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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of 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.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may 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.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, 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, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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1. Basic Principles of the Delta Sigma Architecture

1.1 Successive-Approximation-Type A/D Converters and AX A/D Converters

1.1.1 Successive-Approximation-Type A/D Converters

An A/D converter of the successive-approximation type measures voltage by comparing the values of the analog
voltage to be measured with a variable reference voltage generated by a D/A converter (DAC). The operation of an A/D
converter of this type can be summarized as follows.

1. The analog voltage to be measured is compared with the DAC's output, which is used as a central value.

2. The DAC's output is either increased or decreased (according to whether the analog value to be measured was
greater or smaller than the central value in the previous comparison) and again compared with the analog voltage.

3. The above step is repeated up to n + 1 times (resolution is assumed to be n bits) to complete the comparison.

This may be compared to measuring an object by using rulers with various lengths and determining which most closely
matches the length of the object to be measured.

Switch
E— O
—O
D/A 40\0—
Converter ' Comparator

—O
—O
— O

o

Analog voltage
to be measured

Figure 1.1 A/D Converter of the Successive-Approximation Type

1.1.2 AZ-Type A/D Converter

In an A/D converter of the delta-sigma (AX) type, the voltage to be measured is sampled and integrated. It is then
compared with a constant reference voltage and converted to digital values. This is similar to measuring the length of an
object by counting the number of 1-cm units and then multiplying the result by 1 cm. Since this method of analog-to-
digital conversion includes both differentiation and integration, it is called the delta-sigma (or sigma-delta) technique.

Al [ T R A R R R R R

(analog input) A
T T S T SN S N S S N Integration
0123456 7 8 910111213 14

. Vref

Ai integration
(analog input)

P U v !

0 3 4 5 6 7 8 9 10 11 12 13 14
Differentiation

Do 1|—||—||—||—|

(digital output) ' [
0

01 2 3 456 7 8 9 1011 12 13 14
SC (sampling-clock cycle)

Figure 1.2 Principle of a AX-Type A/D Converter
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1.2 Overview of the AX A/D Converter

1.2.1 Measurement of Direct Current Voltage

Let us suppose we are measuring a direct current (DC) voltage, and start by comparing the analog input (Ai) with an
external reference voltage (Vref). Other relevant considerations are ignored for simplicity.

e When SC = 1, the digital output is 1 since the voltage being compared with the analog input was 0 V when SC = 0
and 0 < Ai. A voltage Vref is then added to the reference voltage for use in comparison on the next sampling clock
(SC) cycle.

e When SC =2, Vref is compared with Ai. The digital output is 0 since Vref > Ai. The same voltage value is thus
used in the next round of measurement on the next SC cycle.

e  When SC =3, Vrefis again compared with Ai. The digital output is 0 since Vref > Ai. The same voltage value is
again to be used in the next round of measurement on the next SC cycle.

However many times the above procedure is repeated, the result will be a digital output made up of a single 1 for the
first measurement and successive Os for subsequent measurements, leaving the value of Ai unknown. Hence the next
step is to integrate Ai. The slope of the waveform produced by integration represents Ai.

AI 1 1 1 1 1 1 1 1 1 1 1 1 1 A
(analog input) T T T Ty Vref

01 2 3 45 6 7 8 9 10 111213 14

Do .

(digital outpu) |—| IEER I
7 T S T T S S N Integration
0123456 7 8 9 10111213 14
A Vref

Ai integration
(analog input)

9 10 11 12 13 14

N
(&)
oF--
~
oF----

Differentiation

)

Do 1 ' N nlm
(digital output) E |_| |_| |_|
0 U 1

01 23 456 7 8 9 101112 13 14
SC (sampling-clock cycle)

The same height

Ve ~

If the value of Ai integrated n times
is equal to m multiplied by Vref, then

._m
nAi < ' : > mVref Ai =~ Vref

\ Al _JL’ } Vref

Figure 1.3 Comparison of the Integrated Value and Vref
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Now, let us compare the integrated value with integer multiples of Vref as shown in figure 1.3.

e When SC = 1, Ai has only been integrated once and Vf remains at the same 0 V as it was before the integration. The
digital output is 1 since VTfis less than or equal to Ai and therefore Vref is added to the above 0-V voltage for use in
the next measurement.

e When SC =2, Ai has been integrated twice. Vfis compared with 2Ai. The digital output is now 0 since Vref > 2Ai.
The same voltage (Vref) is used in the next round of measurement.

e When SC =3, Ai has been integrated three times. VT (still at Vref) is compared with 3Ai. As we see in figure 1.3,
the digital output is 1 since Vref < 3Ai. Vrefis again added to the voltage for use in the next measurement (the
result being 2 Vref).

e When SC =4, Ai has been integrated four times. Thus 2Vref is compared with 4Ai. In figure 1.3, the digital output
is 0 since 2Vref > 4Ai. The same voltage (2Vref) is then used in the next round of measurement.

The above procedure is continued as required.

Al is periodically integrated and the resulting slope represents Ai. This representation of Ai is compared with Vf to
check the relation between the two values, with Vref being added to Vf as required. That is, Vfis compared with Ai
represented as a slope. Each increase in Ai produced by integration is smaller than Vref. For example, while Vfis at
Vref, this is compared with the integrated value of Ai until the latter has become greater. Another Vref unit is then
added to Vf, which is again compared with the integral of Ai. We can see how the accuracy is improved with repeated
sampling in this procedure. In other words, more samples correspond to greater accuracy.

Ai
(analog input)

Vf

01 2 3 45 6 7 8 9 10 1112 13 14
SC (sampling-clock cycle)

When SC = 1, Vfis the previous Vf (at SC = 0) + Vref.
Since Ai > Vf, the digital output is 1.

When SC = 2, Vfis the previous Vf (at SC = 1) + Vref.
Since Ai > Vf, the digital output is 1.

When SC = 3, Vfis the previous Vf (at SC = 2) + 0.
Since Ai < Vf, the digital output is 0.

When SC = 4, Vfis the previous Vf (at SC = 3) + 0.
Since Ai < Vf, the digital output is 0.

... etc.

Do 1 i [
(digital output) ! o

0123 4586 7 8 9 1011 12 13 14
SC (sampling-clock cycle)

Figure 1.4 Analog Input to and Digital Output from the A Modulator
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1.3 Advantages of the AX A/D Converter

1.3.1 Successive-Approximation-Type A/D Converter
e The speed of conversion is high and devices with lower resolutions are relatively cheap to implement.
e Obtaining N bits of resolution requires the inclusion of 21" on-chip resistors. When the resistors are formed of silicon,

the accuracy is limited due to manufacturing dispersal. This approach is thus not suitable for high resolution. This
limitation led to the need for a new method.

1.3.2 AX-Type A/ID Converter

e Converters of the AX type have lower conversion speeds than those of the successive-approximation type but higher
conversion speeds than converters of the double-integrating type.
e This method is suitable for high resolution.

Table 1.1 Comparison of Characteristics of Successive Approximation and AX Converters

Item Successive-Approximation Type AX Type

Method Sample and hold Sampling

Module size Large Fitting

Conversion time Fast (approximately 10 us Slow (32 us or more)
(H8S/2264) (H8/38086R)

High resolution No Yes

Frequency band Without constraint Depends on digital filter

Noise immunity Low High (noise shaping)
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2. AX A/D Converter

2.1 Configuration

A AX A/D converter consists of one or more integrators, a delta modulator, and a digital filter. Analog input signals are
modulated by the delta modulator into digital signals, the noise of which is then eliminated by the digital filter. The
signal produced by digital filtering is taken as the measured data.

Ai Do
(analog input) (digital output)

/\/—> A modulator

\

Digital filter |— Measured value

Figure 2.1 Configuration of a AX A/D Converter

2.2 A Modulator

The digital values output by the A modulator (see figure 2.2) are produced by comparing an analog input (Ai) with an
integrator output (Vf). The flow of operations is as follows.

1. The adder determines the difference between the integrator's output (Vf), i.e. the result of D/A-conversion and
integration of the digital output in the previous clock cycle, and the analog input signal (Ai).

2. The comparator compares the adder's output with 0 V, with the result that the comparator outputs a digital value of 1
if Ai> Vfor 0if Ai < Vf.

Latching comparator

N — [ UL
i
(analog input) Vf Do
CLK (digital output)
Integrator 1-bit DAC
J‘ < DAC
Vref

Figure 2.2 A Modulator

The above procedure is repeated to produce a stream of digital values that reflect the analog input. The operation of A
modulator is summarized as follows:

[Conversion]
The analog input is differentiated to produce the digital output.
[Disadvantages]

1. Direct current voltages cannot be converted.

2. Tt is susceptible to slope overload* and high-frequency signals are difficult to be converted with accuracy.

Note: * Slope overload means the situation where the signal rapidly changes by large amounts, and the change is
faster than the speed of integration.

[Countermeasure]

Integrate the analog input before it is input to the A modulator.

REJ05B0780-0200/Rev.2.00 September 2006 Page 7 of 161




’ z Super Low Power Series
u E N ESAS AY AID Converter User's Guide

2.3 AX Modulator (Integrator + A Modulator)

In order to achieve conversion of direct current voltage, an integrator is added to the input circuit of the modulator. The
unit that consists of a A modulator input circuit and an added integrator is called AX modulator. Since the two
integrators have been gathered into a single one as shown by the equation below, the integrator follows the adder.

‘rﬂ (x)dx +J‘f2(x)dx
= ‘l‘( f1(x) + f2(x) ) dx
= ‘rf(x)dx

A modulator
Integrator (1)~ ="""""7TTTTTTTTTT oo oo m e

NS |

Ai
(analog input) J‘ﬂ (x)dx

Latching comparator

UL

Do
(digital output)

CLK

I ~ DAC

i ntegrator (2)  1-bit DAC

‘ffz (X)dX Vref

Integrator  Latching

/\/ J' comparator
(D miii
(analog input) Vf ‘fﬂ (x)dx } Do
CLK (digital output)
1-bit DAC
DAC
First-order AX modulator
Vref

Figure 2.3 Input-Stage Integrator + A Modulator
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2.4 First- and Second-Order AX Modulators

The first-order AX modulator has a single integrator while the second-order AX modulator has two. The second-order

AX modulator has better performance in noise shaping than the first-order AX modulator.

Integrator  Latching
comparator

Ai -
(analog input) \%i
CLK (digital
1-bit DAC
DAC
Vref

output)

Figure 2.4 First-Order AX Modulator

— [ 1L
Do

(digital output)

Integrator Integrator Latching
comparator
Ai - -
(analog input) Vf Vf ; ,
CLK
1-bit DAC
e DAC
Vref

Figure 2.5 Second-Order AX Modulator
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2.5 Second-Order AX A/D Converter

The operation of the second-order A~ A/D converter is summarized as follows:

1. The analog input is integrated twice.

2. Itis also differentiated twice, one in each of two differential loops.
Although the differentiation is to be performed twice, the formulae have been expanded and consequently a single
comparator is provided for the circuit.

3. The signal remains recoverable because differentiation and integration are the inverse transfer functions of each
other. However, the above operation gives us a digital signal.

4. Digital filtering removes the noise introduced by sampling.

Integrator Integrator ~ Latching

comparator |-|_|-|_|-|_|—I-
/A\'/ C 'r C 'r :F Digital filter |—- Do '10110001010111"
i —_ —

(digital output)
(analog input) Vf Vf
Oversampling

CLK Sampling CLK
® 1-bit
Second-order AX modulator DAC
Vref

\ N J
e Y
Second-order A modulator Digital filter

Figure 2.6 Second-Order AX A/D Converter
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3. Filter

3.1 Digital Filter

The digital output of the AX modulator contains two types of noise generated by sampling: quantization error (figure
3.2) and aliasing noise (figure 3.3). This means that, by the calculation of digital values in real time, the interpolation
and decimation are performed to reduce the noise components. Decimation refers to the conversion of a higher
sampling frequency to a lower sampling frequency. The filter characteristics of a digital filter are expressed as an
impulse response.

A smooth waveform (high-frequency

/Q WavefdoLm / components have been removed)
. istorted by noise
Decomposition m

|

RN S — Digital L J—J—I—I—I—

o filter |

Composition

— —

Figure 3.1 Digital Filter
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3.2 Quantization Error

The quantization error is shown in the lower part of figure 3.2 as the sawtooth waveform.

PP
Range of
quantjzatjon error
_>// IQ_

Mmoo A
» & ,\ Maximum voltage
. for A/D conversion
110 = b
101 |- Do
Ideal line b
100 |- - o
Dlg(lgalb?;:;put I ~——— Voltage corresponding to maximum
011 . digital output
| 12 1/ Lo
010 . > LSBLSB P
001 | = o
K 1LSB o
oo WKL 1 | R
Analog input voltage
1/2LSB1LSB 1LSB 1LSB 1LSB 1LSB 1LSB 1LSB
L N N N N N N N s
Quantization 1LSB
eror 5 [NL.N._ N N N N N NN -

An error of £1/2 LSB is generated in ideal A/D conversion.

Figure 3.2 Quantization Error
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3.3 Aliasing Noise

When analog signals f1 and {2 (f1 multiplied by 7) below are sampled at eight times the frequency of f1, the sampling
points become identical with those that would be sampled from analog signal f2. The sampling points thus become a
source for a component at frequency {2, and f2 is called the aliasing noise of f1 at the given sampling rate.

fs=8xf1,f2=7xf1

Interval at
sampling
frequency fs

Analog signal f1

Analog signal f2

Analog signals
f1 &f2

1"
LA
Il
1
L
[l
Il
Il
1
1
Il
1
1
Il
T
1

Figure 3.3 Aliasing Noise
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3.4 Impulse Response

The impulse response is one way of analyzing signals in continuous (analog) systems. The impulse response of a system
is the response the system generates in response to a unit impulse.

1. Decompose the continuous analog signal, which difficult to decompose as such, into impulses.

2. Given a transfer function h(t), the waveform in response to a single impulse is obtained by y(t) = h(t) * x(t).

3. By definition, the principle of superposition is valid in a linear system. Consequently, the superposition of the
waveforms in response to the individual pulses represents the waveform in response to the overall input signal.

Ai Dl xes)
(analog signal) Lo %

\}2

T
X(t1)

| The signal is resolved
| into rectangles.

X(t14)

Lo X3

— (12

t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 112113 t14 Time

X(t1) y(t1) = h(t) * x(t1)

Consider one

rectangle

Conversion
(transfer function h(t))

0 t1 t2 t3 t4 t5 t6 t7 Time t0 t1 t2 t3 t4 t6 t6 t7 Time

Figure 3.4 Impulse Responses

N -
I&_EIH y(t1) = h(t) * x(t1)

0 t1 t2 t3 t4 t5 t6 t7 t0 t1 t2 t3 t4 t5 t6 t7

=+

+
‘ F_t-i ) /\y(tZ) = h(t) * x(t2)

t0 t1 t2 13 t4 t5 6 17 >|:>|:>< 10 t1 t2 t3 t4 t5 16 7
+ +

‘ +|)%7|) +

y(t7) = h(t) * x(t7) /\

t0 t1 t2 t3 t4 t5 t6 t7 t0 t1 t2 t3 t4 t5 t6 t7

Figure 3.5 Definition of Superposition
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3.5 Noise Reduction by Digital Filtering

Higher sampling frequencies lead
to higher aliasing noise frequencies.

Remove aliasing noise by raising

(" This is called oversampling
and the frequency at which it

| | is conducted is the

oversampling frequency. )

~N

the sampling frequency above
the frequency band where the
frequency of the aliasing noise

(The quantization noise that is\ The rate of decimation

generated in sampling is is called the over-
removed here in order to sampling ratio.

was present. . .
453_| Ii \obtaln an ideal response.<

/4

Decimation of the result of sampling
at the higher frequency reproduces

the original state and returns the noise /]

components to their original states.

Applying conversion through an ideal impulse
response to data sampled at high frequency
and then decimating the result removes the
noise components and allows replication of
the analog signal.

Figure 3.6 Procedure for Noise Reduction by Digital Filtering
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3.6 Methods of Digital Filtering

The role of the digital filter is to reshape the samples so that they represent a stream of ideal impulse responses. This is
achieved by multiplying the input impulses by a transfer function that synthesizes the ideal response. There are two
ways to implement the multiplication required for the transfer function.

1. TIR (Infinite Impulse Response) Filter
This is a method that combines an adder and a delay element to form a feedback loop. This kind of filter is referred
to as an infinite impulse response filter because the output waveform in response to an impulse is dampened but

continues indefinitely.

1)e Adder
Input4>l>—>@—T—> Output
T Delay element
with time constant T
e Th |
Multiplier with

a coefficient a

Figure 3.7 IIR (Infinite Impulse Response) Filter

2. FIR (Finite Impulse Response) Filter
An FIR filter consists of taps on the respective bits of shift registers, multipliers on the taps, and an adder. The
multipliers multiply the data from the taps by coefficients and the adder sums the input from the multipliers to
produce the output. The coefficients, which are stored in ROM, are derived from the impulse response of an ideal

filter. The H8/38086R AX A/D converter has an FIR filter.

Shift registers

Input———{D Qf€{D Q[ €{D Q|- €{D Q| @ —D af-

Coefficient

ROM ]

7 7 7 VAR
\( \( T Multiplier

Adder /
!

OQutput

Figure 3.8 FIR (Finite Impulse Response) Filter
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4. Errors and Methods of Correction

4.1 Errors in A/D Converter

411 Successive Approximation A/D Converter

The output characteristics are subject to major errors at points where the values of large numbers of bits change, such as
1/2 FSR and 1/4 FSR. The dominant form of error is differential nonlinearity and the maximum error occurs at 1/2 FSR,
where the values of all bits must be changed.

41.2 Double-Integrating A/D Converter

The output characteristic has no sharp changes. The dominant form of error is integral nonlinearity, which transcribes a
smooth curve.

413 AX-Type A/D Converter

The error varies between the offset (OS) errors and full-scale (FS) error across the measurement range. The output
characteristic is markedly linear and is very close to the ideal after the application of offset/full-scale error correction.

OVR
1 O

10

Digital
output

Successive
approximation type

1 1 1 1 | 1
JFsR —LFsr 3 FsR FSR
7 2 7

Analog input voltage

Note : FSR: Full-scale range (maximum input range)

Figure 4.1 Errors in Successive Approximation and Double-Integrating Type Converters

A Ideal line

Vref

FS

Analog input voltage

(O]

o v Offset (OS) error

Digital output

Figure 4.2 Errors in AX A/D Converters
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41.4 Differential Nonlinearity Error

A differential nonlinearity error is depicted in figure 4.3 and refers to differences between the actual analog step size
and the ideal value corresponding to one LSB (referred to simply as LSB in the figure below). When the step size is
equal to the ideal for one LSB, the differential nonlinear error is zero. When the differential nonlinearity exceeds that

for one LSB, the proportionality of output to input is reduced and code loss occurs, that is, the converter becomes
incapable of producing one or more of the 2n codes for n bits of data.

A
111 —— e
10 —— —_—
Ideal transfer function ,'I'
o 101 —— o
el A
8 R
3
IS <
g, 01 —— —'— || DNL=1/2LSB
010 —— —_ |«<—> 1LsB
#" |« DNL=-1/2LSB
001 —— ==
R N I
000 —fi= >
I I I I I I I
0 1 2 3 4 5 6 7

Analog input value (LSB)

Figure 4.3 Differential Nonlinearity Error
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4.1.5

Integral Nonlinearity Error

An integral nonlinearity error is the deviation of the actual result of conversion from the value given by the ideal line
(see figure 4.4). Measurement of this deviation takes the form of measuring the changes from step to step.

A
M1 —— ——
I Lo
Actual transition : o
110 —— ' ﬁ
L
101 ! B lang
01 ——  Ideal it 1 = :
8 dealtransition %7 Attransition 110/111 (-3/4 LSB)
g i
3 oA
2 o —— —rr—
a DY
.
010 r—
Pl
001 —=T=r== At transition 010/011 (-1/2 LSB)
e
AN | | | | | |
000 >
| | | | | | |
0 1 2 3 4 5 6 7

Analog input value (LSB)

Figure 4.4 Integral Nonlinearity Error
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4.2 Correction of Offset and Full-Scale Errors

4.2.1 Approach to Correction

Figure 4.5 shows the relation between digital values (ADDR values) and analog values (to be measured) of the AX A/D
converter.

The response of an ideal A/D converter, shown as a dashed line in figure 5.5, is linear from the origin to the full-scale
voltage. However, the actual relation is portrayed by the solid line from the offset (OS) error to the full-scale (FS) error.
Consequently, offset/full-scale error correction should be applied to derive more accurate values from the measured
digital values.

A Ideal line
““
Vref +
A ‘$‘
*
*
Full-scale (FS) error i
FS Y o
o) (0] "‘
*
% XC ------------- g)- B ‘-‘-" ------- T
= o R i Converted value
> % o ; (actual)
> +*
Q GE) +%
£ = !
()]
S @ e !
T g
,
< R
“ 1
B
XB r---5 ‘$‘ 1
' .
os ' ‘¢‘ A '
s |
R Offset (OS) error '
R Y ' -~
O Lol
yB yC

Digital output (ADDR value)

Figure 4.5 Relation of Analog Value (to be Measured) and Digital Value (ADDR Value)

The following equations describe the relations that define x and y values for the solid line.

Isb = (xC - xB) / (yC - yB) =(1)
x=(xC-xB)/(yC-yB)*y+OS =(2)
0OS=xB- (xC-xB)/(yC -yB) *yB =+(3)

and from (1), (2), and (3), we have:

x=Isb*y+xB-Isb*yB =Isb *(y-yB)+xB

4.2.2 Correcting Offset and Full-Scale Errors

The procedure for offset/full-scale error correction is as follows.

1. Determine x and y values at the four points A, B, C, and D shown in figure 4.5.
2. Calculate the slope (Isb) by determining x and y values at points B and C.
3. Calculate the target value from the digital value (the value in ADDR).

Measured value = Slope (Isb) * (ADDR value — yB) + xB
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4.3 Sample Program Code for Offset/Full-Scale Error Correction

An example of program code for offset/full-scale error correction is given below.
(1) Measurement Conditions

e Vcc=DVeec=3.0V

e Vss=0V

e Ain=0to3.0V

e Oversampling frequency = ¢/32

e Conversion mode = Continuous mode
e PGA bypassed

e BGR = OFF

(2) Results of Two-Point Measurement

xB =12.838 mV

e yB =26 (decimal)

o xC=2924.092 mV

e yC=16375 (decimal)

e Slope (Isb) = 0.17806924

(3) Sample Program

c data = correct (data); /* c_data = corrected data, data = ADDR value */

float correct (unsigned short y)

{

const float 1sb=0.17806924, yb=26, xb=12.838; /* slope, ADDR value of point B, */
/* measured value of point B */
return (lsb * (y - yb ) + xb ); /* correction calculation */
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5. Recommended Usage Conditions and Usage Notes

51 Recommended Condition 1: Programmable Gain Amplifier (PGA) Bypassed
(with no Low-Pass Filtering Circuit)

511 Operating Conditions
(1) Register Settings

e PGA: Bypass mode

e Conversion mode: Wait mode

e Oversampling frequency (fovs): ¢

e BGR circuit: Halted

e PBS5/Vref/REF pin function: Vref input

(2) External Conditions

e Vec=DVec=3.0V

e Vref: External input 2.70 V

e fosc=4to 10 MHz

e Without low-pass filtering input circuit

Since the input impedance of the reference voltage (Vref) pin is approximately 20 kQ, an input current will constantly
flow.

Do not connect capacitive or resistive loads to the analog input pins.

5.1.2 External Circuit

Ain1, Ain2 | Analog input
External reference voltage
Vce ® L
DVee C1= ——c2
Vref ®
J_ c1 c2
ACOM 1
C1_— C2
C1=0.1uF

¢ I C2=47uF

Vss ®

Figure 5.1 External Circuit (with no Low-Pass Filtering Circuit)
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5.2 Recommended Condition 2: PGA = Gain 1 (with Low-Pass Filtering Circuit)

5.21 Operating Conditions
(1) Register Settings

o PGA: In use

e PGA gain selection: Set 1/3, 1, 2, or 4.
e Conversion mode: Wait mode

e Oversampling frequency (fovs): ¢

e BGR circuit: Halted

e PBS5/Vref/REF pin function: Vref input

(2) External Conditions

e Vcc=DVcec=3.0V

e Vref: External input 2.70 V

e fosc=4to 10 MHz

e With low-pass filtering circuit

Since the input impedance of the reference voltage (Vref) pin is approximately 20 k), an input current will constantly
flow.

5.2.2 External Circuit (Example for a Cutoff Frequency of 80 Hz)

Figure 5.2 shows an external circuit with the low-pass filtering circuit, for a cutoff frequency of 80 Hz.

R1 =20 kQ
Ain1, Ain2 | '\N\, Analog input

C3=0.1uF

;I/;- Cutoff frequency fc = 1/2nC3R1

External reference voltage

Vcce ®

DVee _T_ J_ c1—— ——c2
Vref

@
J_ C1 c2
ACOM £
c1——
C1=0.4uF
c1 T C2=47 yF
Vss @ .17

Figure 5.2 External Circuit (with Low-Pass Filtering Circuit)
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5.3 Recommended Condition 3: PGA = Gain 1 (with the Internal Reference
Voltage in Use)

5.3.1 Operating Conditions
(1) Register Settings

e PGA:Inuse

e PGA gain selection: Set 1/3, 1, 2, or 4.

e Conversion mode: Wait mode

e Oversampling frequency (fovs): ¢

e BGR (bandgap reference) circuit: Running

e BGR output voltage trimming: Set an adjusted value of the BGR output voltage.

o PB5/Vref/REF pin function: REF output, with the internal reference voltage input to the reference voltage
generation circuit.

(2) External Conditions

Vee=DVee=3.0V

Vref: On-chip BGR in use
fosc=4to 10 MHz

With low-pass filtering circuit

5.3.2 External Circuit (Example for a Cutoff Frequency of 80 Hz)

Figure 5.3 shows an external circuit with the internal reference voltage in use, for a cutoff frequency of 80 Hz.

R1 =20 kQ
Ain1, Ain2

A

Analog input
C3=0.1pF

;I/;' Cutoff frequency fc = 1/2nC3R1

Vcc —L
DVcc —

C1 ——c2

Vref
2

ox L.
% T T L
i

Figure 5.3 External Circuit (with the Internal Reference Voltage in Use)
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54 Usage Notes

This subsection provides information on precautions to take to ensure accurate operation of the A/D converter.

5.4.1 Reduction of Internally Generated Noise

After the start of A/D conversion, place the chip in sleep mode to reduce noise generation by the CPU. As far as is
possible, do not use any other peripheral functionality while A/D conversion is in progress.

5.4.2 Regarding the Oversampling Frequency

When the oversampling frequency has been divided, noise produced by peripheral I/O affects the converter.
Consequently, do not use frequency division in normal A/D conversion.

54.3 Note on Large Potential Differences between the Input Pins (Ain1 and Ain2)

When the potential difference between input pins Ainl and Ain2 is large, convergence on the voltage values can take
time if measurement is attempted with switching between these two pins. In this case, discard the first value to be
measured and use the data from the second measurement onwards.

5.4.4 Measurement when Power is Initially Supplied

Charging of the capacitor in the input circuit when power is initially supplied can take a little time. In this case, discard
the first value to be measured and use the data from the second measurement onwards.

5.4.5 Averaging

Since errors in A/D conversion can be reduced by increasing the number of rounds of measurement and averaging the
results, averaging across multiple rounds of measurement is strongly recommended where the extension of the
processing time does not become a problem.

5.4.6 Treatment of the Internal Reference Voltage (REF)
(1) Adjustment of the Internal Reference Voltage

The internal reference value (typ.) is 1.17 V. Measure the value and, if necessary, adjust it before use. Adjustment of the
output voltage is controlled by bits 2 to 0 in the BGR control register (BGRMR).

(2) External Use of the Internal Reference Voltage

The REF voltage output is incapable of driving sufficient current for external use. If the REF voltage is to be used
externally, include an element that has a high input impedance (operational amplifier, etc.) to amplify the current.

547 Board Design

As a measure against noise, use a multilayered board having separate Vcc and GND layers and prevent the
superposition of noise on input lines.

54.8 Input Impedance when the PGA is Bypassed
(1) When the PGA is in Use

Since the input impedance of the programmable gain amplifier is large, an analog filter (a circuit with time constant set
by CR elements) can be used.

(2) When the PGA is Bypassed

When the A/D conversion time is 32 us, each kQ of input resistance produces a voltage drop of approximately 5.6 mV.
Since this voltage is smaller with a longer conversion time, be sure to take this point into consideration as a worst-case
condition in the design process.
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549 External Reference Voltage (Vref) Settings

(1) How to Generate an External Reference Voltage from DVcc

The input impedance of the external reference voltage input (Vref) pin is 20 kQ (typ.). To derive a Vref voltage supply
from DVcc, the Vref voltage can be set to the value produced through voltage division by a resistor (R1) and the input
impedance, as shown in the figure below. The value of the input impedance (20 kQ) is only a typical value. Keep this in
mind when selecting the resistor (R1).

(2) How to Suppress Supply Current

When supplying the Vref voltage from DVcc via R1, the current is DVcc/(Internal resistor + R1). While A/D
conversion is not taking place, port (PB5) functionality (input) is selected for the Vref pin by clearing bits 3 and 2 in
ADCR to 0. Cutting off this current path reduces current drawn.

External reference voltage (Vref) input = 0.2 to 0.9 DVcc

External reference voltage (Vref) input impedance =20 kQ2

3.0V
Ain1 ——— Input voltage to be measured
Vce ®
DVce ® ®
R1
Vref

Internal
resistance ACOM

Tl wd il

L, —__— I _—
—l_C1 Cc2 —l_cz C4 C5 C6 Cc7
Vss ® @ ® l
H8/38086R

C1,C3,C5,C7 = 0.1 uF
C2, C4, C6 = 47 uF

Figure 5.4 Measurement Circuit for the AX A/D Converter (Example)
(Divided Voltage from DVcc is Supplied as Vref Voltage)
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6. Application Notes

6.1 Voltage Measurement Using the AX A/D Converter when an External

Reference Voltage Used

6.1.1 Specifications

As is shown in figure 6.1, the internal AX A/D converter of the H8/38086R is used to measure the voltage input to
the Ain pin.

An external input voltage provides the reference voltage for the AX A/D converter.

The voltage on the Ainl pin is measured, that is, converted from an analog level to a digital value, and the result of
A/D conversion is stored in the internal RAM. A/D conversion is performed twice, with the result of the first
conversion being discarded. Only the results of the second conversion are stored. Offset and full-scale errors in the
14-bit results of A/D conversion read-out from the A/D Data Register (ADDR) are corrected before the data is
stored.

A/D conversion is performed in the following operating mode: conversion is in the wait mode, the oversampling
frequency is ¢, and the programmable gain amplifier (PGA) is bypassed.

The device is placed in sleep (high-speed) mode during A/D conversion, since this reduces the noise generated by
the CPU and other modules. On generation of the A/D-conversion-complete interrupt, the device makes the
transition from sleep mode to active (high-speed) mode; correction is applied and then the results of A/D conversion
are stored in the internal RAM. The module-standby function is used to place all internal peripheral modules other
than the AX A/D converter (i.e. the SCI modules, successive approximation A/D converter, timer F, RTC, TPU,
IIC2, PWM, AEC, watchdog timer, and LCD controller/driver) in the module-standby mode.

Vref [ External reference voltage

Ain1 |- Input of the voltage to be measured

H8/38086R

Figure 6.1 Configuration for Voltage Measurement by the AX A/D Converter
(with an External Reference Voltage in Use)
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6.1.2 AY A/ID Converter Measurement Conditions

Figure 6.2 shows the measurement circuit for this sample task.

L1 10 MHz

0SC2

Ain1

Vcc
DVcc
Vref

OSC1 ACOM

Vss

Input of the voltage to be measured

External reference voltage input = 2.7 V

—
_F:

1 C2 —fCB C4 C5 C6 Cc7
L @ ® @

H8/38086R

C1,C3,C5,C7 = 0.1 uF
C2, C4, C6 = 47 uF

Figure 6.2 Circuit Allowing Measurement by the AX A/D Converter
(with an External Reference Voltage in Use)

The following are the conditions of operation for voltage measurement by the AX A/D converter when an external

voltage is in use.

e Vcc=30V

e DVcc=30V

e Vref = Externally input 2.7 V

e System clock frequency (¢p) = 10 MHz

e Oversampling frequency (fovs) = ¢

o PGA bypassed

e Conversion mode = Wait mode

e Input voltage range = 0.2 V to Vref (2.7 V)
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6.1.3 Description of Functions Used

Figure 6.3 shows a block diagram of the AX A/D converter.

E AIN1, AINO: Analog input channel selection '
E BYPGA: PGA bypass selection AD sta&/sDtgtSLJ;)reglster :
; PGA1, PGAO: PGA gain selection | 4 i
o | ! |
Ain1 8—;_:: _ E (o
Ain2 O— ~|PC2 Y Y
' _ _ ' o/4
: " D L |08
1 . /16
| ' /32
: fovs : ¢
9 I > X '
PYee P ADSAD start OVS2, OVS1, OVSO:
: Second-order ADST: A/D status flag Oversampling
, AX A/D converter frequency.selection
ACOM O—= and N
; control circuit MOD: Conversion mode IRRSDADCN:
' selection A/D control register | AZ A/D converter
; < (ADCR) end interrupt signal
E A :
! VREF1, VREFO: PB5/Vref/REF pin function !
. switching and reference voltage selection :
E Y E
Vref/REF O—<—— Reference Doyt: 16 bits (14 bits are valid i :
! _ —>| voltage gener- ouT ( )= AD d:giDr;glster !
! o ation circuit ( ) !
R L L L L PP L e AZ A/D converter  ----------m-mmmmmmmoooooaoo o
; Buffer BGRSTPN: Bandgap reference
' circuit control !
' Bandgap -« BGR control register !
1 reference circuit |- (BGRMR) .
' BTRM2 to BTRMO: '
, BGR output trimming !
 RERREEEEEEE LCD controller/driver (LCD drive power circuit) ~ ------------=---------4
H8/38086R
[Legend]

DVcc:  AX A/D converter power supply pin
Ain1:  Analog input pin 1

Ain2:  Analog input pin 2

Vref: Reference voltage pin

REF: Internal reference voltage output pin
ACOM: Analog block voltage stabilization pin

Figure 6.3 Block Diagram of the AX A/D Converter
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The characteristics and features of the AX A/D converter are described below.

(1) Features

e Resolution: 14 bits

e Number of input channels: 2

e Conversion method: Second-order A, 320-times oversampling

e Conversion time: 32 ps per channel (in operation at 10 MHz)

e Number of interrupt sources: 1 (A/D conversion-complete interrupt request)

e Module standby mode for individual modules means that modules that are not in use can be placed in standby mode
while AX A/D conversion is in progress.

(2) Input/Output Pins

The pins used with the AX A/D converter are described in table 6.1.

Table 6.1 AX A/D Converter Pins

Pin Name Symbol /10 Function

Reference voltage pin Vref Input External reference voltage input
Internal reference voltage output pin REF Output Internal reference voltage output
Analog block voltage stabilization pin ACOM Output Provides stabilization when

connected to a capacitor with a
value of 0.1 uF

Analog input pin 1 Ain1 Input Analog input pin
Analog input pin 2 Ain2 Input Analog input pin
AY A/D converter analog power supply pin DVcc Input Power supply pin

(3) Internal Registers

The registers of the AX A/D converter are listed below.

e A/D Data Register (ADDR)
ADDR is a 16-bit read-only register that holds the result of A/D conversion. ADDR is always readable by the CPU.
The value in ADDR is undefined during A/D conversion. After conversion, the 14 higher-order bits of ADDR holds
the fourteen bits of converted data. ADDR retains this data until the next round of conversion is started. The initial
value in ADDR is undefined.

e BGR Control Register (BGRMR)
BGRMR controls operation of the bandgap reference circuit (BGR) and is used to adjust the internal reference
voltage (BGR output voltage) output on the REF pin.

e A/D Control Register (ADCR)
ADCR is used to set the conversion mode, the multiplier for the PGA (programmable gain amplifier), the function
of pin PB5/Vref/REF, the reference voltage, and the oversampling frequency.

e A/D Start/Status Register (ADSSR)
ADSSR contains the A/D conversion status flag, and is used to select the analog input channel and the PGA bypass
mode.

4) AX A/D Converter

In the AX A/D converter, a AX modulator is applied to convert analog input voltages in the range determined by the
voltage on the Vref pin to digital values with a resolution of 14 bits. The converter consists of an analog block, the main
component of which is the AX modulator, and a digital block based on a digital filtering control circuit.

In the analog block, the voltages from analog input pins 1 and 2 (Ainl and Ain2) are sampled at a frequency 320 times
that of the conversion cycle (oversampling frequency), and then converted to a stream of 1-bit digital values by the
second-order AX modulator. The result of this conversion process is passed through the decimation filter in the digital
block, which produces the 14-bit unsigned binary output that is placed in the A/D Data Register (ADDR). In the ADDR,
bit 13 is the MSB (most significant bit) and bit 0 the LSB (least significant bit).
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(5) Conversion Modes of the AX A/D Converter

The AX A/D converter supports two conversion modes: wait mode and continuous mode.

(a) Wait Mode

In the wait mode, A/D conversion of the analog input on the specified channel is performed once in the following
sequence.

1. When the ADS bit of the A/D Start/Status Register (ADSSR) is set to 1 by software, A/D conversion of the analog
input on the specified channel starts.

2. On completion of A/D conversion, the result is transferred to the A/D Data Register (ADDR).

3. The A/D converter interrupt request flag (IRRSAD) of Interrupt Request Register 2 (IRR2) is set to 1. At this point,
if the A/D Converter Interrupt Request Enable bit (IENSAD) of Interrupt Enable Register 2 (IENR2) is 1, an A/D
conversion-complete interrupt request is also generated.

4. The ADST bit is held at 1 during A/D conversion and then automatically cleared to 0 when the conversion is
finished. The A/D converter then enters the wait state.

(b) Continuous Mode

In the continuous mode, continuous A/D conversion of the analog input on the specified channel is performed in the
following sequence.

1. When the MOD bit of the A/D Control Register (ADCR) is set to 1 by software, A/D conversion of the analog input
on the specified channel starts.

2. On completion of A/D conversion, the result is transferred to the A/D Data Register (ADDR).

3. The A/D converter interrupt request flag (IRRSAD) of Interrupt Request Register 2 (IRR2) is set to 1. At this point,
if the A/D Converter Interrupt Request Enable bit (IENSAD) of Interrupt Enable Register 2 (IENR2) is 1, an A/D
conversion-complete interrupt request is also generated.

4. Steps 2 and 3 are repeated. The converter is taken out of the continuous mode by placing it in the watch mode, sub-
active mode, sub-sleep mode, or standby mode, or by clearing the MOD bit of the ADCR register to 0.
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(6) AZXZ A/D Converter Registers and Modes of Operation

The states of the registers of the AX A/D converter in the various MCU operating modes and in module-standby mode
are as listed in table 6.2.

Table 6.2 Operating Modes and the AX A/D Converter

Operating On a Sub- Module
Mode Reset Active Sleep Watch  Sub-Active Sleep Standby Standby
ADCR Reset Operational Retained Retained Retained Retained Retained Retained
register
ADSSR Reset Operational Operational Retained Retained Retained Retained Retained
register

ADDR Retained* Operational Operational Retained Retained Retained Retained Retained
register

BGRMR  Reset Operational Retained Retained Operational Retained Retained Retained
register

Note: * The value is undefined after a power-on reset.

(7) Pin Assignments

Pin assignments in this sample task are listed in table 6.3.

Table 6.3 Assignment of Functions

Pin Name Description

Vref/REF Vref, input for the external reference voltage at 2.7 VDC

DVcc Input for the 3.0 VDC analog power supply for the A A/D converter

Ain1 Analog input for the value to be measured

Ain2 Not used

ACOM Analog-block voltage-stabilization pin for connection to a 0.1-uF capacitor
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6.1.4 Principles of Operation
Figure 6.4 illustrates the principles of operation of AX A/D conversion in this sample task, for which the wait mode is
used. Software polling is used to determine when the first round of A/D conversion has ended. On completion of the
second round of A/D conversion, an interrupt is used to take the MCU out of the sleep (high-speed) mode.

IRRSAD
IENSAD ;
ADS ;
ADST E ;
A/D conversion ) ]
ADDR Undefined result (D Undefined A/D conversion result
Sleep (high- . .
speed) mode Active (high-speed) mode

CPU operating mode Active (high-speed) mode :

f '
\ '
' '
H '

® o o ® 6 ® @

@ Initial settings for the AZ A/D converter

Software processing A
Vref input, reference voltage: external)

2. Set ADSSR to H'18 (analog input channel: Ain1, PGA bypassed)

1. Set ADCR to H'04. (conversion mode: wait mode, oversampling frequency: ¢, PB5/Vref/REF pin function:

@  Start of the first round of A/D conversion

Hardware processing Conversion by the AZ A/D converter starts when the ADST bit of ADSSR is set to 1.

Software processing Start A/D conversion by setting the ADS bit of ADSSR to 1.

®  Waiting for completion of the first round

Hardware processing Conversion of the analog input to a digital value.

Software processing Wait until the ADST bit of ADSSR becomes 0 (use software to poll the bit).

@ Completion of the first round

| Hardware processing | Clearing the ADST bit of ADSSR to 0 and transferring the result of A/D conversion to ADDR.

(® Discarding the result of the first round

| Software processing | Clear the ADS bit of ADSSR to 0.

(® Start of the second round of A/D conversion

Hardware processing 1. Conversion by the AX A/D converter starts when the ADST bit of ADSSR is set to 1.
. Placing the MCU in the sleep (high-speed) mode.

Software processing . Start A/D conversion by setting the ADS bit of ADSSR to 1.

. Issue the sleep instruction to place the MCU in the sleep (high-speed) mode.

2
1
2. Clear the IRRSAD bit of IRR2 to 0 and set the IENSAD bit to 1 to enable the A/D conversion-complete interrupt.
3

(@ End of the second round

Hardware processing 1. Clearing the ADST bit of ADSSR to 0 and transferring the result of conversion to ADDR.

an A/D conversion-complete interrupt request.

2. Taking the MCU out of the sleep (high-speed) mode and placing it in the active (high-speed) mode in response to

Reading of the result of the second round (A/D conversion-complete interrupt processing)

Software processing 1. Clear the IRRSAD and IENSAD bits of IRR2 to 0 to disable the A/D conversion-complete interrupt.
2. Clear the ADS bit of ADSSR to 0, read the result of A/D conversion from ADDR, and store it in the internal RAM.

Figure 6.4 Voltage Measurement by the AX A/D Converter
with an External Reference Voltage
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6.1.5

converter.

Description of Full-Scale/Offset Error Correction
Figure 6.5 shows the relation between digital values (ADDR values) and analog levels (to be measured) for the AX A/D

Analog input voltage

Vref

FS
xC

xB
0s

Ideal line
*

"‘
3

Full-scale (FS) error

ge

Measurement ran

Y

Offset (OS) error

Converted value
(actual)

Digital output (ADDR value)

yC

Figure 6.5 Relation between Analog Level (to be Measured) and Digital Values (in ADDR)

The following equations describe the relations that define x and y values for the solid line.

Slope (Isb) = (xC -xB)/ (yC - yB)
Target (x) =(xC-xB)/(yC-yB)=*y+OS

Offset Error (OS)=xB-(xC-xB)/(yC-yB)=x*yB

and from (1), (2), and (3), we have:

Target value (x) =Isb « y + xB-Isb * yB =1Isb = (y-yB ) + xB
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A sample program for offset/full-scale error correction is given below.

c_data = correct ( data ) ; /* c_data = corrected data, */
/* data = ADDR value */

float correct ( unsigned short y )

{

const float 1lsb = 0.1780692, yb = 1094, xb = 203.016 ; /* slope ( 1lsb ), */
/* value of point B ( xB , yB ) */
return ( 1lsb * (y - yb ) + xb ) ; /* offset/full-scale */
/* error calculation */

The procedure for offset/full-scale error correction is as follows.
1. Determine values at the four points A, B, C, and D shown in figure 6.5.
2. Calculate the slope (ideal voltage step for 1 Isb) from the x and y values at points B and C.

(Example) Results of two-point measurement
xB =203.016 mV
yB = 1094 (decimal)
xC =2695.095 mV
yC = 15089 (decimal)

(Example) Calculation of the slope
Isb = (xC —xB) / (yC — yB)
=(2695.095 —203.016) / (15089 — 1094)
=0.1780692

3. SetIsb to 0.1780692, xb to 203.016, and yb to 1094.
4. Use the above constants to calculate target values from the results of A/D conversion (values in ADDR).

(Example) Target value = Slope * (ADDR value — yb) + xB
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6.1.6 Description of Software

(1) Internal Register Usage

The following tables describe the internal registers usage in this sample task.

e A/D Data Register (ADDR) Address: H'F062

Table 6.4 A/D Data Register (ADDR)

Setting
Bit Bit Name Initial Value R/W Function Value
15 ADD13 Undefined R This 16-bit read-only register holds the results of —
14 ADD12 A/D conversion. On completion of a round of
13 ADD11 conversion, the 14 higher-order bits hold the 14
12 ADD10 bits of A/D-converted data. Values in ADDR
11 ADD9 during A/D conversion are undefined.
10 ADDS8
9 ADD7
8 ADDG6
7 ADD5
6 ADD4
5 ADD3
4 ADD2
3 ADD1
2 ADDO
1 — Undefined — — —
0 — Undefined — — —
e A/D Control Register (ADCR) Address: H'F060
Table 6.5 A/D Control Register (ADCR)
Setting
Bit Bit Name Initial Value R/W Function Value
7 MOD 0 R/W Conversion Mode Selection 0
This bit selects the conversion mode. When
MOD = 1, A/D conversion proceeds regardless
of the value of the ADS bit in the ADSSR
register.
0: Wait mode
1: Continuous mode
6 OoVvSs2 0 R/W Oversampling Frequency Selection 0
5 OVS1 0 R/W These bits select the oversampling frequency. 0
4 OoVSso0 0 R/W 000: ¢ 0
001: ¢/2
010: ¢/4
011: ¢/8
100: $/16
101: ¢/32

11x: Setting prohibited
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Bit Bit Name Initial Value

R/W

Setting
Function Value

3 VREF1 0
2 VREFO 0

R/W
R/W

PB5/Vref/REF Pin Function Switch and 0
Reference Voltage Selection 1
The setting here determines whether the
PB5/Vref/REF pin is used as the PB5 pin, Vref
pin, or REF pin. The setting also determines
whether the reference voltage for the AX A/D
converter is an external reference voltage (Vref)
or the internal reference voltage (REF). Note,
however, that when REF is to be used, the
BGRSTPN bit of BGRMR must be set to 1 to
start operation of BGR (bandgap reference
circuit) before these bits are set.

00: The pin functions as the PB5 input pin.

01: The pin functions as the Vref input pin, so
the reference voltage input to the reference-
voltage generation circuit is an external
reference voltage (Vref).

10: The pin functions as the REF output pin.

11: The pin functions as the REF output pin, and
the reference voltage input to the reference-
voltage generation circuit is the internal
reference voltage (REF).

Setting B'11 causes the REF pin to output the

internal reference voltage (REF), which is also

input to the reference-voltage generation circuit
in the AX A/D converter. Set these bits to B'11 to
use the internal reference voltage (REF) in
converter operation.

1 PGA1 0
0 PGAO 0

RW
RW

PGA Gain Selection 0
These bits specify multiplication of the analog 0
input voltage by a multiplier in the range from 1/3
to 4.

00: x1

01: x2

10: x4

11: x1/3

[Legend]
x: Don't care
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e A/D Start/Status Register (ADSSR) Address: HF061

Table 6.6 A/D Start/Status Register (ADSSR)

Setting
Bit Bit Name Initial Value R/W Function Value
7 ADS 0 R/W A/D Conversion Start 1

In the wait mode (the MOD bit of ADCR is 0),
setting this bit to 1 starts A/D conversion.
6 ADST 0 R A/D Status Flag —
In the wait mode (the MOD bit of ADCR is 0), this
bit can be read to determine the state of A/D
conversion.
0: The converter is idle.
1: A/D conversion is in progress.

5 AIN1 0 R/W Analog Input Channel Selection 0
4 AINO 0 These bits select the analog input channel. 1

00: Deselected

01: Ain1

10: Ain2

11: Deselected
3 BYPGA 0 R/W PGA Bypass Selection 1

This bit selects whether the analog data is input

via the PGA or directly to the second-order AX

A/D converter.

0: Input analog data via the PGA.

1: Input analog data to the second-order

AY A/D converter.
2 — 0 — Reserved (these bits cannot be modified) —
1 — 0 — —
0 — 0 — —
e Interrupt Enable Register 2 (IENR2) Address: H'FFF4
Table 6.7 Interrupt Enable Register 2 (IENR2)
Setting

Bit Bit Name Initial Value R/W Function Value
5 IENSAD 0 R/W AX A/D Converter Interrupt Request Enable 1

Setting this bit to 1 enables AX A/D converter
interrupt requests.

0: Disables AX A/D converter interrupt requests
1: Enables AX A/D converter interrupt requests
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o Interrupt Request Register 2 (IRR2) Address: H'FFF7

Table 6.8 Interrupt Request Register 2 (IRR2)

Setting
Bit Bit Name Initial Value R/W Function Value
5 IRRSAD 0 R/(W)* AX A/D Converter Interrupt Request Flag 0
[Setting condition]
Completion of AX A/D conversion
[Clearing condition]
Writing of 0
Note: * Only 0 can be written to clear the flag.
e System Control Register 1 (SYSCR1) Address: H'FFFO
Table 6.9 System Control Register 1 (SYSCR1)
Setting
Bit Bit Name Initial Value R/IW Function Value
7 SSBY 0 R/W Software Standby 0
This bit selects the target mode for the transition
made when the SLEEP instruction is executed.
0: The transition is to the sleep mode or the sub-
sleep mode.
1: The transition is to the standby mode or the
watch mode.
3 LSON 0 R/W Low-Speed On Flag 0
This bit selects the system clock (¢) or subclock
(dsug) as the clock to drive CPU operations after
the system is taken out of the watch mode.
0: The system clock (¢) drives CPU operations.
1: The subclock (¢psyg) drives CPU operations.
e System Control Register 2 (SYSCR2) Address: H'FFF1
Table 6.10 System Control Register 2 (SYSCR2)
Setting
Bit Bit Name Initial Value R/IW Function Value
3 DTON 0 R/W Direct Transfer On Flag 0

Along with the MSON bit described below and
the SSBY, TMAS3, and LSON bits in SYSCR1,
this bit selects the target mode for transitions
after execution of the SLEEP instruction.

2 MSON 0 R/W Middle Speed On Flag 0
This bit selects the active (high-speed) mode or
the active (middle-speed) mode for operation of
the system after it is taken out of the standby,
watch, or sleep mode.
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e Clock Stop Register 1 (CKSTPR1)
Table 6.11

Bit

Bit Name

Address: HFFFA

Initial Value R/W

Clock Stop Register 1 (CKSTPR1)

Function

Setting
Value

7

S4CKSTP

1

R/W*!

SCIl4 Module Standby

Setting this bit to 0 places SCI4 on standby.

0: Places SCI4 in the module standby mode.

1: Takes SCI4 out of the module standby mode.

1

S31CKSTP

RW

SCI3_1 Module Standby**

Setting this bit to 0 places SCI3_1 on standby.

0: Places SCI3_1 in the module standby mode.

1: Takes SCI3_1 out of the module standby
mode.

S32CKSTP

RW

SCI3_2 Module Standby**
Setting this bit to 0 places SCI3_2 on standby.
0: Places SCI3_2 in the module standby mode.

1: Takes SCI3_2 out of the module standby
mode.

ADCKSTP

RW

A/D Converter Module Standby

Setting this bit to 0 places the A/D converter on

standby.

0: Places the A/D converter in the module
standby mode.

1: Takes the A/D converter out of the module
standby mode.

DADCKSTP

RW

AY A/D Converter Module Standby

Setting this bit to 0 places the AZ A/D converter

on standby.

0: Places the AX A/D converter in the module
standby mode.

1: Takes the AX A/D converter out of the module
standby mode.

TFCKSTP

R/W

Timer F Module Standby

Setting this bit to 0 places timer F on standby.

0: Places timer F in the module standby mode.

1: Takes timer F out of the module standby
mode.

FROMCKSTP 1

R/W

Flash Memory Module Standby

Setting this bit to 0 places the flash memory on

standby.

0: Places the flash memory in the module
standby mode.

1: Takes the flash memory out of the module
standby mode.
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Setting
Bit Bit Name Initial Value R/W Function Value
0 RTCCKTP 1 R/W RTC Module Standby 0
Setting this bit to 0 places the RTC on standby.
0: Places the RTC in the module standby mode.
1: Takes the RTC out of the module standby
mode.
Notes: 1. In the masked ROM version, this is a reserved bit; writing here is prohibited and values read are
undefined.
2. When SCI3 is placed in the module standby mode, all of its registers are reset.
e Clock Stop Register 2 (CKSTPR2) Address: HFFFB
Table 6.12 Clock Stop Register (CKSTPR2)
Setting
Bit Bit Name Initial Value R/W Function Value
7 ADBCKSTP 1 R/W Address Break Module Standby 1
Setting this bit to 0 places the address break
module on standby.
0: Places the address break module in the
module standby mode.
1: Takes the address break module out of the
module standby mode.
6 TPUCKSTP 1 R/W TPU Module Standby 0
Setting this bit to 0 places the TPU on
standby.
0: Places the TPU in the module standby
mode.
1: Takes the TPU out of the module standby
mode.
5 IICCKSTP 1 R/W [IC2 Module Standby 0
Setting this bit to 0 places [IC2 on standby.
0: Places IIC2 in the module standby mode.
1: Takes IIC2 out of the module standby
mode.
4 PW2CKSTP 1 R/W PWM2 Module Standby 0

Setting this bit to 0 places PWM2 on standby.

0: Places PWM2 in the module standby mode.

1: Takes PWM2 out of the module standby
mode.
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Setting

Bit Bit Name Initial Value R/W Function Value
3 AECCKSTP 1 R/W Asynchronous Event Counter Module Standby 0

Setting this bit to 0 places the asynchronous

event counter on standby.

0: Places the asynchronous event counter in

the module standby mode.

1: Takes the asynchronous event counter out
of the module standby mode.

2 WDCKSTP 1 R/W* Watchdog Timer Module Standby 0
Setting this bit to 0 places the watchdog timer
on standby.

0: Places the watchdog timer in the module
standby mode.

1: Takes the watchdog timer out of the module
standby mode.

1 PW1CKSTP 1 R/W PWM1 Module Standby 0
Setting this bit to 0 places PWM1 on standby.

0: Places PWM1 in the module standby mode.
1: Takes PWM1 out of the module standby
mode.

0 LDCKSTP 1 R/W LCD Controller/Driver Module Standby 0
Setting this bit to 0 places the LCD
controller/driver on standby.

0: Places the LCD controller/driver in the
module standby mode.

1: Takes the LCD controller/driver out of the
module standby mode.

Note: * WDCKSTP is only valid if WDON of TCSRWD1 is cleared (0). Although WDCKSTP will be
cleared if this is attempted while WDON is set to 1 (the watchdog timer is operating), the
watchdog timer will not enter the module standby mode but instead continues watchdog operation.
In this case, WDCKSTP becomes effective as soon as the software terminates watchdog
operation by clearing WDON, at which time the watchdog timer is placed in the module standby
mode.
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(2) Description of Modules
Table 6.13 describes the modules of this sample task.

Table 6.13 List of Modules

Module Name Function

main ( ) Main Routine
Performs initial setting of the AX A/D converter, waits for completion of the first round of
A A/D conversion, enables AX A/D conversion-complete interrupt requests, and issues
the function call to place the system in the sleep (high-speed) mode.

int dsadc( ) AX A/D Converter Interrupt Processing Routine
Clears the AX A/D converter interrupt request flag, disables AX A/D converter interrupt
requests, and stores the result of A/D conversion in the internal RAM.

correct () Offset/Full-Scale Error Correction Routine
Applies offset/full-scale error correction to the results of AX A/D conversion.

(3) RAM Usage
Table 6.14 describes RAM usage in this sample task.

Table 6.14 RAM Usage

Label Name Function Data Size Address Used In

c_data 14-bit result of AX A/D conversion float H'F780 main( )
(lower 14 bits) after offset/full-scale int_dsadc( )
correction correct( )

(4) Linkage Address Specifications

Table 6.15 provides a description of the linkage addresses specified in this sample task.

Table 6.15 Linkage Addresses

Section Name Address

CVECT H'0000
P H'0100
B H'F780

REJ05B0780-0200/Rev.2.00 September 2006 Page 43 of 161



;{E N ESAS Super Low Power Series

AY A/ID Converter User's Guide

6.1.7 Flowcharts
(1) Main Routine

( malin() )

SP=HFF80 | --------me---- Issue a #pragma entry main (SP = OxFF80) directive to set the
T stack pointer to H'FF80 .

CCR I-bit=1 | —-mmmeieooo Set the | bit of the CCR to 1 to disable interrupts.
|

CKSTPR1 = H'8A
Set CKSTPR1 to place SCI3_1, SCI3_2, the A/D converter, timer F,
| } """""" the RTC, the TPU, and IIC2 and CKSTPR2 to place PWM1, PWM2,
CKSTPR2 = H'80 the asynchronous event counter, the watchdog timer, and the LCDC
T in the module standby mode.*

ad_data=H'0000 | -------------- Initialize the RAM area to be used.

|
ADCR = H'04 —

Make initial settings for the AX A/D converter (wait mode, oversampling
I frequency (¢), PB5/Vref/REF terminal functioning as the Vref input pin,
ADSSR =H'18 — reference voltage (external reference voltage), analog input (Ain1),
T and PGA bypass mode).

SYSCR1 = H'03 —
[ b Make initial settings of the system control registers, selecting transition

SYSCR2 = HEO ] to the sleep (high-speed) mode (LSON = 0, MSON = 0, SSBY =0,
| DTON = 0).
ADS=1 | e Start the first round of A/D conversion.
_ No . .
ADST=0?  @—>——"— ----- Wait for the first round to end.
Yes
ADS=0 | ceeeeeeeeee-- Clear the ADS bit to 0 by software.
|
IRRSAD =0
| } ----------- Enable AX A/D converter interrupt requests.
IENSAD =1
|
ADS=1 | e Start the second round of A/D conversion.
|
CCR I-bit=0 | ---mmeeeeeee- Set the | bit of the CCR to 0 to enable interrupts.
|
sleep() | -----eee----- Make the transition to the sleep (high-speed) mode.

Note: * In this sample task, all internal peripheral modules other than SCI4, the flash memory module, address break, and
AX A/D converter are placed in the module standby mode. The user should write 1 to the corresponding
bits in the clock stop registers to take other required peripheral modules out of the module standby mode.

Figure 6.6 Main Routine Flowchart
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(2) AZXZ A/D Converter Interrupt Processing Routine

( int_dsadc () )

IRRSAD=0 | ------mmmmmmmao- Clear the AT A/D converter interrupt request flag to 0.
I
IENSAD=0 | -----mmmm-o-- Disable AX A/D converter interrupt requests.
I
c data= | | ---------me----- Shift the A/D conversion result 2 bits to the right, apply
correct (ADDR >> 2) offset/full-scale error correction, and store the result in the RAM.
I
ADS=0 | --e--eeeeeo---- Clear the ADS bit to 0.

( Return )

Figure 6.7 AX A/D Converter Interrupt Processing Routine

(3) Offset/Full-Scale Error Correction Routine

correct
( unsigned short data )
I

Isb=0.1780692 | ---------------- Set the calculated slope (Isb).
|
xb=203.016 | ---------------- Set determined xb.
|
yb=1094 | - Set determined yb.

|
Return
(Isb * ( data - yb ) + xb)

Figure 6.8 Offset/Full-Scale Error Correction Routine
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6.1.8 Program Listing

#include <machine.h>
struct BIT {

unsigned char b7:1; /* Bit-=7 */
unsigned char b6:1; /* Bit-6 */
unsigned char b5:1; /* Bit-5 */
unsigned char b4:1; /* Bit-4 */
unsigned char b3:1; /* Bit-3 */
unsigned char b2:1; /* Bit-2 */
unsigned char bl:1; /* Bit-1 */
unsigned char b0:1; /* Bit-0 */

}i

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*****************************************************************/

/* Internal I/0 register symbol definition */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*****************************************************************/

#define ADCR *(volatile unsigned char *)0xF060 /* A/D control register */
#define ADSSR *(volatile unsigned char *)0xF061 /* A/D start/status register */
#define ADSSR BIT (*(struct BIT *)&ADSSR)
#define ADS ADSSR BIT.Db7 /* A/D start */
#define ADST ADSSR BIT.b6 /* A/D status flag */
#define ADDR * (volatile unsigned short *)0xF062 /* A/D data register */
#define SYSCR1 *(volatile unsigned char *)O0xFFFO /* System control register 1 */
#define SYSCR2 *(volatile unsigned char *)O0xFFFl /* System control register 2 */
#define IENR2 *(volatile unsigned char *)O0xFFF4 /* Interrupt enable register 2 */
#define IENR2 BIT (* (struct BIT *)&IENR2)
#define IENSAD IENR2 BIT.Db5 /* Delta-sigma ADC interrupt */
/* request enable */
#define IRR2 *(volatile unsigned char *)0xFFF7 /* Interrupt request register 2 */
#define IRR2 BIT (*(struct BIT *)&IRR2)
#define IRRSAD IRR2 BIT.Db5 /* Delta-sigma ADC interrupt request flag */
#define CKSTPR1 *(volatile unsigned char *)O0xFFFA /* Clock stop register 1 */
#define CKSTPR2 *(volatile unsigned char *)O0xFFFB /* Clock stop register 2 */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************************************************************/

/* Interrupt function definition */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************************************************************/

#pragma interrupt (int dsadc) /* Delta-sigma ADC interrupt */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************************************************************/

/* Function definition */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************************************************************/

void main (void) ; /* Main routine */
void int dsadc(void); /* Delta-sigma ADC interrupt routine */
float correct (unsigned short data); /* Data correct routine */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************************************************************/

/* User RAM area symbol definition */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k************************************************************************/

float c_data; /* A/D result data store */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*************************************************************************/

/* Vector table */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*************************************************************************/

#pragma section VECT

void (*const vect tbl[]) (void) = {
main, /* H'0000 : No.0O : Reset */
main, /* H'0002 : No.0Ol : System reserve */
main, /* H'0004 : No.02 : System reserve */
main, /* H'0006 : No.03 : NMI */
main, /* H'0008 : No.04 : System reserve */
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main, /* H'000A : No.05 : Address break */
main, /* H'000C : No.06 : IRQO *x/
main, /* H'O00E : No.07 : IRQ1 *x/
main, /* H'0010 : No.08 : IRQAEC *x/
main, /* H'0012 : No.09 : IRQ3 *x/
main, /* H'0014 : No.10 : IRQ4 *x/
main, /* H'0016 : No.ll : WKPO */
main, /* H'0018 : No.12 : WKP1 */
main, /* H'001A : No.13 : WKP2 */
main, /* H'001C : No.14 : WKP3 */
main, /* H'001lE : No.1l5 : WKP4 */
main, /* H'0020 : No.16 : WKP5 */
main, /* H'0022 : No.l7 : WKP6 */
main, /* H'0024 : No.1l8 : WKP7 */
main, /* H'0026 : No.1l9 : RTC - 0.25sec overflow */
main, /* H'0028 : No.20 : RTC - 0.5sec overflow */
main, /* H'002A : No.21 : RTC - second periodic overflow */
main, /* H'002C : No.22 : RTC - minute periodic overflow */
main, /* H'002E : No.23 : RTC - hour periodic overflow */
main, /* H'0030 : No.24 : RTC - day periodic overflow */
main, /* H'0032 : No.25 : RTC - week periodic overflow */
main, /* H'0034 : No.26 : RTC - free-run overflow */
main, /* H'0036 : No.27 : WDT */
main, /* H'0038 : No.28 : AEC */
main, /* H'003A : No.29 : TPU 1 - TGIA */
main, /* H'003C : No.30 : TPU 1 - TGIB */
main, /* H'003E : No.31 : TPU 1 - TCI1V */
main, /* H'0040 : No.32 : TPU 2 - TG2A */
main, /* H'0042 : No.33 : TPU 2 - TG2B */
main, /* H'0044 : No.34 : TPU 2 - TCI2V */
main, /* H'0046 : No.35 : Timer FL */
main, /* H'0048 : No.36 : Timer FH */
main, /* H'004A : No.37 : SCI4 */
main, /* H'004C : No.38 : SCI3 1 */
main, /* H'004E : No.39 : SCI3 2 */
main, /* H'0050 : No.40 : IIC2 */
int_dsadc, /* H'0052 : No.41 : Delta-sigma ADC */
main, /* H'0054 : No.42 : 10-bit ADC */
main /* H'0056 : No.43 : Direct transition */
}i
#pragma entry main(sp = 0xFF80) /* SP = H'FF80 */

#pragma section
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/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***************************************************************/

/* Main routine */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k****************************************************************/

void main(void) {

set _ccr (0x80); /* CCR I-bit = 1 */
CKSTPR1 = 0x8A; /* Module standby mode set */
CKSTPR2 = 0x80;

c_data = 0x00000000; /* Used RAM area initialize */
ADCR = 0x04; /* Delta-sigma ADC initialize */
ADSSR = 0x18;

SYSCR1 = 0x03; /* SSBY = 0, LSON = 0 */
SYSCR2 = O0xEO; /* DTON = 0, MSON = 0 */
ADS = 1; /* A/D conversion start (lst) */
while (ADST == 1); /* A/D conversion end ? */
ADS = 0;

IRRSAD = 0; /* Delta-sigma ADC interrupt enable */
IENSAD = 1;

ADS = 1; /* A/D conversion start (2nd) */
set_imask ccr(0); /* CCR I-bit = 0 */
sleep(); /* Active-H mode -> Sleep-H mode */
while (1) ;

}

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k********************************************************************/

/* Delta-sigma ADC interrupt routine */

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k********************************************************************/

void int dsadc(void) {

IRRSAD = 0; /* Interrupt request flag clear to 0 */
IENSAD = 0O; /* Delta-sigma ADC interrupt disable */
c_data = correct (ADDR >> 2); /* A/D result data store */
ADS = 0; /* A/D start = 0 */

}

/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************************************************************/

/* Data correction routine */
/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************************************************************/
float correct (unsigned short data) {
const float 1sb=0.1780692, xb=203.016, yb=1094; /* 1lsb, (xB,yB) set */
return (lsb * (data - yb) + xb);
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7. Characteristics Data

1.

The characteristics data was gathered from a limited number of samples under a limited range of conditions.
Therefore, all data given below is for general reference only, and the characteristics are not guaranteed. The data are
provided for reference by the user in defining his/her own conditions of usage.

Remember that offset/full-scale error correction is easily applied. For details, see section 4, Errors and Methods of
Correction.

If you cannot find data that corresponds with your conditions, we recommended that you refer to the data for the
most similar conditions.

The characteristics data may include conditions that go beyond the guaranteed range of safe operation.

71 Measured Parameter Dependences of Error Components

Measurement conditions

. Common conditions

Microcomputer operating mode: high-speed active mode (all modules other than the AZ A/D on standby)
AX A/D operating mode: wait mode, analog input pin: Ainl

External circuit

Power is supplied to Vcc, AVec, DVece and Vref by a battery box.

Ain1 [ Analog input (D/A converter)
Vcc/AVee ® Supplied from a battery box
DVce —T_
Vref——@ (O pu—
C1
ACOM 1
C1__
C1=0.1uF
C1
Vss T @ @

Vza

Figure 7.1 Parameter Measurement Circuit
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711 Flash ROM Version

Graphs of the dependences of the integral error, differential error, offset error and full-scale error on the parameters
listed in the table below are given after the table.

Table 7.1 Conditions in Parameter-Dependence Measurement (Flash ROM Version)

Measurement Conditions

Conversion
Graph Name BGR Vcc (V) DVec (V) Vref (V) Ta(°C) PGA Time (us)
Conversion time dependence 1 OFF 2.7 2.7 2.43 25 Bypassed —
Conversion time dependence 2 OFF 3.0 3.0 2.70 25 Bypassed —
Conversion time dependence 3 OFF 3.0 3.0 2.70 25 1/3 —
Conversion time dependence 4 OFF 3.6 3.6 3.24 25 1 —
Conversion time dependence 5 OFF 3.0 3.0 2.70 25 1 —
Conversion time dependence 6 OFF 2.2 2.2 1.98 25 1 —
Conversion time dependence 7 OFF 3.0 3.0 2.70 25 2 —
Conversion time dependence 8 OFF 2.7 2.7 243 25 2 —
Conversion time dependence 9 OFF 3.0 3.0 2.70 25 4 —
Conversion time dependence 10 OFF 2.7 2.7 2.43 25 4 —
Conversion time dependence 11 OFF 3.0 3.0 2.70 25 1/3 —
Conversion time dependence 12 ON 3.0 3.0 2.70 25 Bypassed —
Conversion time dependence 13 ON 3.6 3.6 3.24 55 Bypassed —
Conversion time dependence 14 ON 3.0 3.0 2.70 25 1 —
Conversion time dependence 15 ON 3.6 3.6 3.24 55 1 —
Conversion time dependence 16 ON 3.0 3.0 2.70 25 1/3 —
Temperature dependence 1 OFF 22 2.2 1.89 — Bypassed 64
Temperature dependence 2 OFF 3.0 3.0 2.70 — Bypassed 160
Temperature dependence 3 OFF 27 2.7 243 — Bypassed 64
Temperature dependence 4 OFF 22 2.2 1.98 — 1 64
Temperature dependence 5 OFF 3.0 3.0 2.70 — 1 32
Temperature dependence 6 OFF 3.0 3.0 2.70 — 2 64
Temperature dependence 7 OFF 27 2.7 243 — 2 64
Temperature dependence 8 OFF 22 2.2 1.98 — 2 64
Temperature dependence 9 OFF 27 2.7 243 — 4 64
Temperature dependence 10 OFF 3.0 3.0 2.70 — 4 32
Temperature dependence 11 OFF 22 2.2 1.98 — 4 64
Temperature dependence 12 OFF 3.0 3.0 2.70 — 1/3 64
Temperature dependence 13 OFF 22 2.2 1.98 — 1/3 64
Temperature dependence 14 ON 2.2 2.2 1.98 — Bypassed 64
Temperature dependence 15 ON 2.2 2.2 1.98 — Bypassed 1280
Temperature dependence 16 ON 3.0 3.0 2.70 — Bypassed 32
Temperature dependence 17 ON 3.0 3.0 2.70 — 1 32
Temperature dependence 18 ON 2.2 2.2 1.98 — 1/3 64
Temperature dependence 19 ON 2.2 2.2 1.98 — 1/3 1280
Temperature dependence 20 ON 3.0 3.0 2.70 — 1/3 32
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Measurement Conditions

Conversion

Graph Name BGR Vcc (V) DVcc (V) Vref (V) Ta(°C) PGA Time (us)
DVcc dependence 1 OFF — — — 25 Bypassed 32
DVcc dependence 2 OFF — — — 25 Bypassed 64
DVcc dependence 3 OFF — — — 25 Bypassed 1280
DVcc dependence 4 OFF — — — 25 1 32
DVcc dependence 5 OFF — — — 25 1 64
DVcc dependence 6 OFF — — — 25 1 1280
DVcc dependence 7 OFF — — — 25 2 32
DVcc dependence 8 OFF — — — 25 2 64
DVcc dependence 9 OFF — — — 25 2 1280
DVcc dependence 10 OFF — — — 25 4 32
DVcc dependence 11 OFF — — — 25 4 64
DVcc dependence 12 OFF — — — 25 4 1280
DVcc dependence 13 OFF — — — 25 1/3 1280
PGA dependence 1 OFF 22 2.2 1.98 25 — 64
PGA dependence 2 OFF 22 2.2 1.98 25 — 1280
PGA dependence 3 OFF 3.0 3.0 2.70 25 — 32
PGA dependence 4 OFF 3.0 3.0 2.70 25 — 64
PGA dependence 5 OFF 3.0 3.0 2.70 25 — 1280
PGA dependence 6 OFF 3.6 3.6 3.24 25 — 32
PGA dependence 7 OFF 3.6 3.6 3.24 25 — 1280
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(1) Dependences on Conversion Time

e Conversion time dependence 1

BGR: OFF, PGA = Bypass, Vcc = DVcc = 2.7 V, Vref = 2.43 V, Ta = 25°C
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e Conversion time dependence 2

BGR: OFF, PGA = Bypass, Vcc =DVcc =3.0 V, Vref =2.70 V, Ta= 25 °C
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e Conversion time dependence 3

BGR: OFF, PGA = Gain 1/3, Vcc = DVec =3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 4

BGR: OFF, PGA = Gain 1, Vcc =DVecc =3.6 V, Vref =3.24 V, Ta = 25 °C
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e Conversion time dependence 5

BGR: OFF, PGA = Gain 1, Vcc =DVec =3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 6

BGR: OFF, PGA = Gain 1, Vcc = DVec =2.2 V, Vref = 1.98 V, Ta = 25 °C
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e Conversion time dependence 7

BGR: OFF, PGA = Gain 2, Vcc = DVec =3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 8

BGR: OFF, PGA = Gain 2, Vcc = DVec = 2.7 V, Vref = 2.43 V, Ta = 25 °C
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e Conversion time dependence 9

BGR: OFF, PGA = Gain 4, Vcc = DVec = 3.0 V, Vref =2.70 V, Ta = 25 °C
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BGR: OFF, PGA = Gain 4, Vcc = DVec = 2.7 V, Vref = 2.43 V, Ta = 25 °C
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e Conversion time dependence 11

BGR: OFF, PGA = Gain 1/3, Vcc = DVec = 3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 12

BGR: ON, PGA = Bypass, Vcc =DVcc =3.0V, Vref=2.70 V, Ta=25°C
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e Conversion time dependence 13

BGR: ON, PGA = Bypass, Vcc =DVcc = 3.6 V, Vref =3.24 V, Ta=55°C
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e Conversion time dependence 14

BGR: ON, PGA = Gain 1, Vcc = DVec = 3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 15

BGR: ON, PGA = Gain 1, Vcc = DVcc = 3.6 V, Vref = 3.24 V, Ta = 55 °C
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BGR: ON, PGA = Gain 1/3, Vcc = DVec = 3.0 V, Vref =2.70 V, Ta = 25 °C
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Dependences on Temperature

Temperature dependence 1
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Temperature dependence 2

2.70V, Conversion time = 160 us

DVce = 3.0V, Vref

Bypass, Vcc =

BGR: OFF, PGA
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2.43 'V, Conversion time
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2.70 V, Conversion time
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2.2V, Vref = 1.98 V, Conversion time

DVcc =

= Gain 1/3, Vcc =
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Temperature dependence 15

2.2V, Vref = 1.98 V, Conversion time = 1280 us

DVcec =

Bypass, Vcc =

BGR: ON, PGA
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Temperature dependence 16

=32 us

2.70 V, Conversion time

DVcc = 3.0V, Vref

Bypass, Vcc =

BGR: ON, PGA
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Temperature dependence 17

=32 us

2.70 V, Conversion time

=DVcc =3.0V, Vref
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Temperature dependence 20

=32 us

2.70 V, Conversion time

=3.0V, Vref =

DVcc

Gain 1/3, Vcc =

BGR: ON, PGA
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Dependences on DVcce

DVecce dependence 1

=32 us

25 °C, Conversion time

Bypass, Ta

BGR: OFF, PGA

Y
Voo
Voo
Voo
Voasr o
VoaXa oo g g
Vo ®ae oo S
SR E
=
e dgedecdecdee ey e e ]
rilirl riirairiel e
] T EE
R
T R B
1] 1] 1] 1] 1] 1] 1] 1] -
I P E
I WL P
R R B
1] 1] 1] 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] 1] 1] -
T N F
medeededdeedendendedtenda o
RRRtE i b bl
HE N
HE B N
M B N
HE H H
HE B e
HE B T
- H [ -
I H -
HEH H =
HH H H
L] L] L] L] -
I H H
L] L] L] L] 1
o H H
PRI WAL TN I
ool e H
1] 1] 1] 1] 1] 1] 1 1] -1
Y -
1] 1] 1] 1] 1] 1] 1] 1] =
Voo
1] 1] 1] 1] 1] 1] 1] 1] -
Voo o o o
Voor o
T T I N N I I |
O 0 O T NON I © o O
= D A
)

(gs7) Jous jeibayu|

34 3.6 3.8

3.2
DVce (V)

2.8

2.6

(gs7) Joue [enualeylq

Y R
Voo .
Voo H
Voo -
Voo H
Voo H
R T -
S R H
Vo Xa e '
N S = -
HEEE S H H
a2 = .
ceebccagedecb-aga -
it i '
T H -
- T H
- T H -
- T H '
T H H-
I T H H
1] 1] 1] 1] 1] 1] -
I T H H
PRI I L H—
- R H
1] 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] -
N T H .
T " H '
CITLIY gy B e £ Laad
-t -1 '
HEH I H -
. I H H
HEH I H -
. I H H
I I K -
I I K -
NI R M H—
I K -
I K H-
R T H H
L] L] L] L] L] L] -
R A H H
L] L] L] L] L] L] 1
Y A H H
FURLIY S I f—
H HEEE
1] 1] 1] 1] 1] 1] -1
H HEEE -
1] 1] 1] 1] 1] 1] 1] =
Voo o
1] 1] 1] 1] 1] 1] 1] -
Voo o o
- S-S R
DL LR LR LR R Rl

34 3.6 3.8

3.2
DVcce (V)

2.8

2.6

T T T T T T
' ' ' ' ' '
' ' ' ' ' P
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' P
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' P
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' [
' ' ' '
' ' ' '
R . e R
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' PR
' ' ' ' '
' ' ' ' '
' ' ' ' P
' ' ' ' '
' ' ' ' '
' ' ' ' P
' ' ' f ' '
' ' ' ' ' '
1] 1] 1] 1] 1] 1] -
' ' ' ' ' '
' ' ' ' ' '
A I .
' ' ' ' ' '
' ' ' ' ' '
1] 1] 1] 1] 1] 1] -1
' ' ' ' ' '
' ' ' ' ' '
1] 1] 1] 1] 1] 1] -1
' ' ' ' ' '
' ' ' ' ' '
1] 1] 1] 1] 1] 1] -
' ' ' ' ' '
' ' ' ' P
' ' ' ' '
' ' ' ' '
[ P R R [ —
' v v f T
' ' ' ' '
' ' f ' ' P
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' [
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' [
' ' ' ' ' '
' ' ' ' ' '
' ' ' ' ' P
' ' ' ' ' '
'
a -
'
' '
' P
' '
' '
' PR
' '
' '
L] L] -
' '
' '
L] L] 1
' '
' '
1 L —
' '
' '
1] 1] -1
' '
' '
1 1] =
'
' '
1] 1] -
' '
' -
'
'
ITEIn]
O O © O o o o
© ¥ « § ¥ ©

(gs7) Joue 18840

3.8

3.4 3.6

3.2
DVee (V)

2.8

2.6

T T T T T
' ' ' ' '
' ' ' ' T
' ' ' ' '
' ' ' ' '
' ' ' ' T
' ' ' ' '
' ' ' ' '
' ' ' ' T
' ' ' ' '
' ' ' ' '
' ' ' ' TR
' ' ' ' '

' ' ' ' '
e o  J ey
' ' ' ' '

' ' ' ' '

' ' ' ' TR

' ' ' ' '
' ' ' ' '
' ' ' ' PR
' ' ' ' '
' ' ' ¥ '
' ' ' -
' ' ' '
' ' ' '
L} L} L} L} 1
' ' ' '
' ' ' '

RS S S H——
' ' ' ' '
' ' ' ' '
L} L} L} L} L} -1
' ' ' ' '
' ' ' ' '
L} L} L} L} L} =
' ' ' ' '
' ' ' ' '
L L L L L 1
' ' ' ' '
' ' ' ' T
' ' ' ' '

' ' ' ' '
T JRS Y N A S ppp—
h ] h ] h
' ' ' ' '

' ' ' ' T
' ' ' ' '
' ' ' ' '
' ' ' ' TR
' ' ' ' '
' ' ' '
' ' ' TR
' ' ' '
' ' ' '
' ' ' T
' ' ' '
' ' f ' '

[SpR Y [y ——
v ' v ' v
' ' ' ' '
' ' ' ' PR
' ' ' ' '
' ' ' ' '
' ' ' ' T
' ' ' ' '
' ' ' ' '
L L L L L 1
' ' ' ' '
' ' ' ' '
L L L L L -1
' y ' ' '

' ' ' '
RS RE A A ——
' ' ' '

' h ' ' '

L} L} L} L} L} =

' ' ' ' '
' ' ' ' '
L} L} L} L} L} -
' ' ' ' '
' ' ' ' '
L} L} L} L} L} 1
' ' ' ' '
' ' ' ' T
' ' ' ' '

' ' ' ' '
[RRRRRRRRRRRRRRRRRRRRRRRRANET)
O o o o o o o
(=] (<] © < N (=] [¢°]

N v «~ «~ «~ «

(gs7) Jouis 9jEOS-|IN4

34 3.6 3.8

3.2
DVcce (V)

2.8

2.6

Page 88 of 161

September 2006

REJ05B0780-0200/Rev.2.00



Super Low Power Series

AY A/ID Converter User's Guide

LENESANS

DVecce dependence 2

=64 us

25 °C, Conversion time
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25 °C, Conversion time = 1280 us

Bypass, Ta

BGR: OFF, PGA

T
'
'
'
'
'
'
'
'
.
'
'
'
'
'
'
'
'
'
*
'
'
'
'
'
1

S L L L L I e
O R
S L L L L TR T

L L

TR L R
T S Sy SR, N R

'
'
'

D L L L L]

cemmemgemssssssepEEn———--

12
8

0 F-nnnenn-d

'

'

'

'

'

'

'

'
Liiii1l

<

(gs7) Jous jeibayu|

-4
-8
12 E

3.8

3.6

3.4

3.2

2.8

2.6

2.4

22

DVcce (V)

T L L Ty

'
[
e L L L L
'

'

T L L Ll B
O R

1
Fyyeppp—— e ——————— ——————— ey ——
S s

ey LT pypepy Ry p————
I
1
demmmmmmmmde ek e nmm.. .

'
'
S L L L LT T
'
'
B Lk L R
'
'
[
'
T T F S Sy SRR, NS
'

4 g

3
2
1
0

-1

-2

-3

(gs7) Joue [enualeylq

4 -1 1 1 1

3.8

3.6

3.4

3.2

2.8

2.6

24

2.2

DVcce (V)

'
S L EEE LT

'
P L B L L LT A

it il

T
'
'
'
'
'
'
'
'

El
[
'
'
'
'
'
'
'
'

-
'
'
'
'
'
'
'
'
[

L]
'
'
¥

Y SR R ——
O
'

[
. O
'

'

L L L L L L iRy
h
'

'
'
L S () D ————

R P ——

" i T
' ' ' ' '
' ' ' ' ' 1
' ' ' ' '
' ' ' ' ' 1
' ' ' ' ' -
' ' ' '
' ' ' ' -
' ' ' '

IFRRRTANNNTN] INTRRNIT] 1
o O O O O O O O O
N < © 0 © N T ©O©

! ! ' ' '~ v~ v~ v«

' ] ] 1 [

(gs7) Joue 18840

3.8

3.6

34

3.2

DVee (V)

T T T T T T
' ' ' ' ' ' .
' ' ' ' ' '
' ' ' ' ' ' .
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
amsdeccdeccbocabanalennpien o
1 1 ' v v 1
' ' ' ' ' 1 -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
[ ' ' ' [
[ R e p-p—
' ' ' ' '
' ' ' ' ' -
' ' ' ' '
' ' ' ' ' -
' ' ' ' '
' ' ' ' ' -
' ' ' ' '
L L L L L 1
' [ ' ' '
amsqeesgesapesapan -
' ' ' ' '
L} L} L} L} g L} -1
' ' ' ' ' '
L} L} L} L} L} L} -1
' ' ' ' ' '
L L L L L L =
' ' ' ' ' '
L} L} L} L} L} L} -
1 1 L [ ., ]
EEET FEEE PEPE EETLEY TSR
' ' ' ' ' ' .
' ' ' ' ' '
' ' ' ' ' ' .
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' y ' '
amsdeccdeccbocafaas LR R—
0 ' ' v '
' ' ' ' ' -
' ' ' h ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
T LEET [y -ap-p——
' ' ' ' '
' ' ' ' ' |
' ' " ' ' '
' ' ' ' ' ' |
' ' ' ' ' '
' ' ' ' ' ' -
' ' ' ' ' '
' ' ' ' ' ' -
[ y 1 ' ' '
amageangana U A S -
' ' ' ' '
L " L L L L -1
' ' ' ' ' '
L} L} L} L} L} L} -1
' ' ' ' ' '
L} L} L} L} L} L} -1
' ' ' ' ' '
y L} L} L} L} L} =
il . . ' '
B A T T R
' ' ' ' ' '
L L L L L L -
' ' ' ' ' '
L} L} L} L} L} L} -
' ' ' ' ' ' .
' ' ' ' ' '
' ' ' ' ' ' .
1l 1l 1l 1l 1l 1l
NN RN EN NN NNN NN NNANNNNN]
o o o o O o o o
0 © I &N O O © <
(sp] [sp] (] [SeIENN ep] N N N

(gs7) Jouis 9jEOS-|IN4

3.8

3.6

3.4

3.2

2.8

2.6

2.4

2.2

)

DVcce (V

Page 90 of 161

September 2006

REJ05B0780-0200/Rev.2.00



Super Low Power Series

AY A/ID Converter User's Guide

LENESANS

DVecce dependence 4

=32 us

25 °C, Conversion time

Gain 1, Ta

BGR: OFF, PGA

30
25

(gs7) Jous jeibayu|

DVcce (V)

(gs7) Joue [enualeylq

.......
v oo o
-
- R
Voo
-
- B
AR B — R
o a2 0 20

DL R I T T R P e
ool bk Clalraba
N N
.o N I
HEH N I
HEH N
.o N I
HEH N
HEH N
. N

RPN R SN NN N N
H N M
.o N R
HEH N
HEH N
' N I
HEH HE
I N
L] L] L] L] L] L] -
P N

PRI [P ORI
HEH HEN R
1] 1] 1] 1] 1] 1] 1
.o N I
1] 1] 1] 1] 1] 1] -1
HEH N
1] 1] 1] 1] 1] 1] -1
HEH N
1] 1] 1] 1] 1] 1] =
Lot N R

SRR S R RN FR R
HEH N
P N I
HEH HE
HEH N
' N
HEH N
I N
v N I

[T TR PRI f—
el ek il
I H
N N
.o N R
HEH N
N T
.o N I
HEH HE
. N

cebae O R
T O M
A HEE AR
R FEEE A
N HEEHE
A HEE R
R R PR
N N I
A A
N R

PRI [N COPR A
AN R FEE
L] L] L] L] L] L] L] 1
Y I R
1] 1] 1] 1] 1] 1] 1] -1
N I A
1] 1] 1] 1] 1] 1] 1] -1
A I R
1] 1] 1] 1] 1] 1] 1] -1
U R

RIS T R
-

1] 1] 1] 1] 1] 1] 1] -
R T B
1] 1] 1] 1] 1] 1] 1] -
- R
' oo
HEH H
I R
LLLLALRLninl IENARNNNNRRANNanannnnni
O N - o v QY

3.8

3.6

3.4

3.2

2.8

2.6

2.4

2.2

)

DVcce (V

- mmmh ...

L L L T

S L L L

R L L L LT T
e s
'

'

'

D L L L Lk o

e S O

memmmsmssmEmpEssssssEspEssEEssssp e

-20
-30
Y0} =T ——

(gs7) Joue 18840

50 Fovmmnnnn-

3.8

3.6

34

3.2

2.8

2.6

2.4

22

DVee (V)

T T T T T
' ' ' ' .
' ' ' ' '

' ' ' ' .
' ' ' ' '

' ' ' ' .
' ' ' ' '

' ' ' ' -
' ' ' ' '

L L I DI "
v 1 v 1

' ' ' ' -
' ' ' '

H H H H -
' ' ' '

' ' ' ' -
' ' ' '

' ' ' ' -
' ' ' '
[ S R
' ' ' '

' ' ' ' -
' ' ' '

' ' ' ' -
' ' ' '

' ' ' ' -
' ' ' '

L] L] L] L] -
' ' ' ' i
AL AR S R——
' ' ' ' 1

1] 1] 1] 1] U 1
' ' ' ' i

1] 1] 1] 1] 1] -1
' ' ' ' '

1] 1] 1] 1] 1] -1
' ' ' ' '

1] 1] 1] 1] 1] =
[ S A [—

mmmmmm e ...

.
f H—
H H
H ]
H H
' -
H H
H -
d ' H
- A -
H H H
L] L] L] 1
1] 1] 1] -1
1] 1] 1] -1
H H H
1] 1] 1] -1
SRS 7 AR SR TR R -
1] 1] 1] 1] -
H H H H
1] 1] 1] 1] -
H H H .
' ' ' '
H H H .
H H H H H
LLLL AL anniinanl
o o o o o o o
S © N © ¥ © ©
» N N - - -

(gs7) Jouis 9jEOS-|IN4

3.8

3.6

3.4

3.2

2.8

2.6

2.4

2.2

DVcc (V)

Page 91 of 161

September 2006

REJ05B0780-0200/Rev.2.00



Super Low Power Series

AY A/ID Converter User's Guide

64 us

25 °C, Conversion time

Gain 1, Ta

BGR: OFF, PGA

DVcce dependence 5

LENESANS

@ @ @©
1] 1] 1] 1] 1 1] 1] 1] 1] 1] 1] 1] - 1] 1] 1] 1] 1] 1] 1] - 1] 1] 1] 1] 1] 1] -
H R Voo o o oo o o oo o o
H Voo P aye o oaoos o Voo Voo o
' [ =tE oo ag o S0 T T T T T ' ' ' ' ' '
H V=g Vo a8 = Voo o o a Voo o o d
- 4 LU 6 L e e T N L 6 P L L LR DR N ) 15 A - — 6 PEEE TR T S SRR SR PR
' ' ] ' ™ ' [ ' ] [ ' ' ™ ' [ ' ] ' ' ' [+p) [ ' ] ] '
H N HEE - B FE P o oa o a - B ]
' e 4 T A - - -
H N T T HE Voo o a af R T .
H H HE T BT HEE P oo o a af - T N
aefremd X RSN S| IO PRI SR [ S-SR RO Y S-S I R SRS - -
' ' ' ' [s2] ' ' ' ' ' ' ' [s2] ' ' ' ' ' ' [92] ' ' ' ' '
' N HE- T B Voo H- Voo I
H N HE o oq H R T H— Voo o H—
H N HE T BT FE- R HE R H— H H—
L] L] L] L] - L] L] L] L] L] L] L] -1 L] L] L] L] L] L] -1 L] L] L] L] L] -
aaia Y I B FURPCRNRIT R I CONRIP NI B R S U R S [ N R A o
1] 1] 1] 1] 1] 1] 1 1] 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1
1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] - 1] 1] 1] 1] - 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] = 1] 1] 1] 1] 1] 1] -1 1] 1] 1] - 1] 1] 1] 1] 1] =
0 H Y d h . T H . 3 e ERE P R 3 e - il ey 3 B R o Al = ===
1] 1] 1] 1] 1] 1] 1] 1] 1] <l 1] 1] 1] 1] 1] 1] 1] <l 1] 1] 1] < 1] 1] 1] 1]
T FEEEE > T I - > . H > . H .
] ] ] ] ] ] ] ] LI ~ ] ] ] ] ] ] LI ~ ] ] ] ~ ] ] ] -
] ] ] ] ] ] ] ] ] Q ] ] ] ] ] ] ] Q ] ] ] Q ] ] ]
' ' ' ' ' ' ' ' - (&} ' ' ' ' ' ' ' - [} ' ' ' [} ' ' ' -
R MR HE > T B HE > HEH H > HE H .
R - A ] R o D - H [a) HE -
i 4 13 4 13 1, . PETLIEE Y CELELE LN T . P e 13 4 PR IR L
' ' ] [ ' ' N ' ' [ ] ' ' ' o ' ' ] [ ' ' ' ' [l
H H T R HEE © HEEY TR Y -
. afsaa FRRPRR S I PR - AT - [R-FEP S A -
' ' ' ' ' ' ' ¥ ¥ ¥ ¥ N ' ' ' ' ' ' ' ' ' ' '
' ' o ' ' ' ' ' ' < ' ' ' ' ' ' ' ' ' '
. 1 ! PO, NUPTINN COpIIP s ek bl R S R RPN
L] L] L] L] L] L] L] L] L] -1 1] L] L] L] L] L] L] L] L] L] 1
1] 1] 1] 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] 1] 1] 1] -1
1] 1] 1] 1] 1] 1] 1] 1] 1] -1 1] 1] 1] 1] 1] 1] 1] 1] -1
H H H I ] N [ Vo -
1 ] ' L 1 ' ' ' . N ' ' ] N 1 . L ' '
R [ FPR R N T SR ) SO ; RN /JRY SR S I S ——
1] 1] 1] 1] 1] 1] 1] 2 1] 1] 1] 1] 1] 2 1] 1] 1] 1] 1] 1]
1] 1] 1] 1] 1] 1] 1] = 1] 1] 1] 1] 1] = 1] 1] 1] 1] 1] 1] -
1] 1] 1] 1] 1] 1] 1] = 1] 1] 1] 1] 1] = 1] 1] 1] 1] 1] 1] -
oo o HE A T | R -
. oo . - | oo
LLLLiennnin INERRNRN RN nnnnnnini il il Lianinil 1 LLILLi L r oo R R R LYY
N N N
O OoOWOoOWwWOowOoLwOo <t O N «— O «— N M < o O O O O O ©o O O o o o o o o o o
M N AN v~ «— '~ v~ N ' ! ' ' N < © 0 O N < © o [oe] © < N o [ee] (o]
oo ' i T T - «~ « « ® N N N N N « -

(gs7) Jous jeibayu| (gs7) Jows [enualayiq (gs7) Jowd 18840 (gs7) Jouis 9jEOS-|IN4

3.8
Page 92 of 161

3.6

3.4

3.2

DVcc (V)

2.8
September 2006

2.6

2.4

2.2

REJ05B0780-0200/Rev.2.00




Super Low Power Series

AY A/ID Converter User's Guide

LENESANS

DVcce dependence 6
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22V, Vref=1.98V, Ta
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Dependences on PGA Setting

PGA dependence 1
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PGA dependence 3
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71.2 Mask ROM Version

Graphs of the dependences of the integral error, differential error, offset error and full-scale error on the parameters
listed in the table below are given after the table.

Table 7.2 Conditions in Parameter-Dependence Measurement (MASK ROM Version)

Measurement Conditions

Conversion
Graph Name BGR Vcc (V) DVcc (V) Vref (V) Ta(°C) PGA Time (us)
Conversion time dependence 1 OFF 2.2 2.2 1.98 25 Bypassed —
Conversion time dependence 2 OFF 3.0 3.0 2.70 25 Bypassed —
Conversion time dependence 3 OFF 2.2 2.2 1.98 25 1 —
Conversion time dependence 4 OFF 3.0 3.0 2.70 25 1 —
Conversion time dependence 5 OFF 3.6 3.6 3.24 25 1 —
Conversion time dependence 6 OFF 2.2 2.2 1.98 25 2 —
Conversion time dependence 7 OFF 3.0 3.0 2.70 25 2 —
Conversion time dependence 8 OFF 2.2 2.2 1.98 25 4 —
Conversion time dependence 9 OFF 3.0 3.0 2.70 25 4 —
Conversion time dependence 10 OFF 2.2 2.2 1.98 25 1/3 —
Conversion time dependence 11 OFF 3.0 3.0 2.70 25 1/3 —
Conversion time dependence 12 ON 2.2 2.2 — 25 Bypassed —
Conversion time dependence 13 ON 3.0 3.0 — 25 Bypassed —
Conversion time dependence 14 ON 2.2 2.2 — 25 1 —
Conversion time dependence 15 ON 3.0 3.0 — 25 1 —
Conversion time dependence 16 ON 2.2 2.2 — 25 1/3 —
Conversion time dependence 17 ON 3.0 3.0 — 25 1/3 —
Temperature dependence 1 OFF 2.2 2.2 — — Bypassed 64
Temperature dependence 2 OFF 3.0 3.0 — — Bypassed 32
Temperature dependence 3 OFF 3.0 3.0 — — Bypassed 64
Temperature dependence 4 OFF 2.2 2.2 — — 1 64
Temperature dependence 5 OFF 3.0 3.0 — — 1 32
Temperature dependence 6 OFF 3.0 3.0 — — 1 64
Temperature dependence 7 OFF 3.0 3.0 — — 2 32
Temperature dependence 8 OFF 3.0 3.0 — — 2 64
Temperature dependence 9 OFF 3.0 3.0 — — 4 32
Temperature dependence 10 OFF 3.0 3.0 — — 4 64
Temperature dependence 11 OFF 3.0 3.0 — — 1/3 32
Temperature dependence 12 OFF 3.0 3.0 — — 1/3 64
DVcc dependence 1 OFF — — — 25 Bypassed 64
DVcc dependence 2 OFF — — — 25 1 64
DVcc dependence 3 OFF — — — 25 2 64
DVcc dependence 4 OFF — — — 25 4 64
DVcc dependence 5 OFF — — — 25 1/3 64
DVcc dependence 6 ON — — — 25 Bypassed 64
DVcc dependence 7 ON — — — 25 1 64
DVcc dependence 8 ON — — — 25 1/3 64
PGA dependence 1 OFF 2.2 2.2 1.98 25 — 64
PGA dependence 2 OFF 3.0 3.0 1.98 25 — 32

REJ05B0780-0200/Rev.2.00 September 2006 Page 108 of 161



XEN

ESNS Super Low Power Series

AY A/ID Converter User's Guide

(1) Conversion

Time Dependence

e Conversion time dependence 1

BGR: OFF, PGA = Bypass, Vcc =DVcc =22V, Vref=1.98 V, Ta= 25 °C
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e Conversion time dependence 2

BGR: OFF, PGA = Bypass, Vcc =DVcc =3.0V, Vref =2.70 V, Ta=25°C
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Conversion time dependence 3

Offset error (LSB) Differential error (LSB) Integral error (LSB)

Full-scale error (LSB)
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BGR: OFF, PGA = Gain 1, Vcc = DVec =2.2 V, Vref = 1.98 V, Ta = 25 °C
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e Conversion time dependence 4

BGR: OFF, PGA = Gain 1, Vcc = DVec =3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 5

BGR: OFF, PGA = Gain 1, Vcc =DVec =3.6 V, Vref =3.24 V, Ta = 25 °C
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Conversion time dependence 6

Offset error (LSB) Differential error (LSB) Integral error (LSB)

Full-scale error (LSB)
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BGR: OFF, PGA = Gain 2, Vcc = DVec =2.2 V, Vref = 1.98 V, Ta = 25 °C
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e Conversion time dependence 7

BGR: OFF, PGA = Gain 2, Vcc = DVec =3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 8

BGR: OFF, PGA = Gain 4, Vcc = DVec = 2.2V, Vref = 1.98 V, Ta = 25 °C
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e Conversion time dependence 9

BGR: OFF, PGA = Gain 4, Vcc = DVec = 3.0 V, Vref =2.70 V, Ta = 25 °C
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e Conversion time dependence 10

BGR: OFF, PGA = Gain 1/3, Vcc = DVec = 2.2V, Vref =1.98 V, Ta = 25 °C
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e Conversion time dependence 11

BGR: OFF, PGA = Gain 1/3, Vcc = DVec = 3. 0V, Vref =2.70 V, Ta = 25 °C

25
20
o 15
ﬁ 10 |
§ 5
5 0
T SF
g -0
£ 15
-20
-25
4

Differential error (LSB)

-
o
-
o
o
-
o
o
o
-
o
o
o
o

1000 -
T .
T V.
T T E
T .
X
T3
X Syt
1
T e Y LI SO

10000

Offset error (LSB)

450
400 E--v-nnmemnnen-
350 Fre-nmmemnnnennn-
300 Fre-memmmmeeneneann
250 F-vnmemmemmemeneean
200 [-vemmmmemme e
=10 T
100 [Fr-vesrmmemeemrmmenneeeanaane

50 .

Full-scale error (LSB)

-
o
-
o
o
-
o
o
o
-
o
o
o
o

Conversion time (us)

REJ05B0780-0200/Rev.2.00 September 2006 Page 119 of 161




LENESANS

Super Low Power Series

AY A/ID Converter User's Guide

e Conversion time dependence 12

BGR: ON, PGA = Bypass, Vcc

=DVcc=22V,Ta=25°C
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e Conversion time dependence 13

BGR: ON, PGA = Bypass, Vcc =DVcc =3.0V, Ta=25°C
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e Conversion time dependence 14

BGR: ON, PGA = Gain 1, Vcc =DVecc =2.2V, Ta=25°C
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e Conversion time dependence 15

BGR: ON, PGA = Gain 1, Vcc =DVecc = 3.0 V, Ta = 25 °C
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e Conversion time dependence 16

BGR: ON, PGA = Gain 1/3, Vcc = DVcc =2.2V, Ta=25°C
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e Conversion time dependence 17

BGR: ON, PGA = Gain 1/3, Vcc = DVecc = 3.0V, Ta =25 °C
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Temperature Dependence

Temperature dependence 1
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7.2 Electric-Current Characteristics

Table 7.2 Current Drawn
Common Conditions

Mode: Active (high-speed) mode
Oversampling frequency (fovs): ¢

DIOPE: Current drawn from the power supply by the AX A/D converter
DVcc: Power supply voltage for the AX A/D converter

No. Item Mode BGR fovs fosc (MHz) Ta (°C) DVcec (V)

1 DIOPE vs. DVcc Active (high speed) Halted ¢ 2 25 —
(fosc =2 MHz)

2 DIOPE vs. DVcc Active (high speed) Running ¢ 2 25 —
(fosc =2 MHz)

3 DIOPE vs. DVcc Active (high speed) Halted ¢ 10 25 —
(fosc = 10 MHz)

4 DIOPE vs. DVcc Active (high speed) Running ¢ 10 25 —
(fosc = 10 MHz)

5 DIOPE vs. fosc Active (high speed) Halted ¢ — 25 3.0

6 DIOPE vs. fosc Active (high speed) Running ¢ — 25 3.0

7 DIOPE vs. Ta Active (high speed) Halted ¢ 10 — 3.0

8 DIOPEvs. Ta Active (high speed) Running ¢ 10 — 3.0

REJ05B0780-0200/Rev.2.00 September 2006 Page 148 of 161



’ z Super Low Power Series
u E N ESAS AX AID Converter User's Guide

(1) DIOPE vs. DVcc (fosc =2 MHz)

Active (high-speed) mode
Continuous mode, BGR halted, fovs = ¢

Type: HD64F38086R
Ta=25°C
fosc =2 MHz

PGA on, max.
PGA on, min.
PGA bypassed, max.

PGA bypassed, min.

<
E
L
o
)
o
2.0 25 3.0 35 4.0
DVcce (V)
DVcc (V)
2.2 2.4 2.7 3.0 3.6
DIOPE PGA on, max. 0.66 1.04 1.76 2.64 4.76
(mA) PGA on, min. 0.64 1.02 1.74 2.62 4.72
PGA bypassed, max. 0.52 0.82 1.36 2.02 3.6
PGA bypassed, min. 0.42 0.7 1.22 1.86 3.42

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(2) DIOPE vs. DVcc (fosc =2 MHz)

Active (high-speed) mode

Continuous mode, BGR running, fovs = ¢

Type: HD64F38086R
Ta =25°C
fosc =2 MHz

PGA on, max.
PGA on, min.
PGA bypassed (typ.)

DIOPE (mA)

2.0 25 3.0 3.5 4.0
DVcce (V)
DVcc (V)
2.2 2.4 2.7 3.0 3.6
DIOPE PGA on, max. 0.7 1.1 1.84 2.76 4.98
(mA) PGA on, min. 0.68 1.08 1.82 272 4.92
PGA bypassed (typ.) 0.48 0.78 1.32 1.96 3.54

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(3) DIPOE vs. DVce (fosc =10 MHz)

Active (high-speed) mode

Continuous mode, BGR halted, fovs = ¢

Type: HD64F38086R
Ta=25°C
fosc =10 MHz

== PGA on, max.
PGA on, min.
PGA bypassed,

e PGA bypassed,

max.

min.

<
E
L
o
Qo
a
2.0 25 3.0 3.5 4.0
DVce (V)
DVcc (V)
2.7 29 3.0 3.6
DIOPE PGA on, max. 1.76 2.32 2.64 4.76
(mA) PGA on, min. 1.74 2.3 2.62 4.72
PGA bypassed, max. 1.36 1.78 2.02 3.6
PGA bypassed, min. 1.22 1.64 1.86 3.42

Note: All data given above were determined with samples and are for general reference only, i.e. they are

not guaranteed values.
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(4) DIOPE vs. DVcc (fosc =10 MHz)

Active (high-speed) mode

Continuous mode, BGR running, fovs = ¢

Type: HD64F38086R
Ta =25°C
fosc = 10 MHz

PGA on, max.
PGA on, min.
PGA bypassed (typ.)

<
E
L
o
©}
a
2.0 25 3.0 3.5 4.0
DVcce (V)
DVcc (V)
2.7 29 3.0 3.6
DIOPE PGA on, max. 1.84 2.44 2.76 4.98
(mA) PGA on, min. 1.82 2.4 2.72 4.92
PGA bypassed, typ. 1.32 1.74 1.96 3.54

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(5) DIOPE vs. fosc

Active (high-speed) mode
Continuous mode, BGR halted, fovs = ¢

Type: HD64F38086R
Ta = 25°C PGA on, max.

DVcc=3.0V PGA on, min.
e PGA bypassed, max.

= PGA bypassed, min.

<
E
L
o
)
[m]
1.0 3.0 5.0 7.0 9.0 11.0
fosc (MHz)
fosc (MHz)
2 10
DIOPE PGA on, max. 2.64 2.64
(mA) PGA on, min. 2.62 2.62
PGA bypassed, max. 2.02 2.02
PGA bypassed, min. 1.86 1.86

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(6) DIOPE vs. fosc

Active (high-speed) mode

Continuous mode, BGR running, fovs = ¢

Type: HD64F38086R e DGA ON. Max.
Ta =25°C !
DVcc=3.0V PGA on, min.

3.0 e PGA bypassed (typ.)

2.5
<
E
L
o
o
o
2.0
1.5
1.0 3.0 5.0 7.0 9.0 11.0
fosc (MHz)
fosc (MHz)
2 10
DIOPE PGA on, max. 2.76 2.76
(mA) PGA on, min. 2.72 2.72
PGA bypassed, typ. 1.96 1.96

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(7) DIOPE vs. Ta

Active (high-speed) mode
Continuous mode, BGR halted, fovs = ¢

Type: HD64F38086R
fosc =10 MHz PGA on, max.

DVcc=3.0V PGA on, min.

e PGA bypassed, max.

PGA bypassed, min.

<
E
L
o
o
o
-50 0 50 100
Ta (°C)
Ta (°C)
-40 25 95
DIOPE PGA on, max. 2.64 2.64 2.62
(mA) PGA on, min. 2.62 2.62 2.6
PGA bypassed, max. 1.96 2.02 2.04
PGA bypassed, min. 1.88 1.86 1.84

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.
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(8) DIOPE vs. Ta

Active (high-speed) mode

Continuous mode, BGR running, fovs = ¢

Type: HD64F38086R PGA on, max.
fosc =10 MHz _
DVcc=3.0V PGA on, min.

3.0 PGA bypassed (typ.)

25
<
E
L
o
o
o
2.0
15
-50 0 50 100
Ta (°C)
Ta (°C)
-40 25 95
DIOPE PGA on, max. 2.76 2.76 2.76
(mA) PGA on, min. 2.72 2.72 2.72
PGA bypassed (typ.) 1.96 1.96 1.96

Note: All data given above were determined with samples and are for general reference only, i.e. they are
not guaranteed values.

REJ05B0780-0200/Rev.2.00 September 2006 Page 156 of 161



’ z Super Low Power Series
u E N ESAS AY AID Converter User's Guide

7.3 Frequency Characteristics of Digital Filter

Figures 7.2 and 7.3 show the frequency characteristics obtained for the transfer function with an oversampling
frequency of 10 MHz.

e Although both figures show the same frequency characteristics, the X-axis is a logarithmic scale in the case of figure
7.3.

® The attenuation is relatively moderate up to a frequency of approximately 70 kHz. Therefore, when aliasing noise is
reflected into the region from 70 kHz down, elimination of this noise becomes increasingly difficult at lower
frequencies.

0.0
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-20.0
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-40.0
-50.0
-60.0
-70.0
-80.0
-90.0

-100.0
-110.0
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0 50 100 150 200 250 300 350 400 450 500
Frequency (kHz)

Figure 7.2 Frequency Characteristics of the Digital Filter for the H8/38086R AX A/D Converter
(Oversampling Frequency: 10 MHz) (1)
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Figure 7.3 Frequency Characteristics of the Digital Filter for the H8/38086R AX A/D Converter
(Oversampling Frequency: 10 MHz) (2)
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7.4

(1) Measurement Method

REF Output Voltage Characteristics (Rise Time)

Stabilization time of BGR is the time between setting of BTRSTPN (bit 7) in the BGR control register (BGRMR) and

the REF output becoming stable.

To use the H8/38086R's AX A/D converter, connect a multi-layer ceramic capacitor (0.1 uF) to the internal reference
voltage (REF) pin. With this setup, measure the time the output internal reference voltage (BGR output voltage) takes to

become stable at 1.2 V.
2
The REF output voltage took approximately 70
3

Measurement Results

Stabilization Time and Waveform

us to settle at 1.2 V.

1.0 N AR T FRRRh HRRRRRRE,
S E E E
E E E E
Q ' ' '
S i B L aATTTT===- AT T
5 : : :
' ' ' '
u : : :
14 . . .
0 B e e
-I L1l L1 1 1 I L1 1 1 I L1 1 1 I L1l 1 L1 1 1 I L1 1 1 L1 1 1 : L1 1 1 : L1 1 1
0 20 40 60 80 100

REF output stabilization time (us)

Figure 7.4 Stabilization Time of the REF Output Voltage

(4) Measurement Circuit
3.0V
REF output voltage
g g Vee REF measurement probe
T T DVcc
ADVce 0.1 uF
A AP 5
C1 TCZ C3 TC4 ZfCS C6
® Vss
AVss 0sC1 CSTLS10M0G53-B0
- J_10 MHz
Open ° n 1Mo TI—
Oo—— Ain2 C1,C3,C5 =47 pF
0SsCc2 C2,C4,C6=0.1uF
ACOM Vi 3.0V
cc = 3.
0.1 uF 77 fosc =10 MHz
H8/38086R Ta=25°C

i

Figure 7.5 REF Voltage Output Characteristic
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(5) Usage Note

The REF output pin does not have sufficient driving capability. If the REF voltage is to be used externally, include an
element that has a high input impedance to amplify the current.
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Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
csc@renesas.com

Revision Record

Description
Rev. Date Page Summary
1.00 Dec.19.05 — First edition

2.00 Sep.21.06 All pages General
Miscellaneous changes for consistency and clarification of descriptions.
3to6 Section 1 Basic Principles of the Delta-Sigma Architecture
Updated section name to that given above.
Updated figures 1.1 and 1.2.
Updated section 1.2.1 for improved readability, including figure 1.4.
7t010 Section 2 A A/D Converter
Re-worked the entire section as appropriate.
Placed description that was formerly section 4, Second-Order AX A/D Converter in the
new section 2.5.
12,13 Section 3 Filter
Separated out the description of aliasing noise to form the independent section 3.3
16 Updated section 3.4, including figure 3.8, FIR (Finite Impulse Response) Filter.
20 Section 4 Errors and Methods of Correction
Updated figure 4.5, Relation between the Analog Level (to be Measured) and Digital
Value (ADDR Value).
Corrected error in equation (3) of section 4.2.1.
221026 Section 5 Recommended Usage Conditions and Usage Notes
Removed the former section 6.1, Ensuring Accurate Conversion.
Changed operating conditions of 5.1.1, 5.2.1, and 5.3.1
Re-worked section 5.4, Usage Notes.
34 Section 6 Application Notes
Updated figure 6.5, Relation between the Analog Level (to be Measured) and Digital
Value (in ADDR).
Corrected the offset error equation in section 6.1.5.
148 Section 7.2 Electric Current Characteristics
Added common conditions to and changed the order of items in table 7.2, Current
Drawn.
157, 158 Section 7.3 Frequency Characteristics of Digital Filter
Added figure 7.2, Frequency Characteristics of the Digital Filter for the H8/38086R AZ
A/D Converter (Oversampling Frequency: 10 MHz) (1).
Corrected the value of resistance (1 MHz) in figure 7.5, REF voltage output
characteristic, to 1 MQ.

REJ05B0780-0200/Rev.2.00 September 2006 Page 160 of 161



’ z Super Low Power Series
u E N ESAS AY AID Converter User's Guide

Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.

© 2006. Renesas Technology Corp., All rights reserved.
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