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property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program” for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
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The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.
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(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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CHAPTER 1 OVERVIEW

An example of using the A/D converter is presented in this sample program. A/D conversion is performed four
times each for the analog input from the ANIO pin and ANI1 pin, and each converted data and the average value of the
converted data are saved into the RAM area.

1.1 Main Contents of the Initial Settings

The main contents of the initial settings are as follows.

o Selecting the high-speed internal oscillator as the system clock source™™

e Stopping watchdog timer operation

e Setting Vwvi (low-voltage detection voltage) to 4.3V £0.2V

e Generating an internal reset (LVI reset) signal when it is detected that Vob is less than Vwv, after Voo (power
supply voltage) becomes greater than or equal to Vuvi

e Setting the CPU clock frequency to 8 MHz

® Setting the I/O ports

e Setting the A/D converter
o Setting the A/D conversion time to 72/fxp (9.0 us)

Note This is set by using the option byte.
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CHAPTER 1 OVERVIEW

1.2 Contents Following the Main Loop

After completion of the initial settings, A/D conversion operation is started whereupon A/D conversion is performed

four times for the analog input from the ANIO pin and the converted data is saved into the RAM area. A/D conversion

operation is stopped after the same processing is performed for the analog input from the ANI1 pin.

After A/D

conversion operation is stopped, the average value of the four A/D conversions performed is calculated for the ANIO

pin and for the ANI1 pin, and the average values are saved into the RAM area.
After completion of the initial settings, successive four-time A/D conversion processing (2 ch) and average value
calculation processing (2 ch), as mentioned above, are repeated. In this manner, the effects of variation in the analog

inputs can be suppressed by performing A/D conversion multiple times and using the average values calculated from
the converted data. Furthermore, power consumption can be reduced by stopping A/D conversion operation when
calculating the average values.

Figure 1-1. Basic A/D Converter Operation (A/D Conversion: 1 Time)

A/D converter
operation

SAR register

ADCR register,
ADCRH register

INTAD

Conversion time

Sampling time

Sampling A/D conversion
result
Conversion
result

I

Caution For cautions when using the device, refer to the user’s manual of each product (78K0S/KU1+,
78K0S/KY1+, 78K0S/KA1+, 78K0S/KB1+).
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CHAPTER 2 CIRCUIT DIAGRAM

This chapter describes a circuit diagram to be used in this sample program.
2.1 Circuit Diagram

A circuit diagram is shown below.

Vbb
Voo %
L VDDNotes 1,2 RESET
Sy Vsshete AVreNote 2L Reference
78KO0S/Kx1+ voltage input

micro- AVssNOte 3
controller ;7

Analog input —{ ANI1

Analog input —  ANI0
Temperature sensor,
optical sensor,
volume input, etc.

Notes 1. Use this in a voltage range of 4.5V <Vbb < 5.5 V.

2. Vop of the 78K0S/KU1+ and 78K0S/KY 1+ microcontrollers is used alternatively as the reference voltage
input (AVRer) of the A/D converter. Make sure that the A/D converter stabilizes at the power supply
voltage to be used when using the A/D converter.

3. Vss of the 78K0S/KA1+, 78K0S/KU1+, and 78K0S/KY1+ microcontrollers is used alternatively as the
ground potential (AVss) of the A/D converter. Make sure to connect Vss to a stabilized GND (= 0 V).

Caution Leave all unused pins open (unconnected), except for the pins shown in the circuit diagram.
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CHAPTER 3 SOFTWARE

This chapter describes the file configuration of the compressed file to be downloaded, internal peripheral functions
of the microcontroller to be used, and initial settings and operation overview of the sample program, and shows a flow
chart.

3.1 File Configuration

The following table shows the file configuration of the compressed file to be downloaded.

File Name Description Compressed (*.zip) File Included

'|I i !
i L1
(32|

main.asm Source file for hardware initialization processing and main o! o!

(Assembly language processing of microcontroller

version)

main.c

(C language version)

op.asm Assembler source file for setting the option byte (sets the ® L]
system clock source)

ad.prw Work space file for integrated development environment PM+ [ ]

ad.prj Project file for integrated development environment PM+ [ ]

ad.pri Project files for system simulator SM+ for 78K0S/Kx1+ o'"r?

ad.prs

ad.prm

ad0.pnl I/O panel file for system simulator SM+ for 78K0S/Kx1+ (used o'r? L4

for checking peripheral hardware operations)

Notes 1. “main.asm” is included with the assembly language version, and “main.c” with the C language version.
2. These files are not included among the files for the 78K0S/KU1+ microcontroller.

Remark @ : Only the source file is included.
[rea]

: The files to be used with integrated development environment PM+ and 78K0S/Kx1+ system
(=22l simulator SM+ are included.
: The microcontroller operation simulation file to be used with system simulator SM+ for
78K0S/Kx1+ is included.
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CHAPTER 3 SOFTWARE

3.2 Internal Peripheral Functions to Be Used
The following internal peripheral functions of the microcontroller are used in this sample program.

¢ 10-bit resolution A/D conversion: A/D converter
¢ VoD < Vv detection: Low-voltage detector (LVI)
¢ Analog input: ANIO, ANI1 (analog input ports)

3.3 Initial Settings and Operation Overview

In this sample program, initial settings including the setting of the low-voltage detection function, selection of the
clock frequency, setting of the 1/O ports, and setting of the A/D converter are performed.

After completion of the initial settings, A/D conversion operation is started whereupon A/D conversion is performed
four times for the analog input from the ANIO pin and the converted data is saved into the RAM area. A/D conversion
operation is stopped after the same processing is performed for the analog input from the ANI1 pin. After A/D
conversion operation is stopped, the average value of the four A/D conversions performed is calculated for the ANIO
pin and for the ANI1 pin, and the average values are saved into the RAM area.

After completion of the initial settings, successive four-time A/D conversion processing (2 ch) and average value
calculation processing (2 ch), as mentioned above, are repeated. In this manner, the effects of variation in the analog
inputs can be suppressed by performing A/D conversion multiple times and using the average values calculated from
the converted data. Furthermore, power consumption can be reduced by stopping A/D conversion operation when
calculating the average values.
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CHAPTER 3 SOFTWARE

The details are described in the status transition diagram shown below.

A/D convers|

Initial settings 1

® Referencing the option byte
e Selecting the high-speed internal oscillator
as the system clock source
* The low-speed internal oscillator can be
stopped by software
e Using the P34/RESET pin as the RESET pin
® Stack pointer setting
® Stopping watchdog timer operation
{Setting the CPU clock frequency to 2 MHz /

Y

\ Reset other than by LVI

e

[ Reset source check J

LVI reset
Y

Initial settings 2

4 I

® Setting the CPU clock frequency to 8 MHz
® /O port setting
e Setting only P20/ANIO and P21/ANI1 as
input ports and setting to the A/D converter
mode
® A/D converter setting
¢ Setting the A/D conversion time to 9 us

Y

L
(
/<—[

Setting Vwvi to 4.3V 0.2 V and
starting low-voltage detection
operation

1

200 us wait

+ Vop > Vivi

Setting so that an internal reset
signal is generated when
Vob < VLvi

Enabling comparator WA
operation

Setting the analog input
channel to ANIO

[

1
[ Wait of 4 clocks
[

Starting A/D conversion
operanon

Clearing the INTAD

~——— ) S

interrupt request “ Number of
INTAD interrupt generation+ A/D
conversions
Saving the 10-bit A/D | <4
on operation conversion data
Number of A/D
conversions = 4
Setting the analog input
channel to ANI1
Clearing the INTAD
interrupt request “
Number of
INTAD interrupt generation* A/D
conversions
Saving the 8-bit A/D <4

conversion data

Number of A/D
conversions = 4

[ Stopping A/D

conversion operation

operation

-~ L

[ Stopping comparator

A/D conversion data

!

Adding the A/D
conversion data read

!

Setting the next
address to be read

[ Reading the10 bit ]

J
]

Number of additions = 4
Y

Multiplying the addition
result by 1/4 (2-bit right-shift)

[ Saving the average value of]
t

he 10-bit A/D conversion dat;

{

[ Reading the 8-bit

T

A/D conversion data

!

[ Adding the A/D

conversion data read

!

Setting the next
address to be read

Number of additions = 4

Y
Multiplying the addition
result by 1/4 (2-bit right-shift)

!

Saving the average value of
the 8-bit A/D conversion data

Number of
additions < 4

A/D conversion result
average value calculation

Number of
additions < 4
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CHAPTER 3 SOFTWARE

3.4 Flow Charts

The flow charts for the sample program are shown below.

<Processing after reset release>

Reset start

[<— Referencing the option byteNote

Setting the analog

Stack pointer setting input channel to ANI1

Clearing the INTAD
interrupt request

s al
A/D conversion

completion interrupt
generated?

Yes

Saving the 8-bit
A/D conversion data

Stopping watchdog
timer operation

Setting the CPU clock
frequency to 2 MHz

Reset source?

Reset other than by LVI

A/D conversion operation

LVI reset

conversion been

Setting Vi =4.3V 0.2V completed7iour

200 us wait

Yes

Stopping A/D

Initial settings conversion operation

Stopping comparator
operation

Reading the 10-bit
Setting so that an internal A/D conversion data
reset signal is generated

when Vop <

Adding the A/D
conversion data read
Setting the CPU clock
frequency to 8 MHz

1/0 port setting

Setting the A/D

conversion time to 9 us

Setting the next
address to be read

Has addition
been completed
four times?

No

Multiplying the addition
result by 1/4
(2-bit right-shift)

- A/D conversion result
Enabling comparator average value calculation

operation

Saving the average
value of the 10-bit
A/D conversion data

Setting the analog input
channel to ANIO

Wait of 4 clocks

Starting A/D conversion
operation

Reading the 8-bit A/D
conversion data

Adding the A/D
conversion data read

Setting the next address
to be read

-—
Clearing the INTAD
interrupt request

A/D conversion
completion interrupt

Has’
addition been
completed four
times?

A/D conversion operation

Multiplying the addition
result by 1/4
(2-bit right-shift)

Saving the 10-bit A/D
conversion data Saving the average
value of the 8-bit
A/D conversion data

D
conversion been
completed four

Note Referencing the option byte is automatically performed by the microcontroller after reset release. In this
sample program, the following contents are set by referencing the option byte.
» Using the high-speed internal oscillation clock (8 MHz (TYP.)) as the system clock source
* The low-speed internal oscillator can be stopped by using software
e Using the P34/RESET pin as the RESET pin
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CHAPTER 4 SETTING METHODS

This chapter describes the A/D converter setting.
For other initial settings, refer to the 78K0S/Kx1+ Sample Program (Initial Settings) LED Lighting Switch
Control Application Note. For interrupt, refer to the 78K0S/Kx1+ Sample Program (Interrupt) External Interrupt

Generated by Switch Input Application Note. For low-voltage detection (LVI), refer to the 78K0S/Kx1+ Sample
Program (Low-Voltage Detection) Reset Generation During Detection at Less than 2.7 V Application Note.

For how to set registers, refer to the user's manual of each product (78K0S/KU1+, 78K0S/KY1+, 78KOS/KA1+,
78K0S/KB1+).

For assembler instructions, refer to the 78K/0S Series Instructions User’s Manual.

4.1 Setting the A/D Converter
The A/D converter uses the following six registers.

¢ A/D converter mode register (ADM)

¢ Analog input channel specification register (ADS)
¢ 10-bit A/D conversion result register (ADCR)
 8-bit A/D conversion result register (ADCRH)

¢ Port mode register x (PMx)

¢ Port mode control register x (PMCx)

10 Application Note U18915EJ1VOAN
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CHAPTER 4 SETTING METHODS

<Example of the procedure for setting the basic A/D converter operation>
Using the FR2 to FRO bits to set the A/D conversion time

<1>
<2>
<3>
<4>

<5>

Setting (1) the ADCE bit

Using the ADS register to set the analog input channel
Waiting for four clocks (executing two NOP instructions or an instruction equivalent to two machine cycles)
Setting (1) the ADCS bit: starting A/D conversion operation

Cautions 1. Steps <1> to <3> may be performed randomly.
2. Leave an interval of at least 1 us between steps <2> and <5>.

This register sets the conversion time for the analog input to be A/D converted, and starts or stops conversion

Figure 4-1. Format of A/D Converter Mode Register (ADM)

(1) ADM register setting
operation.
ADM
ADCS 0 FR2 FR1 FRO ADCE

]

Comparator operation control

Note 1

ONole 2

Stops comparator operation.

1 Enables comparator operation.

A/D conversion time and sampling time settings

Reference voltage Sampling Conversion
range"™*® time"** time"**®

0 0 0 AVRer> 4.5V 12/fxe (1.5 us) 36/fxp (4.5 us)
1 0 0 AVRer>2 4.0V 24/txp (3.0 us) 72/txp (9.0 us)
1 1 0 AVRer22.85 V 96/fxp (12.0 us) | 144/fxe (18.0 us)
1 0 1 48/fxp (6.0 us) | 96/fxp (12.0 us)
0 1 0 48/fxp (6.0 us) | 72/fxp (9.0 us)
0 0 1 24/fxp (3.0 us) | 48/fxe (6.0 us)
1 1 1 AVRer2 2.7V 176/fxp (22.0 us) [224/fxp (28.0 us)
0 1 1 88/fxe (11.0 us) | 112/fxp (14.0 us)

A/D conversion operation control

The values in parentheses are the time values when operating at fxr = 8 MHz.

0

Stops conversion operation.

1 Note 2

Starts conversion operation.

Remarks 1. fxpr: Oscillation frequency of the clock supplied to peripheral hardware

2. The conversion time refers to the total of the sampling time and the time from successively

comparing the sampling value until the conversion result is output.

(Notes and Cautions are given on the next page.)
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CHAPTER 4 SETTING METHODS

12

Notes 1.

Cautions

The operation of the comparator is controlled by ADCS and ADCE, and the time from starting the
operation until it stabilizes takes 1 us. The conversion data, therefore, becomes valid starting from the
first conversion data, by setting ADCS to 1 after at least 1 us elapses since ADCE was set to 1. If ADCS
is set to 1 without waiting for at least 1 us, ignore the first conversion data.

Table 4-1. ADCS and ADCE Settings

ADCS ADCE A/D Conversion Operation
0 0 Stopped (No DC power consumption path exists.)
0 1 Conversion wait mode (Only the comparator consumes
power.)
1 X Conversion mode

Even when ADCE is 0 (comparator operation is stopped), A/D conversion operation starts if ADCS is set
to 1. Ignore the first conversion data, however, because it is outside the guaranteed-value range.
Be sure to set FR2, FR1, and FRO in accordance with the reference voltage range, so that Notes 4 and
5, below, are satisfied.
Example: When AVRer > 2.7 V, fxr = 8 MHz
* The sampling time is at least 11.0 us, and the A/D conversion time is at least 14.0 us and
less than 100 us.
* Set FR2, FR1,and FROt0 0, 1,1 0or 1,1, 1.
Set the sampling time as follows.
* AVRer 24.5V: Atleast 1.0 us
* AVRer 24.0V: Atleast2.4 us
* AVRer 2 2.85V: At least 3.0 us
* AVRer 22.7V: Atleast 11.0 us
Set the A/D conversion time as follows.
* AVRer 24.5V: Atleast 3.0 us and less than 100 us
* AVRer 2 4.0V: Atleast 4.8 us and less than 100 us
* AVRer 2 2.85 V: Atleast 6.0 us and less than 100 us
* AVRer 22.7V: Atleast 14.0 us and less than 100 us

1. The above sampling times and conversion times do not include clock frequency errors.
Select sampling time and conversion time that satisfy the conditions described in Notes 4
and 5, in consideration of clock frequency errors (an error margin of maximum *5% when
using the high-speed internal oscillator).

2. To start A/D conversion after a bit other than ADCS of ADM is manipulated while A/D
conversion is stopped (ADCS = 0), set ADCS to 1 after executing two NOP instructions or an
instruction equivalent to two machine cycles.

3. Stop A/D conversion (ADCS = 0) before rewriting bits FRO to FR2.

4. Be sure to clear bits 6, 2, and 1 to “0”.

Application Note U18915EJ1VOAN



CHAPTER 4 SETTING METHODS

(2) ADS register setting
This register specifies the input port of the analog voltage to be A/D converted.

Figure 4-2. Format of Analog Input Channel Specification Register (ADS)

ADS
0 0 0 0 0 0 ADS1 | ADSO
L Analog input channel specification
0 0 ANIO
0 1 ANI1
1 0 ANI2
1 1 ANI3

Caution Be sure to clear bits 2 to 7 to “0”.

(3) ADCR register operation
This register is a read-only 16-bit register that retains the A/D conversion result. The higher six bits are fixed to
0. Each time A/D conversion ends, the conversion result is loaded from the successive approximation register,
and is stored into ADCR, in the order starting from bit 1 of FF19H. FF19H indicates the higher 2 bits of the
conversion result, and FF18H indicates the lower 8 bits of the conversion result.

Figure 4-3. Format of 10-bit A/D Conversion Result Register (ADCR)
ADCR

FF19H FF18H

Caution When the ADM and ADS registers have been written, the contents of the ADCR register may
become undefined. Read the conversion result before writing to the ADM and ADS registers,
after completion of conversion operation. A correct conversion result may not be read at a
timing other than that mentioned above.

(4) ADCRH register operation
This register is a read-only 8-bit register that retains the A/D conversion result. It stores the higher 8 bits of a
10-bit resolution result.

Figure 4-4. Format of 8-bit A/D Conversion Result Register (ADCRH)

ADCRH

Application Note U18915EJ1VOAN 13



CHAPTER 4 SETTING METHODS

(5) PMC2 register and PM2 register settings
When using the ANIO/P20 to ANI3/P23 pins as analog inputs, set PMC20 to PMC23 and PM20 to PM23 to 1.

Figure 4-5. Format of Port Mode Control Register 2 (PMC2)

PMC2

0 0 0 0 PMC23

PMC22

PMC21

PMC20

Operation mode specification

0

Port or alternative-function (other than A/D
converter) mode

A/D converter mode

Caution When PMC20 to PMC23 are set to 1, the P20/ANIO to P23/ANI3 pins cannot be used as port
pins. Be sure to set the pull-up resistor option registers (PU20 to PU23) to 0 for the pins set

to the A/D converter mode.

Figure 4-6. Format of Port Mode Register 2 (PM2)

PM2

1 1 1 1 PM23

PM22

PM21

PM20

P2n (n = 0 to 3) pin I/O operation mode specification

0

Output mode

14
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CHAPTER 4 SETTING METHODS

[Example] When starting A/D conversion operation by setting the analog input channel to ANIO and the A/D
conversion time to 9 us

(Oscillation frequency of the clock supplied to peripheral hardware (fxp) = 8 MHz)
(Same contents as in this sample program source)

(1) Register settings

<1> ADM
ADCS 0 1 0 0 0 0 ADCE
‘ Comparator operation control
0 Stops comparator operation.
1 Enables comparator operation.
A/D conversion time and sampling time settings
Reference | Sampling time Conversion time
voltage
range
1 0 0 AVRrer > 24/fxe (3.0 us) 72/fxp (9.0 us)
40V
The values in parentheses are the time values when operating at fxr = 8 MHz.
A/D conversion operation control
0 Stops conversion operation.
1 Starts conversion operation.
<2> ADS
0 0 0 0 0 0 0 0
| Analog input channel specification
— o | o [awo
<3> PMC2
0 0 0 0 X X X 1
Operation mode specification
| 1 |ADconverter mode
<4> PM2
1 1 1 1 X X X 1

P2n (n = 0 to 3) pin I/O operation mode specification

—l 1 I Input mode

Application Note U18915EJ1VOAN 15



CHAPTER 4 SETTING METHODS

(2) Sample program

16

<1> Assembly language

SET1 PMC2.0

SET1 PM2.0

MOV ADM, #00100000B
SET1 ADCE

MOV ADS, #00H

NOP

NOP

SET1 ADCS

<2> Clanguage

PMC2.0 = 1;

PM2.0 = 1;

ADM 0b00100000;
ADCE = 1;

0x00;

ADS =
NOP () ;
NOP () ;
ADCS = 1;

Application Note U18915EJ1VOAN




CHAPTER 4 SETTING METHODS

[Excerpt from this sample program source]
An excerpt from APPENDIX A PROGRAM LIST, which is related to the A/D converter function, is shown below
(same contents as in [Example] mentioned above).

(1) Assembly language

XMAIN CSEG UNIT
IRESET:

. ~ Sefting the AD
o ~._conversion time__~

S s el

MOV ADM, #00100000B ; A/D conversion time = 72/fxp (= 9.0 us)

MMAINLOOP:
T . —
/ Cfg;g:&%\ R <ﬁtializing the analog
\\\ operation R |[1put channel to/A/l\/lIO
i SET1 ADCE / ; Enable comparator operation
/77[\ MOV ADS, #00H ; Initialize the analog input channel to ANIO
g/ Wait of 4 clocks | » NOF
: NoP
e SET1 ADCS ; Start A/D conversion operation
‘X/éi;ngm\)
LMLP100: -conversion operation -
§—o——= Wait for A/D conversion completion -----
CLR1 ADIF ; Clear the INTAD interrupt request
LMLP150:
NOP
BF ADIF, S$LMLP150 ; Wait for an INTAD interrupt
MOVW AX, ADCR ; Read the 10-bit A/D conversion data
/C/)Eénging the an;I\o\g ¢ ~ Reading the 10-bit A/D conversion
\_input channel to ANID ® _ data from the APCR registgr after A/D P
T ® ~——__conversion completion
\‘MOV ADS, #01H ; Set the analog input channel to ANI1
LMLP200:
jo———- Wait for A/D conversion completion -----
CLR1 ADIF ; Clear the INTAD interrupt request
LMLP250:
NOP
BF ADIF, S$LMLP250 ; Wait for an INTAD interrupt
CLR1 ADIF ; Clear the INTAD interrupt request
MOV A, ADCRH ; Read the 8-bit A/D conversion data
///éiar;ﬁgiﬁb\‘\ : v\// ﬁrre/ading the 8-bit A/D conversion data ~
‘\\c\onversion operatioy‘ ‘\\ from the ADCBH reglster.after A/D //‘
— g * ~——__conversion completion
CLR1 ADCS B Stopwzf\/iD cor;rzgsion operation
CLR1 ADCE ; Stop comparator operation
Ve . Stopping ¢
\ comparator /‘ °
~_operation_- ¢
—
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CHAPTER 4 SETTING METHODS

(2) Clanguage

void hdwinit (void) {

ADM = 0b00100000;

unsigned char ucCnt200us; /* 8-bit variable for 200 us wait */

- SettmeAD

/\\conversion time 7

/* A/D conversion time = 72/fxp (= 9.0 us) */

return;

void main(void) {

L —

( Enable comparator)

operation/ TAA M
- ADS = 0x00;
=/

——————_wNOP();

. onverS|on operatlon
Wait of 4 clocks 4 NOP () ;. }\
- ADCS = 1; * Start

_—

Initialize the analog mpLD
channel to ANIO

/* Enable comparator operation */
/* Initialize the analog input channel to ANIO

Startlng A/D

A/D conversion operation * /INTMO =

0b00000000;
for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Perform A/D conversion
processing four times */
{
ADIF = 0; /* Clear the INTAD interrupt request */
while (!ADIF) < /* Wait for an INTAD interrupt */
-_— —~—_ S —
{ T Storing the 10-bit A/D conversion
NOP () ; data from the ADCR register after )
} ——_ A/D conversion completion
g_ushnAdBuff0[ucTimes] = ADCR; /* Store the 10-bit A/D

convers:.on data */

hanglng the anal

C og }
|nput channel to ANI1

- —» ADS = 0x01;

/* Set the analog input channel to ANI1 */

for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Perform A/D conversion
processing four times */
{
ADIF = 0; /* Clear the INTAD interrupt request */
while (!ADIF) - /* Wait-; E‘E{fn INEAirL::fterrupt */
{ T — " Storing the 8-bit A/D conversion
NOP () ;} data from the ADCRH register after )
} ——— A/D conversion completion —
g_ucAdBuffl[ucTimes] = ADCRH; /* Store the 8-bit A/D
conversion data */
o }
/Stopplng A/D
conversion _p» ADCS = 0; /* Stop A/D conversion operation */

operatlon/ ADCE .
/ Stoppmg R

comparator

\@eratlon/ / °

n
o
~

/* Stop comparator operation */

18
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CHAPTER 4 SETTING METHODS

4.2

Input Voltage and A/D Conversion Result

The analog input voltage input from the analog input pins (ANIO to ANI3) and the theoretical A/D conversion result
(ADCR register)"™ have a relation expressed by the following expression.

® ADCR register (10-bit resolution)

ADCR = INT ( A\\/;:';F x 1024 + 0.5)

or
AVREF AVREF
(ADCR - 0.5) x 1024 < Van < (ADCR + 0.5) X024

Remark INT (): Function returning the integral part of the value within parentheses
Van:  Analog input voltage
AVRer:  AVRErF pin voltage
ADCR: 10-bit A/D conversion result register (ADCR) value

Calculation example: When the analog input voltage is 1.96 V and the AVRrerpin voltage is 5V

1960
5000

e ADCR = INT (z2r x 1024 + 0.5) = INT (401.908) = 401 = 0191H

Note There are two types of A/D conversion result registers.
* ADCR register: Stores the A/D conversion result (10-bit resolution)
o ADCRH register: Stores the higher 8 bits of the A/D conversion result (10-bit resolution)

Application Note U18915EJ1VOAN
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CHAPTER 5 OPERATION CHECK USING SYSTEM SIMULATOR SM+

This chapter describes how the sample program operates with system simulator SM+ for 78K0S/Kx1+, by using the
assembly language file (source files + project file) that has been downloaded by selecting the icon.
L

Caution System simulator SM+ for 78K0S/Kx1+ is not supported with the 78K0S/KU1+ microcontroller (as
of October 2007). The operation of the 78K0S/KU1+ microcontroller, therefore, cannot be
checked by using system simulator SM+ for 78K0S/Kx1+.

5.1 Building the Sample Program

To check the operation of the sample program by using system simulator SM+ for 78K0S/Kx1+ (hereinafter referred
to as “SM+”), SM+ must be started after building the sample program. This section describes an example of the
operation sequence, from building the sample program with integrated development environment PM+, using the
assembly language file (source files + project file) that has been downloaded by selecting @ , up to starting SM+.
For how to build other downloaded programs, refer to CHAPTER 3 REGISTERING INTEGRATED DEVELOPMENT
ENVIRONMENT PM+ PROJECTS AND EXECUTING BUILD in the 78K0S/Kx1+ Sample Program Startup Guide

Application Note.
For the details of how to operate PM+, refer to the PM+ Project Manager User’s Manual.

(1) Start PM+.

(2) Select “ad.prw” by clicking [Open Workspace] from the [File] menu and click [Open]. A workspace into which
the source file will be automatically read will be created.

(3) Select [Project Settings] from the [Project] menu. When the [Project Settings] window opens, select the name
of the device to be used (the device with the largest ROM or RAM size will be selected by default), and click
[OK]. Open Workspace RPX

N Edit Find Layer View Project Look ju | £ U18315E0 1W0AND0_78K0SKETP_& = &= (& £ [+

T Chrl+M

Cpen... Cerl+0

Close Click

MNews Workspace.., \

Open Workspace, .,
File name:  [ad prwv I Open I
Files of tupe:  [wiorkspace File{* prw) | Cancel

Help

35 PM plus - ad. prw [OutPut]

Flz Edt Find Layer View Nacedl Guld Tool Window Help

B0 S L & S Activepe . = : a7

Add New Praject...

/D converer - /D converter et Project....

Fies | Memo |

= 5 A/D converter - 1

=@ A/D converter :
#-[ Source Fles Export Makefile
[ Inchude Files -
(23 Project Relats MRS D
(1 Other Files

Project Settings
Project Infarmation | Saurce File

Project File Hame ad.pii

Add Project Related Files...
Add Other Files. ..

Folder C:AWwWORKAUT 831 5E1VOANDD_FBKOSKETP_ASM_PRJ
Workspace File Name  C:\WwWORKAUT8315E11W0AN00_FBKOSKE1P_ASM_PRJ\ad. prw

Pt AD converter

4 Project Title

Edit project settings

87D converter

20

[78K/05 Series

Select the device name |———

Series Name Device Name

Device Install

Click the [OK] button |—— |

Cocel | Hep |
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CHAPTER 5 OPERATION CHECK USING SYSTEM SIMULATOR SM+

(4) Click E ([Build — Debug] button). When the “main.asm” and “op.asm” source files are built normally, the
message “I3500: Build completed normally” will be displayed.
(5) Click the [OK] button in the message window to automatically start SM+.

File Edit Find Layer Wew Project Build Tool MWindow Help

B-Dedl & = 03| G |4 2R 7
JA:’D corwerter - A/0 converter l”Dabug Build LJ & | &) i

Proje do C A =loupu —ET;
Files ]Memo] - [ECF] C“Ck

A/D converter - 1 Project(s]

ER-J4/D converter]

=4y Source Files O O utP ™
main.asm
op.asm — Target chip : uPD7SF92324 ﬂ‘
(3 Inchude Files - Deviece file : VZ.114
(C3 Project Related Files "
(Z31 Other Files

Link conplete, 0 error (s3] and 0 warning(s) found.+
CiWNECTOOLI3ZVbinh ag s i

TEE/03 Series Objed
Copyright (C) NE(]

¥
Target chip : uPD
Device file @ ViZ.
¥
bbject Conversion i
¥
— Build Total errori(s) : 0O Tot7/warning(sj : 0 [ECQF] b

kil

Far Help, press F1

Click

v

‘ SM+ starts automatically. ‘

5.2 Operation with SM+

This section describes examples of checking the operation on the 1/0 panel window or timing chart window of SM+.
For the details of how to operate SM+, refer to the SM+ System Simulator Operation User’s Manual.

\IQ' [Column] Build errors
Change the compiler option setting according to the following procedure when the error message “A006 File
not found ‘C:\NECTOOLS32\LIB78K0S\sOsl.rel” or “** ERROR F206 Segment ‘@ @ DATA’ can’t allocate to
memory - ignored.” is displayed, when building with PM+.

<1> Select [Compiler Options] from the [Tool] menu.
<2> The [Compiler Options] dialog box will be displayed. Select the [Startup Routine] tab.
<3> Uncheck the [Using Fixed Area of Standard Library] check box. (Leave the other check boxes as they are.)

A RAM area of 118 bytes that has been secured as a fixed standard library area will be enabled for use when
the [Using Fixed Area of Standard Library] check box is unchecked; however, the standard libraries (such as
the getchar function and malloc function) will be disabled for use.

The [Using Fixed Area of Standard Library] check box is unchecked by default when the file that has been
downloaded by clicking the (=2l icon is used in this sample program.

AL
7
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CHAPTER 5 OPERATION CHECK USING SYSTEM SIMULATOR SM+

(1) When SM+ is started by clicking [Build — Debug] on PM+ (refer to 5.1), the following screen will be displayed.
(This is a screen example when the assembly language source file is used.)

Watch | Quick. | Refresh | Close |

HOuY AX. #RSTACKIOP
Ay

HOuY SP. Set the stack poin

Initialize the watchdog timer

HOU UDTH. #P1118111B Stop the watchdog

Detect low-voltage + set the clock

Set the clock <1
Mou PCC, #8000800AB The clock supplied
MoU LSRCM,. #BPO00BOB1B Stop the oscillati

Check the reset source
HOU A, RESF Read the reset so
BT A8, $HRST308 Onit subsequent Ll

Cat ToviminTbnmn dntantion

atch

Heflesh Mud\fy.. Cloze | | Add... Delete. ] Up Down ! F\efreshl Close l

1+RADBUFFAL41
[+RADBUFF1[4]
00 RADDATAB
oo RADDATAL
E20|00 00 00 00 00 00 00 0O OO0 00 OO0 00 00 00 00 00
E30lo0 00 00 00 00 00 00 00 OO0 00 OO0 00 00 00 00 00
E40l00 00 00 00 00 00 00 0O OO0 00 OO 0O 00 00 00 00
ESO|00 00 00 00 00 00 0O 0O 00 00 00 00 00 00 00 00
E&O|00 00 00 00 00 00 0O 0O 00 00 00 00 00 00 00 00
[FE70[00 00 DO 00 00 0D 0O 0O 0O 00 00 OO 00 00 00 00
FES0[00 00 0O 00 00 0D 00 00 0O 00 00 OO 00 00 00 00
FESO[0O0 00 0O 00 00 0D 0O 00 0O 00 00 OO 00 00 00 00
FEAD[OD 00 0O 00 00 0D 0O 00 0O 00 00 OO 00 00 00 00
[FEBD[OOD 00 DO 00 00 0D 00 00 0O 00 00 OO 00 00 00 00

FECDDD 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO0 :
IFEDO|IO0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 st _‘.I_ ! .’. ‘.I. _| .’.l
[main.asm#121 l--- o8z [ [ [ et s .

(2) Click | 1™ | ([Restart] button). The program will be executed after the CPU is reset and the following screen will
be displayed.

& SM+ for 78K0S : ad
File Edt Yiew Option Run FEvent Browse Jump Simulator Window Help

Slr]s = ]2 | BlElm SR alalwe 2l4% 5]
HO| =8 R=e

Click I 22 )| & | & [|m

CER|

| search. | <« watch | Quick.

N
> HOuW Ay, #RETACKTOP
AX

HOUW 8P, stack poin

Initialize the watchdog timer

Hou WDTH.. #01110111B 5 Stop the watchdog

Detect low-voltage + set the clock

wei " Seee" ! Sapanpaapn The clock Lied The input The input
Hou LSECH,  #0DBOBAE1B Stop the oseillati voltage of voltage of

ﬁgﬁck the reset source the ANIO pln the ANI1 pln

Read the reset sou

A.8.  SHRST3P@ Omit subsequent LU can be set. can be set.

Madify. Closs

+RADBUFFAL41

[*RADBUFF1[4]
RADDATAA
RADDATAL

This turns red during /
program execution.
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CHAPTER 5 OPERATION CHECK USING SYSTEM SIMULATOR SM+

(8) The first character changes from a plus sign (“+”) to a minus sign (“-”), and the data will be expanded and
displayed below “-RADBUFFO0 [4]” and “~RADBUFF1 [4]", by double-clicking “+RADBUFFO0 [4]” and
“+RADBUFF1 [4]” on the [Watch] window.

Bl Watch D@E]
—Jﬂdd"' —]Dd'm —JUD —JDDwn —JHEHESh | The A/D conversion data of the

+RADBUFFAL4 1 PAxFE28—— . . .
+RADBUFFLL41 xpEst ANIO pin input is saved, starting

-click —»
Double-click |

RADDATAB
RADDATAL from address FE20H.

The A/D conversion data
of the ANI1 pin input is
saved, starting from
address FE28H.

RADBUFFALA 1 Data of the first A/D conversion of the ANIO pin input | 10-bit resolution
RADBUFFAIL1 1 Data of the second A/D conversion of the ANIO pin input H
Expanded { RADBUFFAL2 ] Data of the third A/D conversion of the ANIO pin input (ADCR register
. RADBUFFAL3 1 Data of the fourth A/D conversion of the ANIO pin input value)
—RADBUFF1[41] 8 -
RADBUFF1IA1 Data of the first A/D conversion of the ANI1 pin input 8-bit resolution
RADBUFF1[11 Data of the second A/D conversion of the ANI1 pin input .
Expanded { RADBUFF1[2] Data of the third A/D conversion of the ANI1 pin input (ADCRH register
i RADBUFF1IL31 Data of the fourth A/D cgnversion of the ANI1 pin input _ Value)

RADDATAB
RADDATAL

< |

3

Average value of the Average value of the
four A/D conversions four A/D conversions
performed for the performed for the ANIO
ANI1 pin input pin input

(4) The input voltage can be changed by dragging the motion point (red dot) located at the level gauge on the 1/O
panel window during program execution. Check that the A/D conversion data on the [Watch] window and
[Memory] window change as a result of changing the input voltage.

Remarks 1. For the relation between the input voltages from the ANIO and ANI1 pins, and the A/D
conversion data, refer to 4.2 Input Voltage and A/D Conversion Resulit.
2. The A/D converter reference voltage input (AVReF) is set to 5 V by default. To change the AVrer

voltage value, a level gauge must be added to the input panel. For the level gauge added, set
the connection pin to “AVREF” and the maximum input value to an arbitrary value in the property
settings. After setting the properties, set the AVrer voltage value by selecting “Input simulation”
and dragging the motion point located on the level gauge on the 1/O panel window.
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24

Example 1: Input voltage from the ANIO pin: 1,960 mV, input voltage from the ANI1 pin: 0 mV

1/0 Panel Window [Watch] Window

Bl Watch

RADBUFFAL41 [FxFEZ0
RADBUFFALA ] Data of the first to
RADBUFFAL1 1
EEBEH}:ESE%} fourth A/D conversions
ERcshibiiy AL of the ANIO pin input
RADBUFF1IA1
RADBUFF1I11
RADBUFF1[21
mgnmmTaggFua] Average value of the four
Set the input voltage RADDATAL A/D conversions performed

from the ANIO pin to for the ANIO pin input
1,960 mV . I

1360mv

< |

[Memory] Window

Lower 8 bits of ADCR

ngher 2 bits of ADCR ify... Cloze

Addr+0 [+1 | +2 +4 +5 +6 +7 +8 +9 +A +B +C +D +E +F

FEDDDD/DD/DG oo oo oo oo oo o0 00 00 oo o0 oo oo oo
FE10jo0g DD oo oo 00. oo 0O gg oo 00 00 oo o0 0o oo oo
FEEDEE [ﬂ 91 01 91 01 51 01 o0 00 00 oo 91 0 oo oo
FEBDQB/DD a oo ao\oo DD\QD oo 00 00 o0 oo \oo 00 DD
FE4Bj00 00 Op 00 00 \00 € Save data of the fourth 22 0

EEX

Search... ‘ |

|»

Save data of the first = Save data of the 3 E A/D conversion s;\fé (i?tt?]:ffct)ﬁf Z/Ee)rage

A/D conversion second A/D op ¢ performed for the ANIO conversions performed

performed for the conversion gg\ EDLpirLiunpuLu su vu vu for the ANIO p|n input

ANIO pin input performed for the  Save data of the third A/D 50 . -_ . =
FEBOJOC ANIO pin input conversion performed for 29 00 DO 0O oo ﬂ
FECOOL . —- —— —— o a0 oo oo oo oo =
rEpoloo oo oo oo ao the ANIO pininput J0 00 00 00 00 -
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CHAPTER 5 OPERATION CHECK USING SYSTEM SIMULATOR SM+

Example 2: Input voltage from the ANIO

pin: 1,960 mV, input voltage from the ANI1 pin: 1,960 mV

1/0 Panel Window

[Watch] Window

1960mv

Set the input voltage
from the ANI1 pin to
1,960 mV

1FE0mY

a1

11

21

LS
i ;

a]

11

21

31

| |

Bl Watch

Add... Delete ] Up | Dowin Hﬂmsh|

EEX

Cloze ]

—RADBUFFAL41

RADBUFFAL
RADBUFFAL
RADBUFFAL

RADBUFF1L
RADBUFF1 [
RADBUFF1 [
RADBUFF1L

RADDATAB
RADDATAL

Data of the first to

fourth A/D conversions

of the ANI1 pin input
Average value of the four
A/D conversions performed
for the ANI1 pin input

[Memory] Window

Sl Memory

Search...‘ LE | b3 ‘ Flefreshl Modify...‘ N

1

ADCRH (8 bits)

/
Addr+0 +1 +2 +3 +4 +5 +8& +7 +B/+Q +4 +BE  +C +D +E +F
FEOO[OO0 OO0 00 00 00 00 00 00 DE 00 00 00 00 00 00 00 -
FE10lo0 0O . o0 00 00 OO 00 00 OO0 00 00 s
FE20191 01 Save data Of_ the first 1 54 54 &4 91 01 &4 00O
Fezoloo oo A/D conversion do o 0o 0o
FE4DI00 OO performed for the dD oo 0O 0o oo ]
FEsoloo o0 L Gl
rEsolao oo ANIT pininput Save Qata of Save data of o Save data of the
FE7o0lo0 oo oo nn A0 oon o0 ooAn the third A/D the fourth A/D o  average value of the
reEeojoo oo ocSave data of the second  conversion conversion o four A/D conversions
reacloo oo ocAVD conversion performed for  performed for o  Performed for the ANI1
FeBoloo oo ocPerformedforthe AN the AN pin e AN pin © Ppininput
FECOloo 00 ocpininput input . . a] EI
rFEDOlOD 00O 00 0O 00 0O OO0 00 00 00 00 00
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CHAPTER 6 RELATED DOCUMENTS

Document Name

Japanese/English

78K0S/KU1+ User’'s Manual

PDF

78K0S/KY 1+ User’'s Manual PDE
78K0S/KA1+ User’'s Manual PDE
78K0S/KB1+ User’'s Manual PDE
78K/0S Series Instructions User's Manual PDF
RA78K0S Assembler Package User's Manual Language PDF
Operation PDF

CC78K0S C Compiler User's Manual Language PDE
Operation PDF

PM+ Project Manager User’'s Manual PDF
SM+ System Simulator Operation User's Manual PDF
78K0S/KA1+ Simplified Flash Writing Manual MINICUBEZ2 Information PDF
78KOS/Kx1+ Sample Program Startup Guide PDF
Application Note Sample Program (Initial Settings) LED Lighting Switch Control PDE
Sample Program (Interrupt) External Interrupt Generated by Switch Input PDF

Sample Program (Low-Voltage Detection) Reset Generation During PDF

Detection at Less than 2.7 V
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APPENDIX A PROGRAM LIST

As a program list example, the 78 KOS/KB1+ microcontroller source program is shown below.

@® main.asm (Assembly language version)

PR I I b I I I I I I I I I I I I I I I R I I I I I I I I I I I I I I I I b I I I I I I I I I I I I I I I I I I I I I I I b b I b 4
r

;

; NEC Electronics 78K0S/KB1l+

;

PR I b I b I I I I I I I I I I I I b I I I R I I I I b I I I b I I I I I I b I I I I I I I I I I I I I I I I b I b 4
r

; 78K0S/KB1l+ Sample program

PEECE R b S R S S R I S S S I I S S I R S b S S R R S IR S I S 2 I S I S I S S IR e b b S S S I S SR S S b S
I

; A/D converter

ek hkhkhkhkhkhkhhhhhkhhhkhkhkhkhkhhkhkhkhkhhhhhhkhhkhkhkhkhkhkhhkhkhbkhbhbhbhbhhbhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkhkkhkhkhihk
I

;<<History>>

; 2007.8.-- Release

,.*****************************************************************************
;<<Overview>>

;This sample program presents an example of using the A/D converter. A/D
;conversion is performed four times for the analog input to the ANIO pin

;and ANI1 pin, and the conversion results are saved into the RAM area.

;The A/D conversion results are read by using poling processing of the

; INTAD interrupt request flag. Furthermore, A/D conversion data of the

;ANI0 pin is saved in 10-bit resolution by reading the ADCR register, and
;the A/D conversion data of the ANI1 pin is saved in 8-bit resolution by
;reading the ADCRH register. The average value of each data is calculated
;and saved into the RAM area.

; <Principal setting contents>

; - Stop the watchdog timer operation

; - Set the low-voltage detection voltage (VLVI) to 4.3 V +-0.2 V

; - Generate an internal reset signal (low-voltage detector) when VDD < VLVI
after VDD >= VLVI

;- Set the CPU clock to 8 MHz

; - Set the clock supplied to the peripheral hardware to 8 MHz

; - Set the A/D converter conversion time to 9.0 us

; <A/D conversion results and data storage location of the average values>

;| Label | Data | Data Type |A/D Conversion|
;| Name | Length]| | Port |

;  |RADBUFF0|16 bits|10-bit A/D conversion data ( ) | P20/ANIO
P |16 bits|10-bit A/D conversion data (2nd time) | P20/ANIO |
( ) |
( ) | |

P |16 bits|10-bit A/D conversion data (3rd time P20/ANIOQ
;o |16 bits|10-bit A/D conversion data (4th time P20/ANIO
et |
; |RADBUFF1l| 8 bits| 8-bit A/D conversion data (5th time) | P21/ANI1 |
P | 8 bits| 8-bit A/D conversion data (6th time) | P21/ANI1
P | 8 bits| 8-bit A/D conversion data (7th time) | P21/ANI1 |
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P | 8 bits| 8-bit A/D conversion data (8th time) | P21/ANI1

P |
; |RADDATAQ|16 bits| Average value of the lst to 4th data| - |
; |RADDATAl| 8 bits| Average value of the 5th to 8th data| - |
; +--—-———"—"—"""""—=" =" === T T T T T T ———————— +

;<<I/0O port settings>>

; Input: P20, P21
;  Output: P00-P03, P22, P23, P30-P33, P40-P47, P120-P123, P130
;  # All unused ports are set as the output mode.

PEEIE IR I 2k I e b I I I R I R I R S S S R R Ik I R R A S Ik R A S kI S S S A S
’

XVCT CSEG AT 0000H

DW IRESET ; (00) RESET

DW IRESET ;(02) —--

DW IRESET ;(04) --

Dw IRESET ; (06) INTLVI

DW IRESET ; (08) INTPO

DW IRESET ; (0A) INTP1

DW IRESET ; (0C) INTTMH1

DW IRESET ; (OE) INTTMOOO

Dw IRESET ; (10) INTTMO10

DW IRESET ; (12) INTAD

DW IRESET ;(14) --

DW IRESET ; (16) INTP2

DW IRESET ; (18) INTP3

Dw IRESET ; (1A) INTTM80

DW IRESET ; (1C) INTSRE6

DW IRESET ; (1E) INTSR6

DW IRESET ; (20) INTST6
; Define the RAM
DRAM DSEG SADDRP
RADBUFFO: DS 8 ; For storing the 10-bit A/D conversion results
RADBUFF1: DS 4 ; For storing the 8-bit A/D conversion results
RADDATAOQ : DS 2 ; For storing the average value of the 10-bit
A/D conversion results
RADDATAL: DS 1 ; For storing the average value of the 8-bit A/D

conversion results

; Define the memory stack area

DSTK DSEG AT OFEEOH
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RSTACKEND: DS 20H ; Memory stack area = 32 bytes
RSTACKTOP: ; Start address of the memory stack area = FFO00H

;*****************************************************************************
;
; Initialization after RESET

i
PEEE R S E S S S Rk S S S S I I S S S I R S b S S b b S IR R S I e b S S b S S S S IR S S S S I S S S S I
7

XMAIN CSEG UNIT
IRESET:

MOVW AX, #RSTACKTOP
MOVW SP, AX ; Set the stack pointer

MOV WDTM, #01110111B ; Stop the watchdog timer operation

- Set the clock <1> -----

MOV PCC, #00000000B ; The clock supplied to the CPU (fcpu) = fxp (=
fx/4 = 2 MHz)

MOV LSRCM, #00000001B ; Stop the oscillation of the low-speed
internal oscillator

g————-— Check the reset source -----
MOV A, RESF ; Read the reset source
BT A.0, SHRST300 ; Omit subsequent LVI-related processing and go

to SET_CLOCK during LVI reset

;-———- Set low-voltage detection -----
MOV LVIS, #00000000B ; Set the low-voltage detection level (VLVI) to
4.3 VvV +-0.2 V

SET1 LVION ; Enable the low-voltage detector operation
MOV A, #40 ; Assign the 200 us wait count value
je———= 200 us wait -----
HRST100:
DEC A
BNZ SHRST100 ; 0.5[us/clk] x 10[clk] x 40[count] = 200[us]
;-———- VDD >= VLVI wait processing -----
HRST200:
NOP
BT LVIF, SHRST200 ; Branch if VDD < VLVI
SET1 LVIMD ; Set so that an internal reset signal is

generated when VDD < VLVI

o —- Set the clock <2> -----
HRST300:

MOV PPCC, #00000000B ; The clock supplied to the peripheral hardware
(fxp) = fx (= 8 MHz)
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; —> The clock supplied to the CPU (fcpu) = fxp

1l
00}
=
T
N

MOV PO, #00000000B ; Set output latches of P00-P03 as low
MOV PMO, #11110000B ; Set P00-PO03 as output mode

MOV P2, #00000000B ; Set output latches of P20-P23 as low
MOV PMC2, #00000011B ; Set P20 and P21 to A/D converter mode
MOV PM2, #11110011B ; Set P22 and P23 as output mode, P20 and P21 as

MOV P3, #00000000B ; Set output latches of P30-P33 as low
MOV PM3, #11110000B ; Set P30-P33 as output mode

MOV P4, #00000000B ; Set output latches of P40-P47 as low
MOV PM4, #00000000B ; Set P40-P47 as output mode

MOV P12, #00000000B ; Set output latches of P120-P123 as low
MOV PM12, #11110000B ; Set P120-P123 as output mode

MOV P13, #00000001B ; Set output latch of P130 as high

MOV ADM, #00100000B ; A/D conversion time = 72/fxp (= 9.0 us)

PR R I b A b b S b S I b I b S S b S e I S I b I b b b b S 2 I I I b b b S S S I b b b b S I I I I b b b b b o
r

;

; Main loop

;
PR R R R R R R R R R R R R R R I R I R I I R I I I R I I R I R I R I R
7

MMAINLOOP:

; ANIO pin A/D conversion processing (save the conversion results in 10-
bit resolution)

MOVW HL, #RADBUFFO ; Specify the table address for storing the 10-
bit A/D conversion data

MOV B, #4 ; Specify the number of A/D conversions
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P Wait for A/D conversion completion

SET1 ADCE

MOV ADS,

NOP

NOP

SET1 ADCS
LMLP10O:

CLR1 ADIF
LMLP150:

NOP

BF ADIF,

o ———- Store the conversion data

MOVW AX,
MOV
XCH
MOV
INC
INC
DBNZ

HL],

we e =

’

[HL+1]

#00H

SLMLP150

ADCR

, A
X

A
STMLP100

; Enable comparator operation

; Initialize the analog input channel to ANIO

; Start A/D conversion operation

; Clear the INTAD interrupt request

; Wait for an INTAD interrupt

; Read the 10-bit A/D conversion data
; Store the higher 2 bits

; Store the lower 8 bits
; Increment the table address by 2

; Branch if

the number of A/D conversions < 4

; ANI1 pin A/D conversion

processing

(save the conversion results in 8-bit

resolution)
MOVW HL, #RADBUFF1
bit A/D conversion data
MOV B, #4
MOV ADS, #01H
LMLP200:
;-———- Wait for A/D conversion completion
CLR1 ADIF
LMLP250:
NOP
BF ADIF, SLMLP250
CLR1 ADIF

; Store the conversion data

MOV A,
MOV [HL],
INC L
DBNZ B,
CLR1 ADCS
CLR1 ADCE

ADCRH
A

STMLP200

; Specify the table address for storing the 8-

; Specify the number of A/D conversions

; Set the analog input channel to ANI1

; Clear the INTAD interrupt request

; Wait for an INTAD interrupt
; Clear the INTAD interrupt request

; Read the 8-bit A/D conversion data
; Store the A/D conversion data
; Increment the table address by 1

; Branch if the number of A/D conversions < 4

; Stop A/D conversion operation
; Stop comparator operation

; Calculate the average value of the 10-bit A/D conversion data

MOVW  HL,

#RADBUFFO

bit A/D conversion data

MOVW AX,

#0000H

(ANIO pin)

; Specify the table address for storing the 10-

; Clear the AX register
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s-———= Add -----

MOV B, #4 ; Specify the number of additions
LMLP300:

XCH A, X

ADD A, [HL] ; Add the lower 8 bits

XCH A, X

ADDC A, [HL+1] ; Add the higher 2 bits (including carried lower
bits)

INC L ; Increment the table address by 2

INC L

DBNZ B, SLMLP300 ; Branch if the number of additions < 4

;-———- Calculate the average value -----

MOV B, #2 ; Specify the number of right-shifts (= x1/2)
LMLP350:

ROR A, 1 ; Right-shift the higher bits by 1

XCH A, X

RORC A, 1 ; Right-shift the lower bits by 1 (including
shifting of higher bits)

XCH A, X

DBNZ B, SLMLP350 ; Branch if the number of right-shifts < 2

AND A, #00000011B ; Mask bits other than higher bits 0 and 1

MOVW RADDATAO, AX ; Store the average value (10-bit data) into
RADDATAOQ

; Calculate the average value of the 8-bit A/D conversion data (ANI1 pin)

MOVW HL, #RADBUFF1 ; Specify the table address for storing the 8-
bit A/D conversion data

MOVW AX, #0000H ; Clear the AX register
g————-— Add -----

MOV B, #4 ; Specify the number of additions
LMLP400:

ADD A, [HL] ; Add

BNC SLMLP420 ; Branch i1f no bits are carried

INC X ; Increment the higher bits by 1
LMLP420:

INC L ; Increment the table address by 1

DBNZ B, SLMLP400 ; Branch if the number of additions < 4

jo———— Calculate the average value -----

MOV B, #2 ; Specify the number of right-shifts (= x1/2)
LMLP450:

XCH A, X

ROR A, 1 ; Right-shift the higher bits by 1

XCH A, X

RORC A, 1 ; Right-shift the lower bits by 1 (including
shifting of higher bits)

DBNZ B, SLMLP450 ; Branch if the number of right-shifts < 2

MOV RADDATALl, A ; Store the average value (8-bit data) to
RADDATAL

BR IMMAINLOOP ; Go to the MMAINLOOP

end
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® main.c (C language version)

/~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~k~k**~k**~k**~k***~k~k~k************************

NEC Electronics 78K0S/KB1+

R I I b S S b o S b S I S SR S I S I b S R S R IR S S b b S b b S S b S Ih I R R IRk e b b S b I S b I S S IRk S S I SR S b

78K0S/KBl+ Sample program

R R I R I I I I I R I S R R R I I R R R R I R R R I R I R R R R I R R I R I R R R I R I S R I I R I R R R R I I I

A/D converter
BRI b I I b I I I b b b b I b I b b I b b b I I I I b I I b b I b R I I I b I b I I I I I I I I I b I I I b I b I I b I b 4
<<History>>

2007.8.-- Release

R R I R I I I I I R I I R R I I R R R R I I R R R R R R R R R I I R R I R R R R I R I R R I I SR R R I IR I I I

<<Qverview>>

This sample program presents an example of using the A/D converter. A/D
conversion is performed four times for the analog input to the ANIO pin
and ANI1 pin, and the conversion results are saved into the RAM area.

The A/D conversion results are read by using poling processing of the
INTAD interrupt request flag. Furthermore, A/D conversion data of the
ANIO pin is saved in 10-bit resolution by reading the ADCR register, and
the A/D conversion data of the ANI1 pin is saved in 8-bit resolution by
reading the ADCRH register. The average value of each data is calculated
and saved into the RAM area.

<Principal setting contents>

- Stop the watchdog timer operation

- Set the low-voltage detection voltage

- Generate an internal reset signal
after VDD >= VLVI

- Set the CPU clock to 8 MHz

- Set the clock supplied to the peripheral hardware to 8 MHz

- Set the A/D converter conversion time to 9.0 us

(VLVI)
(low-voltage detector)

to 4.3 V +-0.2 V
when VDD < VLVI

<A/D conversion results and data storage location of the average values>

- +
| Variable | Data | Data Type |A/D Conversion|
| Name | Length| | Port |
== eseosoooo oo |
|g_ushnAdBuff0|16 bits|10-bit A/D conversion data (lst time) | P20/ANIO |
| |16 bits|10-bit A/D conversion data (2nd time) | P20/ANIO |
| |16 bits|10-bit A/D conversion data (3rd time) | P20/ANIO |
| |16 bits|10-bit A/D conversion data (4th time) | P20/ANIO |
T L A S |
|g_ucAdBuffl | 8 bits| 8-bit A/D conversion data (5th time) | P21/ANI1 |
| | 8 bits| 8-bit A/D conversion data (6th time) | P21/ANI1 |
| | 8 bits| 8-bit A/D conversion data (7th time) | P21/ANI1 |
| | 8 bits| 8-bit A/D conversion data (8th time) | P21/ANI1 |
o L S A A S |
|g_ushnAdData0|16 bits| Average value of the lst to 4th data| - |
|g_unAdDatal | 8 bits| Average value of the 5th to 8th data| - |
T T T T +
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<<I/O port settings>>

Input: P20, P21
Output: P00-P03, P22, P23, P30-P33, P40-P47, P120-P123, P130
# All unused ports are set as the output mode.

*****************************************************************************/

/*::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Preprocessing directive (#pragma)

#pragma SFR /* SFR names can be described at the C

source level */

#pragma NOP /* NOP instructions can be described at

the C source level */

/*============================================================================
Define the global variables

sreg static unsigned short int g ushnAdBuff0[4]; /* 16-bit variable table

for storing the 10-bit A/D conversion data */

sreg static unsigned char g_ucAdBuffl[4]; /* 8-bit variable table

for storing the 8-bit A/D conversion data */

sreg static unsigned short int g_ushnAdDatal; /* 16-bit variable for

storing the average value of the 10-bit A/D conversion data */

sreg static unsigned char g_ucAdDatal; /* 8-bit variable for

storing the average value of the 8-bit A/D conversion data */

/*****************************************************************************

Initialization after RESET

*****************************************************************************/

void hdwinit (void) {

unsigned char ucCnt200us; /* 8-bit variable for 200 us wait */

/* ____________________________________________________________________________
Initialize the watchdog timer + detect low-voltage + set the clock
____________________________________________________________________________ */

/* Initialize the watchdog timer */

WDTM = 0b01110111; /* Stop the watchdog timer operation */

/* Set the clock <1> */

PCC = 0b00000000; /* The clock supplied to the CPU (fcpu) =
fxp (= fx/4 = 2 MHz) */

LSRCM = 0b00000001; /* Stop the oscillation of the low-speed

internal oscillator */

/* Check the reset source */

if (! (RESF & 0b00000001)) { /* Omit subsequent LVI-related processing
during LVI reset */

/* Set low-voltage detection */
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LVIS = 0b00000000;
(VLVI) to 4.3 V +-0.2 V */
LVION = 1; /*
for (ucCnt200us 0;
about 200 us */
NOP () ;
}
while (LVIF) { /*
NOP () ;
}
LVIMD = 1; /*
generated when VDD < VLVI */
}
/* Set the clock <2> */
PPCC = 0b00000000; /*
(fxp) = fx (= 8 MHz)
= 8 MHz */
Initialize the port 0
PO = 0b00000000;
PMO = 0b11110000;
Initialize the port 2
P2 = 0b00000000;
PMC2 = 0b00000011;
*/
PM2 = 0b11110011;

P21 as input mode */

0p00000000;
= 0b11110000;

0p00000000;
= 0b00000000;

0b00000000;

8]
=
=
[N}
I

0b11110000;

Initialize the port 13

/* Set the low-voltage detection level

Enable the low-voltage detector operation */

ucCnt200us < 9;

ucCnt200us++) { /* Wait of

Wait for VDD >= VLVI */

Set so that an internal reset signal is

The clock supplied to the peripheral hardware

-> The clock supplied to the CPU

Application Note U18915EJ1VOAN

(fcpu) = fxp

output latches of P00-P03 as low */
P00-P03 as output mode */

output latches of P20-P23 as low */
P20 and P21 to A/D converter mode

P22 and P23 as output mode, P20 and

output latches of P30-P33 as low */
P30-P33 as output mode */

output latches of P40-P47 as low */
P40-P47 as output mode */

output latches of P120-P123 as low

P120-P123 as output mode */
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____________________________________________________________________________ */
P13 = 0b00000001; /* Set output latch of P130 as high */

/* ____________________________________________________________________________
Set the A/D converter

____________________________________________________________________________ */
ADM = 0b00100000; /* A/D conversion time = 72/fxp (= 9.0 us)

*/
return;

}

/*****************************************************************************

Main loop

*****************************************************************************/

void main (void) {

unsigned char ucTimes; /* 8-bit variable for counting the number of A/D
conversions */

unsigned short int ushnAdSum; /* 16-bit variable for adding A/D conversion
data */

while (1)

ANIO pin A/D conversion processing (save the conversion results in 10-
bit resolution)

____________________________________________________________________________ */
ADCE = 1; /* Enable comparator operation */
ADS = 0x00; /* Initialize the analog input channel to
ANIO */
NOP () ;
NOP () ;
ADCS = 1; /* Start A/D conversion operation */
for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Perform A/D
conversion processing four times */
{
ADIF = 0; /* Clear the INTAD interrupt request
*/
while (!ADIF) /* Wait for an INTAD interrupt */
{
NOP () ;
}
g_ushnAdBuffO[ucTimes] = ADCR; /* Store the 10-bit A/D
conversion data */
}
/* ____________________________________________________________________________

ANTI1 pin A/D conversion processing (save the conversion results in 8-bit
resolution)

ADS = 0x01; /* Set the analog input channel to ANI1 */
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for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Perform A/D
conversion processing four times */
{
ADIF = 0; /* Clear the INTAD interrupt request */
while (!ADIF) /* Wait for an INTAD interrupt */
{
NOP () ;
}
g_ucAdBuffl[ucTimes] = ADCRH; /* Store the 8-bit A/D
conversion data */
}
ADCS = 0; /* Stop A/D conversion operation */
ADCE = 0; /* Stop comparator operation */
/* ____________________________________________________________________________
Calculate the average value of the 10-bit A/D conversion data (ANIO pin)
____________________________________________________________________________ */
ushnAdSum = 0x0000; /* Clear the variable for adding the A/D
conversion data */
for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Add the data of the
four A/D conversions */
{
ushnAdSum += g_ushnAdBuffO[ucTimes]; /* Add the 10-bit
A/D conversion data */
}
g_ushnAdDatal = ushnAdSum >> 2; /* Save the average value of
the 10-bit A/D conversion data */
/* ____________________________________________________________________________
Calculate the average value of the 8-bit A/D conversion data (ANI1 pin)
____________________________________________________________________________ */

ushnAdSum = 0x0000; /* Clear the variable for adding the A/D
conversion data */

for (ucTimes = 0; ucTimes < 4; ucTimes++) /* Add the data of the
four A/D conversions */

{
ushnAdSum += g_ucAdBuffl[ucTimes]; /* Add the 8-bit A/D
conversion data */
}
g_ucAdbDatal = ushnAdSum >> 2; /* Save the average value of
the 8-bit A/D conversion data */

}

® op.asm (Common to assembly language and C language versions)
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OPBT CSEG AT 0080H
DB 10011100B ; Option byte area
; || |+---------- Low-speed internal oscillator can be
stopped by software
; | ++----———————- High-speed internal oscillation clock (8
MHz) is selected for system clock source
; o - P34 /RESET pin is used as RESET pin
DB 11111111B ; Protect byte area (for the self programming
mode)
; D All blocks can be written or erased
end
38
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