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(57) Abstract

Using a power-up delay circuit on an analog/digital converter integrated circuit (i.e., an analog-to-digital converter or a digital-to-
analog converter) to generate a signal delayed from power-up, and initiating a calibration of the converter upon detecting the delayed signal.
In preferred embodiments, calibration can also be initiated in response to a signal on a calibration input pin of the integrated circuit, and the
duration of the delay can be derived from a reference (e.g., by charging an external capacitor with it) or from the duration of a calibration
operation. Circuitry can be provided to automatically place the circuit in an operating mode upon power-up that keeps the integrated circuit
in shutdown mode when it is not converting or calibrating.
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POWER-UP CALIBRATION OF CHARGE REDISTRIBUTION
ANALOG-TO-DIGITAL CONVERTER

Field of the I i
This application relates to calibration of analog-to-digital converters, and more

particularly to circuitry that automatically initiates calibration of a charge redistribution

~ analog-to-digital converter on start up, once it has reached its normal operating conditions.

Background of the Invention

It is known to construct charge redistribution analog-to-digital converters (ADC's) '
using integrated circuit technology. These integrated ADC's trap a charge proportional to the
analog voltage to be measured, and then gauge the amount of charge trapped by testing it
against differently-sized capacitors in an array. They tend to remain linear over their
operating temperature range because the capacitance of capacitors made using integrated
circuit technology usually does not to vary much in response to temperature changes. In
addition, because the capacitors are in parallel, only differences in their temperature
coefficients will affect linearity, and these differences can be significantly reduced by closely
integrating the arrays.

These performance characteristics are not usually available immediately after supplying
power to the part. Typically, the part must be allowed to settle before it reaches normal
operating conditions, which can be defined as a state where the device operates consistently
within a certain range of performance parameters, such as accuracy, linearity, or offset ranges.
Before the part reaches this condition, its performance is affected by transient effects within
the part, such as the charging of capacitors, or possibly the warming of circuit components.

It is known to provide calibration circuitry for these converters to compensate for

manufacturing tolerances, drifts, or the like. For example, the calibration circuitry can

_ include a switched array of capacitors that acts like a variable capacitor. This type of array

can be connected in parallel with a capacitor in the ADC to allow adjustment of the total
capacitor capacitance until it reaches a desired value. Typically, initiating a calibration
operation involves asserting a signal on a calibration control pin, or providing a calibration
command to a control register within the part via the part's bus interface, and calibration is
usually not initiated until the part has been powered up for a certain interval, to allow the

converter to reach its normal operating conditions.
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Analog-to-digital converters can also include "shutdown" circuitry, which reduces
power consumption to a minimum. When the converter is in shutdown mode, the analog
circuitry in the converter receives only very small leakage currents. Upon returning from
shutdown mode to normal operation, the ADC circuitry should generally be allowed to again

reach normal operating conditions before relying on conversion values, to ensure accurate

results.

Present converters usually require that the system designer provide circuitry and/or
software that initiates power-up calibration. In addition, if the user intends to immediately
place the part in shutdown mode after power-up, the user must typically first initiate

calibration of the part and then provide a shutdown command to the part.

Summary of the Invention

Generally, the invention features using a power-up delay circuit on an analog/digital
converter integrated circuit (i.e., an analog-to-digital converter or a digital-to-analog
converter) to generate a signal delayed from power-up, and initiating a calibration of the
converter upon detecting the delayed signal. In preferred embodiments, calibration can also
be initiated in response to a signal on a calibration input pin of the integrated circuit, and the
duration of the delay can be derived from a reference (e.g.. by charging an external capacitor
with it) or from the duration of a calibration operation. Circuitry can be provided to
automatically place the circuit in an operating mode upon power-up that keeps the integrated
circuit in shutdown mode when it is not converting or calibrating.

The circuitry according to the invention is advantageous in that the system that
incorporates it does not have to provide a power-up calibration command. In addition, the
user may benefit from an automatic shutdown on power-up mode, which further reduces
system requirements. The circuitry therefore permits the user to obtain the advantages of a
calibrated charge-redistribution ADC without having to allocate as much design time or
system resources to calibration issues as might otherwise be required. If desired, the user may
even be able to ignore calibration issues altogether, and think of a thus-calibrated ADC as a
low power, high accuracy black box that simply supplies digital voltage values at its output.

By providing power-up calibration control circuitry on-chip, the power-up delay can be
determined by circuitry that is influenced by the same factors as the converter itself. The

power-up delay can therefore be closely matched to the time required for the converter to
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reach normal operating conditions. This allows the circuit to become operable as quickly as

possible, without sacrificing accuracy.
In one embodiment of the invention, there need be no external calibration pin at all,

which can reduce both converter circuit costs and system costs.

Brief Description of the Drawi

FIG. 1 is a schematic diagram illustrating a charge redistribution analog-to-digital

converter integrated circuit with power management and power-up control circuity according

to one embodiment of the invention;

FIG. 2 is a schematic diagram of a one-shot circuit for use in the power-up control
circuit of FIG. 1;

FIG. 3a is a waveform diagram presenting the voltage at the buffer input in the
power-up circuit of FIG. 1 during power-up;

FIG. 3b is a waveform diagram presenting the voltage at the buffer output in the
power-up circuit of FIG. 1 during power-up;

FIG. 3c is a waveform diagram presenting the voltage at the first one-shot output in the
power-up circuit of FIG. 1 during power-up;

FIG. 3d is a waveform diagram presenting the voltage at the second one-shot output in
the power-up circuit of FIG. 1 during power-up;

FIG. 4a is a more detailed view of the voltage of FIG. 3a over a shortened range;

FIG. 4b is a more detailed view of the voltage of FIG. 3b over a shortened range;

FIG. 4c is a more detailed view of the voltage of FIG. 3¢ over a shortened range;

FIG. 4d is a more detailed view of the voltage of FIG. 3d over a shortened range;

FIG. 5 is a schematic of an alternative power-up control circuit according to the
ihvention for use in the integrated circuit of Fig. 1;

FIG. 6a is a timing diagram illustrating the power-up reset signal produced for the
circuit of FIG. 5 during power-up;

FIG. 6b is a timing diagram illustrating the conversion start signal produced for the
circuit of FIG. 5 during power-up;

FIG. 6¢ is a timing diagram illustrating the calibration in progress signal produced for
the circuit of FIG. 5 during power-up; |

FIG. 6d is a timing diagram illustrating the end of calibration signal produced for the
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circuit of FIG. 5 during power-up;

FIG. 6¢ is a timing diagram illustrating the calibration control signal produced by the
circuit of FIG. 5 during power-up;

FIG. 6f is a timing diagram illustrating the signal produced by the first latch circuit of
FIG. 5 during power-up;

FIG. 6g is a timing diagram illustrating the signal produced by the second latch circuit
of FIG. 5 during power-up; and

FIG. 7 is a schematic diagram of the power management control circuit of the

integrated circuit of FIG. 1.

Referring to Fig. 1, an analog-to-digital converter integrated circuit (IC) 10 includes a
charge redistribution ADC circuit 12, a calibration circuit 14, a bus interface 15, a power-up
calibration control circuit 16, and a power management circuit 18. The ADC circuit and
calibration circuit can be designed in accordance with commonly-assigned copending
applications entitled "LOW VOLTAGE CMOS COMPARATOR," filed April 29, 1994 under
serial no. 08/235,557; "LOW VOLTAGE CMOS ANALOG-TO-DIGITAL CONVERTER,"
filed April 29, 1994 under serial no. 08/236,509; and "CHARGE REDISTRIBUTION
ANALOG-TO-DIGITAL CONVERTER WITH SYSTEM CALIBRATION," filed April 29,
1994 under serial no. 08/235,087.

The ADC circuit 12 is operatively connected to an analog input pin 24, as well as to the
bus interface 15, which has one or more bidirectional digital bus lines operatively connected
to a series of digital bus lines 22. As is well known, the ADC circuit provides digital
representations of the analog voltage measured at the analog input pin on the bus output lines
of the bus interface. As is also well known, the bus lines are connected to an IC command

register 11 in the bus interface, which allows the part to exchange status and control

. information with a microprocessor (not shown), under the control of a read/write line 29.

Other types of interfaces, such as a serial interface with two unidirectional data lines, could of
course be used instead.

The calibration circuit 14 can include several switched arrays of capacitors that act as
variable capacitors. These variable capacitors can be connected in parallel with different

capacitors in the ADC circuit 12 to adjust the total capacitances. The calibration circuit can
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be used to calibrate the gain, offset, and/or linearity of the converter. Other types of
calibration circuitry may also be used, such as adjustable resistors or gains. For some more
detailed information about calibration of charge-redistribution analog-to-digital converters,
the reader may consult the above-referenced copending applications.

The power management circuit 18 manages the use of power received from the IC's
positive analog voltage supply pin 23. It includes a reference circuit 26, as well as a power
management control circuit 150, which is operatively connected to control inputs of a
shutdown circuit 17 and a standby circuit 19. The shutdown circuit includes switching
circuitry that can stop the flow of power to substantially all of the analog circuitry on the IC
10, leaving only a small leakage current from the voltage supply. The standby circuit
similarly includes switching circuitry that shuts down most of the analog circuitry on the IC,
but it leaves a reference 26 in a powered-up state.

The reference 26 is a band-gap voltage reference circuit with several associated current
supply outputs. It supplies a reference voltage to the ADC circuit 12, as well as various bias
currents. The reference voltage can be supplied by a high-impedance internal band-gap
reference circuit 13, or this reference can be overdriven by an external reference at a reference
input pin 21 on the IC 10. In an alternative embodiment of the invention, there is a reference
out pin and a reference in pin, so that the external reference does not need to overdrive the
internal reference.

The power-up control circuit 16 preferably includes a resistor 28 with a first lead
operatively connected to one of the current sources in the reference 26, to the drain of a hold
transistor 27, and to the input of a TTL-compatible input buffer 30. The second lead of the
resistor is connected to protection diodes (not shown) and a calibration input pin 32, which is
designed to be connected to an external calibration capacitor 34. The source of the hold
transistor is operatively connected to‘ the positi\{e analog voltage supply pin 23, while its gate
is operatively connected to a control output of the shutdown circuit. The output of the
TTL-compatible input buffer 30 is operatively connected to a one-shot 36, which has first and
second outputs 38, 40 that are operatively connected to control inputs of the célibration circuit
14.

Referring to Fig. 2, the input 31 to the one-shot 36 is operatively connected to a first
input of a NAND gate 42 and to the input of a first inverter 44. The output of the first

inverter is operatively connected to the input of a second inverter 46, and the output of the
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second inverter is operatively connected to the input of a third inverter 48, as well as to
ground via a first capacitor 54. The output of the third inverter is operatively connected to the
second input of the NAND gate 42 and to the input of a fourth inverter 50. The output of the
fourth inverter is operatively connected to the input of a fifth inverter 52, and to ground via a
second capacitor 56. The output of the NAND gate acts as the first output 38 of the one shot.
The output of the fifth inverter acts as the second output 40 of the one-shot.

' In operation, referring to Figs. 1-4, the user can connect an external capacitor 34
between the calibration pin 32 and ground. By doing so the user defines the nominal length
of a delay between power-up of the IC 10 and the start of calibration. For example, a ten
nanofarad capacitor generates a minimum nominal delay of approximately 60 milliseconds.

Upon applying power to the converter IC 10, a current source in the reference 26 will
supply current through the resistor 28 to charge the external capacitor 34. This will cause the
voltage 60 at the input of the buffer 30 to increase at a rate determined by the time constant of
the current output of the reference current source and the capacitance of the capacitor. This
voltage is limited by the supply voltage 62.

When the rising voltage 60 reaches the low-to-high threshold voltage of input buffer
30, its output voltage 64 makes a transition 66 from a logic low to a logic high. This
transition causes the one-shot 36 to generate a pulse 68 in its output signal 70 on the first
output line 38. After this pulse, the output signal 72 on the second output of the one shot
makes a transition 74 from a logic high to a logic low. The pulse on the first output of the one
shot serves as a calibration start pulse, and initiates calibration of the analog to digital
converter integrated circuit 10 by the calibration circuit 14. The state of the second output
indicates whether the calibration start pulse has yet been provided to the calibration circuit.

The one-shot 36 produces the signals 70, 72 at its first and second outputs 38, 40 as

follows. When the low-to-high transition 66 occurs in the output voltage 64 on the output 31

of the buffer 30, it reaches the first input of the NAND gate 42 immediately, but it is inverted
and delayed by the first, second, and third inverters 44, 46, 48, and the first capacitor 54
before it reaches the second input of the NAND gate. During this propagation interval, the
NAND gate produces the output pulse 68 in the voltage at the first output of the one-shot.
The inverted transition at the output of the third inverter 48 is further delayed by the fourth
and fifth inverters 50, 52 and the second capacitor 56 before reéulting in the high-to-low

transition 74 in the output signal at the second output 40 of the one-shot.
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In short, when the user provides power to the converter integrated circuit 10, a delay
interval begins, at the end of which the calibration circuit 14 is activated. By choosing an
appropriate value for the external capacitor 34, this interval can be defined to be sufficiently
long to allow the reference 26 to reach its normal operating conditions. Since the circuitry in
the charge redistribution integrated circuit can be designed to be relatively temperature
insensitive and the reference usually drives a relatively large capacitance in this type of
integrated circuit, the settling of the reference can be made to be the primary source of error
before the part has reached its normal operating conditions.

The rate at which the reference 26 settles is related to the magnitude of the current
flowing through the reference. Because the current used to charge the external capacitor 34 is
derived from the reference, the rate of charging of this capacitor will track the rate at which
the reference reaches normal operating conditions. Conditions that might delay the reference
reaching operating conditions, such as uneven ramp-up of the supply voltage, will also slow
the charging of the external capacitor and result in a delay that is longer than normal. This
matching effect allows a capacitor to be used that minimizes the time in which the integrated
circuit is ready to perform conversions, while still ensuring that the reference is at its normal
operating conditions before calibration.

If an external reference is used, its output voltage and/or output impedance may be
different from those of the internal reference, and the external capacitor 34 can be matched to
those characteristics. For example, a reference with a lower output impedance may be able to
charge capacitors in the IC 10 more quickly and thereby reach normal operating conditions
sooner. This would allow the user to provide a smaller external capacitor for the power-up
calibration control circuit. Since charging current for the external capacitor is derived from
the external reference, the charging of the capacitor may also exhibit some tracking of the
conditions at the reference during power-up, as described above.

Users who do not wish to use the automatic power-up feature of the integrated circuit
10 can omit the external capacitor 34 and provide a TTL-compatible input signal to the
calibration pin 32. With this configuration, the user can use hardware signals to determine
when calibration occurs. If desired, the user can instead combine the techniques by leaving
the external capacitor 34 in place and also providing a TTL compatible output on the
calibration pin 32, which output is capable of operating in the presence of the external

capacitor. Using this approach, the user will obtain the benefits of automatic power-up
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calibration, while retaining the ability to cause the integrated circuit to perform its calibration
operation under hardware control.

The hold transistor 27 is provided to prevent the external capacitor 34 from discharging
when the IC 10 enters shutdown mode. It bypasses the shutdown circuit 17 to keep the
external capacitor in operative connection with the positive analog supply pin 23. Itis
observed that the bus interface can receive power through a separate positive supply pin 25,
so a microprocessor can still communicate with the IC when it is in shutdown mode.

Referring to Figs. 5-6, an alternative control circuit 80 to the automatic power-up
control circuit 16 of the first embodiment 10 is presented. This alternative power-up circuit
does not require an external calibration pin, so it does not rely on a dedicated external
capacitor. Normally, however, this circuit will have a periodic conversion start signal 130
available, or the user will be able to ignore the converter digital ouput during calibration
operations. A power-up reset signal, which is asserted on a power-up reset line 96 just after
power is applied to the IC, is also made available.

The alternative power-up control circuit 80 includes a first inverter 82 operatively
connected to an optional calibration pin 84. The output of this inverter is operatively
connected to one of three inputs of a first NOR gate 86, with the remaining two inputs being
used for an end of calibration signal 88 from the calibration circuit 14 and a write control
register signal line 90. The output of the first NOR gate 86 is operatively connected to the
reset input of a first R-S latch made up of first and second NAND gates 92, 94, and the
power-up reset line 96 is provided to the set input of this latch. The reset output 98 of the
latch is operatively connected to a first input of a third NAND gate 100. The second input of
this third NAND gate receives a brief start of calibration signal on a start-up calibration line
102 from the calibration circuit. _

The output of the third NAND -gate 100 is operatively connected to one of two reset
inputs of a second R-S latch made up of fifth and sixth NAND gates 104, 106. The other
reset input to this latch is from the output of a second NOR gate 108. This second NOR gate
108 has inputs operatively connected to the output of the first inverter 82 and the write control
register signal line 90. The power-up reset line 96 is operatively connected to the set input of
the second R-S latch. The set output of the first R-S latch (see signal 140 in FIG. 6f) and the
set output of the second R-S latch (see signal 142 in FIG. 6g) are each operatively connected

to an input of a third NOR gate 110. The output of the third NOR gate is operatively
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connected to a fourth NOR gate 112, which also receives the conversion start line 116 and a
calibration in progress line 114.

The output of the fourth NOR gate 112 is operatively connected to a second inverter
118, and its output is operatively connected to the first input of a sixth NAND gate 120,
which is also operatively connected to the optional calibration pin input line 84. The output
of the sixth NAND gate is operatively connected to a third inverter 122, and the output of the
third inverter supplies the first calibration command signal 140 to the calibration circuit 14.
Note that a second signal output akin to the second output 40 of the one-shot 30 in Fig. 1-2 is
not shown, but that one skilled in the art could readily devise circuitry to provide it.

In operation, shortly (i.e., a few microseconds) after the IC receives power, the
power-up reset signal 124 on the power-up reset line 96 makes a low-to-high transition 126.
This sets both of the latches. A first conversion start pulse 128 on the conversion start line
116 then propagates through to the output of the third inverter 122, where it serves as a
calibration start pulse 138 which initiates a first calibration. This calibration takes
approximately 32 milliseconds, which provides sufficient time for the reference to settle. At
the end of this calibration, the calibration circuit proVides a pulse 136 in the end of calibration
signal 134 on the end of calibration line 88. This pulse resets the first latch (edge 144).

The next conversion start pulse 129 then initiates a second calibration. This overwrites
any results stored from the first calibration and provides accurate results, since the reference
voltage has now settled. When the calibration circuit begins this second calibration, it
provides a start of calibration signal on the start of calibration line 102, and this resets the
second latch (edge 148).

If a write control register signal is provided on the write control register signal line 90
during operation of the power-up circuit 80, it will stop the power-up calibration sequence.
This will allow a user to perform a conversion, even though it may be inaccurate, immediately
after power-up of the circuit. The write register signal reflects any writing to the control
register, and can be derived from the read/write line 29.

The calibration circuit 14 needs to generaté four status signals for the alternative
power-up control circuit 80. These include the start of calibration signal, the end of
calibration signal 134, and the calibration in progress signal 132. The circuitry used to derive
these signals is not shown, so as not to obfuscate the invention, as its design would be

straightforward to one of skill in the art. The power-up reset signal 126 can be generated by a
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small on-chip delay circuit. The optional calibration pin 84 can be used to initiate a
calibration either during operation of the power-up control circuit, or thereafter.

Other power-up circuits could be used instead of the ones presented above. For
example, the power-up delay could be determined by an on-chip counter, or other on-chip
circuitry. Such circuitry can be designed to match the settling characteristics of the reference.

Referring to FIGS. 1 and 7, a power management circuit 150 for use in connection with
the automatic power-up circuit of FIG. 1 is shown. This power management control circuit
includes a first NOR gate 156 operatively connected to a line 151 that receives an inverted
version of the signal on the calibration pin 32 of the IC 10, a calibration started signal line
152 from the calibration circuit 14, and an ADC busy signal line 154 from the ADC 12. A
second NOR gate 158 also receives the ADC busy signal line as well as a convert start signal
160 from the control register 11.

A first NAND gate 162 is operatively connected to the output of a first inverter 164,
which has an input operatively connected to the sleep pin 20. The first NAND gate is also
operatively connected to the output of a second inverter 166, which has an input operatively
connected to the ninth control bit 168 in the control register 11. The first NAND gate is
further operatively connected to the output of a third inverter 170, which has an input
operatively connected to the eighth control bit 172 in the control register. The output of the
first NAND gate 162 is operatively connected to an input of a second NAND gate 174. A
third NAND gate 176 has inputs operatively connected to the output of the third inverter 170,
as well as the ninth control bit 168. Its output is operatively connected to the second NAND
gate.

A fourth NAND gate 178 is operatively connected to the output of the second NOR gate
158, the eighth control bit 172, and the ninth control bit 168. Its output acts as a stand-by
control line 180, which instructs the stand-by circuit 19 to enter stand-by mode. The output
of the second NAND gate 174 is operatively connected to a fourth inverter 182, and the
output of the fourth inverter 182 is provided as an inverted shutdown output 184 which
instructs the stand-by circuit to enter shutdown mode. A fifth inverter 186 operatively
connected to the inverted shutdown ouput provides as its output a noninverted shutdown
control line 188.

In operation, the power management logic 150 implements the following modes.
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CR9 CR8 SLEEPPIN Function

0 0 0 Shutdown if Not (Calibrating +
Converting)

Normal operation

Normal operation (Independent of sleep
pin)

Shutdown

Standby mode if Not (Converting)

0

(=]
—

K X

Tablel

The first two lines of Table 1 show the default mode for the IC 10. The integrated
circuit enters this state upon power-up, or when the eighth bit CR8 and the ninth bit CR9 of
the control register are both set to zero. If the sleep pin is held high in this state, the circuit
will operate normally. If the sleep pin is tied low, however, the integrated circuit will enter
shutdown mode if it is not calibrating or converting.

This mode is particularly useful where power consumption is an important
consideration, and where conversions are not performed constantly. Because it is the default
mode, the user can just leave the sleep pin low and does not need to program the eighth and
ninth control register bits at power-up. This allows the user to treat the integrated circuit like
a low-power black box that simply provides digital values, but which takes full advantage of
calibration and shutdown circuits.

By setting CR9 to zero and CRS8 to one, the IC will assume normal operation
independent of the state of the sleep pin (line three of table I). Setting CR9 to one and CR8 to
zero, will direct the IC to shut down completely until a further control command is received
(line four of table I). In this state, only a small leakage current is consumed.

If the user sets both CR9 and CRS to one, the device enters stand-by mode, when it is
not performing conversions. In standby-mode, the reference is left on, but much of the
remaining analog circuitry is starved of current. This stand-by mode consumes more power
than the shutdown mode, but because the reference is left running, conversions can be started
again more quickly than they could be from shutdown mode, although not as quickly as they
would if the part were to remain in normal operation.

It is contemplated that similar power management circuitry to that shown in FI1G. 7

could be used with the power-up circuitry of FIG. 5. It is also contemplated that the
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principles of the invention could be applied to the other type of analog/digital converters,
digital-to-analog converters (DAC's). Furthermore, the principles of the invention can also be
used in calibrated analog/digital converters that employ other conversion techniques, such as
resistive ladder converters.

While there have been shown and described what are at present considered the
breferred embodiments of the present invention, these embodiments are illustrated by way of
example only. It will be obvious to those skilled in the art that various changes and

modifications may be made therein without departing from the scope of the invention as

defined by the appended claims.
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What is claimed is:

1. An analog/digital converter integrated circuit, comprising:

an analog/digital converter circuit having a power supply input port, an analog signal

_port, and a digital data port,

a calibration circuit having a calibration initiation control input and being operatively
connected to the analog/digital converter circuit, and
a power-up delay circuit operatively connected to the initiation control input of the

calibration circuit.

2. The analog/digital converter integrated circuit of claim 1 further including an
external power-up capacitor pin and wherein the power-up delay circuit is operatively

connected to an external power-up capacitor pin.

3. The analog/digital converter integrated circuit of claim 1 further including a
reference circuit, and wherein the analog/digital converter circuit further has a reference input
operatively connected to the reference circuit, and wherein the power-up delay circuit is

operatively connected to the reference.

4. The analog/digital converter integrated circuit of claim 3 wherein the analog/digital
converter circuit is a charge-redistribution analog-to-digital converter, wherein the analog

signal port is an analog input pin, and wherein the digital data port is a digital data ouput port.

5. The analog/digital converter integrated circuit of claim 4 further including a power
control circuit for automatically placing the circuit in an operating mode upon power-up that

keeps the integrated circuit in shutdown mode when the IC is not converting or calibrating.

6. The analog/digital converter integrated circuit of claim 3 wherein the reference
circuit includes an on-chip voltage reference and an on-chip bias current source, and wherein

the power-up delay circuit is operatively connected to the on-chip bias current source.
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7. The analog/digital converter integrated circuit of claim 6 wherein the power-up
delay circuit is operatively connected to the on-chip bias current source, and wherein the
analog/digital converter circuit is a charge-redistribution analog-to-digital converter, wherein
the analog signal port is an analog input pin, and wherein the digital data port is a digital data

ouput port.

8. The analog/digital converter integrated circuit of claim 7 further including a power
control circuit for automatically placing the circuit in an operating mode upon power-up that

keeps the integrated circuit in shutdown mode when the IC is not converting or calibrating.

9. The analog/digital converter integrated circuit of claim 3 wherein the reference

circuit includes an external reference pin.

10. The analog/digital converter integrated circuit of claim 1 wherein the analog/digital
converter circuit is a charge-redistribution analog-to-digital converter, wherein the analog

signal port is an analog input pin, and wherein the digital data port is a digital data ouput port.

11. The analog/digital converter integrated circuit of claim 1 wherein the calibration

circuit includes status outputs operatively connected to the power-up delay circuit.

12. The analog/digital converter integrated circuit of claim 7 wherein the power-up

delay circuit includes a pair of latches operatively connected to the status outputs.

13. The analog/digital converter integrated circuit of claim 8 wherein the power-up
delay circuit is constructed and adapted to operate without any external calibration pin on the

integrated circuit.

14. The analog/digital converter integrated circuit of claim 13 further including a

power control circuit for automatically placing the circuit in an operating mode upon

power-up that keeps the integrated circuit in shutdown mode when the IC is not converting or

calibrating.
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15. The analog/digital converter integrated circuit of claim 1 wherein the power-up
delay circuit is constructed and adapted to operate without any external calibration pin on the

integrated circuit.

16. The analog/digital converter integrated circuit of claim 1 further including a power
control circuit for automatically placing the circuit in an operating mode upon power-up that

keeps the integrated circuit in shutdown mode when the IC is not converting or calibrating.

17. A method of calibrating an analog/digital converter integrated circuit, comprising:

providing power to the analog/digital converter integrated circuit,

generating a delayed signal, said signal being delayed from the occurrence of the step
of providing power by a power-up delay circuit on the integrated circuit, and

initiating a calibration of the analog/digital converter upon detecting the delayed signal

generated in the generating step.

.18. The method of claim 17 further including the step of deriving a reference on the
integrated circuit, and wherein the step of generating a delayed signal includes the step of

deriving the duration of the delay from the reference derived in the deriving step.

19. The method of claim 17 wherein the step of generating a delay generates a delay

that is nominally less than about 30 miliseconds in length.

20. The method of claim 17 further including the step of initiating a calibration in
response to a signal external to the integrated circuit on a calibration input pin of the

integrated circuit.

21. The method of claim 17 further including the step of placing the integrated circuit
into an operating mode upon power-up that keeps the integrated circuit in shutdown mode
except when it is converting or calibrating without receiving an external command instructing

the integrated circuit to enter the operating mode.

72 The method of claim 21 wherein the step of generating a delay derives the duration
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of the delay from a duration of a calibration operation.

23. The method of claim 22 wherein the step of calibrating the converter includes the
step of adjusting the capacitance of a capacitor in the converter using a switched array of

capacitors.

74. The method of claim 17 wherein the step of generating a delay derives the duration

of the delay from a duration of a calibration operation.

25 The method of claim 17 wherein the step of generating a delay includes a step of
charging a capacitor external to the integrated circuit, and wherein the step of generating the

delay derives the duration of the delay from the charging step.

26. The method of claim 25 further including the step of deriving a reference on the
integrated circuit, and wherein the step of generating a delayed signal includes the step of
deriving the duration of the delay from the reference derived in the deriving step, and further
including the step of initiating a calibration in response to a signal external to the integrated

circuit on a calibration input pin of the integrated circuit.

27 The method of claim 26 further including the step of placing the integrated circuit
into an operating mode upon power-up that keeps the integrated circuit in shutdown mode
except when it is converting or calibrating without receiving an external command instructing

the integrated circuit to enter the operating mode.

78 The method of claim 27 wherein the step of calibrating the converter includes the
step of adjusting the capacitance of a capacitor in the converter using a switched array of

capacitors.

79 The method of claim 11 wherein the step of calibrating the converter includes the
step of adjusting the capacitance of a capacitor in the converter using a switched array of

capacitors.
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30. A circuit for calibrating an analog/digital converter integrated circuit, comprising:
means for providing power to the analog/digital converter integrated circuit,
power-up delay means on the integrated circuit for generating a signal delayed from
power-up of the integrated circuit, and
means responsive to the power-up delay means for initiating a calibration of the

analog/digital converter upon detecting the delayed signal.

31. The circuit of claim 30 further including means for deriving a reference on the
integrated circuit, and wherein the power-up delay means includes means for deriving the

duration of the delay from the means for deriving a reference.

32. The circuit of claim 30 wherein the means for initiating a calibration further
includes means for initiating a calibration in response to a signal external to the integrated

circuit on a calibration input pin of the integrated circuit.

33. The circuit of claim 30 further including means for placing the integrated circuit
into an operating mode upon power-up that keeps the integrated circuit in shutdown mode
except when it is converting or calibrating without receiving an external command instructing

the integrated circuit to enter the operating mode.

34. The circuit of claim 33 wherein the power-up delay means includes means for

deriving the duration of the delay from a duration of a calibration operation.

35 The circuit of claim 34 further including means responsive to the power-up delay
means for calibrating the converter, which means for calibrating includes means for adjusting

the capacitance of a capacitor in the converter using a switched capacitor array means.

36. The circuit of claim 30 wherein the power-up delay means includes means for

deriving the duration of the delay from a duration of a calibration operation.

37. The circuit of claim 30 wherein the power-up delay means includes means for

charging a capacitor external to the integrated circuit, and wherein the power-up delay means
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includes means for deriving the duration of the delay from the means for charging.

38. The circuit of claim 37 further including means for deriving a reference on the
integrated circuit, and wherein the power-up delay means includes means for deriving the
duration of the delay from the means for deriving a reference, and wherein the means for
initiating a calibration further includes means for initiating a calibration in response to a

signal external to the integrated circuit on a calibration input pin of the integrated circuit. -

39. The circuit of claim 38 further including means for placing the integrated circuit
into an operating mode upon power-up that keeps the integrated circuit in shutdown mode
except when it is converting or calibrating without receiving an external command instructing

the integrated circuit to enter the operating mode.

40. The circuit of claim 39 further including means responsive for the power-up delay
means for calibrating the converter, which means for calibrating includes means for adjusting
the capacitance of a capacitor in the converter using a switched capacitor array means.

41. The circuit of claim 30 further including means responsive to the power-up delay
means for calibrating the converter, which means for calibrating includes means for adjusting

the capacitance of a capacitor in the converter using a switched capacitor array means.
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