
Test Instruments 

Logic Signal Measurements 
How to use an oscilloscope to make basic measurements 
in digital logic circuits 

By Robert Ramirez* 

If you think digital logic is based 
on 1 s and Os, you're partially 
correct. When digital circuits 

are working logically -as they're 
supposed to -it's okay to think 
strictly in terms of is and Os. But 
when things go wrong (counters 
don't count, printers don't print, 
modems don't communicate), you 
may have to start thinking analog to 
find the problem and fix it. 

Always keep in mind that digital 
logic is really based on analog sig- 
nals. Ideally, these signals represent 
is and Os (fixed high and low states), 
but in reality are still analog signals. 
As such, they are subject to all the 
whims of the analog world, such as 
attenuation, distortion, noise, prop- 
agation delay, and so forth. What 
looks like a 1 may not really be a 
good, solid 1 because of amplitude 
or offset variations that don't meet 
threshold requirements. A 1 could 
even be two 1 s because of noise -mar- 
gin violations. Or it could be a 1 at 
the wrong time, or only sometimes, 
because of timing -margin violations. 

Troubleshooting these "analog - 
based" digital problems is best done 
with an oscilloscope. Though any os- 
cilloscope will do for simple prob- 
lems, to find out what is really going 
on in marginal logic situations, you 
need a good scope and some addi- 
tional measurement tricks. 

Good Scope Defined 
Bandwidth is the most commonly 
*Tektronix, Inc. 

Fig. 1. Modern oscilloscopes provide more bandwidth at lower prices and with 
more measurement convenience features, such as direct- readout measurement 

cursors and even pushbutton measurement selections. 

talked about scope specification. In 
fact, manufacturers often include it 
in their scope names. The Tektronix 
2246 100 -MHz Oscilloscope shown 
in Fig. 1 is one such example. The 
bandwidth specification tells you the 
frequency range of sinusoids that the 
scope will display without amplitude 
attenuation. Almost without excep- 
tion, dc and very low frequencies are 
implied in the specification. The 
scope's amplitude measurement ac- 
curacy (such as, vertical accuracy = 
2 %) is guaranteed up to the specified 
bandwidth, which is commonly fixed 
at the 3 -dB down point, or the point 
where the amplitude of the displayed 
signal drops to half what it was with- 

in the major portion of the rated 
bandwidth. 

Notice the reference to "sinusoid" 
in talking about bandwidth. By defi- 
nition, a digital signal is not a sinus- 
oid, though it is made up of many si- 
nusoids. All of these sinusoids, ex- 
cept for the fundamental frequency, 
are of higher- frequency harmonics. 
For example, Fig. 2(a) shows a 5- 

MHz clock such as might be used in a 
personal computer. It has a dc com- 
ponent and a 5 -MHz fundamental 
frequency. These two frequency 
components are indicated by vertical 
amplitude lines in the clock spectrum 
of Fig. 2(b). Notice that there are 
other components present at odd 
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Fig. 2. Digital signals (a) are composed of harmonically related sinusoids (b). 

Accurate oscilloscope displays require adequate bandwidth to include high er- 

order harmonics. 

multiples of the fundamental (15 

MHz, 25 MHz, 35 MHz, etc.) and 
that their amplitudes diminish with 
each successively higher multiple. 

Higher -order multiples of the 
clock frequency are the harmonics 
that give the clock pulses their cor- 
ners and fast transitions. If you use a 
scope that has too low a bandwidth, 
you basically filter out (attenuate) 
these higher harmonics and their 
contribution to pulse shape. A high- 
er- bandwidth scope, as indicated by 
the response curve in Fig. 2(b), pre- 
serves more harmonics of the clock 
signal, or any other nonsinusoidal 
signal for that matter. 

When dealing with digital signals, 
it is often more convenient to think 
in terms of scope risetime, rather 
than bandwidth and signal harmon- 
ics. Risetime indicates how fast the 
scope responds to an ideal voltage 
step. As a rule, a scope's approxi- 
mate risetime is related to bandwidth 
by Tr = 0.35/BW, where Tr is rise - 
time and BW is bandwidth in Hertz. 
Thus, a 100 -MHz scope has a 3.5- 
nanosecond risetime. 

Time Measurement Accuracy 

Risetime Ratio 
(Pulse:Scope) 

Approximate TO Error 
in Time Measurement 

7:1 1 

5:1 2 

3:1 5.5 
2:1 12 

1:1 40 

Scope Tr = 0.35 /scope bandwidth 

Also, as a general rule for accurate 
time measurements, you should use a 
scope with a risetime that is at least 
five times greater than the risetime of 
the pulse you are trying to measure. 
Thus, a 3.5- nanosecond scope pro- 
vides best accuracy (less than 2% er- 
ror) on time measurements up to 
about 17 nanoseconds. But this can 
be pushed, as indicated in the Table, 
if less accuracy can be tolerated. 

For accurate measurements, it is 

important that the bandwidth and 
risetime specifications be to the 
probe tip. Because this is not always 
done, some scopes are specified only 

to the input connector. A high -band- 
width scope is of questionable value 
if its bandwidth cannot be carried to 
the probe tip, down to what you are 
actually measuring. To be able to do 
this requires probes that are matched 
to the scope. It is a common mea- 
surement error to ignore this impor- 
tant link. 

It is also a common measurement 
error to fail to compensate the 
probes before making measure- 
ments. Compensation is usually 
done with a screwdriver or twist ad- 
justment on the probe. It must also 
usually be done at scope settings 
specified by the manufacturer. The 
effects of an uncompensated probe 
are shown in Fig. 3. Using an uncom- 
pensated probe can result in ampli- 
tude or risetime measurement errors. 

Is a I a 0 or Two or None? 
Selecting a good scope is the first step 
in making measurements. Putting it 

to proper use is the next step. 
For example, in measuring digital 

signal amplitudes, it is important to 
recognize the type of signal being 
dealt with and to use proper scope in- 

put coupling. Figure 4 shows three 
typical signal types -bi- directional 
(a), uni- directional (b), and uni -di- 
rectional with offset (c). Without a 
zero reference, uni- directional sig- 
nals are indistinguishable from bi -di- 
rectional signals. So it is important 
to, first of all, establish a 0 -volt base- 
line on the scope display. This is 

done with the scope's triggering set 
to "peak -to -peak auto" and the 
probe input coupling switch set to 
ground. The resulting 0 -volt display 
is then vertically positioned to a con- 
venient scale line on the scope screen. 
Then probe input coupling is switched 
to the setting (ac or dc) for the signal 
to be displayed. 

For most logic signals, dc coupling 
is the best setting. If ac coupling is 

used, uni- directional signals will 

have their dc component blocked 
and will appear as bi- directional sig- 

nals. Even worse, any amplitude 
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Fig. 3. Probe compensation is important in measurement 
accuracy. Undercompensation (a) results in risetime er- 
rors; overcompensation (b) results in amplitude errors; 
proper compensation (c) results in accurate signal display. 
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Fig. 4. Three typical types of logic signals. Shaded areas 
represent bands of indecision, where the signal could be 

sensed as either a logic 0 or a logic 1. 
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Fig. S. Definitions of amplitude measurements relative to 
a 0 -volt baseline. 
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Fig. 6. A modern oscilloscope provides menu selection of measurements (a) and shows results on- screen (b) with 

readout and automatic cursor placement (dotted lines). 

measurements will be ambiguous, 
since the signal is shifted from its ac- 
tual dc baseline. Dc coupling, on the 
other hand, preserves the signal's dc 
component. 

The importance of accurate ampli- 
tude measurements is further em- 
phasized by considering the shaded 
"undecided" zones in Fig. 4. For ex- 

ample, if the logic signal in Fig. 4(a) 
is being loaded down or attenuated, 
it may not transition far enough to 
solidly pass the decision zone and be- 
come a solid logic 1 or O. The signal 
could look like a valid logic signal, 
but its low amplitude could result in 
ambiguous detection of logic levels. 
In Fig. 4(b), low amplitudes could re- 
sult in detection as all zeros. In Fig. 
4(c), too much offset could result in 
an all ls detection. 

When troubleshooting logic cir- 
cuits, it's not enough to just look at 
the signal and say, "yes it's there." 
The amplitudes must be measured to 
ensure that they solidly pass the 1/0 
decision levels. Does the signal have 
sufficient peak -to -peak swing, or 
+ peak, or - peak swing? Is there 
offset? Should it be there, and if so, 
is the offset value correct? 

The definitions for these measure- 
ments are shown in Fig. 5. Typically, 

the measurements are made by 
counting divisions from the baseline 
and multiplying the count by the 
scope's scale factor readout. Modern 
oscilloscopes, such as the Tektronix 
2246 GPS (General Purpose Scope), 
simplify this process considerably. 
As shown in Fig. 6, the 2246 GPS 
provides pushbutton selection of 
measurements from an on- screen 
menu. When a measurement is se- 
lected, the 2246 automatically keeps 
track of where the zero baseline is 

and makes the selected measurement 
with a built -in waveform voltmeter. 
The measurement result is displayed 
in the on- screen readout and is indi- 
cated on the waveform by automatic 

placement of measurement cursors, 
-the dotted lines in Fig. 6(b). 

The measurement cursors shown 
in Fig. 6(b) can also be manually po- 
sitioned on- screen to measure the 
voltage difference between any two 
amplitude points. This is useful, for 
example, in checking digital signal 
noise margins. By placing the cursors 
at the logic decision levels, you can 
easily observe whether noise, ampli- 
tude drift or signal aberrations are 
crossing the threshold and causing 
false ones or zeros (Fig. 7). 

Is It a I In Time? 
Measurement cursors offer the same 
convenience in making time mea- 

Fig. 7. Cursors can be manually placed for amplitude measurements, or (as 

shown) can be used as amplitude markers for observing noise violations. 
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Fig. 8. Cursors can be used in a time measurement mode for checking pulse 
width, logic line -up (skew) and other timing relationships. 

surements. This is shown in Fig. 8, 
where the cursors have been placed 
for a timing measurement between 
logic channels. The measurement re- 
sult (time between cursors) is shown 
in the upper right of the display. 

It is particularly important to note 
in Fig. 8 that multiple channels are 
being displayed. Multi -channel dis- 
play capability is a necessity for logic 
signals, since many of the critical 
timing relationships are between log- 
ic channels. A dual- channel scope is 

needed at minimum for logic signal 
comparisons. However, a four - 
channel scope adds convenience by 
being able to display more signals 
simultaneously. 

Note also in Fig. 8 how the cursors 
verify the signal edge lineup. A signal 
edge slightly offset from the cursors 
would indicate channel skew (time 
offset) between digital signal lines. 
For closer observation of skew, it is 

best to position the suspect signal on 
the scope's center screen division and 
select the x 10 horizontal magnifica- 
tion function. This expands the dis- 

play horizontally by a factor of 10, 
effectively zooming in on the center 
of the display. In this expanded 
mode, you can get a higher resolu- 
tion measurement of skew and deter- 
mine whether it exceeds the timing 
margin specifications of the system 
on which you are working. 

Channel skew is usually the result 
of mismatched delays in the logic cir- 
cuits used in each channel path. This 
could be a design flaw, which can be 
corrected by buffering faster chan- 
nels to delay or "de- skew" them. Or 
excessive skew can be the results of a 
circuit malfunction causing excessive 
propagation delay through a gate. 
These propagation delays -delay 
time between application of an input 
signal and appearance of an output 
response -are relatively simple to 
measure with a dual- channel scope. 

To measure propagation delay, 
put the scope's channel -1 probe on 
the gate input and the channel -2 
probe on the gate output. Then, in 
alternate sweep or chopped mode 
and with triggering set for channel 1, 

measure the time difference between 
leading edges on the resulting dual - 
channel display of the input and out- 
put logic pulses. 

Other timing measurements you 
might want to make in troubleshoot- 
ing a design are pulse width and pulse 
jitter. Pulse width is critical, since a 
"1" state must be maintained long 
enough to be recognized as a 1. This 
is generally referred to as minimum 
setup and hold time. 

When pressing digital designs for 
maximum speed, it is easy to get 
pulse width violations. This can hap- 
pen, for example, because of a small 
amount of channel skew at the inputs 
to an AND gate; the input time off- 
sets can result in an ANDed signal 
that is too narrow for the next logic 
stage to recognize. 

Even if pulse width is kept longer 
than the absolute minimum, there 
can still be occasional violations 
from pulse or timing jitter. These are 
generally referred to as timing mar- 
gin violations. Again, measurement 
cursors serve as convenient markers 
for detailed observation of timing 
margins. The cursors can be placed 
at the timing limits around a transi- 
tion. This allows you to easily see oc- 
casional jitter or timing drift that vi- 
olates the margin limits. 

Overshoot Kills CMOS 
Generally, sufficient logic amplitude 
and correct logic channel timing rela- 
tionships will solve most digital cir- 
cuit problems. However, with to- 
day's more sensitive circuits, too 
much logic swing can be just as bad 
as not enough. 

Overdriving a logic element can 
cause excessive saturation and ex- 
tend transistor storage time. This re- 
sults in pulse stretching, which can 
cause logic or timing errors or force 
you to run the circuit at a lower than 
desired clock rate. 

Even if your nominal signal high is 

(Continued on page 91) 

20 / MODERN ELECTRONICS / March 1987 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


/ 
RO ` 

M ART 

AM /FM Radio IC W /Data Sheet (#2204) 15/1.00 
2N3643 (0-92 Silicon Gen 

Sheet 
(#2PN) 10/1.00 

Slide Pots -1 Each 50K. 100K, 1.2#.2X, 5M- - .1.00 
ULN2231 (Delco DM50) Dual Preemp IC 2/1.00 
?Mystery? Beg #1 The "OHM" Bag .1.00 
?Mystery? Bag #2 The "Volt" Bag ..1.00 
?Mystery? Bag #3 The "Circuit" Beg ..1.00 
?Mystery? Bag #4 The "Frequency' Bag 1.00 
Mystery? Bag #5 The "Tolerance' Bag 1.00 

No Returns/Exchanges With Mystery Bags 
IC Storage "Bug" Box 2.45 
Heavy Duly Alligator Clips(10 Sets) .2.30 
Regular Alligator Clips (10 Sets) 1.80 
Wire Stoppers (Spring Loaded, Adjust.) .2.50 
5" Needle Nose Pliers (Spring Loaded) 3.95 
4 1/2" Diagonal Curlers (Spring Loaded) 3.95 
Nut Driver Set For 3/16 ", 1M ". 5/16' .3/200 
Jeweler's Screwdrivers (4 Pcs) ..2.65 
Desoldering Pump (Solder Sucker) 4.00 
Replacement Tips For Solder Sucker 2/3.00 
25W Precision Soldering Iron .5.00 
Safety Goggles ..2.55 
De- Soldering Braid (5 Foot Roll) .89 
Solder Aid Toot Kit (4 Prs) .3.00 
Soldering Iron Convenience Stands 5/1.00 
Model 6106 Logic Probe (Pencil Type) 18.95 
Model 6208 Logic Pulser (Pencil Type).. 18.95 
Switching Power Supply -Plus 8 Minus 5 6 12 Volts 
200W. By Conver . 

4695 
Voltage Mate Switching Regulator Kit 18.95 
MRF901 (Hobby -you Test) 10/1,00 
Plhrsr PT10V3/8' Honxontal Mount Tnmpots 100 OHM, 
1K, 5K, 20K, 50K, 100K, 200K. 500K, 1M. Single 
Turn .. . 4)1.W 
Multi Turn Precision Trim Dol0 (K, 1M), 1.0 OHM, 500 
OHM. 1K, t Dis ss 100K, 1M, 1,00 Each. 
7 Segment Display Assi 612.75 
Zenith TV Replacement IC Special 1.00 Each 221-42. 
221-43, 221 -48, 221.69, 221.79, 221-82 221 -96. 
221 -104, 221 -1W, 221- 106. 221 -140. 
2SCt172B (Toshib -Horiz Output Trans(- 2.50 
Motion Detector Module (Includes ULN2232 IC &Caps), 
2.00 Each, 7/10.00, 25/25.0. 
Motion Detect, ULN2232 IC Only 3/2.00, 20/10.00 
Black, Plastic Case For Detector 2.25 
Miniature Speaker For Detector 75 
XN -3 Sdtlerless Breadboard -1,300 Tie-Point Matrix. 2 
Vert Dist Buses f4.95 
Model 5G -105 Signal Generator -20Hz To 160 kHz. Low 
Distortion, 46 Step .45.95 
40 PIN IDC Ribbon Cable Connector .40 
50 PIN IDC Ribbon Cable Connector .50 
36 PIN RT Angle "Snap OH' Header ...50 
14 PIN Header For Ribbon Cable 31100 
OIUF 100V Mylar Cap 20/100 
tuF 200V Mylar Cap 15/1.00 

12 pi Disc 40 /1.00 
18 pf Disc 40/1.00 
001uF Disc 20 /1.00 
W22uF Dix 40 /1.00 
070F 16V Disc 30 /1.00 
9V Battery Snaps 7/1.00 
22 Or 27 AWG Wire (Specify) 5011.00 

BLITZ EPROM PROGRAMMER KIT 
Attached To The Parallel Ponter Port Of An IBM PC, 
XT, Or Compatible, The Blitz Programs 2716, 2732, 
2764, 27128, 8 27256 Eproms. Standard 8 Fast 
Programming Algorithms Supplied. Voltage Selectable 
12.5V, 21V 8 25v. Diskette Included Provides Assembly 
Instructions & Programming Procedures Kit -$69 95 
Assembled -99.95 

41 

508 Central Avg. 
1/VaaNiMd, N.J. 07090 

(201) 854 008 

- 
TOKO COILS FOR FEB 1984 TV PROJECT 

Tako #'s BKAN-K5552AXX(2). #E52OHN- 3000023 
(.071uH) & L-2(12uH) Fixed. l Set Of 4PCS 6.00, 3 Sets 
15.00, 10 Sets 45.00. 
Diode Ass t-65 Pcs Total -Includes 1N4148, 1N914, 
1N4004, 1N4007 1.95 
Zener Ass'665 Pcs Total- Includes Minimum 3 
Different 1W Devices 1.95 
LED Ass'IJumbo, Medium. Mini, Red. Green And 
Amber -25 Pcs .1.95 
Resistor Ass1-1,000 Pcs 35 Values Minimum. Popular 
Values (1K, 10K, 100K) Included. Mostly 1/4 & 112W. 
Some 18 2W. Lots 01 Precisions. Carbon Film. Taped 
And Reeled For Easy Sorting 995 
Regulator A5s'1 -7 Pcs Includes 7805, 7806, 
7812, 7824, 7905. 7912 6 LM309K 1.95 
LM317T Adjustable Reg (#6630196) 35 
Mica Insulators For TO-220 Material 20/1.00 
Sell Adhesive Rubber Stripping -Cul To Any Lengths 
You Choose (3M- BUmpon), 3 Feet/200, 10 Feet500. 
50 Feet/20.00. 
Jumper Plugs (Cambán (-Maio To Mall For Breadboard 
8 Connectors 10/1.25 
7400 TTL Ass'I -20 Pcs, Minimum 10 Different Device 
Types (7410.32,42,74,92 Etc (-2.95 
74 LSXX Ass'I.20 Pcs. Minimum 15 Different 
Device Types (LS02,04,05,10,14 Etc }2.95 
4000 CMOS Asst Minimum 8 Different Device 
Types (4001/11.49.51 Etc)-20 Pcs/3.75 

LINEAR IC'S 
LM324- 3/1.00 LM339 - 2/1.00. LM380 (ULN2280) 
.65, LM386 -t.50, NE555- 4/1.00, LM556- 2/t.00, 
LM741- 4/1.00, MC1330 2/1.00,. MC1398- 2/1.00, 
MC1458- 4/1.00 

TRANSISTORS 
PN22224- 10/1.00, 2142904 (70 -39) 4/1.00. 2N3055 
(MOTO (-2/1.00. 2N3904-10/1.00, 2N3906-10/1.00 Hi 
Reliability O-3 Socket (A t) .95 y u9u 
9VDC Well Transformer, 500 Ma ...2.95 
6.3V 12A Transformer 1.60 
126 VCT 1A ..3.50 
7 (Seven) Amp Tapped Transformer - 7 1 /2/15VAC Or 
9V /18VAC 895 
Muffin/Sprite Style Fan #SU2C7 (EG &G Rotren). 3 1/2" 
Sq, 115V 5.95 
Jumbo Red LED's 15/1.00, 100/6.00 
Jumbo Green LED's 10/1.30, 100/117.00 
Jumbo yellow LED's 10/1.40, 100/11.00 
Jumbo Yellow Hi Intensify With RT Angle 8 Black Case 
Features ...10/1.60, 100/12.00 
Mini Yellow Hi Intensity With Discreet. Pale Blue 
Lens/Case Feature 10/1.60,100/12.00 LED Clips/Rings 
For Jumbo .15/1.00, 100/6.00 
Switch Ass'I- Slides,Rockrs,Toggls 10/1.95 
Disc Cap Assi (1.5p1 To .47uF) ..50/1.95 
Mylar Cap Assi(.001uF To .33uF) 25/1.95 
Dip Mica Ass'I(Approa. 10 Velues) 15/1.95 
Adjustable Coil/Fixed Choke Asst 10/1.95 
Triac (400V 6A To-220), Tic#216A 2/1.00 
SCR (.5A 30V To-92), TIC#44 5/1.00 

A 

74SCXX SERIES IC'S 
LOW POWER, HIGH 

SPEED ISO -CMOS(PIN 
COMPATIBLE TO LSXX 

& SIMILAR 'TO HCXX) 
7450137 .45 74SC373... 35 
7450138. 45 7450374 60 
74S0139 60 7450533 50 
7450237 60 7450534.. 50 
7450239 60 745C540 50 
74$0240 . 50 7450563. 1.50 
74SC241 60 7450564. 60 
74SC244 35 74SC573.. 2.00 
7450245 .35 7450564 2.00 

Data Book For All Above B s 336 
DIP IC SOCKETS 

8 PIN /.07, 14 PIN /. 13, 16 PIN /.15, 18 PIN/.17, 20 
PIW.19, 22 PIN/21, 24 PIW23, 28 PIN/.26, 40 PIN /.39 
Zero Insertion Test Socket 28 Pin 7.50 
MAN691ODOuble Digit 7 Segment Display, Hi Ell 
ciency Red .56" Comm Ann ..1.25 
MM5481 -14 Segment Driver Chip 75 
1.5A 50V Bridge (T0-5) 50 
6A 600V Bridge 5/8" Square .1 00 
10A 500V Bridge 5/8" Square .1.15 
25A 200 Bridge (Solder Lug Type) ....2.00 
12VDC SPST Reed Relay PC Mount 60 
Mini Toggle OPOT (Lock Letch Feature) 75 

DPDT "Snap In" Rocker With Bulb Socket 95 
Push -Lighted Switch (No Bulb) OH -Mom .. 45 
Pushbutton DPST OH -Mom PC Mount 3/1.00 
DPDT Push Button 6A 125V 65 
TPDT "Bat" Handle Toggle (On On On) 1.65 
DPDT RT Angle PC Toggle (On Off Onf- 95 
Low Fluid Level Detector Kit -Pans. PC Board 8 

Instructions 4.95 
11 LED Bar Graph Display. 2 -314 ", Rectangular LED's 
(Specify Red. Green, Amber) 2.69 
Giant Alpha Numeric Display 1 -1/2" a 2" 7 x 5 (35 Total) 
Red LED Matrix .. 4.95 
Electrolytic Cap Ass'1- Includes 2.2uF, 4.7uF. 10uF 
47uF, 220uF, 470uF, 1,000uF, 3.300uF 8 Others 
(Voltages 8 Lead Configurations Vary) 15 Pcs 
Total 1.95 
Resistor 

Bourns) 6 
Quality Dip Circuits (Beckman. 

Dale. Bourns) 6 Pcs /6 Valses- 2 00 
Connector /Header Ass'1-Ribbon Cable, 

10 
rd. 

"Snap -OH" Headers Etc 10 Dcs /2.95 
22uF 35V Sold Tantalum (Kemal) 4 /1.00 
100uF 20V Sold Tantalum (Kemal) 311.00 
1,000uF 75V Axial 75 

3,200uF 50V Twist Lock 1.00 
3,300uF 50V Axial Lybc 75 

5,000uF 40V Computer Grade (Mallory) 2 50 
Monolithic Cap Asst - 251f 95 
Crystal Clock Oscillator 14.9760 MHZ .50 
UCN4116B- OSC /Freq Div Clock IC 5/1.00 

CIRCLE 37 ON FIFE INFO. CARD 

' Cypher IV MlcroController Kit- $1 29.50 
4 MHz 8.611 MICrOproCes5or 

1 NAT 1 NS8073) 
Control Basic Interpreter 0n-Chip 
Auto-Start Operation At Power.On 
Fast 16.Bit Multiply And Divide 
RS -232. Supports CRT 8 Serial Link 
24 Bi- Directional I/O Lines 16255 Ai 
RAM Memory-2K Expandable To 16K 
Eprom Memory-Expandable To 1 bK 
Built In Eprom Programmer 
Parr ICentronix Ponter Interlace 
Optional Real -Time Clock W Backup 

t Pay TV Hardware Installation Kit Blow Out 
As LOW As $2.95 +$3.50 Shipping Per Unit 
All KHS Contain 5 F Connectors 100 to 7S 

OHM Balun :f00 OHM 
To 

Block 2 F1 

75 OHM Patch Cord 2 Ft 300 OHM Twin Lead 
Nylon Cable Ties. And UHF Antenna 

y Model x412432.95 Includes All 01 
The nove Plus Feet Coaxial ail e And 
Mounting Hardware For Indoor Wail Ceiling 

Model 
Feet 

Includes All Of Model e41313042.95 
The Above Plus 25 Feet 

Pole U-Boit 
Cable And 

Indoor 
Expandable POIe U -Bolt FOr 

Easy Indoor Installation 
Model X484543.95 Includes All Of 
The Above Plus 65 Feel Coaxial Cable And 
All Necessary U-Bolt Hardware 

MODEL 705 Digital IIIk11t1lnet9T 

DC Voltage 1000V to t000V 
AC Vdt494 4001 c to 750v 95 
DC Curant 0.1#4 to toe 
AC Cunem 0.1 #e to 10A 

Capacituce 1pF to 20 #F 
lteooaanp too to 

205F 
Diode Test rorward voltage testing 
WI tear translator testing 

UHF -TV PREAMP 
May 

featured to Radio Electronics March/ 
May 

inexpensive 
es. 1982) 

This inexpensive antenna mounted pre- 
amp can add more than 25 dB of gam fo 
your system Lofs of satisfied customers 
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Logic Signal Measurements (from page 21) 

within circuit amplitude limits, be- 
ware of overshoot. Momentary hard 
saturation caused by pulse overshoot 
can still extend device storage time. 

Overshoot can do even worse 
things to voltage- sensitive devices. 
Perhaps you'll have the opportunity 
to experiment with high -speed 
CMOS devices. The tendency here is 

to tweak circuits for the highest slew 
rate (risetime) pulses possible as part 
of milking more speed out of the cir- 
cuit. But fast slew rates often cause 
overshoot. In CMOS circuits, ex- 
ceeding logic swing limits with over- 
shoot can result in latchup, which 
causes the circuit to burn out. 

Triggering Tricks 

Making any of the above measure- 
ments or waveform observations 
presumes you can get the digital sig- 
nal displayed on the scope screen. 
Sometimes that's easy. Sometimes 
it's not. 

When problems arise, it's general- 
ly because a stably triggered display 
cannot be achieved. Signal noise or 
jitter are causing the trigger point to 
jump around on the signal. Thus, the 
signal jumps around on the display. 

Most triggering problems can be 
solved if the scope has some reject 
modes provided in the triggering sec- 
tion. For example, display drift 
caused by 60 -Hz interference from 
lights can be eliminated by using a 
low- frequency reject mode. A high - 
frequency reject mode is useful for 
eliminating interference from local 
radio stations. A noise reject mode 
emphasizes the peak -to -peak ampli- 
tude of the signal coupled to the trig- 
gering circuit and improves trigger- 
ing on signals in the presence of elec- 
trical noise. 

If your scope does not have these 
convenience features, you can some- 
times emulate them with external fil- 
tering. For example, if 60 -Hz inter- 

ference is bothering your measure- 
ments, you can build a 60 -Hz filter 
and use it at the channel -1 scope in- 
put. You'll need to set the scope for a 
dual -trace display with triggering on 
channel 1 and the unfiltered version 
of the signal fed to channel 2. The fil- 
tered channel -1 waveform serves on- 
ly as a triggering device, and actual 
measurements must be done on the 
channel -2 display of the unfiltered 
version of the waveform. 

Such external filtering for a stable 
trigger signal can get you by in some 
cases. But it does require building a 
special filter for your particular 
needs. It also uses up one of your 
scope inputs just for triggering pur- 
poses. For more widespread mea- 
surement needs, it is far more conve- 
nient to have a selection of measure- 
ment modes and triggering features 
built into the scope. This allows you 
to spend more time on your project 
and less time fiddling with the scope. 
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