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MULTIPLE OUTPUT PROGRAMMABLE
REFERENCE VOLTAGE SOURCE

Background of the Invention

Field of the Invention
The present invention relates in general to reference
voltage sources and in particular to a programmable reference
voltage source for concurrently providing multiple output

reference voltages.

Description of Related Art

A typical integrated circuit tester includes a set of
pin electronics circuits, one for each terminal of an
integrated circuit device under test (DUT). Each pin
electronics circuit carries out all test activities at the
corresponding DUT terminal. For example a pin electronics
circuit may supply a test signal having particular high and
low logic levels to the DUT terminal. Since the appropriate
high and low logic levels for a test signal may vary from one
DUT to another, and even from one pin to another, separate
reference voltage signals are provided to each pin
electronics circuit to indicate the appropriate high and low
logic levels for the test signal. A pin electronics circuit
also compares a DUT output signal produced at the terminal to
other input reference voltage signals to determine the logic
state of a DUT output signal at that terminal. Pin
electronics circuits may also carry out various other test
operations which require additional input reference voltage
signals.

Thus each pin electronics circuit can require several
input reference voltage signals. For example if an IC tester
has 64 pin electronics circuits and each pin electronics
circuit requires 8 adjustable input reference voltages, then
the integrated circuit tester requires a programmable voltage
source capable of producing 512 independently adjustable
reference voltages. It is possible, but very expensive to

use a separate digital-to-analog converter (DAC) to supply
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each reference voltage. What is needed is an inexpensive

source of multiple reference voltages.

Summary of the Invention

A programmable voltage source in accordance with one
aspect of the present invention produces a set of output
reference voltages having levels determined by a sequence of
input data values, each input data value corresponding to a
separate one of the reference voltages. The voltage source
includes a charging current generator for generating a
charging current and a set of sample and hold circuits, each
corresponding to a separate one of the data values, each for
producing a separate one of the output reference voltages.
The charging current generator receives each data value in
succession and supplies a charging current to the
corresponding sample and hold circuit and that sample and
hold circuit adjusts its output reference voltage by
integrating the charging current. The charging current
generator monitors the output reference voltage produced by
that sample and hold circuit and sets the charging current to
a level proportional to a difference between the reference
voltage level and a level indicated by the input data. The
reference voltage output of the sample and hold circuit
quickly stabilizes at the level indicated by the input data.

In accordance with another aspect of the invention, the
charging current generator includes a digital-to-analog
converter (DAC) for drawing a current from a circuit node
that is proportional to each input data value, a feedback
circuit for supplying a current into the node that is
proportional to the reference voltage output of the sample
and hold circuit being adjusted, and a differential amplifier
for producing the charging current according to a voltage
produced at the node.

In accordance with a further aspect of the invention,
the voltage source auto-zeros an offset of the differential
amplifier during a time that the DAC requires to settle its
output current a new level in response to each change in

input data value.
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It is accordingly an object of the invention to provide
an inexpensive, programmable multiple reference voltage
source.

The concluding portion of this specification
particularly points out and distinctly claims the subject
matter of the present invention. However those skilled in
the art will best understand both the organization and method
of operation of the invention, together with further
advantages and objects thereof, by reading the remaining
portions of the specification in view of the accompanying
drawing(s) wherein like reference characters refer to like

elements.

Brief Description of the Drawing(s)

FIG. 1 illustrates in block diagram form an integrated
circuit tester employing a multiple output, programmable
reference voltage source in accordance with the present
invention;

FIG. 2 illustrates the programmable reference voltage of
FIG. 1 in more detailed block diagram form; and

FIG. 3 is a timing diagram illustrating behavior of
various signals of the programmable reference voltage source
FIG. 2.

Description of the Preferred Embodiment (s)

FIG. 1 illustrates an integrated circuit tester 10 for
testing an integrated circuit device under test (DUT) 12.
Tester 10 includes a set of pin electronics circuits 14, each
connected to a separate input/output terminal of DUT 12.

Each pin electronics circuit 14 carries out test activities
at the corresponding DUT terminal in response to a set of M
TIMING signals from a corresponding format and timing circuit
16. Each TIMING signal controls a separate function of the
pin electronics circuit 14. A pattern generator 18,
programmed with instructions from an external host computer
25 via a conventional computer bus 24, supplies a separate
pattern vector (data word) to each format and timing circuit

16 for each cycle of the test. Each pattern vector tells a
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format and timing circuit 16 when to make state changes in
its output TIMING signals during the test cycle.

Each pin electronics circuit 14 can carry out a variety
of test activities at the DUT terminal. For example in
response to some of its input TIMING signals, a pin
electronics circuit 14 may supply a test signal to the DUT
terminal and may toggle the test signal between high and low
logic levels at times indicted by state changes in the TIMING
signals. Since the appropriate high and low logic levels for
a test signal may vary from one DUT to another, and even from
one DUT terminal to another, a reference voltage source 20,
programmed by data from host computer 25 via computer bus 24,
supplies separately adjustable reference voltage signals to
each pin electronics circuit 14 to indicate the appropriate
high and low logic levels for the test signal. Pin
electronics circuits 14 also compare a DUT output signal
produced at the terminal to other reference voltage signals
provided by source 20 to determine the logic state of a DUT
output signal at that terminal. Pin electronics circuits 14
may also carry out various other test operations which
require additional reference voltage signals from source 20.

Thus source 20 must produce several adjustable reference
voltage signals for each pin electronics circuit 14. For
example if tester 10 has 64 pin electronics circuits 14 and
each pin electronics c¢ircuit 14 requires 8 adjustable input
reference voltages, then source 20 must provide N = 512
independently adjustable reference voltages V1-VN to the pin
electronics circuits. Pattern generator 18, format and
timing circuits 16 and pin electronics circuits 14 are well
known in the art and are not further detailed herein. The
present invention relates to reference voltage source 20 and
its use in an integrated circuit tester. Reference voltage

source 20 is discussed in detail herein below.

Programmable Reference Voltage Source
FIG. 2 illustrates programmable reference voltage source
20 of FIG. 1 in more detailed block diagram form, where the

number N of output reference voltages V1-VN is 3. Source 20
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includes a conventional random access memory system (RAM) 22
write accessed by a host computer 25 of FIG. 1 through
computer bus 24. RAM 22, which includes a conventional
memory controller for receiving data, address and control
signals via computer bus 24, provides N=3 addressable storage
locations each corresponding to a separate one of the N=3
output reference voltages V1-V3 source 20 produces. To
program reference voltage source 20, the host computer 25 of
FIG. 1 writes a data value to each RAM 22 storage location
via bus 24. Each data value indicates the desired level of a
separate one of reference voltage V1-V3.

Reference voltage source 20 also includes a set of three
conventional sample and hold circuits 30(1)-30(3), each of
which produces a separate one of output reference voltages
V1-V3. The level of the output voltage V1-V3 of each sample
and hold circuit 30(1)-30(3) is proportional the charge on an
internal capacitor (not shown) within the sample and hold
circuit. When placed in a sampling mode, the output
reference voltage V1-V3 produced by any one of sample and
hold circuit 30(1)-30(3) may be adjusted by a charging
current I, produced by a charging current generator 28.
Charging current I, may increase or decrease a charge on an
internal capacitor (not shown) within the sample and hold
circuit 30(1)-30(3) operating in the sample mode. When
subsequently placed in a hold mode, each sample and hold
circuit 30(1)-30(3) produces its output reference voltage
V1-V3 in accordance with the charge on its internal capacitor
that it acquired during a preceding sample mode. A set of
signals S1-S3 produced by controller 26 switches sample and
hold circuits 30(1)-30(3) between there sample and hold
modes. Thus, when placed in a sampling mode by one of the
S1-83 signals, each sample and hold circuit 30(1)-30(3)
adjusts its output voltage by integrating the charging
current I..

The output count of counter 22 is normally 0 so that
when host computer 25 of FIG. 1 is not loading data into RAM
22, RAM 22 outputs the data value stored at address 0. After
loading the appropriate data into RAM 22, the host computer
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transmits a LOAD signal pulse to a controller 26. Controller
26, a conventional sequencer clocked by an input system
signal (CLOCK), responds to the LOAD signal pulse by
asserting a pair of control signals S1 and F1. The S1 signal
puts sample and hold circuit 30(1) in the sample mode in
which charging current I, output of generator 28 adjusts the
charge on the capacitor within sample and hold circuit 30(1),
thereby adjusting its output reference voltage V1. The F1
control signal causes a feedback circuit 29 to provide
reference voltage V1 as feedback voltage input VX to charging
current generator 28. The magnitude of the charging current
I, produced by generator 28 is proportional to a difference
between the magnitude of a feedback voltage VX provided as
input to generator 28 and the magnitude of a desired voltage
level referenced by the data value output of RAM 22. Thus if
reference voltage V1 (and therefore feedback voltage VX) is
lower than the desired voltage level, the charging current I
increases the charge on the capacitor in sample and hold
circuit 30(1l) to increase V1. If reference voltage V1 is
higher than the desired voltage level, the feedback voltage
VX causes generator 28 to set the charging current I, so that
it decreases the charge on the capacitor in sample and hold
circuit 30(1) to decrease V1. Ag the level of output voltage
V1 reaches the desired level indicated by the data input to
generator 28 from RAM 22, generator 28 reduces the charging
current I, to the very small leakage current of the internal
capacitor of sample and hold circuit 30(1l), essentially zero.
At that point, with output reference voltage V1
stabilized to the desired level, controller 26 deasserts the
Sl and F1l control signals, asserts the S2 and F2 control
signal and clocks counter 23. The S2 signal puts sample and
hold circuit 30(1l) in the sample mode, the F2 signal feeds
voltage V2 back to generator 28 as feedback voltage VX. The
count output of counter 23 now causes RAM 22 to read out a
data value stored at address 1. That data value indicates a
desired level for the output voltage V2 of sample and hold
circuit 30(2). The output voltage V2 of sample and hold
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circuit 30(2) thereafter stabilizes at a level indicted by

the value of the data read out of RAM 22 address 1.

Controller 26 then clocks counter 23 once more,
deasserts the S2 and F2 signals and asserts control signals
83 and F3. Sample and hold circuit 30(3) now enters the
sampling mode with its output voltage V3 controlling the
feedback voltage VX to charging current generator 28. With
RAM 22 reading out a data value stored at address 2 to
charging current generator 28, sample and hold circuit 30(3)
output voltage V3 stabilizes at the level indicated that the
data. Controller 26 thereafter deasserts S3 and F3, resets
counter 23, and waits for another LOAD signal from host 25 of
FIG. 1. The process of programming voltage source 20 is now
complete.

The charging current generator 28 includes a current
digital-to-analog converter (DAC) 34. DAC 34 responds to the
data output of RAM 22 by drawing a current I, from a circuit
node 52 that is proportional to the magnitude of that data.
An FET pass transistor 36 controlled by a signal S%,, from
controller 26 selectively connects node 52 to a first input
of a differential amplifier 38, suitably having a gain of
1000. A capacitor 43 couples the second input of amplifier
38 to ground. A second FET pass transistor 40 selectively
grounds the first input of differential amplifier 38 in
response to another signal S,, from controller 26. A third
FET pass transistor 42, also controlled by the S,, signal,
selectively connects the output of amplifier 38 to its second
input. Amplifier 38 produces the output current Iy of
current generator 28 by amplifying the small voltage
difference across its inputs.

Feedback circuit 29 includes a set of unity gain
amplifiers 44(1)-44(3) each amplifying the output voltage
V1-V3 of a corresponding sample and hold circuit 30(1)-30(3).
A set of FET pass transistors 46(1)-46(3), controlled by the
F1-F3 control signals from controller 26, each selectively
connect the output of a corresponding one of amplifiers
44 (1)-44(3) to provide feedback voltage VX to an input of a

unity gain amplifier 48 within charging current generator 28.
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Amplifier 48, coupled to the output of DAC 34 through a
resistor 49, produces a voltage V’X that is equal to a
selected one of output voltages V1-VN, depending on which of
transistors 44(1)-44(3) is turned on. Amplifier 48 supplies
the current I,, through resistor 49 into current DAC 34. Most
of V’'X drops across resistor 49, leaving only a small offset
voltage across the inputs of amplifier 38. Amplifier 38
amplifies that voltage to produce its output charging current
I.,. If the current Iy, generated by amplifier 48 in response
to VX is less than current drawn by DAC 34, amplifier 38
produces a positive charging current I, thereby increasing
the particular reference voltage V1-V3 currently controlling
VX. If the current I, generated by amplifier 48 in response
to VX is greater than current drawn by DAC 34, amplifier 38
produces a negative charging current I, thereby decreasing
the particular reference voltage V1-V3 currently controlling
VX.

FIG. 3 is a timing diagram illustrating behavior of
various signals of voltage source 20 FIG. 2. Until it
receives a LOAD signal pulse, controller 26 of FIG. 2
normally asserts the Fl signal to turn on transistor 46(1)
and normally deasserts the F2 and F3 signals to turn off
transistors 46(2) and 46(3). Controller 26 also normally
deasserts the S1-83 signals so that sample and hold circuits
30(1)-30(3) are all in their hold modes. Counter 23 normally
holds its output count at 0 so that RAM 22 reads out the data
stored at its first storage location (address 0) when host 25
of FIG. 1 ig not otherwise writing data into RAM 22. With
pass transistor 46(1l) turned on, amplifiers 44(1) and 48
normally use V1 to provide the feedback voltage VX to
generator 28.

When host computer 25 of FIG. 1 sends a LOAD signal
pulse to controller 26 after loading data into RAM 22,
controller 26 briefly asserts the S,, signal to turn on
transistors 40 and 42 thereby grounding the first input of
amplifier 38 and connecting the output of amplifier 38 to its
second input. This causes capacitor 43 to charge to the

offset voltage of amplifier 38, the voltage it produces when



10

15

20

25

30

35

WO 99/17179 PCT/US98/20378
9

its first input is at ground level. Since amplifier 38 is
supposed to produce an output voltage that is 1000 times
larger than the small voltage V'X appearing at node 52, it is
necessary compensate for the offset so that charging current
I., is substantially 0 amps when a 0 volt V'g, signal is
supplied to amplifier 38. By charging capacitor 43 to Ve
the programmable voltage source 20 "auto-zeros" amplifier 38
so that thereafter, when transistors 40 and 42 are off and
transistor 36 is on, amplifier 38 output current Iy, is
directly proportional to its input voltage V'X and has
negligible offset. When amplifier 38 is implemented using
CMOS transistors, Vg can be relatively large.

After capacitor 43 has had time to charge to the
appropriate offset voltage Vgy, controller 26 deasserts the
S, Signal and asserts the S' and S1 signals, thereby turning
off transistors 40 and 42 and turning on transistors 36 and
46(1). Amplifier 38 then produces its output current I, that
stabilizes at a value determined by the data at RAM 22
address 0. Sample and hold circuit 30(1l), being placed in
its sample mode by S1, sets its output reference voltage
signal V1 to a value proportional to the output data of RAM
22. With transistor 46 (1) turned on, amplifier 44(1l) feed
backs the new value of V1 to charging current generator 28,
thereby altering the voltage V' (X) at node 52. The feedback
loop though amplifiers 38, 44(1l) and 48 and sample and hold
circuit 30(1) quickly causes Iy, and V' (X) to stabilize with
the voltage V., across capacitor 43 compensating for the
inherent offset of amplifier 38. At that point, the
reference voltage output V1 of sample and hold circuit 30(1)
stabilizes at the value indicated by the data output of RAM
22.

After allowing sufficient time for the value of
reference voltage V1 to stabilize, controller 26 de-asserts
the S1 signal causing sample and hold circuit 30(1) to
thereafter hold the magnitude of V1 to its current level
regardless of subsequent changes in the magnitude of Igu.
After it turns off the S1 signal, controller 26 turns off the

S*AQ0 signal and turns on the S,, signals to auto-zero
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amplifier 38 again. It also turns off the Fl signal and

turns on the F2 signal to turn off transistor 46(1) and turn

on transistor 46(2), thereby supplying V2 as the feedback

voltage VX to charging current generator 28.

After Vg r has had time to stabilize, controller 26 turns
on the $",, signal and turns off the S,, signal, thereby
turning on transistor 36 and turning off transistors 40 and
42. Controller 26 also supplies a COUNT signal pulse to
clock counter 50 causing it to increment the address ADDR
supplied to RAM 22 so that RAM 22 supplies to current DAC 34
the data at RAM address 1 that is to control the value of V2.
Controller 26 then turns on the S2 signal so that the
charging current I, begins adjusting the charge on the
capacitor within sample and hold circuit 30(2), thereby to
adjust reference voltage V2. After reference voltage V2 has
had time to stabilize to the level indicated by the data of
RAM 22 address 1, controller 26 deasserts S2 causing sample
and hold circuit 30(2) to hold V2 at that level. Controller
26 also deasserts F2 and asserts F3 so that V3 now controls
the feedback voltage VX to charging current generator 28.
Controller 26 thereafter deasserts the SA0 signal and asserts
the S',, signal to autozero amplifier 38 once again.

After Vg, has had time to stabilize, controller 26 turns
on the S",, signal and turns off the S,,, thereby turning on
transistor 36 and turning off transistors 40 and 42.
Controller 26 also supplies another COUNT signal pulse to
counter 50 causing it to increment the address supplied to
RAM 22 so that RAM 22 reads out the data at RAM address 2
that is to control the value of V3. Controller 26 then turns
on the S3 signal so that the charging current I, begins
adjusting the charge on the capacitor within sample and hold
circuit 30(3), thereby adjusting reference voltage V3. After
reference voltage V3 has had time to stabilize to the value
indicated by the data of RAM 22 address 2, controller 26
deasserts S3. Controller 26 also deasserts the SAQ0 signal
and asserts the S",, signal to auto-zero amplifier 38 once

again.
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At this point all output voltages V1-V3 are held a
values indicated by data in RAM 22. Controller 26 turns off
F3, turns on Fl, and sends a RESET pulse to counter 29 to
reset 1ts count output to 0. Controller 26 then waits until
1t receives another LOAD signal from the HOST before starting
the process again.

Note that when capacitor 43 has sufficiently low
leakage, it 1s not necessary to auto-zero amplifier 38 every
time RAM 22 reads out a new data value, though with any small
amount of leakage it would be necessary to do so
occasionally. However it since DAC 34 requires a small
amount of time to settle its output current I,, after
receiving a new input data value from RAM 22, controller 26
can use that short period of time to auto-zero amplifier 38.
Thus the process of auto-zeroing amplifier 38 after each data
value 1is read out of RAM 22 does not increase the total time
required to set the output reference voltages V1-VN to their
new values.

Thus has been described a programmable, multiple output
voltage reference source in accordance with the present
invention. For example, while voltage source 20 1is
illustrated in FIG. 2 as providing N = 3 output reference
voltages, those skilled in the art will appreciate that it
may be easily expanded to provide a larger number of output
voltages by increasing the number of sample and hold circuits
30 and making appropriate adjustments to feedback circuit 29
and controller 26. Thus while the forgoing specification has
described preferred embodiment(s) of the present invention,
one skilled in the art may make many modifications to the
preferred embodiment without departing from the invention in
its broader aspects. The appended claims therefore are
intended to cover all such modifications as fall within the

true scope and spirit of the invention.
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Claims
What is claimed is:
1. An apparatus for generating a plurality of

reference voltages, the apparatus comprising:

a charging current generator (28) for generating a
charging current of magnitude proportional to a difference
between a level of a feedback voltage supplied as input
thereto and a level referenced by a data value supplied as
input thereto;

a plurality of sample and hold circuits (30), each for
producing an output reference voltage by integrating said
charging current when operating in a sampling mode, each
holding its output reference voltage at a constant level
irrespective of said charging current when otherwise
operating in a hold mode, and

control means (22,23,26,29) for applying a sequence of
data values as input to said charging current generator, each
of said data values corresponding to a separate one of said
sample and hold circuits, for placing each of said sample and
hold circuits in said sampling mode when supplying its
corresponding data value to said charging current generator
and otherwise placing each of said sample and hold circuits
in said hold mode, and for supplyving said feedback voltage to
said charging current generator with the feedback voltage
level being controlled by the output reference voltage of any

sample and hold circuit operating in said sampling mode.

2. The apparatus in accordance with claim 1 wherein
said charging current generator means comprises:

a circuit node (52),

first amplifier means (48,49) for amplifying said
feedback voltage to supply a first current into said circuit
node;

digital-to-analog converter means (34) for receiving
each of said data values and for drawing a second current
from said circuit node, said second current having a level

set in response to each received data value; and
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second amplifier means (36,38,40,42,43) for amplifying a

voltage level produced at said circuit node to generate said

charging current.

3. The apparatus in accordance with claim 2 wherein
said second amplifier means comprises:

a ground node;

a differential amplifier (38) having first and second
input terminals and having an output terminal, for amplifying
a voltage difference between said first and second input
terminals to produce said charging current at said output
terminal;

first switch means (36) which, when closed, connects
said first input terminal to said circuit node and which,
when opened, disconnects said first terminal from said
circuit node;

second switch means (40) which, when closed, connects
said first input terminal to said ground node and which, when
opened, disconnects said first terminal from said ground
node;

third switch means (42) which, when closed, connects
said amplifier output terminal to said second input terminal
and which, when opened, disconnects said amplifier output
terminal from said second input terminal; and

a capacitor (43) coupling said second input terminal to

said ground node.

4. The apparatus in accordance with claim 3 wherein
said control means closes said first switch means and opens
said second and third switch means for a period of time after
supplying each data value to said digital-to-analog converter
means, and for otherwise opening said first switch means and

closing said second and third switch means.

5. An apparatus for supplying logic signals to a
plurality of terminals of an circuit device under test (DUT),

the tester comprising:
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a plurality of pin electronics circuits (14), each
generating and supplying a logic signal to a separate DUT
terminal, the logic signal generated by each pin electronics
circuit alternating between first and second logic levels set
in accordance with reference voltages supplied as input to
said pin electronics circuit; and

reference voltage source means (20) for generating and
supplying separate reference voltages to each of said pin
electronics circuits, said reference voltage source means
comprising:

a charging current generator (28) for generating a
charging current of magnitude proportional to a difference
between a level of a feedback voltage supplied as input
thereto and a level referenced by a data value supplied as
input thereto;

a plurality of sample and hold circuits (30), each
for producing an output reference voltage by integrating said
charging current when operating in a sampling mode, each
holding its output reference voltage at a constant level
irrespective of said charging current when otherwise
operating in a hold mode, and

control means (22,23,26,29) for applying a seguence
of data values as input to said charging current generator,
each of said data values corresponding to a separate one of
said sample and hold circuits, for placing each of said
sample and hold circuits in said sampling mode when supplying
its corresponding data value to said charging current
generator and otherwise placing each of said sample and hold
circuits in said hold mode, and for supplying said feedback
voltage to said charging current generator with the feedback
voltage level being controlled by the output reference
voltage of any sample and hold circuit operating in said
sampling mode.

6. The apparatus in accordance with claim 5 wherein

said charging current generator means comprises:
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a circuit node (52),

first amplifier means (48,49) for amplifying said
feedback voltage to supply a first current into said circuit
node;

digital-to-analog converter means (34) for receiving
each of said data values and for drawing a second current
from said circuit node, said second current having a level
set in response to each received data value; and

second amplifier means (36,38,40,42,43) for amplifying a
voltage level produced at said circuit node to generate said

charging current.

7. The apparatus in accordance with claim 6 wherein
said second amplifier means comprises:

a ground node;

a differential amplifier (38) having first and second
input terminals and having an output terminal, for amplifying
a voltage difference between said first and second input
terminals to produce said charging current at said output
terminal;

first switch means (36) which, when closed, connects
said first input terminal to said circuit node and which,
when opened, disconnects said first terminal from said
circuit node;

second switch means (40) which, when closed, connects
said first input terminal to said ground node and which, when
opened, disconnects said first terminal from said ground
node;

third switch means (42) which, when closed, connects
said amplifier output terminal to said second input terminal
and which, when opened, disconnects said amplifier output
terminal from said second input terminal; and

a capacitor (43) coupling said second input terminal to

said ground node.

8. The apparatus in accordance with claim 7 wherein
said control means closes said first switch means and opens

said second and third switch means for a period of time after
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supplying each data value to said digital-to-analog converter

means, and for otherwise opening said first switch means and

closing said second and third switch means.

9. A method for producing a set of reference voltages
having levels determined by a set of input data values, each
input data value indicating a desired level of a
corresponding one of the reference voltages, the method
comprising supplying a charging current to each of a
plurality of sample and hold circuits, each sample and hold
circuit corresponding to a separate one of the data values
and each producing the corresponding reference voltage by
integrating the charging current, the charging current
supplied to each sample and hold circuit having a magnitude
that is proportional to a difference between the reference
voltage produced by the sample and hold circuit and the

desired level indicated by the corresponding data value.

10. A programmable voltage source for producing a set
of output reference voltages having levels determined by a
sequence of input data values, each input data value
corresponding to a separate one of the reference voltages the
voltage source comprising:

a charging current generator for generating a charging
current; and

a plurality of sample and hold circuits, each
corresponding to a separate one of the data values, each for
producing a separate one of the output reference voltages,

wherein the charging current generator receives each
input data value in succession and supplies a charging
current to the corresponding sample and hold circuit,

wherein that sample and hold circuit adjusts its output
reference voltage by integrating the charging current, and

wherein the charging current generator monitors the
output reference voltage produced by that sample and hold
circuit and sets the charging current to a level proportional
to a difference between the reference voltage level and a

level indicated by the corresponding input data value.
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11. The programmable voltage source in accordance with
claim 10 wherein the charging current generator includes:

a circuit node;

a ground node;

a digital-to-analog converter (DAC) for drawing a
current from said circuit node that is proportional to each
input data wvalue,

means for supplying a current into the node that is
proportional to the reference voltage output of the sample
and hold circuit adjusting its output reference voltage, and

a differential amplifier for producing the charging
current according to a voltage difference between said

circuit node and said ground node.

12. The programmable voltage source in accordance with
claim 11 further comprising means for auto-zeroing the
differential amplifier immediately after the DAC receives

each input data value.



WO 99/17179 PCT/US98/20378

VECTOR [FORMAT | TiMING PIN
——» AND > ELECT. [€—»
| . TIMING 4 > 14
PATTERN . = = :
GEN. ° °
VECTOR |FORMAT | TiMING PIN
——» Tﬁﬂﬁe » ELECT. [@&— DUT
24
18 | 1L o 14
REF.
BUS V(1)-V(N
osT » vor. POVOY
LOAD SOURCE \
22 20 10 L
24 30(1)
Zpp|RAM
SAMPLE | V1
22 >  AND
ﬁ 1 HOLD
|
1 S(1)4
| 30(2)
| V2
| SAMPLE
> AND
' | HOLD
CNTR | |
| | 3(2)4
RS | 423\(2) | 30(3)
CONTROLLER [ 83> | | Vs
23 LOAD —p» — | SAMPLE
FIF3 l* AND
CLOCK —» s > |4 LD
| | s<3)4
A=
| 46(3) I
e ST
20 FIG. 2




WO 99/17179 PCT/US98/20378

F3

F2

F1

S3

S2

S1
ADDR o X 1 X

S*A0

SAO

COUNT

LOAD

RESET

TIME

FIG. 3

2/2



INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US98/20378

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :GOSF 1/10

US CL :327/540,530
According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. :  327/540,530,538,539,541,542,543

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

None

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

APS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5,694,063 A (BURLISON et al.) 02 December 1997 (02.12.97){ 1-12
see entire document
A US 5,578,957 A (ERHART et al.) 26 November 1996 (26.11.96) | 1-12
see entire document
A US 5,170,158 A (SHINYA) 08 December 1992 (08.12.92) see entire 1-12
document

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents: " later document published after the inter ional filing date or priority
date and not in conflict with the application but cited to understand

A" document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
e . : . . ; "X document of particular relevance; the claimed invention cannot be
E carlier document published on or after the intemational filing date considered novel or cannot be considered to involve an inventive step
*L* document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other . . i . .
special reason (as specified) 'Y document of pa_mcular relev{mce;_the claimed invention cannot be
considered to involve an inventive step when the document is
"0 document referring to an oral discl e, use, exhibition or other combined with one or more other such do ts, such bination
means being obvious to a person skilled in the art
“P* document published prior to the international filing date but later than  wg» document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the interational search report
14 NOVEMBER 1998 14 JAN 1999
g - L
Name and mailing address of the ISA/US Auythorized officer
Commissioner of Patents and Trademarks
Box PCT &‘HA /[{
Washington, D.C. 20231 I'L. NGUYEN

Facsimile No.  (703) 305-3230 elephone No. (703) 306-9178

Form PCT/ISA/210 (second sheet)July 1992)«




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

