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Sigma-Delta Calibration Technique

input voltages and a “negative full scale” input is used to generate a gain correction coefficient for negative input voltages.

Introduction
While the analog modulator is critically important in determining
accuracy of a sigma delta ADC, digital calibration techniques are
essential for reducing offset and gain errors, as well as improving
linearity. Intersil sigma delta analog to digital converters use a
unique three point calibration technique (patent pending) which
minimizes offset error and supports unique gain correction factors for positive and negative voltages, thus improving linearity.
The following is a brief description of how the calibration coefficients are generated and applied. In addition, range detection
and data coding are discussed. This document applies to both
the HI719X and HI718X family of sigma delta ADCs.

When generating calibration coefficients, the input to the modulator may come from an external system input to the device or it
can be generated internally. System calibration coefficients are
generated by using the system inputs to the converter. System
calibration allows the user to correct both system component
and converter offset and gain errors at one time. Self calibration
coefficients are generated by internally configuring the inputs to
the modulator while disconnecting the external system inputs.
Self calibration compensates for the converters internal offset
and gain errors. The HI719X and HI718X products support various calibration modes, including system and self calibration
operations. See the specific product data sheet for details.

The block diagram of Figure 1 is a simplified sigma delta converter with emphasis on the calibration functions. The sigma
delta modulator produces a 1-bit data stream that is digitally filtered. The one’s density of this data stream within a given period
of time provides a digital representation of the analog input at the
modulator. The digital filter output is calibrated by subtracting offset and correcting for gain error. Over and under range conditions are checked before the calibrated data is coded and stored
in memory.

During offset calibration, the “zero scale” voltage is supplied to
the input of the converter. After converting this input, the Offset Correction Register is updated with the digital filter output,
which is the offset correction factor. The Offset Correction
Register contains a two’s complement number that can be
positive or negative, depending on the offset correction
required.
During positive gain calibration, the “positive full scale” voltage
is supplied to the input of the converter. After completing a
conversion, the Positive Gain Coefficient Register is updated
with offset corrected data for this voltage. This data is a positive two’s complement number which is used to calculate a
gain correction factor for all positive input voltages.

Calibration Coefficient Generation
A complete calibration requires the calibration logic to record
conversion results under three different input conditions. A “zero
scale” input is used to eliminate offset error, a “positive full scale”
input is used to generate a gain correction coefficient for positive
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FIGURE 1. SIMPLIFIED CONVERTER BLOCK DIAGRAM
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During negative gain calibration, the “negative full scale” voltage
is supplied to the input of the converter. After completing a conversion, the Negative Gain Coefficient Register is updated with
offset corrected data for this voltage. This data is a negative
two’s complement number which is used to calculate a gain correction factor for all negative input voltages.
The order of the gain coefficient generation is not important but the
offset coefficient must be generated before either of the gain coefficients. For proper calibration, the gain coefficients must have offset
error removed before storage in memory. The flow chart below
describes a proper method for generating the converter calibration
coefficients using the system inputs.
CALIBRATION
ROUTINE

Calibrating Conversion Results
In normal operating mode, every conversion is followed by a
data calibration phase. Data calibration is as follows:
1. Offset is subtracted.
2. The polarity of the offset corrected data is determined and
the proper gain correction factor is generated.
3. The offset calibrated data is multiplied by the gain correction
factor generated in step two. This completes gain calibration.
4. The offset corrected data is checked for over or under range
error before final coding (two’s complement, offset binary
or, in unipolar mode, binary).
The calibrated, coded data is stored in memory and the user is
notified of a completed conversion via an output interrupt signal.
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Offset Calibration
Offset Calibration is a simple two’s complement subtraction.
Each conversion has offset error removed by subtracting the
contents of the Offset Correction Register from the digital filter
output.
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The gain correction factor is generated via the divider (N/D)
shown in Figure 1. After offset calibration has been completed,
the converter determines which gain coefficient to use for generation of the gain correction factor. If the offset corrected data
is positive, the positive gain coefficient is the denominator
when determining the gain correction factor. If the offset corrected data is negative, the two’s complement of the negative
gain coefficient is the denominator when determining the gain
correction factor.
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Gain calibration is a two step process. First, the proper gain
correction factor is generated. Then this factor is multiplied by
the offset corrected data, completing gain calibration.

NO

The input span (numerator), used to generate the gain correction factor is different for bipolar versus unipolar mode. In unipolar mode the calibration logic determines the gain correction
factor by dividing the total internal resolution of the converter
(2N) by the span between the zero scale and positive full scale
points. In bipolar mode the gain factor is determined by dividing one half the total internal resolution (2N-1) of the converter
by the span between the zero scale (bipolar midscale) and
full scale points.
In either unipolar or bipolar mode, the division result is the gain
correction factor and is multiplied by the offset corrected filter
output to calculate the proper digital output of the converter.
The gain correction factor is not permanently stored but is generated for each conversion. The Gain Correction Factor Register is not accessible via the serial interface.
Range Detection
In addition to the calibration process, the converter detects over
range above positive full scale and under range below minus full
scale conditions. Over or under range detection affects the output
data coding as described in the Data Coding section.
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Over range detection is identical for both bipolar and unipolar
operation. Over range is detected by comparing the offset corrected filter output to the positive gain coefficient. If the current
offset corrected filter value is greater than the positive gain
coefficient, an over range condition is detected.
In unipolar mode, under range is detected by sampling the sign
bit of the offset calibrated data. If the sign bit is logic 1, signifying
a negative voltage, an under range condition exists.
In bipolar mode, under range is detected by comparing the offset corrected filter output to the negative gain coefficient. If the
current offset corrected filter value is less than the negative
gain coefficient, an under range condition is detected.
Data Coding
The calibrated data can be obtained in one of various numerical codes depending on the bipolar/unipolar mode bit and the
two’s complement coding bit. In bipolar mode, if the two’s complement bit is true, the output is two’s complement. In bipolar
mode, offset binary coding is used when the two’s complement
coding bit is not true. In unipolar mode, only binary coding is
available and the two’s complement coding bit is a don’t care.
The output coding tables for the HI719X 24-bit family of products is shown below. VZS represents the applied zero scale
input during system calibration or is AGND if internal calibration was performed. VPFS represents the applied positive full
scale input during system calibration or is VREF if internal calibration was performed. VNFS represents the applied negative
full scale input during system calibration or is -VREF if internal
calibration was performed.
TABLE 1. BIPOLAR MODE OUTPUT CODES 24-BIT
TWO’S
COMPLEMENT
CODE

OFFSET
BINARY CODE

7FFFFF

FFFFFF

VPFS - 1.5 LSB

7FFFFF/7FFFFE

FFFFFF/FFFFFE

VZS - 0.5 LSB

000000/FFFFFF

800000/7FFFFF

VNFS + 0.5 LSB

800001/800000

000001/000000

800000

000000

INPUT VOLTAGE
>(VPFS - 1.5 LSB)

<(VNFS + 0.5 LSB)
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TABLE 2. UNIPOLAR MODE DATA OUTPUT CODES 24-BIT
INPUT VOLTAGE
>(VPFS - 1.5 LSB)

BINARY CODE
FFFFFF

VPFS - 1.5 LSB

FFFFFF/FFFFFE

VPFS/2 - 0.5 LSB

800000/7FFFFF

VZS + .5 LSB

000001/000000

<(VZS + 0.5 LSB)

000000

When the range detection logic determines an over range, the
converter output will clamp at the >(VPFS - 1.5 LSB) output as
described in Table 1 or 2. When the range detection logic
determines an under range, the converter output will clamp at
the <(VNFS + 0.5 LSB) output described in Table 1 or the
<(VZS + 0.5 LSB) output described in Table 2.

Additional Notes
The calibration logic can be effectively bypassed by writing the
Offset Correction Register to 000000 (hex) and the Gain Coefficient registers to 800000 (hex). This forces zero offset correction and a gain correction factor of 1.
The Offset Correction Register and the two Gain Coefficient registers are read/write accessible via the device serial interface.
The HI719X and HI718X products support an ability to ignore
the negative gain coefficient when generating the gain correction factor. Each product has the ability to use only the positive
gain coefficient when determining the gain correction factor.
This feature is not recommended, but has been included to
maintain compatibility with industry standard converters. In unipolar mode the negative gain coefficient is not used and does
not require generation.
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Notice
1.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by

5.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the

you or third parties arising from such alteration, modification, copying or reverse engineering.

product’s quality grade, as indicated below.
"Standard":

Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’s manual or
other Renesas Electronics document.
6.

When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7.

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9.

Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or
transactions.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.
(Note 1)

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2)

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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