10, also
is t rue from the output of
IC10 , so now IC1C has an
output which is fa lse. This
false is applied to input pin
12 of lC20. The other input
is tied to the Q output of
the one-shot. IC4. wh ich is
stat icall y true. The output
of IC20 is logic t rue, which
causes segment A of the
d isplay to be li t. To com­
p lete an F, we need to l ight
segme nt G and make sure
segments B, C, and 0 are
off.

Pin 9 of IC2C is t rue from
the output of lCl 0 and pin
10 of lC2C is true from the
one-shot, mak ing its ou tput
fa lse and t hus keeping seg­
ment Hoff . Pin 3 of inverter
IC3B is t rue from lCl , ma k­
ing its output false, w hich,
when appl ied to IC2B,
makes its output tr ue.

Th is outpu t is inverted
aga in through IC3C and
makes segment C fal se ,
t hus keeping its segment
off. Pin 1 of IC2A is fa lse
from IC1 A, mak ing its out­
put t rue and l ight ing seg­
ment G; this ou tput is also
inverted by IC30 . keeping
segment 0 off. Thus, seg­
ments A, E, F. and G are lit
while B, C, and 0 are off,
giving a display of F (f loat).

Now that we have seen
the float condition and the
basic operation, I am gOing
to explain the logic t rue or
high condition. When a log­
ic t rue is present at the
probe tip, it is applied to pin
1 of lCl A, making its output
fa lse. Thi s false output IS
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ComponC'nh sre mounted on 0.1 " perfboard shaped to fi t inside cigar tube.

H, or Fl. You should adjus t
the potentiometer until a n
F is displayed with no co n­
nection to the probe t ip.
Once this is o bta ined, you
will no t ice that there is a
ra nge of adjustment before
the disp lay c ha nges from a n
F to an l o r H . This adjusts
the sensit ivity o f the probe
tip to a logic high o r low.

Upo n co mp letion, touc h
the probe t ip to the + 5-vo lt
side a nd the n to the g ro u nd
side o f the power supp ly
tha t yo u a re using. The
pro be shou ld disp lay an H
when touc he d to the + 5
vo lts. A P shou ld be dis­
played fo r approximately
.75 seconds whe n fir st
touc hed to grou nd, before
goi ng to a n l disp lay If a P
is not displ ayed w hen the
probe t ip is f irst touc hed to
grou nd , the pul se c ircuit is
no t func tio ni ng correct ly.
As long as the o ther dis­
p lays a re correc t, then the
p robl e m shou ld be in the
o ne-shot (1 (4). ( heck the
ex terna l ca pacito r and re­
sistor co n nec tions to the
chip If the o the r displa ys
do not work correc tly, then
you wi ll have to t ro ub le­
shoot the entire circuit .

A neat trick for t ro ubl e­
shoo t ing ca n be used if you
have a di splay with a d eci­
ma l point : Co nnec t a p ie ce
of wire a pproxima te ly 10
in ch e s lon g t hr o ugh a
tun-Ohm re sistor to the
de cimal point a nd use it fo r
a s im p le probe. [f you
touc h the w ire to a lo gic
high, the de ci mal po int wi ll
light. and if it is a lo w the
deci m a l poin t wil l stay off .
The l00-0hm re sisto r in
series wi th the wire is to p re­
ve nt burning up the deci ­
m a l po int

I used this basic logic
probe whe n troubleshoot­
ing the more sophisticated.
Synchronized logic Probe.
This, along With the ci rcu it
operation and schematics
p rovided , should give you
evervthing you need to
build and troubleshoot the
Synchronized logic Pro be .
Good luck' .

the pulse was there at tha t
time . W he n you a re not
using a sync input , SWitch
51 must be ke pt in a posi­
tive posit ion o r the norm al
p robe func tions will not
work correct ly. Also, when
the sy nc in put is used and
the pro be t ip is flo atin g, a P
will di spl ay if the sync input
is ac tive

Cons t ructio n

Fig, 3 a nd the photo s
show the com plete c irc uit
o f the Sync h ro nized logic
Pro be b ut there are a few
thin gs tha t migh t prove to
b p helpful , Ihe prototype
o f thi s probe wa s built usin g
0 .1 " pertboard whic h wa s
c u t and sha pe d to fit insid e
a ciga r tube pri o r to mount­
ing a ny o f the components.
Wire buse s were used for
the + S-volt and gro u nd
connec tions for the c hips
a nd other componen ts . As
show n in Fig 3, you should
mo unt the di splay, sw itc h,
and sy nc ja ck o n the e nd o f
the board firs t, and ma ke
a ny ne ce ssary c utou ts o n
the tube housi ng a nd bo a rd
Ma ke sun' tha t switc h 51 is
eas ily accessible a nd sticks
up through an opening in
the tube .

There IS only one adjust­
ment on the probe -the
SOk variable re s isto r used to
establish the F state When
you get the probe assem­
bled , connect it to your
power supp ly and note that
there is a legib le display (l ,

"

it is a ppl ied th rough the
switch a nd e na b les the in­
pu ts to bot h 1(1A a nd
ICl D. If the signa l you are
lo ok ing for a t the pro be t ip
be comes t rue at the sa me
t ime o r d uring the time of
the sy nc pulse, a P will be
di spl ayed, indicating tha t
the lo g ic t rue was present .
This is acco m plished b y the
c ha nging sta tes o f 1(1 A and
l( l D which t rigger the o ne­
sho t, IC4 . If the signal you
eHt' lo oking fo r was no t true
dur ing the sync pul se t ime ,
an l w ill be di splayed a nd
remain .

When using the negati ve
sync input, thi s means that
you are looki ng fo r a signa l
at the trail ing edge o f a sync
p ul se or during the t ime
th at the sync is fal se. The
first thing to d o is to mo ve
the swi tc h (51) to the nega­
t ive pos it io n. When the
sy nc pulse goes low a t its
tra il ing edge, it is a pp lied to
pin 11 o f IC3E , ma king its
ou tput true a nd thus en­
abli ng ICl A and 1(1 D If
the m put signa l goes true
during that tim e , the pulse
c ircuit is triggered and a P is
displayed, indicati ng that

".,
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the pu lse circuit is work ing
Whenever there is a high-to-­
low t ransition at the mput
of 1(1 A, the o ne-shot will
be tri ggered and a P will be
dtsplaved until a constant
sta te is rea ched This cove rs
the ge ne ra t ion o f the H, L,
P, and F di splay co ndit ions,
Note tha t the length o f the
P displa y can be c ha nged
by varvma RS and/or ( 1

This brings us to the o pe r­
ation of the sync inp u t. Un­
der norm a l co nd itions (no t
using svnc), switrh 51 is
kep t In the posi t ive (+ ) po ­
sit io n, thu s app lying a lo gic
tru v to one input o f l(l A
a nd 1(1 D. When the sync­
pul se input is used . the
lo g ic true is d isconnected
f ro m the sw itc h input and
replaced by the sy nc-input
s igna l

First the positive sy nc in­
pu t will bt> discussed when
using the posit ive sync in­
put, this m eans that we a rt'
look ing for d signa l a t the
probe tip which is eit he r oc­
c u rn ng a t the lead ing edge
(low-to-high tra ns it ion ) o f
the sy nc pul se or duri ng the
true sta te o f the sync p u lse .
When the sy nc pulse is true .
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