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output voltage of each isolation buiTer, in one embodiment
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branch, While buiTers having a ?xed delay are provided in
each branch. A Wafer test system can be con?gured using the
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connecting one tester channel to multiple Wafer test probes.
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ISOLATION BUFFERS WITH CONTROLLED

[0008]

In most cases each of the probes 16 contacts a

EQUAL TIME DELAYS

single input/output (I/O) terminal or pad on an IC of the
Wafer 14 being tested. Each tester channel may then either

BACKGROUND

transmit a test signal to an IC input or monitor an IC output,

[0002] The present invention relates in general to distrib
uting a signal to multiple lines through isolation bulfers to

signal to determine Whether the IC is behaving as expected
in response to its input signals. FIG. 4 shoWs details Where
each tester channel is linked to a single probe. In FIG. 4, tWo
signal channel transmission lines 31 and 32 are shoWn

prevent signal degradation. More particularly, the present

provided to tWo separate probes 161 and 162 contacting pads

invention relates to a system for connecting a single test
signal channel of a Wafer test system to multiple test probes
to enable testing of integrated circuits (ICs) on a Wafer.

on tWo separate ICs 371 and 372 on the Wafer 14. Each of the
channel transmission lines 31 and 32 is driven by a respec

tive driver 34 and 35, the drivers 34 and 35 typically being

[0003] 2. RelatedArt

located in the test controller 4. Test data from the channel
transmission lines 31 and 32 are distributed through the

[0001]

1. Technical Field

[0004] Fanning out a signal to multiple transmission lines,

probe card 18 to the separate probes 161 and 162. Once

as illustrated in FIG. 1, in many cases requires that the signal
arrive at multiple destinations With an equal phase shift. For

testing is complete, the Wafer is diced up to separate the ICs

example to fan out a clock signal, a clock tree is used to

distribute the clock signal so that signals arriving on mul
tiple lines are synchronized, or distributed Without a phase
difference at the line destinations. Typically to assure no

phase difference, the multiple transmission lines are laid out
to have the same length. In some cases, hoWever, it may be
impossible to route the multiple lines so that all are the same
length. Further, a fault or line degradation may occur on one
of the multiple lines that can create a return signal causing

interference and signi?cant attenuation of signals on other
lines.

371-374.
[0009]

Since there are usually more I/O pads than avail

able tester channels, a tester can test only a portion of the ICs
on the Wafer at any one time. Thus, a “prober” holding a

Wafer must reposition the Wafer under the probes several
times so that all ICs can be tested. It Would be advantageous

due to test time savings and prevention of possible Wafer
damage due to multiple contacts With a test system if all ICs
on a Wafer could be contacted and tested concurrently

Without having to reposition the Wafer.

[0005] Isolation bu?fers may be provided in the path of

[0010] One Way to reduce the number of tester channels
needed to test an entire Wafer Without repositioning the

each of the multiple transmission lines, as illustrated in FIG.
2, to reduce the effect of faults. Unfortunately, the isolation

multiple lines, as generally illustrated in FIG. 1, potentially

bulfer circuitry Will not only add delay to the signals, but it
Will typically introduce an arrival delay uncertainty, or
effectively create phase differences at the destination of the
multiple transmission lines. Circuit construction variations
and temperature variations are typical contributors to delay
variations from one bulfer circuit to another that can prove

problematic to synchronous circuits.
[0006] Although a clock tree provides one example Where
a signal should be distributed synchronously, it Would be
convenient to provide such a distribution in other systems if
equal phase delays could be maintained. FIG. 3 shoWs a
simpli?ed block diagram of one such systemia test system

Wafer is to distribute or fan out a single test channel to

alloWing the same tester channel to provide signals to I/O
pads of a large number of ICs on a Wafer. Although one
channel can be fanned out, With fan out a fault identi?ed in
test results provided from one DUT may falsely appear in
the test results of another DUT. For example a fault in the
contact pad on one DUT Which is shorted to ground Will
short the contact pad on a second DUT to ground, causing
the second DUT to falsely test as bad. Further, an open
circuit fault on one of the lines Will render a Wafer connected
to the line untestable. Either a short or an open on a line Will

severely attenuate a test signal provided from the same
channel to other lines intended for other DUTs.

for testing ICs on a semiconductor Wafer. The test system

[0011]

includes a tester 2 made up of a test controller 4 connected
by a communication cable 6 to a test head 8. The test system

pad from severely attenuating a test signal passing through

One Way of preventing a fault at or near any I/O

further includes a prober 10 made up of a stage 12 for

the interconnect system is to place isolation resistors
betWeen the probes and a channel line branch point. The

mounting a Wafer 14 being tested, the stage 12 being moved

isolation resistors prevent a short to ground on one DUT

into contact With probes 16 on a probe card 18. Cameras 20
and 22 are shoWn attached to the prober 10 and the test head

from pulling the other DUT to ground, and likeWise signi?
cantly reduce the attenuation resulting from an open circuit

8 to enable precise alignment of the probes 16 With contacts

on one line. FIG. 7 of Us. Pat. No. 6,603,323 entitled
“Closed-Grid Bus Architecture. For Wafer Interconnect
Structure,” describes the use of such isolations resistors.

of ICs formed on the Wafer 14.

[0007] In the test system, test data is generated by the test
controller 4 and transmitted through the communication
cable 6 to the test head 8. Test results then provided from ICs
on the Wafer are received by the test head 8 and transmitted
to the test controller 4. The test head 8 contains a set of tester

channels. Typically test data provided from the test control
ler 4 is divided into the individual tester channels provided
through the cable 6 and separated in the test head 8 so that

Although reducing the affect of faults, isolation resistors do
not completely eliminate the attenuation caused by the
faults. Further, With a parasitic capacitance on the lines,
adding isolation resistors introduces an RC delay that can

adversely affect the rise and fall time of test signals, poten
tially creating erroneous test results.

[0012] Another Way to isolate faults Without introducing

each channel is carried to a separate one of the probes 16.
The channels from the test head 8 are linked to the probes

resistor attenuation is to include an isolation bulfer betWeen

16 through electrical connections 24.

in FIG. 2, and as illustrated in more detail for a test system

each channel branch point and probe, as generally illustrated
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in FIG. 5. In FIG. 5, one transmission line channel 42 from
a driver 40 of a tester is fanned out to tWo bus lines 501 and

502 in the probe card 18 to provide the channel signal to
separate probes 421 and 422 for contacting pads on tWo ICs
371 and 372 (each labeled as a device under test “DUT”). Of
course a channel could likeWise be fanned out over multiple

bus lines to multiple pads on the same IC.

[0013]

A draW back to isolation buffers, as indicated

second bulfer has no delay control and can supply the system

voltage at its output unaltered.
[0019] In a further embodiment to reduce circuitry
required relative to using tWo buffers in each branch, an

isolation buffer with its delay controlled by the delay control
circuit is provided in a channel prior to the branch point.
Buffers Without delay control having ?xed system output
voltages are then provided in each branch point. The refer

a Wafer. The delay is uncertain because the delay through a
buffer can change With changes in temperature and poWer
supply voltage. The signal delay from the tester to DUTs on

ence buffer in the delay control circuit is then made up of
tWo buffers, one having its delay controlled to match the
variable delay isolation buffers, While the second has no
delay control so it supplies a ?xed system output voltage and
matches the buffers provided in each branch.

a Wafer can change during performance of a sequence of
tests on DUTs of a Wafer, creating inaccurate test results.

[0020] For a Wafer test system, simply changing a probe
card to one having channels branched through equal delay

previously, is that they introduce an uncertain delay into the
transmission of test signals from the tester to the DUTs on

[0014]

It Would be desirable to distribute a signal to

isolation buffers made in accordance With the present inven

multiple transmission lines and provide isolation from faults

tion alloWs a tester With a limited number of channels to test

Without introducing an unequal delay, both for a Wafer test
system, and other systems that distribute a signal over

all ICs on a Wafer. With such branching the prober does not
need repositioning to contact the Wafer a number of times,

multiple transmission lines.

as Would be required Without using branches in the probe
card. The cost of a tester is signi?cant relative to the cost of

SUMMARY

[0015] In accordance With the present invention, circuitry
is provided to keep the delay through multiple isolation
buffers constant. Providing branching using isolation buffers
having equal delays alloWs creation of an ef?cient Wafer test
system, and further alloWs creation of other systems requir

a probe card, so although modifying the tester to include the

delay isolation buffers is possible, simply substituting probe
cards With the isolation buffers Will be a signi?cantly less

expensive alternative.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Further details of the present invention are

ing branch isolation While maintaining equal line delays.

explained With the help of the attached draWings in Which:

[0016] To prevent isolation buffers from introducing an
uncertain delay into the transmission of a signal on multiple
lines, in one embodiment bulfer delay is controlled by

to multiple signal lines;

[0022]

FIG. 1 shoWs a single transmission line fanned out

varying the poWer supply voltage potential provided to the

[0023] FIG. 2 shoWs a single transmission line fanned out
to multiple lines With isolation buffers provided in the

isolation buffers. Alternatively, the buffer delay can be

multiple lines;

adjusted by controlling current, such as by controlling
current through an isolation bulfer con?gured as a differen

tial ampli?er.
[0017] To assure isolation bulfer delay is uniform, bulfer
delay is controlled by a central delay control circuit that
controls the poWer supply voltage or current provided to

[0024]

FIG. 3 shoWs a simpli?ed block diagram of a

conventional test system for testing ICs on a semiconductor

Wafer;
[0025] FIG. 4 illustrates a conventional test system
arrangement Where each channel is linked to a single probe;

each isolation buffer. The delay control circuit includes an
oscillator providing a signal to the input of a reference delay
line and a reference buffer. The reference delay line and
reference bulfer then provide inputs to a phase comparator.
The frequency and stability of the oscillator is not critical to

[0026] FIG. 5 illustrates hoW a single channel of a Wafer
tester can be fanned out to multiple probes With isolation

the operation of the delay circuit since the phase comparator
is alWays comparing identical but delayed versions of the

buffer with delay controlled by changing the poWer supply
bias voltage supplied to the buffer,

oscillator transitions. The reference delay line has a length
chosen to set the delay of the isolation buffers. The output of

the phase comparator is provided through a loop ?lter to
drive either the voltage or current delay control inputs of the
reference buffer, as Well as the isolation buffers provided in

branches. As con?gured, the delay control circuit effectively
forms a delay-lock loop Where the reference bulfer Will
provide a delay equal to the reference delay line, as Will each
of the isolation buffers in the system receiving the output of

the delay-lock loop.

buffers for concurrently testing multiple ICs using the single

channel;
[0027]

FIG. 6 shoWs one embodiment of an isolation

[0028] FIG. 7 illustrates an isolation bulfer formed by tWo
series inverters With only the ?rst having a poWer supply

bias voltage altered;
[0029]

FIG. 8 shoWs details of a delay control circuit for

controlling the delay of multiple isolation buffers;
[0030] FIG. 9 shoWs details ofan embodiment ofthe loop
?lter of FIG. 8;
[0031] FIG. 10 shoWs a chart illustrating operating ranges
for the VH and VL signals output from the circuit of FIG. 9;

[0018] Since varying the delay of the isolation buffers can
also result in varying the output voltage of each isolation

[0032]

buffer, in a further embodiment tWo buffers are used in

8 With a variable supply voltage isolation bulfer placed

sequence betWeen each channel branch point and probe. The
?rst bulfer has a variable delay control applied, While the

provided in each branch;

FIG. 11 shoWs an alternative to the circuit of FIG.

before a channel branch point, and a ?xed voltage bulfer
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[0033] FIG. 12 illustrates an embodiment for the isolation
buffer of FIG. 7 formed by series CMOS inverters, the ?rst

series CMOS inverter having delay controlled by a single
delay control circuit; and
[0034]

FIG. 13 illustrates an embodiment With an isolation

buffer con?gured as a differential ampli?er having delay

controlled by varying current through the differential ampli
?er.
DETAILED DESCRIPTION

[0035]

FIG. 6 shoWs an embodiment of the isolation buffer

50 With delay control Which can change the bias voltage
supplied to the buffer 50. In FIG. 6, the buffer 50 includes
an inverter 51 having a signal input 55 and output 56. The
system poWer supply voltage rails 57 and 58 carry a high
voltage V+ and a loW voltage V—. With CMOS devices, the
bias or poWer supply voltages are typically referred to as
Vdd and Vss. Typically, the rail voltages V+ and V- are

supplied directly to the buffer. The voltage V+, for example,
may be 5 volts, While V- may be ground or Zero volts.
HoWever, in FIG. 6 With the delay control circuit set to

control delay by varying poWer supply voltage, the voltage
rails. V+ and V- are provided through respective delay
control circuits 60 and 61 as the high and loW poWer supply
voltages to inverter 51. Although shoWn as tWo separate
delay control circuits 60 and 61 in FIGS. 5 and 6, a single
combined circuit can be used. Further, although tWo circuits
60 and 61 are described to vary both the V+ and V- voltages,

The delay circuit 70 is shoWn connected to tWo isolation
buffers 501 and 502 of a Wafer tester con?guration, similar to
FIG. 5. HoWever, the delay control circuit 70 can likeWise be
provided to more than tWo isolation buffers, or provided in
branches of other types of circuits than a Wafer tester such
as a clock tree. Further, as Would be understood by a person

of ordinary skill, the delay control circuit 70 shoWn can be
con?gured to function as a combination of the delay control
circuits 60 and 61 shoWn in FIGS. 5 and 6, or individual ones

of the delay control circuits 60 and 61.

[0040] The delay control circuit 70 includes an oscillator
or clock generator 72 for creating a periodic signal provided
to inputs of both a reference delay line 74 and a reference
buffer 76. The oscillator can be formed from series con
nected inverters, or an inverter in series With a delay element

such as a resistor. The oscillator signal frequency and duty
cycle are not critical since an error signal is only derived

from the rising and falling edges of the same period or cycle
of the oscillator that is simultaneously input to the reference
delay line 74 and reference buffer 76.
[0041] The reference delay line 74 is constructed to have
a delay equal to the desired delay through isolation buffers
501 and 502. The dimensions of the reference delay line 74
line can be set, as Would be understood by a person of

ordinary skill in the art, to control the delay through the
delay line 74. The reference delay line 74 can be constructed
either on an integrated circuit containing the isolation bulf

ers 50, and 502, reference buffer 76, phase comparator 78,

achieve the desired delay.

etc., or it can be provided external to such an integrated
circuit. Since the physical dimensions of components on an

[0036] Although it has been described to control buffer

integrated circuit can be controlled lithographically, part-to
part variations can be minimiZed. In demanding applications

either one of the voltages V+ or V- can be varied alone to

delay by changing the voltage supplied to the buffer, a
problem With doing so is that a change in the voltage
supplied to a buffer, such as inverter 51, changes the high
and loW voltages supplied at its output 56. In accordance

With the present invention, this problem is addressed by
implementing each isolation buffer as a pair of inverters
(e.g., CMOS inverters), as illustrated in FIG. 7.
[0037] FIG. 7 illustrates such an implementation Where a
buffer is formed by modifying FIG. 6 to add an inverter 52

in series With the inverter 51. With delay controlled by

changing poWer supply bias voltage, only the voltage sup
plied to the ?rst inverter 51 is changed to control its delay.
The poWer supply bias voltage to the second inverter 52
remains ?xed at the V+ and V- rails. Because the output of
the second inverter 52 is the output 56 of the overall buffer

50, the high and loW output voltages of the overall buffer 50
are ?xed at the V+ and V- rails. Because the isolation buffer
output in some cases must remain ?xed at the V+ and V
rails, the circuit of FIG. 7 uses the second inverter 52 With

a Fixed poWer supply voltage.

[0038] With a different delay control circuit provided for
each isolation buffer, temperature and device characteristics
may vary the delay betWeen isolation buffers. A single delay
control circuit to control the delay provided by each isola
tion buffer is, therefore, preferable. Use of a single delay
control circuit for multiple isolation buffers, as opposed to
multiple delay control circuits, can also signi?cantly reduce
overall circuitry required for a test system.
[0039] Details of a single delay control circuit for con
trolling the delay of multiple buffers are shoWn in FIG. 8.

Where more precise control of the absolute or relative delay

is required, laser trimming can be applied to tune the delay
line 74. Without laser trimming, slight variations in the
transmission line delay may be introduced due to the Tce of
the materials or substrate used to construct the transmission

line. In these cases, the relatively small delay variations of
the transmission line can be stabiliZed by tuning the delay

locked loop.
[0042] The phase comparator 78 measures the difference
in phase of the outputs from the reference delay line 74 and
the reference buffer 76. The output of the phase comparator
78 drives a loW pass ?lter, or loop ?lter circuit 80. The ?lter

80 ?lters the phase comparator signal to generate a control
voltage that is proportional to the phase error. This phase
error control voltage is then used to adjust the delay of the
reference buffer 76. The combination of the Voltage con

trolled reference bulfer 76, phase comparator 78 and loW
pass ?lter 80 is commonly referred to as a “delay-lock loop.”

The delay control circuit 70, thus, provides a time process
and temperature independent reference to the reference
buffer 76 and further applies the control voltage to multiple
isolation buffers, such as 501 and 502.
[0043] The delay control circuit 70 of FIG. 8 forces the
delay through the reference buffer 76 to match the delay
through the reference delay line 74. Because the delay

through the reference delay line 74 is not typically changed
by ambient conditions (e.g., temperature or voltage of the
poWer supply), the delay control circuit 70 keeps the delay
through the reference buffer 76 constant, despite changes in
the ambient temperature or voltage of its poWer supply.
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[0044] The delay control circuit 70 of FIG. 8 further
controls the bias voltage of isolation buffers 501 and 502
Which are provided in branches 421 and 422 betWeen a single
channel 42 and DUTs 371 and 372. Thus, the delay control
circuit 70 tends to keep the delay through die reference
buffer 76 and isolation buffers 501 and 502 constant.
Although tWo isolation buffers 501 and 502 are shoWn,
additional buffers provided to other branches can have delay
controlled by the circuit 70, as illustrated.
[0045] The delay control circuit 70 can be connected to
control either, or both of the voltages V+ and V- supplied to
the reference buffer 76 and the isolation buffers 501 and 502
to set the buffer delay. Thus, the connection from the loop
?lter 80 can be either a single line to provide an altered
voltage from one of V- or V+, or a bus With tWo lines to

provide a voltage altered from each of V+ and V—.

[0046] To assure the delay betWeen buffers is substantially
the same, the reference buffer 76 and isolation buffers 501,
502, etc, should be as similar as possible, or at least as

similar as necessary to keep the delay through isolation
buffers 501 and 502 Within an acceptable difference. Prefer
ably, the reference bulfer 76 and isolation buffers 501 and
502 are manufactured on the same Wafer, and can possibly be
provided on the same IC chip to assure similar device and

temperature characteristics.
[0047] The reference buffer 76 and isolation buffers 501
and 502 can be either the single inverter con?guration shoWn
in FIG. 6, or series inverters shoWn in FIG. 7. With the single
inverter con?guration of FIG. 6, the delay control circuit 70
controls either or both of the poWer supply voltages supplied
to all of the buffer inverters. With the series inverter con

?guration of FIG. 7, the delay circuit 70 controls the supply
bias voltage of the ?rst inverter in the series, While the poWer
supply voltages remain ?xed at V+ and V- for the second
series inverter. With the isolation buffer con?guration of
FIG. 7, both the reference buffer 76 and the isolation buffers

501 and 502 preferably include series inverters to, maximize
the similarity betWeen the reference and isolation buffers so
that delay is precisely controlled to a substantially identical
value in each buffer.
[0048] FIG. 9 shoWs details of one embodiment for the
loW pass ?lter, or loop ?lter 80. The loop ?lter 80 functions

to integrate the output of the phase comparator 78, shoWn in
FIG. 8, and provide tWo centraliZed delay control voltages
VH and VL to the reference buffer 76 and isolation buffers 50 1

and 502 centered betWeen the V+ and V- system voltage

[0050] The loop ?lter 80 includes tWo differential ampli
?ers 90 and 92. The output of ampli?er 90 provides the
control voltage VH, While the output of ampli?er 92 provides
the control voltage. VL. A resistor 94 connects the rail

voltage V+ to the non-inverting (+) input of ampli?er 90,
While a resistor 96 connects the rail voltage V- to the

non-inverting (+) input of ampli?er 92. The output from the
phase comparator 78 is connected through a resistor 98 to

the non-inverting (+) input of ampli?er 90 and through a
resistor 99 to the inverting (—) input of ampli?er 92. Feed
back is provided in ampli?er 90 by a resistor 100 and

capacitor 103 connecting its output to its inverting (—) input,
along With a resistor 101 connecting the inverting input to
ground. Feedback is provided in ampli?er 92 by a resistor
102 and capacitor 104 connecting its output to its inverting
(—) input. The feedback capacitors 103 and 104 enable the
ampli?ers 90 and 92 to function as integrators to reduce
noise. The resistors 94, 96, 98 and 99 function to assure the

voltages VH and VL are centered betWeen V+ and V—.

[0051] To drive a large number of buffers, poWer ampli
?ers may be added to amplify the VH and VL outputs. It may
also be desirable to place capacitors betWeen the VH and VL
outputs and the respective inputs of the isolation buffers.
Such capacitors ?lter out high frequency noise from the

poWer supply.
[0052] The circuit of FIG. 9 is designed to keep the digital
signal at the output of an isolation bulfer from having its

poWer supply inputs varied, but centered betWeen the V+
and V- poWer supply levels. By doing so, the transition of
a subsequent circuit Will occur at approximately an equal
time on the rising or falling edge of a signal as it Would if
the V+ and V- levels remained unaltered. By not having the
output of the isolation bulfer centered betWeen V+ and V—,
one edge Would trigger a subsequent circuit transition sooner
than normal possibly causing erroneous test results to occur.

[0053] With the circuitry shoWn in FIG. 9, the greater the

phase difference signal output from the phase comparator
78, the greater the difference betWeen VH and VL. When
applied to the isolation buffers, the greater the difference
betWeen VH and VL from the buffer delay control circuit 70,
the less the delay provided by the isolation buffers.
[0054] FIG. 10 shoWs a chart illustrating operating ranges
for the V+ and VL signals output from the circuit of FIG. 9.
The ranges of VH and VL Will depend on values chosen for
resistors 94, 96, 98 and 99. The resistors 94, 96, 98 and 99
are preferably chosen so that With changes in phase differ

rails. The circuit shoWn in FIG. 9 provides one embodiment

ence, an equal variation occurs in VH and VL to assure the

for the loop ?lter 80, but the ?lter design is not critical and
can be replaced by another loW pass ?lter circuit con?gu

centerline voltage betWeen VH and VL remains, the same.

ration as Would be understood by a person of ordinary skill.

For example, a passive loW pass ?lter using capacitors and
resistors could replace the loop circuit 80 shoWn in FIG. 9
Which includes active element ampli?ers 90 and 92.
[0049]

The loop ?lter circuit 80 of FIG. 9 receives as

inputs the poWer supply rail voltages V+ and V- and the
output of the phase comparator 78. From these inputs, the
circuit of FIG. 9 generates control voltages VH and VL. The
voltage VH is provided as a high poWer supply input (i.e., the

The values of the resistors are further chosen so that VH is
in the middle of its total range and VL is in the middle of its

total range When the phase difference output signal from the
phase comparator 78 is 0. The speci?c range for VH and VL
Will vary depending on the needs of the particular circuit

being implemented.
[0055]

FIG. 11 shoWs an alternative to the isolation buffer

and delay control circuit of FIG. 8, con?gured to reduce the
overall circuitry required. In FIG. 11, a single variable delay

supply input (i.e., the Vss input for a CMOS inverter) to the

isolation buffer 110 is placed in the channel or transmission
line 42 prior to a branch point. The isolation buffer 110,
shoWn as an inverter, receives variable poWer supply bias
signals VL and VH from the delay control circuit 70 to set its

reference buffer 76 and isolation buffers.

delay. Fixed delay buffers 1121 and 1122, are then included

Vdd input for a CMOS inverter) to the reference buffer 76
and isolation buffers, While VL is provided as a loW poWer
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in the branches 421 and 422 after the fan out point. The
bulfers 1121 and 1122, also shown as inverters, receive ?xed
power supply inputs V+ and V- from the system power
supply rails. Although two bulfers 1121 and 1122 are shown,
the fan out could be to more than two buffers.

[0056] Series inverters 114 and 116 in FIG. 11 serve in
place of the reference buffer 76 of FIG. 8. Inverter 114

Many additional modi?cations will fall within the scope of
the invention, as that scope is de?ned by the following
claims.

1-23. (canceled)
24. An apparatus for use in testing a plurality of electronic

devices, the apparatus comprising:
a signal line connectable to a communications channel

receives the variable power supply bias signals VL and VH

from a tester con?gured to control testing of the elec

from the loop ?lter 80. Inverter 116 receives the ?xed power
supply rails V+ and V—. All of the inverters are preferably
made as similar as possible, including being made on the

tronic devices;

same semiconductor wafer to create similar device and

temperature variation characteristics. As such, the circuit of
FIG. 11 provides fan out from a common channel with

isolation bulfers creating a uniform delay. The circuit of
FIG. 11 provides an advantage over the circuit of FIG. 8
using bulfers as shown in FIG. 7 since only a single buffer

is required in each branch point.
[0057] FIG. 12 illustrates an embodiment for the isolation
buffer of FIG. 7 formed by series CMOS inverters, the

inverter 51 having delay controlled by a single delay control
circuit 160, while the inverter 52 has a ?xed delay. The delay
control circuit 160 combines the functions of circuits 60 and
61 of FIG. 7, similar to delay control circuit 70 of FIG. 11.
The CMOS inverter 51 includes a PMOS transistor 121 and

NMOS transistor 120 that receive the delay control voltages

VH and VL generated from delay control circuit 160, similar
to the circuit 70 of FIG. 11. The CMOS inverter 52 likewise
includes a PMOS and an NMOS transistor, with the tran

sistors driven by the ?xed V- and V+ voltage rails.
[0058]

FIG. 13 illustrates an isolation bulfer con?guration

with delay controlled by varying current, as opposed to
varying voltage in the circuit of FIG. 12. FIG. 13 further
illustrates that bulfers can take other con?gurations, such as

differential ampli?ers made using bipolar junction transis
tors (BJTs), as opposed to CMOS inverters. As shown,
buffer 51 in FIG. 13 is a differential ampli?er with a current

sink 130 having current controlled by a delay control circuit
161. In one embodiment, the delay control circuit 161 can be
con?gured as the circuit 70 of FIG. 8. In such a con?guration

for delay control circuit 161, the output of the loop ?lter 80
of FIG. 8 would supply current inputs of the reference buffer
76 con?gured as a differential ampli?er and the differential
ampli?er buffer 51. The buffer 51 of FIG. 13 includes BJT

a ?rst variable delay isolation bulfer comprising:

a ?rst signal input connected to the signal line,
a ?rst signal output connected to a ?rst probe for
contacting a ?rst one of the electronic devices, and

a ?rst variable delay control input for selectively vary
ing a delay caused by the ?rst variable delay isola
tion buffer in a signal traveling from the ?rst signal
input to the ?rst signal output; and
a delay control circuit having an output providing the ?rst

variable delay control input of the ?rst variable delay
isolation buffer, the delay control circuit setting a delay
control voltage potential at its output to control delay
through the ?rst variable delay isolation buffer to
substantially match delay through a time delay refer
ence.

25. The apparatus of claim 24 further comprising a second

variable delay isolation bulfer comprising:
a second signal input connected to the signal line,
a second signal output connected to a second probe for
contacting a second of the electronic devices, and

a second variable delay control input for selectively
varying a delay caused by the second variable delay
isolation buffer in a signal traveling from the second

signal input to the second signal output,
wherein the output of the delay control circuit is provided
to the second variable delay control input of the second
variable delay isolation buffer to control delay through
the second variable delay isolation buffer to substan

tially match delay through the time delay reference.
26. The apparatus of claim 24, wherein the delay control

circuit comprises:

transistors 132 and 134 having bases forming + and —

a reference delay line;

differential ampli?er inputs, common emitters connected to

a reference bulfer having a signal input, a variable delay
control input, and an output; and

the current sink 130, and collectors provided through resis
tors 136 and 138 to the V+ power supply rail.

[0059] The differential ampli?er 51 can be used alone, or
if a rail-to-rail single output is desired, can be connected
through a second ampli?er 52 to the output 56. The differ
ential ampli?er 51 will not deliver rail-to-rail V+ and V
voltages, since the resistors 136 and 138 as well as current

sink 130 limit the output swing. If a rail-to-rail output is
desired, the ampli?er 52 con?gured as a comparator, as

shown in FIG. 13 with control voltages VOH and V0L
connected to the V+ and V- rails, will provide the desired

rail-to-rail swing.
[0060] Although the present invention has been described
above with particularity, this was merely to teach one of
ordinary skill in the art how to make and use the invention.

a phase comparator having a ?rst input connected to the
reference delay line, a second input connected to the
output of the reference buffer, and an output connected
to the variable delay control input of the reference

buffer and providing the output of the delay control
circuit.
27. The apparatus of claim 26, wherein:

the delay control circuit further comprises a loop ?lter,
the output of the phase comparator being connected to the
variable delay control input of the reference bulfer

through the loop ?lter, and
the output of the phase comparator providing the output of
the delay control circuit through the loop ?lter.
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28. The apparatus of claim 26, wherein the ?rst variable
delay isolation buffer and the reference buffer are fabricated
on a single integrated circuit die.

29. The apparatus of claim 26, Wherein the delay control
circuit further comprises:

system loW voltage potential, the fourth resistor further
comprising a second terminal;
a second capacitor; and

a second ampli?er having an inverting (—) input con

an oscillator connected by the reference delay line to the

nected to the second terminal of the third resistor, a

?rst input of the phase comparator and by the reference
buffer to the second input of the phase comparator; and

nal of the fourth resistor, and an output connected to the

a loop ?lter connecting the output of the phase comparator
to the variable delay control input of the reference
buffer, the output of the phase comparator providing the
output of the delay control circuit through the loop

Wherein the output of the second ampli?er is fed back to

?lter.
30. The apparatus of claim 29, Wherein:

the variable delay control input of the reference buffer and
the ?rst variable delay control input of the ?rst isolation
bulfer each comprise a high level voltage input line and
a loW level voltage input line,
a system voltage comprises a system high voltage and a

non-inverting (+) input connected to the second termi
loW voltage input lines of the reference buffer and the
?rst variable delay isolation buffer,

its inverting (—) input through the second capacitor.
32. The apparatus of claim 26, Wherein:

the ?rst variable delay isolation buffer comprises:
a ?rst inverter having a variable delay control input
receiving the control voltage potential as varied from
a system voltage; and
a second inverter connected in series With the ?rst

inverter, the second inverter having a poWer supply
input connected to receive the system voltage; and

system loW voltage poWer supply, and
the loop ?lter connects the phase comparator output to the
high and loW level voltage input lines of the reference
buffer and the ?rst variable delay isolation buffer, the
loop ?lter comprising a means for integrating and
centerlining the phase comparator output to provide an
integrated signal on the high level voltage line relative

the reference buffer comprises:
a third inverter having a variable delay control input
receiving the control voltage potential as varied from

the system voltage; and

to the high voltage poWer supply and an integrated

a fourth inverter connected in series With the third

signal on the loW level voltage line relative to the loW
voltage poWer supply, so that the integrated signals on
the high and loW level voltage lines are centered

inverter, the fourth inverter having a poWer supply
input connected to receive the system voltage.
33. The apparatus of claim 24, further comprising addi
tional buffers each having a signal input connected to the
?rst signal output of the ?rst variable delay isolation buffer,

betWeen the high and loW level voltage poWer supplies.
31. The apparatus of claim 30, Wherein the means for

integrating and centerlining comprises:
a ?rst resistor comprising a ?rst terminal connected to the

output of the phase comparator, and a second terminal;

Wherein an output of a ?rst of the additional buffers is
connected to the ?rst probe, and an output of a second of the
additional buffers is connected to a second probe for con
tacting a second of the electronic devices.

a system high voltage poWer supply line to receive the

34. The apparatus of claim 33, Wherein the additional
buffers and the ?rst variable delay isolation buffer each

system high voltage poWer supply, the second resistor

comprises a CMOS inverter.

further comprising a second terminal;

35. The apparatus of claim 33, Wherein the additional
buffers comprise driver buffers.
36. The apparatus of claim 24, Wherein the ?rst variable
delay isolation buffer comprises a differential ampli?er and

a second resistor comprising a ?rst terminal connected to

a ?rst capacitor;

a ?rst ampli?er having a noninverting (+) input connected
to the second terminal of the ?rst and second resistors,
an inverting (—) input, and an output connected to the

high voltage input lines of the reference buffer and the
?rst variable delay isolation buffer,
Wherein the output of the ?rst ampli?er is fed back to its

inverting (—) input through the ?rst capacitor;
a third resistor comprising a ?rst terminal connected to the

output of the phase comparator, the third resistor fur
ther comprising a second terminal;
a fourth resistor comprising a ?rst terminal connected to

a system loW voltage poWer supply line to receive a

a variable current sink providing the variable delay control

input.
37. The apparatus of any of claims 24-36, Wherein the
apparatus comprises a circuit assembly con?gured to be
disposed betWeen the tester and the electronic devices.
38. The apparatus of any of claims 24-36, Wherein the
apparatus comprises a probe card comprising an electrical
interface for connecting to a plurality of communications
channels to the tester and a plurality of probes for contacting
the electronic devices.

