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INTRODUCTION 
For many years, oscilloscopes have been the chief 

test and analysis instruments used by electranic engi- 
neers and technicians. In recent years, new fechniques 

‘) and components have extended oscilloscope measure- 
ment capabilities 1o many new applications. However, 
the escilloscope is a useful measurement instrument | 
only if the test signal can be accurately coupled 1o the 
amplifiers. In many applications, the voltage probe is 
the only practical method fo pick-off and apply the 
signal. With the increased bandswidths in foday’s scopes, 
one probe cannot be used for all measurements. This 
application note provides an approach that will allow 
You fo select fhe best prabe for most commenly en- 
countered oscilloscope measurement situations. Major 
areas covered are: 

{8) How to select the most accurate scope/ probe for 
a particular measurement. 

(b) How to quickly evaluate a given scope/prabe for 
‘ ifs adequacy in a parficular measurement sifua- 

fion 
(©) How 1o quickly estimate errors caused by the 

probe. 
‘ Almost any probe/scape combination can be used fo 

view a waveform. However, making accurate measure- 
ments requires careful atiention to proper probe selec- 
tion. 

Since all probes inherently create some error, the 
objective is 1o select a probe that reduces the error fo 

¥a an acceptable (or known) level. Proper probe selection 
increases the confidence you can put into oscilloscope 
measurements. Part of your confidence comes from 
knowing your scope, but the right probe dofermines 
whether or not the full accuracy potential of your 
ascilloscope is realized. 

  
 



  

SIGNAL SOURCE LOADING 

The ideal probe couples an exact replica of the fest 
signal 1o an oscilloscope input without disturbing the 
source. OF caurse, no input system s ideal; therefore 
we can only atfemp fo minimize the undesirable effects 
of resistive and capacitive loading. Oscilloscope inputs 
may be characterized as @ resistance shunted by some 
capacifance s shown in figure 1 

  

High Impedance Input 
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50-0hm 

  

X, Large Compared to 50 ohms     Figure 1. Typicel Osciloacops Inputs 
  

When a probe is added o the scope input, the probe/ 
scope combination may still be represented by an 
equivalent R and a shunt C. Values and folerances for 
R, C, and the division rafio are normally specified in 
the probe dafa sheef. These values can be used fo 
estimate loading effects of the probe/scope input 
system. 

RESISTIVE LOADING 
If the input resistance of the probe/scope combina- 

fion s the same order of magnitude as that of the signal 
source, significant measurement errors will result be- 
cause of resistive loading. Some possible effects of 
resistive loading are: 

1. CW amplitude aftenuation. 
2. Pulse amplitude attenuation. 
3. Additional current drawn from the signal source 

may force a circuit info safuration or nonlinear 
operation. 

4, The d 

  

under test may stop operating. 

  

Figure 2. Eauivolent Girul of o Resitive Locd. 
  

Referring 1o figure 2, the amplitude measurement 
error caused by resistive loading may be computed 
from the expression: 

  

Percent error = x 100, ReF R 

where: 

Re = SIGNAL SOURCE RESISTANCE 
Riy = PROBE/SCOPE INPUT RESISTANCE 

One rule-of-thumb fo keep resistive loading errors 
below 1% is 10 select a probe/scope that has an Riu 
that is at least 100 fimes greater than the source 
impedance. 

CAPACITIVE LOADING 
Most oscilloscopes have some capacifance in shunt 

with their input resistance. This capacifance causes 
measurement errors that are frequency variable. The 
input capacitance of an oscilloscope requires careful 
atiention to probe selection if these errors are fo be 
minimized. Some problems that become increasingly 
evident as the input shunt capacitance increases are: 

1. CW amplitude attenuation. 
CW phase shift. 
Induced pulse perturbations. 
Inaccurate pulse rise time measurements. 
Inaccurate propagation delay measurements. 
Excessive source loading. 
Abnormal circuit operation
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At high frequencies, the oscilloscope input behaves 
like a low pass filter which shunts the high frequency 
information 1o ground and significantly reduces the 
oxcilloscape input impedance. For example, at 30 MHz 
the X, for 20 pF Is 265 ohms, while at 100 MHz It 
drops fo 80 hms. As will be shown in lafer sections, 
many measurements, especially phase shiff and pulse 
rise time, are more adversely affected by input capaci- 
tance than by resistive loading. The capacitive reactance 
of an oscilloscope input varies as a function of frequency 
s shown in figure 3 for input capacitances of 1, 10, and 
100 pF. An equivalent circuif of a capacitive load is 
shown in Figure 4 

0m \ 

"       

  

   
100 K et e 

    Xe 
Inp

ut 

      

Vi
 i 16
0 E 

      

COMBINED EFFECTS OF RESISTIVE AND 
CAPACITIVE LOADING 

Since Z,, consists of the parallel combination of Ry, 
and X, neither can be neglected if both are of the 
same order of magnitude. Input impedance for the 
simplified circuit in Figure 5 is calculated by the ex- 
pression 
  

  

  

    
  

    

Signal Saurce 
      

  

2, = Source Impedance 
Z,, = Input Impedance 

Figuie 5. Input Inpadance Equivalant Cicui. 
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7, = Source Impedance Frequency. 
It can be seen from the previous expression that Zi, 

Riu = Input Resistance ’ cannot be higher than the smaller of Ry, or X, but can 

Cu Input Capacitance 

Fiaute 4. Equivalent Cicuit of o Capaitive Load 
  

be significantly lower than either. And as frequency 
increases, X, 1, can drop significantly below the input 
R. The input impedance of some probe/ scope combina- 
fions and how they vary with frequency is shown in 
figure 6. 
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Source Frequancy 
Figure 7. Proba tosding Effects far Source Impedanca of 500 ohms. 

Signal loss from loading effects caused by probe/ 
scope can be expressed as a funclion of Zi, source 
impedance, and frequency. 

where Z, 

Figures 7 and 8 use the above equations fo plot per- 
cent of signal remaining versus frequency for source 
impedances of 500 and 5000 ohms and are useful for 
making quick evaluations of CW amplitude errors 
caused by the loading of various commonly used 
probes. The break in these curves occurs at frequencies 
where capacifive loading first becomes significant 
While these curves do show source loading they do 
not indicate the constant signal attenuation resulting 
from the probe division rafio. 

  

An example of how the curves in figures 7 and 8 
may be effectively used follows: 

Assume that a selection befween fwo probes must be 
made for a CW omplifude measurement from a 500 
ohm source. Probe 1 is 10 megohm, 10 pF, 10:1 
division ratio; Probe 2 is 500 ohms, 0.7 pF, T0:1 
division ratio. The problem is to defermine which 
probe 1o use for a 50 MHz CW amplifude measure- 
ment. Figure 7 shows that for source frequencies 
above approximately 33 MHz, Probe 2 (50002,/0.7pF) 
causes less source loading than Prabe 1 and there- 
fore provides a more accurate measurement solution. 
Conversely, for frequencies below 33 MHz, Probe 1 
(10 #0/10 pF creates less loading. The input im- 
pedance of Probe 2 is lower than Probe 1 af de, is 
higher than Probe 1 for frequencies above 33 MHz, 
and relatively constant over a broad frequency range. 
The relatively high input capacitance of Probe 1 
causes its input impedance 1o rapidly decrease with 
increasing source frequency. 
The significant point fo remember from this example 
is that because of the effects of input capacitance, 
probes with high values of input resistance can be 
much less accurate than probes with a much lower 
input resistance. 
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SIGNAL LOSS (PROBE DIVISION RATIO vs. 
SOURCE LOADING) 

1 is important 10 recognize the distinction between 
signal loss caused by variable loading and signal loss 
caused by the constant probe division rafio. Both com- 
bine fo reduce the signal level available for display. 
However, the probe division ratio is specified as con- 
stant* within a cerfain percentage over a stated! fre- 
quency range and is therefore easily accounted for 
Loading losses, on the other hand, depend on saurce 
impedance and frequency and are not easily esfimated 
Loading degrades accuracy and reduces the signal volt- 
age at the input while the probe division ratio only 
reduces the signal input voltage by a known constant 
factor. 

  

COMMONLY AVAILABLE PROBES 
Voltage probes may be grouped according 1o their 

ability fo minimize resistive, capacitive, or both types 
of loading. It is useful fo classify probes into three 
groups since each graup has unique capabilifies and 
limitations. They are: Group |, high resistance; Group 
i, miniature passive divider; and Group I, setive. These 
“Probe diision roto is corstan 19 wikin o few parcent only i he 
probo it properly compensoied s0 Tt it RC lims consiant motches 
the scope Input RC time constan 

groups along with their major features are presented 
below. Table 1 lists fypical probes aavilable fram 
various manufacturers. 
Group I High Resistance Probes 

1. Minimize resistive loadling. 
2. Input impedance is high at dc, but due fo high 
input capacitance (see figure 7), falls off rapidly with 
increasing frequency. 
3. Input capacitance can be reduced somewhat if 
high division rafios (100:1) are praciical (this depends 
on the fest signal level and scope vertical amplifier 
sen: ). 
4. High dynamic range. 
5. Best used where capacitive loading is not a crifical 
factar; for example, pulse amplitude measurements 
or when the source impedance is known fo be in the 
50-0hm region. 
6. Can be fypically used with signals up to several 
hundred volts. 

Group l: Miniafure Passive Divider Probes. 
1. Lowest input capacitance available in a probe. 
2. Used mainly when resistive loading is not a majr 
consideration 
3. Fastest rise time available. 

 



4. Divider raties ranging from 1:1 fo 100:1 depend- 
ing on divider fip. 
5. Maximum input voltage nof s high as Group 1. 
6. Best used for fast rise fime measurements, phase 
shift measurements, and high frequency measure- 
ments if some resistive loading is acceptable. 
7. Source loading is relatively high at dc but remains 
constant over a broad frequency range, thus loading 
is easy 10 predict (see figure 7). 

Group IIl: Active Probes 
1. Offer negligible resisrive loading. 

2. Less capacitive loading than Group | and more 
than Group I1. 
3. Limited dynamic range. By using divider fips, dy- 
namic range may be extended fo as much as plus or 
minus 50 V. Offset is commonly available. 
4. Offers highest R and lowest C of all probe types 
withaut reducing the input signal. Excellent for high 
frequency, low level signals. 
5. The best general-purpose probing device within 
its dynamic range. 
6. Some disadvantages are: larger size (not con- 
venient for very dense circuits); slightly higher pulse 
perturbations than passive probes. 

Table 1. Typicel Probes Aveilable Commer: 

  

Growp Modelar & € Diviion WZ 500 Type M 
Type No. (F) Ratio opur et 00 notes) 

| oo w0 0 X Posive WP 
Nua M0 0 10 X Ade HP 
Ps07  lowp 25 100 X Possiva Tok 
a8 WO 10 X Possive Dumont 
s N w0 X Postive Dumont 
70w M0 7 10 X Passive. Dumont 

0000s oMY 3 1o x Possive. Dummant 
0oomos wp 1w x Passive Tk 

o008 200 07 s X powive HP 
000 300 07 10 X posve HP 
0008 KO 07 2 X osve HP 
0008 250 07 X pasive HP 
0008 O 07 100 X rouve HP 

Woress  OMQ S5 1 X X Adwe Tek 
Poas  OM() 25 10 X X Adve Tek 
PaGes  loMQ) 16 100 X X Acive Tek 
N20a o} <3 1 X acive He 
nwa wmQ < w0 X Ave WP 
oA W@ S 1w X Acwe WP 

1. HP = Hewlat Packard Co. 
2 Tak = Tokiorix, It 
3. Refer to manufachurers dato shests for lotest specfications. 

  

AMPLITUDE MEASUREMENTS 
This section describes how to make more accurate 

waveform amplitude measurements by selecting the 
optimurn probe for an application and how 1o estimate 
the errors intraduced by the probe. Both the displayed 
signal amplitude and the resulting measurement error 

depend on the cumulative effect of the following 
factors: 

1. Source frequency, if CW. 
Repefition rafe, if pulse. 
Probe/scope input impedance 
Source impedance. 
Oxcifloscape amplifier bandwidth and sensitivty. 

. Probe compensation and division ratio. 
Now, here's an explanation of the effects of these 

six factors. 
The source frequency determines the input impedance 

of the probe/ascilloscope. If the input impedance is 
not extremely large relafive fo the source impedance, 
there will be an error in the CW amplitude measure- 
ment. If a probe from group Il (low R, low C) is 
selected, this error remains relatively constant over a 
frequency range extending from de fo over 100 MHz. 
if a probe from Group | is selected (high R, high C) the 
loading error changes with frequency and is relatively 
difficult 1o estimate. 1t is also quite possible that a5 
the frequency of the source increases, the input im- 
pedance of the Group Il prabe will overtake the Group 

I probe and allow a more accurate measurement. There- 
fore, the key fo making an accurate CW amplifude 
measurement is fo select the probe//scope combination 
which has the highest input impedance af the frequency 
of the source. 

Accurate pulse amplifude measurements pose less 
of a problem than CW amplitude measurements. An 
accurate pulse amplifude measurement can be made 
with almost no concern for the input capacitance of 
the system. The only exception is when the Ru Cu 
product of fhe input system is greaer than about 1/5 
of the pulse width. The pulse must be present long 
enough (i.e., wide enough) 1o charge the input capaci- 
fance to the 100% amplitude level. The main cancern 
when making pulse amplitude measurements is that 

c
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Rys be large relative fo the source impedance. - 
An error can be introduced by the scope since the 

vertical amplifier response changes as a function of 
frequency. A point to remember is that errors infro- 
duced by the amplifier colloff can usually be neglected 
if the bandwidth is about five times greater than the 
input signal frequency. 

The probe compensation should be checked and 
adjusted prior 1o any measurement. 1f not indicated on 
the probe, the division ratio can be obtained from 
dafa sheet or operafing nofe 

The following example will help you select a probe 
to minimize the amplitude errors discussed in this 
section, 

   

EXAMPLE: 
Signal frequency = 35 MHz 
Source impedance = 500 ohms 
Signal amplifude = 1V pp  



~ 

  

Neglecting vertical amplifier rolloff errors, which 
of the following probes most accurately couples the 

signsl o the osclioscope? 

1. 10 megohm,/10gF, 10:1 (HP 100048). 
2. 100 k ohm/3 pF, 1:1 (HP 1120A). 
3.1 megohm/1 pf, 10:1 (HP 1120A with 10:1 

divider tip). 
4. 500 ohm/0.7 pF, 10:1 (HP 10020A with 10:1 

divider tip). 
5.5 k ohm/0.7 pF, 100:1 (HP 10020A with 100:1 

  

ivider fip). 
Intuitively, the 10 megohm/10 pF probe appears fo 

be the best selection since the high input resistance 
produces the lowest resisfive loading for @ 500 chm 
source. However, infuition is not always correct. The 
relative accuracy of each probe is listed in table 2. 

  

Table 2. Relative Probe Accuracy 
Percent ofsignel remsining  Seope input volioge 

  

probe after loading effects  aftr probe div rorie 
1 48% 48 mV 
2 76% 760 mV. 
3 78% 78 mv 
4 50% 50 mv 
5 89% 89 mv 

Note from figure 7 that the 500 ohm/0.7 pF Probe 4 
has significant resistive Ioading but the impedance re- 
mains a constant 500 ohms from de o approximately 
100 MHz. Although the de resistive loading is high with 
this probe, it is easy fo allow for by simply doubling 
the voltage reading for all frequencies o 100 MHz with 
the 500-ohm source. 

The most accurate probe is this example is the 5 k 
ohm/0.7 pF, 100:1 divider, Prabe 5, with only 11% 
signal foss including resisfive and capacifive loading. 

Notice that selecting a probe with a resistance higher 
than 5000 ohms does not increase the amplitude meas- 
urement accuracy since input capacitance also increases, 
which increases capacifive loading. The best probe 
provides the optimum frade-off between resistive and 
capacifive loading for a particular source impedance 
and frequency. Even though the source frequency in 
this example is only 35 MHz, and five probes were 
considered, the loading error was still 11% using 3 
very low shunt capacitance (0.7 pF) probe which points 
out the need to be aware of the problems that even 1 
BF of capacitance can couse. While this is especially 
frue for frequencies exceeding 50 MHz, significant ac- 
curacy problems can occur below 50 MHz. 

SENSITIVITY /LOADING TRADE OFF 
While the 5000 ohm/0.7 pF probe minimized the 

loading error, the 100:1 divider ratio reduced the input 
voltage to the oscilloscope 1o only 8.9 mV. This means 
that for & vertical amplifier with a deflection factor of 
10 mV/div, less than one centimeter of input signal 

would be displayed. To minimize reading errors, it 
is always more accurate fo display several divisions of 
signal. If the signal amplitude in the previous example 
were 250 mV instead of 1 V, the measurement would 
be much more difficult. Assuming it would be possible 
to rigger properly, there would be a large error re- 
sulting from readout accuracy because the signal would 
only be 2 mm high. If a different probe were selected 
with a lower division rafio fo overcome the scape 
sensitivity problem, the loading error would increase. 
A choice must then be made between loading errors 
and reading errors because of insufficient signal display 
on screen. For example, Probe 2 (100 k ohm, 3 pF, 1:1, 
active) would allow a fullscreen display of the 250 mV 
div. But the amplitude error from loading effects 
signal, assuming a verical deflection facior of 20 mV/ 
div would be 24% 
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General Probe Selection Rules for 
Amplitude Measurements 

1. 1f you have a choice, select a minimum impedance 
source. For example: emitter-to-base impedance of & 
transisor is generally lower than the collector-o-base. 
impedance. 
2. Select a probe with the highest possible Zi, af the 
frequency of interest. When measuring pulse amplitude, 
capacitance is not as imporfant as R, being high relative 
o the source impedance. While probe capacitance dis- 
forts pulse shape, the flai portion of the pulse fop 
(maximum amplitude) can be used fo make an accurate 
amplitude measurement since it contains low frequency 
informetion. Conversely, if the pulse width is short 
compared fo the measurement system rise fime, input 
capacifance can infroduce errors since the source can- 
not fully charge the input capacitance during its on time. 
This problem increases with increasing source im- 
pedance.



3. When source impedance is unknown, the probe with 
the highest Z,, usually yields the greatest accuracy. 
However, for frequencies above 10 MHz, high probe 
capacitance can reduce accuracy more than high probe 
resistance can help. 
4. If the source voltage is fofally unknown, it is wise 
to start with a 100:1 divider prabe fo reduce the pos- 
sibility of damaging the probe. This will also indicate 
whether or ot there is enough signal available to 
capitalize on the relatively low capacitance of 8 100:1 
divider probe. If the source voltage level is 100 low 
for 3 10:1 divider probe, then use of an active probe 
is advisable 

  

PULSE RISE TIME MEASUREMENTS 
Pulse rise fime measurements are one of the most 

frequent and challenging measurements for an oscillo- 
scope. Since there are few alternative measurement 
devices for making pulse rise fime measurements, ac- 
curacy of the over-all measuring system is especially 
important. Conditions affecting pulse rise time measure- 
ment accuracy are: 

1. Source Impedance. Should be as low as possible 
fo reduce charging resistance of the probe/scope 
input capacitance. 
2. Probe Rise Time. Should be short relative to 
the signal rise fime since the observed rise time can 
generally be approximated as the vector sum of the 
combined risetimes of the parfs of a system. 
3. Input R and C of Probe/Scope Combination. 
Both R and € should be as small as possible. 
4. Oscilloscope Rise Time. Should be af least fwice 
as fast as the signal fo be measured if errors are fo 
be kept below 10% 
5. Signal Source Termination. Signal source should 
be ferminated with an impedance that closely 
matches the source impedance If reflections and 
perturbations are fo be kept to a minimum. For 
example, a 50-ohm source does not operate cleanly 
info a 1 megohm,20 pF input. A feedthru termina- 
tion in shunt with a 1-megohm input can reduce the 
displayed rise fime which reduces the observed error 
when working with high impedance inputs, but still 
Ieaves reflections from the 20 BF input capacitance. 
6. Maximum Acceptable Source Resistive Loading. 
When the source resistance is much greater than 50 
ohms, the displayed rise fime ecror can be reduced 
by increasing the resistive loading of the source. 
7. Signal Amplitude. If this is small in relation to 
the oscilloscape vertical amplifier deflection factor, 
less flexibility remains for using divider probes. 
8. Vertical Amplifier Deflection Factor. In combina- 
fion with the signal amplitude, this can be & limiting 
factor in selecting a probe. 

  

  

The observed rise time can be approximated a5 a 
function of all the rise times in the system: 

ta wote + Facore + P+ Piacar RC 

WHERE: 1,, = Observed rise fime. 
  

e = Specified probe rise fime. 
heees = Specified scope rise fime. 
Hiogot RC = Rise fime of probe;/scope input 

system 
t, = Actual rise fime of signal generator. 

The observed rise fime is accurate if all the other rise 
times in the above equation except 1 equal zero. Since 
these rise fimes cannot be zero, the observed rise fime 
will always have some error. Other than selecting a 
fast oscilloscope, the only variable that can be con- 
rolled is fupuRC. 

NupuiRC is the key fo accurate rise time measure- 
ments. What is 1, RC? Figure 9 shows that input 
capacitance is charged through the parallel combinafion 
of Ry and Ri,. The signal generafor may therefore be 
characterized as an equivalent resistance, Renureing: 
which charges the input eapacitance. 

  

WHERE: Rotargios 

  

| 

Rerarcine 

  

    Figure 9. Equivalent ircuit for Rse Tim Coleulations 
  

It can be shown that the rise fime of the RC network 
in figure 98 is approximately 2.2R purging (Ciapud Which 
15 fugunRC. Both Renarsing and € s should be as small as 
possible fo optimize the accuracy of the risetime meas- 
urement. There are two ways fo minimize fuyRC. The 
first way Is fo minimize Renuesine. Since Reparsne 15 the 
parallel combination of Reensor and Rupe, if either 

 



    

  

value is large, the other should be kept small. if both 
are large, then Rebassins will of necessity be large and 
accuracy will be degraded. Therefore, remember fo 
minimize either. 

1) e R 
or 

2 R 

It is preferable to minimize Ryenair a5 this will also 
minimize the resistive loading and allow a more ac- 
accurate amplitude measurement. When Ryeneesior 15 
high (500 ohms o more), some resisfive loading will be 
unavaidable if the most accurate rise fime measurement 
is desired. In this case, select the lowest Riup that the 
cireuit can tolerate without actually overloading the 
circuit. This is the most difficult rise fime measurement 
situation because some resistive loading s mandatory 
If Repuain I 10 be minimized. A resistive divider probe 
set (such as HP 10020A) with several divider tips is 
very convenient for opfimizing the trade-offs of this 
measurement 

The secand way fo minimize fiu: RC is fo minimize 
Ciugu. This is best accomplished by using a 50-ohm 
oscilloscope input which has effectively zero input 
capacifance. However, if 50 ohms causes too much 
resistive loading for the circuit, a probe can be added 
o the input fo increase the input resistance 1o as high 
as 1 M ohm. There will be a slight increase in the C,y 
value when the Ry, value is raised by a probe. 

  

EXAMPLE: 
From the following probes, select the one that is 

most accurste for measuring rise time from a saurce 
impedance of 500 ohms. 

1. 10 megohm,/ 10 pF, 10:1 (HP 100048). 
2. 100 k ohm/3 pF, 1:1 (HP 1120A). 
3.1 megohm/1 pF, 10:1 (HP 1120A with 10:1 

divider fip) 
4.1k ohm/0.7 pF, 20:1 (HP 10020A with 20:1 

divider fip). 
5. 5k ohm/0.7 pF, 100:1 (HP 10020A with 100:1 

divider tip. 
Koy Equarions 

(v =R R yhere Source Resistance charsins = Rl Where %, = Source & 

< = 228 iopus ¥ caarging Cin 

  

To— F e * Pt o KO 

Forcan of Restv Loodon = (;;rr ) x 100 

The source will saturate if resistive Joading exceeds 
30%. This example covers many of the rade-offs and 
considerations necessary for selecting the best probe 

to make an accurate transition fime measurement. Table 
3 summarizes the probe loading effects. 

  

3. Caleulated Probe Looding from o 500 shm source. 
% Signol 
[ Soectiod 1, 

Covse by of probe 
227,,C, Ressive Probe  onlyizs 

Probe R =t lLeoding DivRotio ohm source) 
LM/ s0 D 0% 101 25m 

100f 
2100k S0 33w 0s% M 076m 

3pF tactive) 
3IMO/ S0 Llm 00% 101 075m 

1o (Actve) 
41k I osMm W% 200 0Sm 

076 
s5k0/ 45 07w 0% 1000 0Sm 

07er 

The results in fable 3 indicate that Probe 4 (1 k 
ohm/0.7 pF 20:1 passive divider) is the fastest, but it 
fails the acceptable resistive loading criterion of 30% 
signal loss. The reason this probe is so much faster s 
because R cnaring i the lowest and the input C is very 
low. The nexi fastest which meets the loading criteria 
is Probe 5 (5 k ohm/0.7 pF 100:1 divider) with only 
9.1% resistive loading. The choice of this probe would 
depend on whether or not there is sufficient signal 
remaining after the 100:1 division ratio fo present an 
acceptable display on the CRT. If not, then the next 
choice would be Probe 3 (I M ohm/1 pF, active), 
which is only slightly slower than the 100:1 divider 
probe. 

GENERAL RULES FOR RISE TIME MEASUREMENTS 
1. Always fry fo probe the lowest impedance point 
that confains the waveform of inferest. 
2. The fastest input system will generally have 
the lowest Ry, and Cy. {This rule is limited only by 
the maximum resistive loading that the source can 

  

    

tolerate). 

Y ... | | bl et 
i 

B X 
o 

e et 
& e 

A     
  

 



10 

MINIMIZE PHASE SHIFT 
When two identical prabes are used fo measure phase 

relatianships, gross errors can result if the source im- 
pedance seen by each probe is different. The following 
equation helps to explain why this is frue: 

@ = —90 + fan' [Xc“‘ (% G %)] 

Where: @ — phase shift caused by prabe/scope input 
If Ru 310, the previous expression simplifies to: 

  

Ideally the phase shift, @, should be zero or at least 
aminimized. 

Referring fo the preceding equations, if can be easily 
shown fhat the phase shiff infroduced by the probe; 
scope input will be minimized by following these rules: 

T. X, should be as large as possible or Ciy should be 
as small as possible. 
2. Ry should be as small as possible. 
3. Ry should be as smll as pssible. 
You may recall that these phase measurement rules 

are identical with the rules for making accurate rise 
time measurements. A limit fo Rule 2 is that Ry, should 
be kept as small as possible consistent with maximum 
acceptable circuit loading. Consider the following 
phase shiff example (see figure 10). 

  

EXAMPLE: 

The input signal is generated by a 500 chm, 30 MHz 
source and the amplifier output impedance is 2 k ohms. 
Assume that two 10 megohm,/10 pF divider probes are 
used fo couple both the input phase reference and out- 
put signal fo the oscilloscope and tha the amplifier 
under fest has no phase shiff. Since Ry > 10, the 

Re 
simplified phase shift equation given earlier applies. 
The input probe will couple a signal that is phase-shifted 
from the source by: 

tan-! 0.094 

    

The output probe will couple a signal that is phase- 
shifted from the source by: 

  

Displayed phase shift is: 

  

  

  

      

  

Bout - P = 70" 
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Figure 10. Phose Shifs Measurement 
  

The phase shift of 70" as displayed on a dual chan- 
nel oscilloscope was inroduced solely by the probe. 
scope input. If the output impedance of the amplifier 
were the same as the signal generator inpuf impedance, 
no phase shift error would have resulted; however, 
this is seldom the case in actual practice. When the 
input and output impedances are unknown, accurate 
measurements can still be made by using probes that 
have low Ry, and G



s   

We will now substitute two 50 ohm/0.7 pF probes 
(HP 10020A) for the two 10 megohm/10 pF probes. 
Since Ry is small compared to the amplifier output im- 
pedance, the rigorous equation is required fo defermine 
phase shift. 

Input probe phase shift; 

" 

A probe with more than 50 ohms input resistance 
and an input capacitance of 0.7 pF would provide a 
satisfactory compromise befween phase error and re- 
sistive loading. Such a probe would be the HP 100208 
with a 50:1 divider fip which has 2.5 k of 
input parameters. 

  

Input probe phase shift: 

  

Output probe phase shift 

5 1 
90 + tan’ [7550 (20—00 

0 + 89° 37 

@ ouf     
    

Displayed phase shift: 

Poul-din 

  

The probes have contributed negligible phase shift 
but have produced considerable resistive loading in 
the case of the 50 ohm probe across the 2000 ohm 
amplifier output impedance. 

So far it is clear that neither probe that we have 
used in this example represents o logical choice for 
this phase shift measurement. The 10 megahm,/10 pF, 
10:1 divider probe introduced 75 phase shift error and 
the 50 ohm/0.7 pF, 1:1 passive probe which had zero 
phase shift caused 98% signal loss from resistive 
loading 

Qutput probe phase shift: 

ou=s0+ - | 7580 < 

  

=.90" +82° 

    

Displayed phase shift: 

  

Gout- O 

Signal loss from resistive loadi 

  

25 k 
252K 

  

= aa% 

  

If the 44% resistive loading is not acceptable, further 
frade-offs must be made between lower resistive load- 
ing and higher phase shift errors. Table 4 lists the 
results that would be produced by several probes. 

Table 4. Calculated Phase Shift Erors Inroduced by Probes 

  

Probe Phoso Ereer Resistive Loading 
i Cin 9,-9, %% signal los 
10M0/10 pF 75" o 
108073 o7 aa o 
540/07 ¢ 278" 26% 
25 k0)/07 pF I3 4% 
00/07 08 ° 9%



PHASE SHIFT MEASUREMENT SUMMARY 

1. Phase shift error is negligible if the source imped- 
ances for the two probes are equal. In this case any 
set of identical probes would be safisfactory for the 
measurement. 
2. As the difference between input and output source 
impedance increases, the selection of probes becomes 
increasingly important. 
3. The phase shift error is minimized by selecting the 
probe with the lowest Ry, that a circuit can folerafe and 
with the lowest possible Cis. 

THE 50.-OHM INPUT VERSUS THE 
“HIGH IMPEDANCE" INPUT 

In recent years there has been much controversy over 
the merits and demerits of these two types of oscillo- 
scope inputs. They key issue in making a comparison 
is input impedance versus frequency. The “high im- 
pedance” input is only high impedance for frequencies 
below spproximately 1 MHz. Above 1 MHz the shunt 
capacifance fakes over and there is a fair amount of 
uncertainty as o what the input impedance actually is. 
The 50-ohm input starfs out with low impedance but 
has essentially a constant input impedance over the 
oscilloscope vertical amplifier bandwidth, and virtually 
eliminates the effects of capacitive loading. These in- 
put characteristics dicate the applications for which 
each input is best suited and the choice of probe 1o do 
the job. 

BENEFITS OF “HIGH IMPEDANCE" 
SCOPE INPUTS 
1. Passive probes can be used where high input re- 
sistance is required. No need for an active probe unless 
signal levels are small relafive 1o verical sensitivity. 
2. Can folerate much greater input voltages than a 50 
ohm input. 
3. Can be used with high voltage probes. 

PROBLEMS OF “HIGH IMPEDANCE" 

SCOPE INPUTS 
1. Capacitive loading is much higher than with 50- 

ohm inputs. 
2. Input impedance is highly varieble with frequency. 
3. There is a fendency fo have confidence that there is 
o loading because R s high, when in fact capacitive 
loading is extremely high 
4. Does not offer a good fermination for fast 50-ohm 
signal sources. Even when a S0-ohm termination Is 
used 1o shunt the high input resistance the VSWR caused 
by the remaining capacitance is very high 

BENEFITS OF 50-OHM OSCILLOSCOPE INPUT 
1. Minimizes input capacitance and the problems that 
it causes. 
2. Presents a perfect termination for high speed 50- 
Ghm sources. Minimizes pulse shape distortion, VSWR, 
reflections. 
3. When an appropriate probe is added to the 50-ohm 
input, the input impedance can be considerably higher 
than that of a “high impedance” input scope. The 
source frequency for which This is frue depends on the 
particular probe selected 

PROBLEMS WITH 50-OHM INPUT 
1. Limited maximum input voltage. Typically the maxi- 
mum voltage which can be applied directly is less than 
10V, 
2. Requires a probe fo increase the input resistance: 

(a) Passive probes can be used fo increase the input 
resistance fo 5 kQ if 100X division ratios can be 
used 
(6) Active probes are generally required fo increase 
the input resistance o the 100 ki fo 10 ME area. 
Active probes are expensive but generally offer a 
more flexible general purpose probing solution. 
(©) 50-chm inputs are nof compatible with high 
voltage probes. 

3. Does not have ac coupling for signal input. 

To summarize, the 50-chm input offers superior 
measurement capability in many situations but it can- 
not be considered fo be a very general purpose solu- 
tion because a probe is required fo increase the input 
resistance and ac coupling is not available without an 
active probe. 

The high impedance oscilloscope input is much mére 
general purpose but is generally not as capable for 
making accurate high speed pulse measurements, phase 
shift measurements, and high frequency amplitude 
measurements, even when a probe has been carefully 
selected 

While the benefits of each type of oscilloscope input 
are well understaod, the oscilloscope user has until 
very recently been asked fo choose one or the other 
input system. Now input systems are available which 
offer “the best of both werlds” For example the 
Hewleit-Packard 1808A 75 MHz vertical amplifier plug- 
in has an input attenuator which allows one 1o select 
either a 50-ohm input or a 1 M ohm/12 pF input. This 
type of flexibility permits the oscilloscope user 1o select 
the optimum input for all of his probing needs. Other 
HP instruments offering the selectable 50-ohm or high 
impedance inputs are: Model 1805A 100 MHz vertical 
amplifier plug-in and Model 1710A 150 MHz portable 
ascilloscope.
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