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VOLTAGE REFERENCE WITH ENHANCED
STABILITY

CROSS REFERENCE

The present application is a non-provisional application
from U.S. provisional patent application Ser. No. 60/641,
099, “Voltage reference with enhanced stability”, filed on
Jan. 3, 2005. The priority of the 60/641,099 application is
claimed and the 60/641,099 application is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

This invention relates generally to voltage references and
in particular to circuit topologies for enhancing the stability
of inexpensive monolithic voltage references.

BACKGROUND OF THE INVENTION

Voltage references are used to transfer the standard unit of
voltage from a National Institute of Standards (“NIST”)
traceable standard to a laboratory and ultimately to an
instrument or measurement circuit. Decades ago, standard
chemical cells served this purpose. But, standard cells
typically comprise hazardous elements such as Cadmium
and Mercury in glass tubes. Even when further encased in
outer cases, they are still subject to slight changes in voltage
with mechanical upset and temperature.

Major laboratories needing the best primary voltage ref-
erences can now use a voltage standard based on Josephson
junctions. When cooled to superconducting temperatures
and irradiated by a precise microwave frequency, hundreds
of Josephson junctions wired in series provide a standard
voltage based on physical constants. Such standards how-
ever are very expensive, costing in excess of ten thousand
dollars. And they need a reservoir of liquid Helium to cool
the Josephson junctions. Such standards are not practical for
smaller companies or laboratories. And, they are neither
small enough nor cost effective for use in precision instru-
mentation circuits.

Temperature compensated zener diodes, including the
1N821 family, and in particular IN829A compensated zener
diodes are stable enough to fulfill many precision voltage
reference applications. Since the 1N829A diode is very
sensitive to zener bias current, the reference diode bias
current must be provided by a precision current source or a
resistor coupled to the reference output in a “bootstrap”
topology. By using precision non-inverting Op Amp configu-
rations, a variety of desired output voltages, such as 10.000
Volts can be derived from the diodes fixed voltage near 6.2
V.

Another zener based voltage reference uses a small device
comprising a zener diode type semiconductor element, an
internal heater, and a temperature control circuit. The inter-
nal heater of the device package maintains the internal
semiconductor elements at nearly constant temperature.
Such devices can further include second and third order
correction devices such as junctions and transistors on the
same die. This type of device is typically packaged in a
standard semiconductor package. The device package can
further comprise optional outer layers of insulation, such as
a plastic outer casing, to further thermally isolate the tiny
oven controlled environment from the ambient atmosphere.
Classic devices of this type include the National Semicon-
ductor LM199/.M399 families. More sophisticated ver-
sions, as Linear Technology’s LTZ1000 families are capable
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of the highest levels of precision with short term changes in
voltage with temperature of better than 0.1 part per million
(“ppm”)/degree C. These devices however can only generate
a single voltage typically falling between 6.8 and 7.1 Volts.
And, they do not include an internal amplifier for driving
reference loads.

Monolithic zener based voltage reference chips are the
most commonly used voltage reference chips. These chips
draw their precision from zener type devices and bandgap
references. Monolithic voltage reference chips typically also
include an internal non-inverting Op Amp circuit to generate
a predetermined output voltage. Common output voltages
are 1.024, 2.048, 4.096, 5.000, and 10.000 Volts. Any
voltage can be generated by use of the appropriate internal
resistors. One or more of these resistances are usually laser
trimmed to bring absolute output voltages to within 1 to
0.1% of the rated voltage. Stability with temperature for
monolithic reference integrated circuit (“IC”) chips gener-
ally ranges from 5 to 50 ppm/degree C.

What is needed is an inexpensive circuit topology that can
achieve the temperature stability of ovenized zener devices
while offering the choice of output voltages and output drive
capability available from monolithic references.

SUMMARY OF THE INVENTION

In one aspect, the invention relates to a composite voltage
reference with improved temperature stability includes a
monolithic voltage reference integrated circuit (“IC”). The
voltage reference IC has an internal voltage reference, an
internal OpAmp circuit including scaling resistors, a mono-
lithic voltage reference IC temperature coefficient, and a
user accessible input to vary a monolithic voltage reference
IC output voltage. The composite voltage reference with
improved temperature stability also includes a second volt-
age reference having a second voltage reference temperature
coeflicient lower than the monolithic voltage reference I1C
temperature coefficient. The second voltage reference is
electrically coupled to the user accessible input wherein the
temperature coefficient of the composite circuit of the mono-
lithic voltage reference IC and the second voltage reference
is improved over the monolithic voltage reference IC tem-
perature coefficient.

In one embodiment, the second voltage reference is
electrically coupled to the user accessible input of the
monolithic voltage reference IC via a resistor.

In another embodiment, the resistor is sized lower than a
monolithic voltage reference IC internal resistor coupling
the internal voltage reference to the internal OpAmp circuit
such that the current from the second voltage reference is
greater than the current from the monolithic voltage refer-
ence IC internal resistor.

In yet another embodiment, the user accessible input is a
noise input terminal that is made user accessible for cou-
pling to a noise reducing capacitor.

In yet another embodiment, the monolithic voltage refer-
ence IC output voltage is 10 V£0.5 V, the internal voltage
reference is 7 V£0.5 V and the second voltage reference is
7V£0.5 V.

In yet another embodiment, the voltage reference IC is an
ADS58* family reference chip.

In yet another embodiment, the second voltage reference
is an ovenized voltage reference.

In yet another embodiment, the second voltage reference
is an LM199/399* family or LTZ1000* family ovenized
voltage reference.
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In yet another embodiment, the second voltage reference
is biased in a bootstrap configuration by a resistor electri-
cally disposed between the monolithic voltage reference IC
output voltage and the second voltage reference.

In another aspect of the invention, the invention features
a method to improve the temperature stability of a mono-
lithic voltage reference IC comprising the steps of: a.
providing a monolithic voltage reference IC having a user
accessible input connection that varies the monolithic volt-
age reference IC output voltage and an internal voltage
reference; b. providing a second voltage reference having a
lower temperature coefficient than the monolithic voltage
reference IC; and c¢. dominating the internal voltage refer-
ence with the second voltage reference by electrically cou-
pling the second voltage reference to the user accessible
input causing an improvement in the temperature stability of
the monolithic voltage reference IC output voltage.

In one embodiment, the step of providing a second
voltage reference comprises providing a second ovenized
voltage reference having a lower temperature coeflicient
than the monolithic voltage reference IC.

In another embodiment, the step of providing a second
ovenized voltage reference comprises providing a second
L.M199/399%* family or LTZ1000* family ovenized voltage
reference having a lower temperature coefficient than the
monolithic voltage reference IC.

In yet another embodiment, the step of providing a
monolithic voltage reference IC comprises providing a
monolithic voltage reference IC from the ADS58* voltage
reference family having a user accessible input connection
that varies the monolithic voltage reference IC output volt-
age and an internal voltage reference.

In yet another embodiment, the step of dominating the
internal voltage reference comprises dominating the internal
voltage reference with the second voltage reference by
electrically coupling the second voltage reference to the user
accessible input via a resistor causing an improvement in the
temperature stability of the monolithic voltage reference IC
output voltage.

In another aspect the invention features a voltage refer-
ence with improved temperature stability including a mono-
lithic voltage reference integrated circuit (“IC”) means for
creating a monolithic voltage reference IC output voltage.
The voltage reference IC has an internal voltage reference,
an internal OpAmp circuit including scaling resistors, a
monolithic voltage reference IC temperature coefficient, and
a user accessible input to vary a monolithic voltage refer-
ence IC output voltage. The voltage reference with improved
temperature stability also includes a power supply means to
power the monolithic voltage reference integrated circuit
(“IC”) means. The voltage reference with improved tem-
perature stability also includes a second voltage reference
means for creating a stable second voltage having a second
voltage reference temperature coefficient lower than the a
monolithic voltage reference IC temperature coefficient. The
second voltage reference means is electrically coupled to the
user accessible input wherein the temperature coefficient of
the coupled circuit of the monolithic voltage reference IC
means and the second voltage reference means is improved
over the monolithic voltage reference IC means temperature
coeflicient.

In one embodiment, the second voltage reference means
comprises an ovenized voltage reference.

In another embodiment, the monolithic voltage reference
IC means output voltage is 10 Vx0.5 V, the internal voltage
reference is 7 V0.5 V and the second voltage reference
means is 7 V0.5 V.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of these and objects of the
invention, reference will be made to the following detailed
description of the invention which is to be read in connection
with the accompanying drawing, where:

FIG. 1 shows an exemplary embodiment of the inventive
circuit topology.

It is to be understood that the drawings are for the purpose
of illustrating the concepts of the invention and are not
necessarily drawn to scale.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a first embodiment of the inventive circuit
topology. A monolithic device, such as the Analog Devices
ADS8* family device is further temperature stabilized by
ovenized device U2 providing a substantial percentage of
the voltage reference for Ul. Both devices can be advanta-
geously powered by one power source represented as V+.

Ovenized devices are typically available only in fixed
non-standard voltages, such as between 6.9 and 7.1 Volts.
And, ovenized devices such as the LM399 or LTZ1000
families do not generally incorporate output amplifiers to
drive a load coupled to the reference. Monolithic devices, on
the other hand, offer one or more internal amplifiers and
resistors for setting standard output voltages (other than
those available in ovenized devices) and the same amplifier
for driving loads, but their temperature stability is far
inferior to ovenized devises. According to the inventive
technique, an inexpensive monolithic reference with a tem-
perature coefficient of 5 to 50 ppm/degree C. can be made to
approach the exceptional temperature stability (better than 1
ppm/degree C.) of a typical fixed ovenized device. Thus, it
can be seen that the inventive circuit topology advanta-
geously exhibits positive attributes of both technologies in
one cost effective combined circuit.

The AD587LN monolithic reference for example, is a 10
V monolithic voltage reference with a temperature coeffi-
cient of 5 ppm/degree C. A monolithic voltage reference of
this exemplary type is shown as voltage reference chip Ul.
The internal details of U1 are only shown in basic functional
form to illustrate the principle of the circuit topology of this
first embodiment. Internal diode 71 is typically on the order
of 7 V. R5 biases Z1 and Ré can serve in part to isolate and
match inputs for internal OpAmp A, as in Amplifier bias
compensation. The primary function of R6 however, is to set
the RC roll off pole in conjunction with an external capacitor
connected to the noise reduction pin of the monolithic
reference chip. The reference voltage of Z1 is applied to the
non-inverting input of the non-inverting amplifier stage built
around A. Resistors R2 and R1 {G=(1+(R2/R1))} provide
the needed gain to achieve the desired Vref reference output
voltage, such as 10.000 00 V. Ovenized device U2 can be for
example, an LM399 family device. Internal zener 72 of U2
generates a temperature stable voltage of about 7 V. In this
embodiment of the invention, the ultra-stable voltage of U2
is applied to Ul via a user accessible Ul pin 101 (FIG. 1)
that accesses the non-inverting input of A. By sizing the
coupling resistor R4 lower than internal coupling resistor
R6, The U2 voltage can be made to dominate over the
voltage reference provided by internal zener Z1. Thus, it can
now be seen that an inexpensive ultra-stable reference has
been created by this circuit topology with a temperature
coefficient far lower than was possible with Ul alone.
Typically monolithic chip U1 will have had one or more of
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its resistors laser trimmed to create the standard output
voltage based on internal zener Z1. Most monolithic refer-
ence chips advantageously provide an additional trim input
102 (FIG. 1) as shown in FIG. 1 at RT. By adding resistors
R7 and R9, with trimmer R8, the output voltage can be
calibrated back to the standard output value. Since calibra-
tion is done with a completed circuit, it can usually be done
to an absolute value that is far closer to the rated value than
when Ul was laser trimmed. Other trim topologies can be
used.

EXAMPLE

An LM399H was used as U2 in conjunction with an
ADS587LN monolithic voltage reference chip with the values
of other components advantageously sized as follows:

R3: 3.32 kilo ohms

R4: 820 ohms

R7: 4.99 kilo ohms

R8: 1.00 kilo ohms

R9: 3.32 kilo ohms

(bypass and filter capacitors are omitted for simplicity)

Approximately 90% of the reference signal delivered to
amplifier A came from U2, while 10% came from the
original U1 internal reference Z1. The temperature stability
of the U1/U2 voltage reference was observed to be better
than 1 ppm/degree C. This is better than the 5 ppm/degree
stability of Ul alone by a factor of more than 5, a very
significant improvement for an inexpensive voltage refer-
ence. The output voltage was trimmed to 10.000 00 Volts
plus or minus 1 ppm absolute.

It is noted that U2 can also drift in time, particularly
during the first 1,000 hours of operation by more than 10
ppm, but such references become more stable with time and
even short term calibration to better than 10 ppm can be
extremely important for use as a transfer standard. For
example, a board including the circuit of the Example was
calibrated to a Fluke 732b 10 Volt (9.999 998 5 V) primary
laboratory standard with an NIST traceable calibration.
After a suitable warm up time, typically tens of minutes, the
voltage reference output of the board can be used to verify
the voltage measurement of anther instrument in the same or
advantageously, another location. The transfer accuracy of
the board is somewhat lower than the absolute accuracy of
the 732b at +/-10 uV (1 ppm on a 10 Volt scale), but still
more accurate than needed for many typical transfer appli-
cations. The circuit of the Example can alternatively be
employed as part of a larger measurement system, such as a
voltage reference for one or more analog to digital convert-
ers (“ADC”) and or one or more digital to analog converters
(“DAC™).

It was unexpected and surprising that a connection could
be made to an inexpensive monolithic reference chip to
replace its internal reference by an external reference current
wherein the external reference dominates the combined
reference leading to enhanced stability. In the case of the
ADS587, the needed input for access to the non-inverting
input of A is one that is taught by the manufacturer’s data
sheet to be used as a noise reduction pin for connection to
an external capacitor. It was thought to not be suitable for
control signal injection. In fact the resistive isolation, that
makes signal injection possible, is sized to make an RC filter
and not to permit external access for an alternate dominating
reference. It is further contemplated that both Analog
Devices™ (“AD”) and other reference families might have
diagnostic pins, not intended for customer use that might
also be suitable for this type of stability enhancement. It is
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further noted that whilst the examples have referred to the
ADS8* family of monolithic references and [L.M199/399
ovenized devices, similar devices as offered by Linear
Technology™, National Semiconductor™, Maxim™, and
other manufacturers of semiconductor references can be
used. Moreover, U2 can be any type of suitable reference
with a better temperature coefficient than Z1 of Ul.

The combination of a monolithic reference and a second
more temperature stable reference as described herein can be
referred to as a “composite” voltage reference circuit.

While the present invention has been particularly shown
and described with reference to the preferred mode as
illustrated in the drawing, it will be understood by one
skilled in the art that various changes in detail may be
effected therein without departing from the spirit and scope
of the invention as defined by the claims.

We Claim:

1. A composite voltage reference with improved tempera-
ture stability comprising:

a monolithic voltage reference integrated circuit (“IC”),
the voltage reference IC having an internal voltage
reference, an internal OpAmp circuit including scaling
resistors, a monolithic voltage reference IC temperature
coeflicient, and a user accessible input to vary a mono-
lithic voltage reference IC output voltage; and

a second voltage reference having a second voltage ref-
erence temperature coeflicient lower than the mono-
lithic voltage reference IC temperature coefficient, the
second voltage reference electrically coupled to the
user accessible input wherein the temperature coeffi-
cient of the composite circuit of the monolithic voltage
reference IC and the second voltage reference is
improved over the monolithic voltage reference IC
temperature coeflicient and wherein the second voltage
reference is electrically coupled to the user accessible
input of the monolithic voltage reference IC via a
resistor.

2. The composite voltage reference of claim 1 wherein the
resistor is sized lower than a monolithic voltage reference IC
internal resistor coupling the internal voltage reference to
the internal OpAmp circuit such that the current from the
second voltage reference is greater than the current from the
monolithic voltage reference IC internal resistor.

3. The composite voltage reference of claim 1 wherein the
user accessible input is a noise input terminal that is made
user accessible for coupling to a noise reducing capacitor.

4. The composite voltage reference of claim 1 wherein the
monolithic voltage reference IC output voltage is 10 V£0.5
V, the internal voltage reference is 7 V0.5 V and the second
voltage reference is 7 V0.5 V.

5. The composite voltage reference of claim 4 wherein the
voltage reference IC is an ADS58* family reference chip.

6. The composite voltage reference of claim 1 wherein the
second voltage reference is an ovenized voltage reference.

7. The composite voltage reference of claim 6 wherein the
second voltage reference is an 1L.M199/399* family or
LTZ1000* family ovenized voltage reference.

8. The composite voltage reference of claim 1 wherein the
second voltage reference is biased in a bootstrap configu-
ration by a resistor electrically disposed between the mono-
lithic voltage reference IC output voltage and the second
voltage reference.

9. A method to improve the temperature stability of a
monolithic voltage reference IC comprising the steps of:
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a. providing a monolithic voltage reference IC having a
user accessible input connection that varies a mono-
lithic voltage reference IC output voltage and an inter-
nal voltage reference;

b. providing an ovenized voltage reference having a lower
temperature coeflicient than the monolithic voltage
reference IC; and

c. dominating the internal voltage reference with the
ovenized voltage reference by electrically coupling the
ovenized voltage reference to the user accessible input
causing an improvement in the temperature stability of
the monolithic voltage reference IC output voltage.

10. The method of claim 9 wherein the step of providing
an ovenized voltage reference comprises providing a
L.M199/399%* family or LTZ1000* family ovenized voltage
reference having a lower temperature coefficient than the
monolithic voltage reference IC.

11. The method of claim 10 wherein the step of providing
a monolithic voltage reference IC comprises providing a
monolithic voltage reference IC from the ADS58* voltage
reference family having a user accessible input connection
that varies the monolithic voltage reference IC output volt-
age and an internal voltage reference.

12. The method of claim 9 wherein the step of dominating
the internal voltage reference comprises dominating the
internal voltage reference with the ovenized voltage refer-
ence by electrically coupling the ovenized voltage reference
to the user accessible input via a resistor causing an
improvement in the temperature stability of the monolithic
voltage reference IC output voltage.
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13. A voltage reference with improved temperature sta-

bility comprising:

a monolithic voltage reference integrated circuit (“IC”)
means for creating a monolithic voltage reference 1C
output voltage, the voltage reference IC having an
internal voltage reference, an internal OpAmp circuit
including scaling resistors, a monolithic voltage refer-
ence IC temperature coeflicient and a user accessible
input to vary a monolithic voltage reference IC output
voltage;

a power supply means to power the monolithic voltage
reference integrated circuit (“IC”) means; and

an ovenized voltage reference means for creating a stable
ovenized voltage having an ovenized voltage reference
temperature coefficient lower than the monolithic volt-
age reference IC temperature coefficient, the ovenized
voltage reference means electrically coupled to the user
accessible input wherein the temperature coefficient of
the coupled circuit of the monolithic voltage reference
IC means and the ovenized voltage reference means is
improved over the monolithic voltage reference IC
means temperature coeflicient.

14. The voltage reference of claim 13 wherein the mono-
lithic voltage reference IC means output voltage is 10 V£0.5
V, the internal voltage reference is 7 V+0.5 V and the
ovenized voltage reference means is 7 V0.5 V.



