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ELECTRONIC PROBE FOR MEASURING HIGH 
IMPEDANCE TRI-STATE LOGIC CIRCUITS 

[0001] This application is a Continuation-in-Part of US. 
application Ser. No. 09/183,468 ?led on Oct. 30, 1998, 
Which is hereby incorporated by reference for all that is 
disclosed therein. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates to an electronic probe 
and, more particularly, to an electronic probe providing a 
high impedance input at direct current so as not to loWer the 
impedance of a high impedance device under test. The probe 
further provides a loW impedance input at high frequencies 
in order to provide improved sensitivity Without ampli?ca 
tion. 

BACKGROUND OF THE INVENTION 

[0003] Tri-state logic devices have a high, a loW, and a 
high impedance mode. In the high mode or logic one mode, 
a tri-state logic device outputs a high voltage. In the loW 
mode or logic Zero mode, the tri-state logic device outputs 
a loW voltage or Zero volts. In the high impedance mode, the 
output of the tri-state logic device is neither high nor loW, but 
rather is a high impedance output. Conventional logic 
devices typically have only high and loW voltage modes. 

[0004] Tri-state logic devices are used in many high speed 
communications systems because the properties of tri-state 
logic are adapted to accommodate multiple bus drivers. The 
communications are in the form of binary data consisting of 
high and loW voltages output by the tri-state logic devices. 
Communications With tri-state logic devices also consist of 
the tri-state logic devices being in the high-impedance mode 
so as not to adversely affect data communications betWeen 
several tri-state logic devices. For example, if the outputs of 
several tri-state logic are electrically connected together, 
only one tri-state logic device may be active. The other 
tri-state logic devices may be in the high impedance mode 
and thus Will not affect the output of the active tri-state logic 
device. 

[0005] Measuring voltages of circuits using tri-state logic 
devices presents many problems. For example, many tri 
state logic buses have a plurality of conductors located in 
very small areas, Which creates high concentrations of 
conductors in these areas. In order to measure the voltage of 
more than one conductor Within a data bus at a time, the 
probes have to be very small. The probes must also not load 
the circuits being measured, Which typically occurs When a 
conventional resistor divider probe is used to measure a 
tri-state logic circuit. For example, a conventional probe 
may load the output of a tri-state logic circuit that is in the 
high impedance mode. 

[0006] Some probes use a plurality of devices in their tips 
in order to provide high impedance. For example, the tips 
may have a plurality active or passive devices located 
therein. These probes have many draWbacks When they are 
used to measure a plurality of highly concentrated conduc 
tors. Probes With a plurality of devices in their tips are bulky 
and may not be small enough to measure voltages on a 
circuit having a high concentration of conductors. Further 
more, probes With active devices or even a plurality of 
passive devices tend to be expensive and rather dif?cult to 
manufacture. 
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[0007] Therefore, a device is needed to overcome all or 
some of the above-described problems. 

SUMMARY OF THE INVENTION 

[0008] The invention is directed toWard an electronic 
probe used to measure voltage over a broad frequency 
spectrum. The probe may comprise a probe tip, a transmis 
sion line, a termination portion, a ?lter, and an impedance 
device. The transmission line may have a transmission line 
?rst end and a transmission line second end, Wherein the 
transmission line ?rst end is connected to the probe tip. The 
termination portion may comprise a termination portion ?rst 
end and a termination portion second end. The termination 
portion ?rst end is connected to the transmission line second 
end and the termination portion second end is connected to 
a common node. The termination portion may comprise a 
termination resistor and a termination capacitor connected in 
series betWeen the termination portion ?rst end and the 
termination portion second end. The ?lter may comprise a 
?lter ?rst end and a ?lter second end. The ?lter ?rst end is 
connected to the transmission line second end and the ?lter 
second end is connected to a probe output. The ?lter may 
comprise a ?lter resistor connected in parallel With a ?lter 
capacitor and a ?lter inductor connected in series With the 
?lter resistor and ?lter capacitor combination. The imped 
ance device may be connected betWeen the probe output and 
the common node and may serve as a load. 

[0009] The electronic probe provides high impedance for 
direct current voltages because the termination capacitor 
provides a direct current block for direct current and loW 
frequency voltages. At higher frequencies, the impedance of 
the termination capacitor drops to an insigni?cant value. 
Thus, the impedance into the termination portion is substan 
tially equivalent to the termination resistor. The termination 
resistor is selected to match the characteristic impedance of 
the transmission line, thereby reducing the incident-Wave 
re?ections. 

[0010] The ?lter serves to offset the ?ltering affects inher 
ent in the termination portion. Without the ?lter, the gain of 
the probe Would vary signi?cantly With the frequency of the 
measured voltage. By offsetting the ?ltering affects of the 
termination portion, the gain of the probe remains substan 
tially constant over a broad frequency spectrum. 

[0011] The probe may be electrically connected to a 
measurement device having an input capacitance associated 
thereWith. The input capacitance acts as a ?lter and reduces 
the gain of the probe at high frequencies. The input capaci 
tance also causes an impedance discontinuity that causes 
energy to re?ect back toWard the probe tip. The ?lter 
inductor serves to partially offset the effect of the input 
capacitance. Thus, the ?lter inductor offsets the capacitive 
discontinuity caused by the input capacitance and maintains 
the gain of the probe constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram of a probe being used to 
measure a device under test. 

[0013] FIG. 2 is a detailed schematic illustration of the 
probe of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] Ablock diagram of a non-limiting embodiment of 
a probe 100 associated With a measuring device 102 is 
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illustrated in FIG. 1. The measuring device 102 in conjunc 
tion With the probe 100 is shown measuring a voltage in a 
device under test 106. The device under test 106 may, as a 
non limiting example, be a device using tri-state logic 
components and circuitry. The device under test 106 may 
have circuits 108 that generate voltages on an output line 110 
Wherein the voltages are reference to a common node, Which 
may be a ground or, more precisely, an AC ground. 

[0015] A simpli?ed and non-limiting embodiment of a 
tri-state control 112 is illustrated Within the device under test 
106 and is used to model a tri-state logic circuit. The tri-state 
control 112 may control a sWitch 113. When the circuits 108 
outputs high or loW voltages on the output line 110, the 
tri-state control 112 closes the sWitch 113 and shorts an 
impedance 114. When the circuits 108 enters the high 
impedance mode, the tri-state control 112 opens the sWitch 
113 Which causes the device under test 106 to enter a high 
impedance mode. The high impedance is represented by the 
impedance 114. The output line 110 may have a node 116 
associated thereWith. The node 116 may, as examples, be a 
conductive land Within the device under test 106 or a 
terminal, such as a connector used as an output terminal of 
the device under test 106. When the device under test is in 
the high impedance mode, the impedance into the device 
under test 106 referenced from the node 116 is approxi 
mately equal to the impedance 114. The output line 110 is 
shoWn to have Zero resistance When the sWitch 113 is closed. 
It should be noted that a resistance, i.e., a resistor, may be 
located in the output line 110 so that a resistance is associ 
ated With the output line 110 When the sWitch 113 is closed. 

[0016] When the device under test 106 is in use, the 
voltage on the output line 110 relative to ground may be 
representative of binary information and thus may vary. For 
example, the voltage may have a high state of 3.3 volts and 
a loW state of 1.2 volts and may alternate betWeen the high 
state and the loW state at a frequency of several hundred 
megahertZ. In addition, the device under test 106 may enter 
the high impedance mode Wherein the sWitch 113 is open 
and the impedance into the device under test 106 is at least 
the value of the impedance 114. 

[0017] When the device under test 106 is in the high 
impedance mode, the probe 100 must not cause the imped 
ance of the output line 110 to be loWered When the probe 100 
is connected to the output line 110. Lowering the impedance 
of the output line 110 defeats the purpose of the device under 
test 106 being in the high impedance mode. In addition, the 
probe 100 should have a constant gain from direct current 
through high frequencies. OtherWise, the voltages measured 
by the measuring device 102 Will not re?ect accurate values 
over a broad frequency spectrum. 

[0018] Having described a non-limiting embodiment of 
the device under test 106, the probe 100 Will noW be 
described. The probe 100 may have a tip 120 associated 
thereWith. A ?rst side 121 of the tip 120 may be adapted to 
electrically contact the node 116 of the device under test 
106. For example, the ?rst side 121 of the tip 120 may be 
pointed so as to contact a land of a printed circuit board or 
it may have a connector attached thereto that mates With a 
connector on the device under test 106. A second side 122 
of the tip 120 may be electrically connected to a tip resistor 
R. The tip resistor Rt may be a discrete device or it may be 
intrinsic Within the tip 120. The tip resistor Rt may be 
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electrically connected to a ?rst end 124 of an inner conduc 
tor 125 of a transmission line 126. The transmission line 126 
may have a shield 128 that is electrically connected to a 
common node, such as ground. The transmission line 126 
may have an preselected characteristic impedance, such as 
?fty or seventy-?ve ohms. 

[0019] Asecond end 129 of the inner conductor 125 of the 
transmission line 128 may be electrically connected to an 
input end or ?rst end 130 of a matching netWork 132. The 
matching netWork 132 may have an output end or second 
end 134 that is electrically connected to a connector 140, 
such as a BNC connector. The connector 140 may provide 
an electrical transition betWeen the probe 100 and the 
measuring device 102. As described in greater detail beloW, 
the matching netWork 132 serves to terminate the transmis 
sion line 126. In the situation Where the device under test 
106 is a tri-state logic device, the matching netWork 132 
must compensate for the high impedance mode of operation 
by providing a high impedance input. In addition, the 
matching netWork 132 must maintain the gain of the probe 
100 constant over a broad frequency spectrum in order to 
assure that voltages measured by the measuring device 102 
are accurate over the frequency spectrum. 

[0020] A more detailed schematic illustration of a non 
limiting embodiment of the matching netWork 132 is illus 
trated in FIG. 2. As shoWn in FIG. 2, the second end 129 of 
the inner conductor 125 of the transmission line 126 is 
electrically connected to a termination portion 150 and a 
?lter 154. Both the ?lter 154 and the termination portion 150 
are components of the matching netWork 132. The termina 
tion portion 150 may serve to match the transmission line 
126 at high frequencies. The ?lter 154 may serve to com 
pensate for the ?ltering effect of the termination portion 150 
so as to minimiZe gain ?uctuations of the probe 100 due to 
the frequency response of the termination portion 150. This 
compensation provides for the gain of the probe 100 at direct 
current to be substantially the same as the gain of the probe 
100 at high frequency. As described in greater detail beloW, 
the ?at gain is achieved by having the time constant of the 
?lter 154 approximately equal to the time constant of the 
termination portion 150. Accordingly, the gain of the probe 
100 remains substantially ?at over a broad frequency spec 
trum. 

[0021] The termination portion 150 may have a resistor R1 
and a capacitor C1 connected in series betWeen the second 
end 129 of the inner conductor 125 and a common node, 
such as an AC ground. The capacitor C1 has a high imped 
ance at loW frequencies and a loW impedance at high 
frequencies. Accordingly, at loW frequencies, the impedance 
into the termination portion 150 is very high and at direct 
current the impedance is ideally in?nite. At high frequen 
cies, the impedance of the capacitor C1 drops to an insig 
ni?cant value relative to the value of the resistor R1. 
Accordingly, the impedance into the termination portion 150 
at high frequencies is approximately equal to the value of the 
resistor R1, Which is selected to match With the characteristic 
impedance of the transmission line 126. 

[0022] The ?lter 154 may have an inductor LP, a capacitor 
C2, and resistors R2 and R3. The resistor R2 may be con 
nected in parallel With the capacitor C2. The resistor R3 may 
be connected betWeen the junction of the resistor R2 and the 
capacitor C2 and a common node, such as the aforemen 
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tioned AC ground. An output node 160 may be located at the 
junction of the capacitor C2 and the resistors R2 and R3. The 
output node 160 may, as a non-limiting example, be a BNC 
connector. As described above, the ?lter 154 serves to 
maintain a substantially ?at frequency response of the probe 
100 over a Wide frequency spectrum. The ?at frequency 
response of the probe 100 is achieved, in part, by matching 
the frequency of the pole set by the capacitor C2 to the 
frequency of the Zero set by the capacitor C1. Accordingly, 
as Was described above, the time constant of the termination 
portion 150 is the same or substantially equal to the time 
constant of the ?lter 154. Therefore, the gain of the probe 
100 remains substantially constant over a broad frequency 
spectrum. As is described beloW, the inductor LP serves to 
compensate for input capacitance of the measuring device 
102. 

[0023] As shoWn in FIG. 2, the measuring device 102 may 
be electrically connected to the output node 160 of the probe 
100. The measuring device 102 may have an input capaci 
tance CL associated thereWith, Wherein the value or approxi 
mate value of the input capacitance CL is knoWn. The input 
capacitance CL affects the frequency response of the probe 
100 by causing an impedance discontinuity that in turn 
causes energy to re?ect from the measuring device 102 
toWard the transmission line 126. 

[0024] The inductor LP is used to offset or otherWise 
compensate for the effect of the capacitance CL. The induc 
tor LP thus serves to “peak” the frequency response of the 
probe 100 so as to extend the relatively ?at frequency 
response of the probe 100, thus compensating for the attenu 
ation caused by the capacitance CL. Accordingly, the imped 
ance discontinuity caused by the capacitance CL is mini 
miZed and less energy is re?ected from the measuring device 
102. In one non-limiting embodiment, the value of the 
inductor LP is selected to be approximately equal to 0.4 
multiplied by the value of the resistor R1 squared and again 
multiplied by the value of the series combination of the 
capacitor C2 and the capacitance CL. It should be noted that 
the value of 0.4 may be varied depending on the intended use 
of the probe 100. 

[0025] Having described the components of the probe 100, 
the operation of the probe 100 Will noW be described. 

[0026] The probe 100 may be used to measure voltages at 
frequencies from direct current through relatively high fre 
quencies. At direct current and loW frequencies, the imped 
ance of the capacitor C1 is very high and may be considered 
to be an open circuit or in?nite impedance. The inductor LP 
has a very loW impedance at direct current and loW fre 
quency and may be considered to be a short circuit at direct 
current and loW frequencies. Accordingly, at direct current 
and loW frequencies, the gain of the probe 100 is established 
by resistors R, R2, and R3. 

[0027] At higher frequencies, the impedance of the capaci 
tor C1 decreases to Where the capacitor C1 can be assumed 
to be a short circuit or close to Zero impedance. Accordingly, 
the resistor R1 serves as a terminating impedance for the 
transmission line 126. Without the ?lter 154, the gain of the 
probe 100 Will not be ?at as the frequency is increased due 
to the Zero established by the termination portion 150, and 
more speci?cally, the Zero associated With the capacitor C1. 
Therefore, the ?lter 154 and more speci?cally, the capacitor 
C2, establishes a pole to compensate for the Zero of the 
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termination portion 150. Accordingly, the gain of the probe 
100 remains relatively constant over a broad frequency 
spectrum. The inductor LP has virtually no effect on the 
poles and Zeros of the matching netWork 132. As described 
beloW, the function of the inductor LP is primary to com 
pensate for the affect the input impedance of the measuring 
device 102, Which is represented by the capacitor CL. 

[0028] The description above assumes ideal conditions of 
the measuring device 102 Wherein there is no input capaci 
tance CL into the measuring device 102. Under more realistic 
conditions, the input to the measuring device 102 has the 
capacitance CL associated thereWith. The capacitance CL, in 
summary, creates a capacitance discontinuity through the 
capacitor C2 Which inhibits the ability of the termination 
portion 150 to terminate the transmission line 126. Accord 
ingly, the capacitance CL causes the gain of the probe 100 to 
decrease as the input frequency is increased. The inductor LP 
serves to offset the capacitive discontinuity of CL. Accord 
ingly, the inductor LP Will cause the gain of the probe 100 to 
remain substantially constant over a greater frequency spec 
trum. 

[0029] Having described the operation of the probe 100, 
non-limiting examples of values for the components Within 
probe 100 Will noW be provided. In a non-limiting embodi 
ment described herein, the characteristic impedance of the 
transmission line 126 may be seventy-?ve ohms. A non 
limiting example of values of other components are listed in 
Table 1. 

TABLE 1 

Component Value 

R1 422 ohms 
R1 75 ohms 
C1 0.01 microfarads 
C2 168 picofarads 
R2 33.64 k ohms 
R3 5 k ohms 
CL 4 picofarads 
LP 10 nanohenries 

[0030] The probe 100 described herein is an electronic 
probe that does not overload tri-state circuits at loW fre 
quency. Thus, the probe 100 overcomes the loW impedance 
loading limitations of conventional probes, including resis 
tive divider probes, and may be used to measure voltages 
Within circuits using tri-state logic devices. The probe 100 
may be limited solely to a having a limited number of 
passive component, thus, no relatively expensive active 
components are required Within the probe 100. The limited 
number of components alloWs the overall siZe of the probe 
100 to be minimiZed. Therefore, a plurality of probes 100 
may be used to measure a plurality of voltages Within tight 
con?nes. In addition, the use of a single probe tip resistive 
component, the tip resistor R, serves to further minimiZe the 
siZe of the probe 100. 

[0031] While illustrative and presently preferred embodi 
ments of the invention have been described in detail herein, 
it is to be understood that the inventive concepts may be 
otherWise variously embodied and employed and that the 
appended claims are intended to be construed to include 
such variations except insofar as limited by the prior art. 
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What is claimed is: 
1. An electronic probe comprising: 

a probe tip; 

a transmission line having a transmission line ?rst end and 
a transmission line second end, said transmission line 
?rst end being connected to said probe tip; 

a termination portion comprising a termination portion 
?rst end and a termination portion second end, said 
termination portion ?rst end being connected to said 
transmission line second end, said termination portion 
second end being connected to a common node, said 
termination portion comprising a termination resistor 
and a termination capacitor connected in series betWeen 
said termination portion ?rst end and said termination 
portion second end; and 

a ?lter comprising a ?lter ?rst end and a ?lter second end, 
said ?lter ?rst end being connected to said transmission 
line second end, and said ?lter second end being 
connected to a probe output, said ?lter comprising a 
?lter resistor connected in parallel With a ?lter capaci 
tor and a ?lter inductor connected in series With said 
?lter resistor and ?lter capacitor combination; and 

an impedance device connected betWeen said probe out 
put and said common node. 

2. The electronic probe of claim 1 and further comprising 
a tip resistor connected betWeen said probe tip and said 
transmission line ?rst end. 

3. The electronic probe of claim 2, Wherein said tip 
resistor in integral to said probe tip. 

4. The electronic probe of claim 2, Wherein the value of 
said tip resistor is approximately four-hundred tWenty-tWo 
ohms. 

5. The electronic probe of claim 1, Wherein said imped 
ance device is a resistor. 

6. The electronic probe of claim 1, Wherein said probe 
output is electrically connectable to an electronic device 
having an input capacitance associated thereWith, and 
Wherein the value of said ?lter inductor is approximately 
equal to 0.4 multiplied by the value of said termination 
resistor squared multiplied by the value of said ?lter capaci 
tor in parallel With said input capacitance. 

7. The electronic probe of claim 1, Wherein the value of 
said ?lter inductor is approximately ten nanohenries. 

8. The electronic probe of claim 1, Wherein the value of 
said ?lter resistor is approximately 33.64 kilohms. 

9. The electronic probe of claim 1, Wherein the value of 
said ?lter capacitor is approximately one-hundred sixty 
eight picofarads. 

10. The electronic probe of claim 1, Wherein at least one 
pole is associated With said ?lter in conjunction With said 
impedance device, Wherein at least one Zero is associated 
With said termination portion and Wherein the frequency of 
said at least one pole is substantially equivalent to the 
frequency of said at least one Zero. 

11. The electronic probe of claim 1, Wherein said probe 
has a gain associated thereWith betWeen said probe tip and 
said probe output and Wherein said gain is approximately 
uniform over a frequency spectrum of direct current to a 
preselected frequency. 

12. The electronic probe of claim 1, Wherein said probe 
output is electrically connectable to an electronic device 
having an input capacitance associated thereWith, Wherein at 
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least one pole is associated With said ?lter in conjunction 
With said impedance device and said electronic device, 
Wherein at least one Zero is associated With said termination 
portion, and Wherein the frequency of said at least one pole 
is substantially equivalent to the frequency of said at least 
one Zero. 

13. An electronic probe comprising: 

a probe tip; 

a tip resistor having a tip resistor ?rst end and a tip resistor 
second end, said tip resistor ?rst end being connected 
to said probe tip; 

a transmission line having a transmission line ?rst end and 
a transmission line second end, said transmission line 
?rst end being connected to said tip resistor second end; 

a termination portion comprising a termination portion 
?rst end and a termination portion second end, said 
termination portion ?rst end being connected to said 
transmission line second end, said termination portion 
second end being connected to a common node, said 
termination portion comprising a termination resistor 
and a termination capacitor connected in series betWeen 
said termination portion ?rst end and said termination 
portion second end; and 

a ?lter comprising a ?lter ?rst end and a ?lter second end, 
said ?lter ?rst end connected to said transmission line 
second end, and said ?lter second end connected a 
probe output, said ?lter comprising a ?lter resistor 
connected in parallel With a ?lter capacitor and a ?lter 
inductor connected in series With said ?lter resistor and 
?lter capacitor combination; and 

an impedance device connected betWeen said probe out 
put and said common node; 

Wherein at least one Zero is associated With said termi 
nation portion; 

Wherein at least one pole is associated With said ?lter in 
combination With said impedance device; and 

Wherein the frequency of said at least one pole is sub 
stantially equivalent to the frequency of said at least 
one Zero. 

14. The electronic probe of claim 13, Wherein said tip 
resistor is integral to said probe tip and Wherein said 
transmission line ?rst end is connected to said probe tip. 

15. The electronic probe of claim 13, Wherein said imped 
ance device is a resistor. 

16. The electronic probe of claim 13, Wherein said ?lter 
output is connectable to an electronic device having an input 
capacitance associated thereWith. 

17. An electronic probe comprising: 

a probe tip; 

a transmission means for transferring electromagnetic 
signals, said transmission means having a transmission 
means ?rst end and a transmission means second end, 
said transmission means ?rst end being connected to 
said probe tip; 

a termination means electrically connected to said trans 
mission means second end, said termination means for 
terminating said transmission means, said termination 
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means being a block to direct current and having at 
least one Zero associated therewith; and 

a ?lter means electrically connected to said transmission 
means second end, said ?lter means having at least one 
pole associated thereWith, said at least one pole being 
at approximately the same frequency as said at least 
one Zero; said ?lter means comprising at least one 
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inductive means; said ?lter means comprising an out 
put being electrically connectable to an electronic 
device having in input capacitance; 

said inductive means for compensating for said input 
capacitance of said electronic device. 

* * * * * 


