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Preface

The H8/330 is an original Hitachi high-performance single-chip microcontroller with a high-speed
H8/300 CPU core and a set of on-chip peripheral functions optimized for industrial embedded
control.

With CPU, ROM, RAM, timers, and dual-port RAM integrated onto a single chip, the H8/330 has
awide range of applications, from small systemsto large.

This H8/330 application sheet is divided into an on-chip supporting module part that presents
sampl e tasks using the H8/330's on-chip peripheral functions, and an interface part that gives
examples of interfaces between the H8/330 and peripheral chips. These examples are intended for
reference by users performing software and hardware design.

The sample tasksin this application sheet have been tested, but users intending to use them should
first confirm that they operate as desired.
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Guide to Use of the H8/330 Application Sheet
Organization

This application sheet is divided into two parts as shown in figure 1.

Application sheet —[ On-chip supporting modules

Interfaces

Figurel Organization of the Application Sheet
1.  On-chip supporting modules

Usage of the H8/330's on-chip supporting modules (timers, serial communication interface,
etc.) is explained through simple sampl e tasks (pul se cycle measurement etc.).

2. Interfaces

Examples of circuits that use the H8/330's expanded modes to interface to peripheral chips
are described.

1.1 On-Chip Supporting Modules

Usage of on-chip supporting modulesis described in the format shown in figure 2.

On-chip supporting module ——— Specification
usage description
— Usage of functions
— Operation
— Software description —1— Module descriptions
— Argument descriptions
— On-chip register usage
— General register usage
— RAM usage
— Flowcharts
— Program list

Figure2 Organization of On-Chip Supporting Module Part




Specification
Gives system specifications for the sample task.
Usage of functions

Describes the features of the on-chip supporting module used by the sample task, and the
allocation of on-chip supporting module facilities.

Operation
Uses timing diagrams to explain how the sample task operates.
Software description
a. Module descriptions
Describes the software modules that operate the task.
b. Argument descriptions

Describes the input arguments needed to execute the task, and the output arguments
resulting from task execution.

c. On-chip register usage

Describes the registers (timer control registers, serial mode register, etc.) in the on-chip
register field that are set by the software modules.

d. General register usage

Gives the names and functions of the general registers (RO to R7) used by the software
modules.

e. RAM usage
Givesthe label names and functions of RAM l|ocations used by the software modules.
Flowcharts
Uses genera flowcharts to explain the software that executes the sample task.
Program list

Shows program listings of the software that executes the sample task.



1.2 Interfaces

Descriptions of interfaces to peripheral chips (ROM, RAM, timer chip) are organized as shown in
figure 3.

Interface description Specification
Operation
Circuit diagram

AC characteristics

Figure3 Organization of Interface Part

1. Specification

Gives circuit specifications. names of connected peripheral chips, memory map, etc.
2. Operation

Uses timing diagrams to explain how the circuit operates.
3. Circuit diagram

Shows a diagram of the peripheral chip interface circuit.
4. AC characteristics

Indicates the AC characteristics of the H8/330 and peripheral chip.
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LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Specification

1. Control signasfrom the H8/330's 1/O ports control an LCD-11 (HD44780) as shown in figure
1ltodisplay aletter (A) onan LCD.

2. TheLCDisinaliquid crystal module that includes the LCD-II.

H8B330 A~y ‘

LCD-Il

P30 E [ LCD

P31 RS

1 i 3

P32 RIW

P10 to P17 % DBO to DB7 [ LCD driver IC

Figurel Block Diagram Showing Control of LCD-II by H8/330

Usage of Functions

Table 1 lists the function assignments for this sample task. The H8/330 uses two of its I/O ports
(ports 1 and 3) for read/write interfacing to the LCD-II.

Table1l Assignment of Functionsto 1/O Ports

LCD-II
1/0 port Control Line  Function
P30 E Data read/write enable signal
Data read: LCD-II outputs data on DBO to DB7 while E signal is high.
Data write: LCD-II latches data on fall of E signal.
P31 RS LCD-II internal register select signal

High: Data register
Low: Instruction register

P32 R/W Read/write select signal
High: Read (H8/330 — LCD-II)
Low: Write (H8/330 — LCD-II)

P10to P17 DBOto DB7 Data lines




LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Operation

Figure 2 explains how the LCD-II isinterfaced. The timing diagrams illustrate the control of the
I/O portsin read and write operations.

1. Dataread (H8/330 — LCD-II)
RS ><
RIW /

— 14— 140 ns (min)
: A N
1 320 ns (min) |
-

DBO to ! ! >< 3
DB7 : : ! !

7 U B U

Hardware operations Hardware operations Hardware operations Hardware operations

None None None None

Software operations Software operations Software operations Software operations

a. Set RS signal a. Set E signal high a. Read data while a. Set E signal low
high or low E signal is high

b. Set R/W signal high

c. Set port 1 to input

Figure2 LCD-II Interface Timing (1)




LCD-Il Interface  MCU: H8/330 Function: 1/O ports

APS330-2001

2. Datawrite (H8/330 - LCD-II)

rs X

R/W

\

4>:

: -

- 140 ns (min)

195 ns (min) \

DB7

DBO to |

___/

Hardware operations

N

Hardware operations

Hardware operations

None

None

None None

Software operations

Hardware operations
Software operations Software operations Software operations

a. Set RS signal high
or low

b. Set R/W signal low

c. Set port 1 to output

a. Set E signal high a. Set E signal low
(LCD-II latches
data at fall of E

signal)

a. Output write data
from H8/330

Figure2 LCD-II Interface Timing (2)
Software Description
1. Module descriptions
Module Label Function
Main program LCDMN Initializes 1/O ports and loads display data into R1L.
Reset LCD-II LCD2R  Transfers function set data to LCD-II and resets LCD-II.
Initialize LCD-II LCD2I Transfers instructions to LCD-II and initializes LCD-I.
Write ASCII data to LCD-Il ASCWR  Writes ASCII code from input argument to LCD-II.
Check busy flag BFCHEK Checks busy flag before interfacing with LCD-II.
Read data from LCD-II DATRD Reads data from LCD-Il instruction register or data register.
Write data to LCD-II DATWR  Writes data to LCD-II instruction register or data register.
Wait 15 ms WAIT Executes Wait 15 ms, using software timer.




LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

2. Argument descriptions

Label or Data Input/
Register Function Length Modules Where Used Output
R1L Stores ASCII code to be displayed on LCD. 1 byte Main program Output
Write ASCII data to LCD-Il Input
ROL Selects instruction register or data register. 1 byte Reset LCD-II Output
00: instruction register Initialize LCD-II
01: data register Write ASCII data to LCD-II
Check busy flag
Read data from LCD-II Input
Write data to LCD-II
ROH Stores data to be written to LCD-II. 1 byte Reset LCD-I Output
Initialize LCD-II
Write ASCII data to LCD-II
Write data to LCD-II Input
ROH Stores data read from LCD-II. 1 byte Read data from LCD-II Output
Check busy flag Input

3.  On-chip register usage

Register Function Modules Where Used

P3DDR Sets port 3 to output. Main program

P1DDR Switches port 1 between input and output. Read data from LCD-II, data write
P3DR Sets control signals output from port 3. Read data from LCD-II, data write
P1DR Write: Stores data written from H8/330 Read data from LCD-II, data write

Read: Stores data read from LCD-II

4. Generd register usage

This sample task does not use general registers except for arguments.

5. RAM usage

This sample task does not use RAM.




LCD-Il Interface  MCU: H8/330 Function: 1/O ports

APS330-2001

Flowcharts

1. Mainprogram

2. Reset LCD-lI

Set stack pointer
to H'FEFE

Put H'FF in P3DDR
to set port 3 to output

Reset LCD-II

Initialize LCD-II

Put ASCII code
for "A" (H'41) in R1L.

Write ASCII
data to LCD-lI

]

Reset LCD-II

Run 15-ms
software timer

Put H'0O in ROL to se-
lect instruction register

Put function set
data (H'30) in ROH

Write data to LCD-II

Written
three times?

No




LCD-Il Interface  MCU: H8/330 Function: 1/O ports

APS330-2001

Flowcharts

3.

4, Write ASCI| datato LCD-II

Initialize LCD-II

Initialize LCD-II

|

Read instruction
from data table

No

Check busy flag

Put H'00 in ROL
to select instruc-
tion register

Put instruction
in ROH

Write data to LCD-II

L]

Write ASCII data
to LCD-II

Check busy flag

Put H'01 in ROL to
select data register

Move ASCII code
from R1L to ROH

Write data to LCD-II

End




LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Flowcharts

5. Check busy flag

Check busy flag

-

Put H'00 in ROL to
select instruction
register
I
Read data
from LCD-II

MSB of ROH = 1?
No

End

6. Read datafrom LCD-II

Read data from
LCD-II

Put H'00 in P1DDR
to set port 1 to input

Data register
selected?

Yes Send high output
Send low output from P31 (RS)

from P31 (RS)

Send high output
from P32 (R/W)
I
Send high output
from P30 (E)

I
Read P1DR and
put data in ROH
I
Send low output
from P30 (E)

Put H'FF in PIDDR
to set port 1 to output

End




LCD-Il Interface  MCU: H8/330 Function: 1/O ports

APS330-2001

Flowcharts

7. Writedatato LCD-II

Write data to LCD-II

Data register
selected?

Send low output

Send high output
from P31 (RS)

from P31 (RS)

Send low output
from P32 (R/W)
[
Send high output
from P30 (E)
\
Write ROH
contents to P1DR

Send low output
from P30 (E)

End
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LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Program List
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LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Program List
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LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Program List
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LCD-Il Interface  MCU: H8/330 Function: 1/O ports APS330-2001

Program List
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Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer APS330-3002

Specification

1. Thissample task measures the time from the rise of a pulse signal to the next rise (the pulse
cycle) asshown in figure 1, and storesthe result in RAM.

2. With a10-MHz clock, pulse cycles from 8 psto 13.1 ms can be measured in 200-ns steps.

Pulse

Pulse cycle (T)

Figurel Pulse Cycle Measurement

Usage of Functions

1. Figure 2 shows ablock diagram of the 16-bit free-running timer used by this sample task. The
16-bit free-running timer has an input-capture function that detects pulse edges and stores the
corresponding timer value in an on-chip register.

Rising edge detection

Timer control
register (TCR)

(Specifies which
edge to detect)

Edge detection
and capture signal
generating circuit

Input capture A input line (FTIA)

Input capture
interrupt A (ICIA)

Input capture
register A (ICRA)

Free-running
counter (FRC)

Pulse input ;

Figure2 16-Bit Free-Running Timer Block Diagram
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Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3002

Usage of Functions

2. Table1l liststhe function assignments for this sample task. Functions of the 16-bit free-
running timer are used to measure pulse cycle length.

Tablel 16-Bit Free-Running Timer Function Assignments

16-Bit Free-Running

Timer Function Description

FTIA Input of pulse to be measured.

ICIA Starts pulse cycle measurement at rise of pulse.
ICRA Detects counter value at rise of pulse.
Operation

Figure 3 explains how the measurement is carried out. The H8/330 uses both hardware and
software operations to measure pulse cycle length.

Immediately
after reset

%

)

Pulse (FTIA)

Hardware operations Hardware operations
a. FRC counts up a. Transfer FRC value
- to ICRA

Software operations b. Generate ICIA
a. Enable pulse input

at FTI Ap P Software operations
b. Specify detection of ICIA handling

rising edge of pulse a. Current ICRA value
c. Enable ICIA — previous ICRA value

- pulse cycle

b. Copy current ICRA value
to previous ICRA value for
use in next measurement

Figure3 Pulse Cycle M easurement
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Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3002

Softwar e Description

1. Module descriptions

Module Label Function

Main program PWMN Initializes 16-bit free-running timer and RAM.

Measure pulse cycle PWINT ICIA interrupt handler: uses ICRA value to measure pulse cycle.

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

PWI_CYCDATA Stores timer value representing pulse cycle lword Measure Output
pulse cycle

Pulse cycle (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

3. On-chip register usage

Register  Function Modules Where Used
TCR Designates transfer of FRC value to ICRA when rising edge  Main program
of pulse is detected.
TIER Enables ICIA. Main program,
measure pulse cycle
ICRA Stores FRC value at rise of pulse; pulse cycle is found from  Measure pulse cycle
this value.

4. General register usage

Module Register Function

Main program RO Used as work register for setting data.

Measure pulse cycle RO Used as work register for setting data.

5. RAM usage

Label Function Word Length Modules Where Used
PWI_OLDDATA Stores previous ICRA value. 1 word Measure pulse cycle

17



Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3002

Flowcharts

1. Main program

Set stack pointer
to H'FEFE
[
Set TIER
to enable ICIA

Set TCR to detect
rising edge of pulse

Clear | flag to
unmask interrupts

]

Measure pulse cycle

Save registers
[

Clear interrupt
request flag (ICFA)

Copy current ICRA value
to previous value for use
in next measurement

2. Measure pulse cycle

Subtract previous
ICRA value from
current ICRA value
to find pulse cycle

Restore registers

18



Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3002

Program List
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Pulse CycleMeasurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3002

Program List
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Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer APS330-3003

Specification

1. Thissample task measures the time from the rise of a pulse signal to the next rise (the pulse
cycle) as shown in figure 1, and stores the result in RAM.

2. With a1l0-MHz system clock, pulse cycles from 5 psto 13.1 ms can be measured in 200-ns
steps.

Pulse

Pulse cycle (T)

Figurel Pulse Cycle Measurement
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Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Usage of Functions

1. Figure 2 shows ablock diagram of the 16-hit free-running timer used by this sample task. The
16-hit free-running timer has the following functions:

a.  Aninput-capture function that detects pul se edges and stores the corresponding timer
value in an on-chip register.

b. A buffer mode that retains the previous timer value when a pulse edge is detected.

This sample task uses these functions as shown in figure 2 to measure pulse cycle length.

Rising edge detection

Timer control
register (TCR)

edge to detect)

Y
Edge detection and _Input capture

capture signal gene- interrupt A (ICIA)
rating circuit

i (Specifies which

Pulse input

Input capture A
input line (FTIA)

Input capture Input capture Free-running
register C (ICRC) register A (ICRA) counter (FRC)

Figure2 16-Bit Free-Running Timer Block Diagram
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Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Usage of Functions

2. Table 1 liststhe function assignments for this sample task. Functions of the 16-bit free-
running timer are assigned to measure pulse cycle length.

Table1l 16-Bit Free-Running Timer Function Assignments

16-Bit Free-Running

Timer Function Description

FTIA Input of pulse to be measured.

ICIA Starts pulse cycle measurement at rise of pulse.
ICRA Detects counter value at rise of pulse.

ICRC Holds counter value at previous rise of pulse.
Operation

Figure 3 explains how the measurement is carried out. The H8/330 uses both hardware and
software operations to measure pulse cycle length.

Immediately
after reset

%

i i
Pulse (FTIA)
Hardware operations Hardware operations Hardware operations
a. FRC counts up a. Transfer FRC value a. Transfer ICRA value
- to ICRA to ICRC
Software operations b. Generate ICIA b. Transfer FRC value
a. Enable pulse input - to ICRA
at FTIAp p Software operations c. Generate ICIA
b. Specify detection of ICIA handling: no operation Software operations
rising edge of pulse .
c. Select buffer mode ICIA handling
for ICRC a. ICRA-ICRC
d. Enable ICIA - pulse cycle

Figure3 Pulse Cycle Measurement
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Pulse Cycle M easurement
(Buffer Mode)

MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Software Description

1. Module descriptions

Module Label Function
Main program PWBMN Initializes 16-bit free-running timer and RAM.
Measure pulse PWBI ICIA interrupt handler: uses ICRA value to measure pulse cycle.

cycle in buffer mode

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

PWB_CYCDATA Stores timer value representing pulse cycle. l1word Measure Output
pulse cycle

Pulse cycle is calculated as follows:

Pulse cycle (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

in buffer mode

3.  On-chip register usage

Register  Function Modules Where Used
TCR Designates buffer mode: when rising edge of pulse is Main program
detected, ICRA value is transferred to ICRC and FRC timer
value is transferred to ICRA.

TIER Enables ICIA. Main program,
measure pulse cycle in
buffer mode

ICRA Stores FRC value at rise of pulse; pulse cycle is found from  Measure pulse

ICRC this value. cycle in buffer mode

4. Generd register usage

Module Register Function
Main program RO Used as work register for setting data.
Measure pulse cycle in buffer mode RO Used as work register for setting data.

5. RAM usage

This sample task does not use RAM except for arguments.

24



Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Flowcharts

1. Main program

Set stack pointer
to H'FEFE
[
Set TIER to
enable ICIA
[

Set TCR to enable
buffer mode and
detect rising
edge of pulse

Clear | flag to
unmask interrupts

]

2. Measure pulse cyclein buffer mode

Measure pulse cycle
in buffer mode
Save registers

[
Clear interrupt
request flag (ICFA)

Subtract ICRC value
from ICRA value to
find pulse cycle

Restore registers

25



Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Program List
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Pulse Cycle M easurement
(Buffer Mode) MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3003

Program List
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High and L ow Pulse Width
M easurement MCU: H8/330 Function: 16bit freerunningtimer  APS330-3004

Specification

1. Thissample task measures high and low pulse widths as shown in figure 1, and stores the
resultsin RAM.

2. With a1l0-MHz system clock, high and low pulse widths from 13 psto 13.1 ms can be
measured in 200-ns steps.

Pulse

High pulse width Low pulse width

Figurel Pulse Width Measurement
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High and L ow Pulse Width
M easurement MCU: H8/330 Function: 16 bit freerunningtimer  APS330-3004

Usage of Functions

1. Figure 2 showsablock diagram of the 16-bit free-running timer used by this sasmple task. The
16-hit free-running timer has the following functions:

a.  Aninput-capture function that detects rising and falling pulse edges and stores the
corresponding timer value in an on-chip register.

b. Aninterrupt function that starts interrupt handling when arising or falling pulse edge is
detected.

This sample task uses these functions as shown in figure 2 to measure high and low pulse
width.

Rising and falling edge detection

Timer control
register (TCR)

(Specifies which
edge to detect)

y

Edge detection and » Nput capture
capture signal gene- interrupt A (ICIA)
rating circuit

Pulse input

Input capture A input line (FTIA) o

Input capture Free-running
register A (ICRA) counter (FRC)

Figure2 16-Bit Free-Running Timer Block Diagram
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High and L ow Pulse Width

M easurement MCU: H8/330 Function: 16 bit freerunningtimer  APS330-3004

Usage of Functions

2. Table 1l liststhe function assignments for this sample task. Functions of the 16-hit free-
running timer are assigned to measure high and low pulse width.

Table1l 16-Bit Free-Running Timer Function Assignments

16-Bit Free-Running

Timer Function Description

FTIA Input of pulse to be measured.

ICIA Starts high and low pulse width measurement at rise and fall of pulse.
ICRA Detects counter value at rise and fall of pulse.

Operation

Figure 3 explains how the measurement is carried out. The H8/330 uses both hardware and
software operations to measure high and low pulse width.

Immediately
after reset

Pulse (FTIA)

/

Hardware operations

A\

Hardware operations

Hardware operations Hardware operations

a. Transfer FRC value
to ICRA
b. Generate ICIA

a. Transfer FRC value
to ICRC
b. Generate ICIA

a. Transfer FRC value
to ICRA
b. Generate ICIA

a. FRC counts up

Software operations

a. Enable pulse input
at FTIA

b. Specify detection of
rising edge of pulse

Software operations

ICIA handling
a. Current ICRA value

Software operations

ICIA handling
a. Current ICRA value

Software operations

ICIA handling
a. Current ICRA value

c. Enable ICIA

— previous ICRA
value - low pulse
width

. Copy current ICRA

value to previous
ICRA value

. Specify detection of

falling edge of pulse

— previous ICRA
value - high pulse
width

. Copy current ICRA

value to previous
ICRA value

. Specify detection of

falling edge of pulse

— previous ICRA
value - low pulse
width

. Copy current ICRA

value to previous
ICRA value

. Specify detection of

falling edge of pulse

Figure3 High and Low Pulse Width Measurement
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High and L ow Pulse Width

M easurement MCU: H8/330 Function: 16 bit freerunningtimer  APS330-3004

Software Description

1. Module descriptions

Module Label Function

Main program PWHLMN Initializes 16-bit free-running timer and RAM.

Measure high and PWHLI ICIA interrupt handler: uses ICRA value to measure high and
low pulse width low pulse width.

2. Argument descriptions

Label or Data
Register Function Length

Modules Input/
Where Used Output

PWH_HDATA Stores timer value representing high pulse width. 1 word
High pulse width is calculated as follows:

High pulse width (ns) = timer value x system
clock cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

Measure high Output
and low pulse
width

PWH_LDATA Stores timer value representing low pulse width. 1 word
Low pulse width is calculated as follows:

Low pulse width (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

3. On-chip register usage

Register  Function

Modules Where Used

TCR Designates transfer of FRC value to ICRA when rising and
falling edges of pulse are detected.

Main program,
measure

high and low pulse
width

TIER Enables ICIA.

Main program

ICRA Stores FRC value at rise and fall of pulse; high and low
pulse widths are found from this value.

Measure high and
low pulse width
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High and L ow Pulse Width

M easurement MCU:

H8/330 Function: 16 bit free-runningtimer  APS330-3004

Softwar e Description

4. General register usage

Module Register Function

Main program RO Used as work register for setting data.
Measure high and low pulse width RO, R1 Used as work registers for setting data.
5. RAM usage

Label Function Word Length Modules Where Used
PWH_OLDDATA Stores previous ICRA value. 1 word Measure high and low pulse width
Flowcharts

1. Mainprogram

Set stack pointer
to H'FEFE

Set TIER to
enable ICIA
\
Set TCR to detect
rising edge of pulse
\

Clear | flag to
unmask interrupts

]
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High and L ow Pulse Width
M easurement MCU: H8/330 Function: 16 bit freerunningtimer  APS330-3004

Flowcharts

2. Measure high and low pulse width

Measure high and
low pulse width

Save registers

Clear interrupt
request flag (ICFA)

I
Copy current ICRA
value to previous
value for use in next
measurement

Detect rising
edge?

) Store pulse width
Store pulse width in high width area
in low width area

\
Invert edge select
bit in TCR

Restore registers

RTE
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High and L ow Pulse Width
M easurement MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3004

Program List
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High and L ow Pulse Width
M easurement MCU: H8/330 Function: 16 bit freerunningtimer  APS330-3004

Program List
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Pulse Output MCU: H8/330 Function: 16 bit free-running timer APS330-3005

Specification

This sample task outputs a pulse with a 50% duty cycle as shown in figure 1. With a10-MHz
system clock, the pulse cycle can be selected in the range from 18 psto 13.1 msin 200-ns steps.
The number of pulses output can be selected in the range from 1 to 256.

| Pulse cycle |

Pulse output

50% ! 50%

Figurel PulseOutput Timing

Usage of Functions

1. Figure 2 shows ablock diagram of the 16-bit free-running timer used by this sample task. The
16-hit free-running timer has the following function:

a.  Anoutput compare function by which hardware outputs pulses automatically without
software intervention.

Thistask uses the preceding function for pulse output as shown in figure 2.

Pulse output

Output-compare Output-compare
register A (OCRA) interrupt A (OCIA)
- Y Compare- o ? |
Timer control match A Jutput compare ! Pulse output
register (TCR) Comparator A }—» signal generating >
i circuit + Output-
' (Selects clock source) I ! compare
! ) (Specifies output) | A output
@2 —» i line (FTOA)

Clock
@®/8 — select [

| Q[32 —={ Circuit

Free-running

Timer output-
counter (FRC) P

compare control
register A (TOCR)

Figure2 16-Bit Free-Running Timer Block Diagram
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Pulse Output MCU: H8/330 Function: 16 bit free-running timer APS330-3005

Usage of Functions

2. Table1l liststhe function assignments for this sample task. Functions of the 16-bit free-
running timer are assigned for pulse output.

Tablel 16-Bit Free-Running Timer Function Assignments

16-Bit Free-Running

Timer Function Description
FTOA Pulse output
OCRA Specifies pulse cycle length
OCIA Switches pulse output level

Operation

Figure 3 explains how pulses are output. The H8/330 uses both hardware and software operations
for pulse output.

Immediately
after reset

+
Pulse output __1 l 1—

(FTOA)

M T

Hardware operations Hardware operations

Hardware operations

a. FRC counts up

Software operations

a. High output from FTOA
b. Generate OCIA

a. Low output from FTOA
b. Generate OCIA

Initialization

- OCRA

level for FTOA
c. Enable OCIA

Software operations

Software operations

a. FRC + pulse cycle/2

b. Select high output

OCIA handling

a. Select low output
level for FTOA

b. OCRA + cycle/2
- OCRA

OCIA handling

a. Select high output
level for FTOA

b. OCRA + pulse cycle/2
- OCRA

Figure3 Pulse Output
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Pulse Output MCU: H8/330 Function: 16 bit free-running timer APS330-3005

Softwar e Description

1. Module descriptions

Module Label Function
Main program POUTMN Initializes 16-bit free-running timer and RAM.
Output pulse POUTI Inverts pulse output level and counts number of pulses.

2. Argument descriptions

Label or Data Modules Input/
Register Function Length Where Used Output
PUT_CYC Stores timer value representing pulse cycle. 1word Main program Input

Pulse cycle is calculated as follows:

Pulse cycle (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

PUT_CNT Stores output pulse count. 1byte  Main program Output

Actual number of pulses output is one less than Output pulse Input
designated count.

3. On-chip register usage

Register Function Modules Where Used
TCR Selects clock input to FRC. Main program

TIER Enables OCIA. Main program

TOCR Selects pulse output level and enables output. Main program, output pulse
OCRA Holds half-cycle time of pulse. Output pulse

4. Genera register usage

Module Register Function

Main program RO Used as work register for setting data.
Output pulse RO Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.
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Pulse Output MCU: H8/330 Function: 16 bit free-running timer

APS330-3005

Flowcharts

1. Main program

2. Output pulse

’ Set stack pointer ‘
to H'I‘ZEFE

Set TCR to select /2
clock source for FRC
I
Set 1/2 of pulse
cycle in OCRA
]

Set TCSR to have
FRC cleared by OCIA
]

Set TOCRA to select
high output at FTOA
]

’ Set TIER to enable OCIA‘

|
Clear | flag to
unmask interrupts

Output pulse

’ Save registers ‘
I

Clear interrupt
request flag (OCFA)

High
output selected
in TOCR?
No

’ Set pulse output ‘

Yes

counter to -1

Pulse output
completed?

Yes

’ Disable OCIA interrupt‘ ’

Set TOCR to invert
output level

[ Restore registers ]

RTE
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Program List
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Program List
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One-Shot PulseOutput MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3006

Specification

1. Thissample task outputs a one-shot pulse delayed with respect to atriggering pulse as shown
infigure 1.

2. Triggering pulses can be input with afrequency of 80 Hz to 45 kHz.
3. Thededay time and pulse width can be varied within the following ranges:

10 us< delay < triggering pulse cycle — pulse width
11 ps < pulse width < triggering pulse cycle — delay

Triggering pulse

One-shot pulse

3 Delay ! Pulse width
]

Figure1l One-Shot Pulse Output Timing
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One-Shot Pulse Output

MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3006

Usage of Functions

1. Figure 2 showsablock diagram of the 16-bit free-running timer used by this sasmple task. The
16-bit free-running timer has the following functions:

a.  Aninput-capture function that detects pul se edges and stores the corresponding timer
valuein an on-chip register.

b. An output-compare function by which hardware outputs pulses automatically without
software intervention.

This task uses the preceding functions for one-shot pulse output as shown in figure 2.

Rising edge detection

Triggering
pulse input

Input
capture A
input line
(FTIA)

Timer control
register (TCR)

One-shot pulse output

(Selects clock
Y source)

Edge detection
and capture

' | signal generating [~

circuit

L

1| Output-compare
'| register A (OCRA)

Y

i

Input capture

Free-running
counter (FRC)

| |register A (ICRA)| :

Compare-

» |nput-capture

interrupt A (ICIA)

Output-compare
interrupt A (OCIA)

register A (TOCR)

Timer output-
compare control

. One-shot
. pulse
Output-compare | | output
signal generating[—————————
circuit ! Output-
A ! compare A
(Specifies  : output line
output level) . (FTOA)

Figure2 16-Bit Free-Running Timer Block Diagram
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One-Shot PulseOutput MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3006

Usage of Functions

2. Tablelliststhe function assignments for this sample task. Functions of the 16-bit free-
running timer are assigned for one-shot pulse output.

Tablel 16-Bit Free-Running Timer Function Assignments

16-Bit Free-Running

Timer Function Description

FTIA Input of triggering pulse for one-shot pulse output.
ICIA Rise of input pulse triggers output of one-shot pulse.
ICRA Detects time of rise of input pulse.

FTOA One-shot pulse output.

OCRA Delay time and pulse width of one-shot pulse output.
OCIA Switches one-shot pulse output level.

Operation

Figure 3 explains how one-shot pulses are output. The H8/330 uses both hardware and software

operations for one-shot pulse output.

Triggering pulse T
(FTIA) /

One-shot pulse i ?

output (FTOA)

Delay

Hardware operations

N

Pulse width

I

Hardware operations

Hardware operations

a. Transfer FRC value
to ICRA
b. Generate ICIA

a. High output from
FTOA
b. Generate OCIA

a. Low output from
FTOA

Software operations

Software operations

ICIA handling

a. ICRA + delay value
- OCRA

b. Select high output
level for FTOA

c. Enable OCIA

OCIA handling

a. OCRA + pulse width
- OCRA

b. Select low output
level for FTOA

c. Disable OCIA

Figure3 One-Shot Pulse Output
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One-Shot PulseOutput MCU: H8/330 Function: 16 bit free-runningtimer  APS330-3006

Softwar e Description

1. Module descriptions

Module Label Function
Main program ONEMN Initializes 16-bit free-running timer and RAM.
Set delay time SETDLY Sets delay and rise of one-shot pulse.

Output one-shot pulse ONEPOUT Sets pulse width and fall of one-shot pulse.

2. Argument descriptions

Label or Data Modules Input/
Register  Function Length Where Used Output

SET_DLY Stores timer value representing one-shot pulse delay. 1 word  Main program Output

Delay is calculated as follows: Set delay time Input

Delay (ns) = timer value x system clock cycle
(100 ns for 10-MHz clock) x 2 (frequency division
factor of clock input to FRC)

ONE_WID Stores timer value representing pulse width of one- 1 word Main program Output

shot pulse. Output one-  Input

Pulse width is calculated as follows: shot pulse

Pulse width (ns) = timer value x system clock cycle
(100 ns for 10-MHz clock) x 2 (frequency division
factor of clock input to FRC)

3.  On-chip register usage

Register Function Modules Where Used
TCR Set to transfer FRC value to ICRA when rise of triggering Main program

pulse is detected.
TIER Enables and disables ICIA and OCIA. Main program,

set delay time

TOCR Selects one-shot pulse output level and enables output. ~ Main program,
set delay time, output
one-shot pulse

ICRA Stores FRC value at rise of triggering pulse; this value is  Set delay time
used to get delay of one-shot pulse.

OCRA Designates times of rise and fall of one-shot pulse. Set delay time, output
one-shot pulse
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APS330-3006

4. General register usage

Module Register Function

Main program RO Used as work register for setting data.
Set delay time RO, R1 Used as work register for setting data.
Output one-shot pulse RO, R1 Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.

Flowcharts

1. Mainprogram

Set stack pointer
to H'FEFE
\

Set TIER to enable ICIA

Set TCR to detect
rising edge of
triggering pulse

\
Clear | flag to
unmask interrupts

]
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Flowcharts

2. Setdelay time

Set delay time

Save registers
[

Clear interrupt
request flag (ICFA)

\

Add delay value
(SET_DLY) to ICRA
contents and put
sum in OCRA
\

Clear interrupt
request flag (OCFA)

\
Set TIER to enable OCIA
[

Set TOCR for high
output at FTOA

Restore registers

RTE
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Flowcharts

3. Output one-shot pulse

Output one-
shot pulse

Save registers
[

Clear interrupt
request flag (OCFA)

[

Add pulse width
(ONE_WID) to ICRA
contents and put
sum in OCRA
[

Set TIER to disable OCIA
[

Set TOCR for low
output at FTOA

Restore registers

RTE
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Program List
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Program List
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Duty Pulse Output MCU: H8/330 Function: Eight-bit timer APS330-3007
Specification
1. Thissample task outputs a variable-duty pulse by varying the high pulse width as shownin
figure 1.
2. With a10-MHz system clock, the cycle length of the output pulse can be set from 3 psto
200 ps.
o Pulse cycle L
Duty pulse output
High pulse width Low pulse width
high pulse width
Duty cycle = ———— X100 (%)

pulse cycle

Figurel Duty Pulse Output Timing
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Duty Pulse Output MCU: H8/330 Function: Eight-bit timer APS330-3007

Usage of Functions

1. Figure 2 shows ablock diagram of the eight-bit timer used by this sample task. The eight-bit
timer has the following functions:

a. Thetimer counter can be cleared by a compare-match event.
b. Timer output is controlled by a combination of two compare-match events.
c. Hardware outputs pulses automatically without software intervention.

This task uses the preceding functions for duty pulse output as shown in figure 2.

Cycle setting

Time constant

register A (TCORAOQ)
Compare- |
+ match A |
1 Duty pulse
! Comparator A }—» output
S 4 Output control ~ ——=
”””””” Timer output
®/8 —™ Clock ' li TMO%
Timer counter i ine ( )
©/64 —»| select > TCNTO :
©/1024 circuit ( ) i
P E— E— |
1 ‘ Comparator B Timer control/
* ggt‘;ﬁaée' | status register (TCSRO)
Timer control !
register (TCRO) )
Time constant

register B (TCORBO)

Duty setting

Figure2 Eight-Bit Timer Block Diagram
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Duty Pulse Output MCU: H8/330 Function: Eight-bit timer APS330-3007

Usage of Functions

2. Tablel liststhe function assignments for this sample task. Functions of the eight-bit timer are
assigned for duty pulse output.

Tablel Eight-Bit Timer Function Assignments

Eight-Bit Timer Function Description

TMOO Duty pulse output

TCORAO Specifies pulse cycle length
TCORBO Specifies duty cycle
Operation

Figure 3 explains how pulses are output. The H8/330 uses both hardware and software operations
for duty pulse output.

Immediately
after reset

Duty pulse output !
(TMO0) 3

TCNT counter oo Y Hio1  N-1 “@ HOL M1 X : X M+l N-1 ( H00
value 1 1 1 1

Hardware operations Hardware operations Hardware operations
None a. High output from TMOO
'gh outpu a. Low output from TMOO

Software operations b. Clear TCNT
Initialization Software operations Software operations
a. Set cycle length (N) of None None

duty pulse.
b. Set high pulse width (M) of

duty pulse.

c. Set TMOO output to go low
at compare-match A and
high at compare-match B.

d. Select @®/2 clock source
for TCNTO.

Figure3 Duty Pulse Output
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Duty Pulse Output MCU: H8/330 Function: Eight-bit timer APS330-3007

Softwar e Description

1. Module descriptions

Module Label Function

Main program DUTMN Sets pulse cycle length and duty cycle in TCORAO and TCORBO
and enables duty pulse output.

2. Argument descriptions

Label or Data Modules Input/
Register  Function Length Where Used Output

DUT_DAT Stores timer value (N) representing high pulse width. 1 byte  Main program Input
High pulse width is calculated as follows:

High pulse width (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 8
(frequency division factor of clock input to TCNTO)

DUT_TIM Stores timer value representing pulse cycle length. 1 byte  Main program Input
Pulse cycle length is calculated as follows:

Pulse cycle length (ns) = timer value x system clock
cycle (100 ns for 10-MHz clock) x 8
(frequency division factor of clock input to TCNTO)

3. On-chip register usage

Register  Function Modules Where Used

TCRO Selects clock source for TCNTO and sets counter clearing ~ Main program
conditions.

TCSRO Selects TMOO output levels at compare-match A and B. Main program

TCORAO Specifies pulse cycle length. Main program

TCORBO  Specifies high pulse width. Main program

4. Genera register usage

Module Register Function
Main program ROL Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.
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Duty Pulse Output

MCU: H8/330 Function: Eight-bit timer

APS330-3007

Flowcharts

1

Main program

Set stack pointer
to H'FEFE

Move cycle length
from DUT_TIM
to TCORAO

Move duty value
from DUT_DAT
to TCORBO

Set TCSRO to
select TMOO
output levels

Set TCRO to select
clock source and
clearing conditions
for TCNT

]
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Program List
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Program List

57



Pulse Counting MCU: H8/330 Function: Eight-bit timer APS330-3008

Specification

1. Thissampletask countsrising edges of a pulse signal as shown in figure 1, and stores the
result in RAM.

2. With a10-MHz system clock, the measurement time can be set from 8 psto 13.1 msin steps
of 200 ns.

Pulse count =7

o1 2 3 4 5 6 7
Pulseinputto | & )

be counted

Measurement time

|
-t -
ad L ]

Figure1l Pulse Counting
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Pulse Counting MCU: H8/330 Function: Eight-bit timer

APS330-3008

Usage of Functions

1.

Figure 2 shows block diagrams of the eight-bit and 16-bit timers used by this sample task.
These timers have the following functions:

a. Eight-bit timer: the timer counter counts pulses input on the timer clock input line.

b. 16-bit timer: generates an interrupt at a designated time.

This task uses the preceding functions to count pulse rises as shown in figure 2.

Pulse counting (eight-bit timer)

Timer control
register (TCRO)

(Selects input pulse)

i Timer clock input line (TMCIO)

$/1024 —»

©/8 —
9/64 —>

Clock select circuit

Pulse count

Timer counter
(TCNTO)

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Output-compare
register A (OCRA)

match A

(Selects clock source)

Clock
select
circuit

Timer control \
register (TCR) | Comparator A
A

Compare-

Output-compare

Output-compare
signal generating
circuit

interrupt A (OCIA)

|

Free-running
counter (FRC)

Timer interrupt
enable register
(TIER)

Timer control/
status register
(TCSR)

Figure2 Eight-Bit and 16-Bit Timer Block Diagrams
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Pulse Counting MCU: H8/330 Function: Eight-bit timer APS330-3008

Usage of Functions

2. Tablel liststhe function assignments for this sample task. Functions of the eight-bit and 16-
bit timers are assigned for pulse counting.

Tablel Eight-Bit and 16-Bit Timer Function Assignments

Eight-Bit and 16-Bit

Timer Functions Description

TMCIO Input of pulses to be counted.

TCRO Selects pulse input to TCNT.

TCNT Counts rising pulse edges.

TCR Selects clock source for FRC.

TIER Enables OCIA.

TCSR Clears interrupt request flag (OCFA).
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Pulse Counting MCU: H8/330 Function: Eight-bit timer APS330-3008

Operation

Figure 3 explains how pulses are counted. The H8/330 uses both hardware and software
operations for pulse counting.

Immediately
after reset

\

Pulse input 1 i
(TMCIO0) ; {

JONT counter H 01><H 02>< H' O3><H O4><H 05><H 06><H 07 N—1

Hardware operations Hardware operations

None a. Generate OCIA interrupt.

Software operations

Software operations

a. Put TCNT value in argument.

Initialization

a. Enable pulse input from TMCIO.

b. Set measurement time in OCRA.
c. Select 9/2 clock source for FRC.
d. Enable OCIA.

Figure 3 Pulse Counting
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Pulse Counting MCU: H8/330 Function: Eight-bit timer APS330-3008

Softwar e Description

1. Module descriptions

Module Label Function
Main program PCTMN Initializes eight-bit and 16-bit timers.
Detect measurement end PCTEND OCIA interrupt handler: moves pulse count from

TCNT to argument.

2. Argument descriptions

Label or Data Modules Input/
Register Function Length Where Used Output
PCT_MEASTIM Stores timer value representing pulse 1word Main program Input

measurement time. Measurement time is
calculated as follows:

Measurement time (ns) = timer value x system
clock cycle (100 ns for 10-MHz clock) x 2
(frequency division factor of clock input to FRC)

PCT_CNT Stores measured pulse count. 1byte Detect Output
measurement
end

Main program Input

3. On-chip register usage

Register Function Modules Where Used

TCRO Selects pulse input to TCNT. Main program

TCNT Counts rising pulse edges. Main program, detect measurement end
TCR Selects clock source for FRC. Main program

TIER Enables OCIA. Main program

TCSR Clears interrupt request flag (OCFA). Main program

4. General register usage

Module Register Function

Main program RO Used as work register for setting data.
Detect measurement end ROL Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.
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Flowcharts

1. Main program

2. Detect measurement end

Set stack pointer
to H'FEFE

Set TCRO to enable
TMCIO input
i

Move measurement
time from PCT-

MEASTIM to OCRA
I

Select FRC clearing
conditions in TCSR

Set TCR to select clock
source for FRC

Clear FRC

Clear TCNT

Set TIER to
enable OCIA

Clear | flag to un-
mask interrupts

—

Detect measure-
ment end

Save registers

|

Clear interrupt
request flag (OCFA)

Move pulse count
from TCNT to argument

Clear TCNT

Restore registers

RTE
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Program List
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Program List
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Specification
1. Thissample task uses the H8/330's I/O ports to scan a4 x 4 key matrix as shown in figure 1.
2. Simultaneous pressing of two or more keysisinvalid.

3. Keysare debounced by software.

H8/330

P30
P31
P32
P33

P40
P41
P42
P43

Figurel Key Scan of 4 x 4 Key Matrix
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Key Scan MCU: H8/330 Function: Eight-bit timer

APS330-3009

Usage of Functions

1

Figure 2 shows a block diagram of the eight-bit timer used by this sample task. The eight-bit
timer has the following functions:

a. A compare-match function that indicates when the value of a clock-driven timer up-
counter (TCNTO) matches avalue preset in atime constant register (TCORADO).

b. A timer output function by which hardware automatically outputs asignal on the timer
output line when a compare-match occurs.

This task uses the compare-match function to implement an 8-msinterval timer.

Tinr ¢t ¢oxroictxuo Tim > >ortra Tir ¢ cenctant
r>qober (TC3™ 0) rcgdct [TEN0 r>gober A (TCONAQ
# # Junirre L
nah h &
Corupaeru4eh . . Tumiprrd 1 A
i iy A (PN A‘.— Crinlhwye |T
en-
g INnecomnler
ook 2d ol TENTY
[xemal clocko —— C ock 8d x¢ S (b 0% l )

Figure2 Eight-Bit Timer Block Diagram

Table 1 lists the function assignments for this sample task.

1

2.

Port 3 isused as an output port to strobe the key matrix.

Port 4 isused as an input port to read key data.

The input pull-up transistors of port 4 are turned on.

The eight-bit timer is used as an interval timer to generate compare-match interrupts at 8-ms

intervals.
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Usage of Functions

Table1l Eight-Bit Timer and 1/O Port Function Assignments

Eight-Bit Timer and 1/O

Port Functions Description

CMIA Generates compare-match A interrupts at 8-ms intervals.
Port 3 Outputs strobe signals to key matrix.

Port 4 Receives key data from key matrix.
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Operation

1. Key-scan operation

Figure 3 shows the timing of the key-scan operation.

a. P30isdriven low to strobe the KRO row of the key matrix.
b. When the strobe signal is output, the key data from row KRO of the key matrix are input
at P40 to P43.
c. Key presses are detected from the input data.
d. Thestrobe signal is shifted and steps ato c are repeated. The scan repeats at 8-ms
intervals.
/ Strobe signal
P30
P31 }
P32
P33 } ] ‘
./ Row KRON Row KR\ Row KR\ Row KR3 3 Row KRO
P40 to P43 key data key data /' \ key data key data key data

Figure3 Key Scan Timing
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

2. Debouncing
Keys are debounced according to the timing diagram in figure 4.
a. Key dataare sampled at 8-msintervals.
b. A check is made for identical datathreetimesin succession.
c. If identical data are not received three times, the key pressisignored.

d. If identical data are received three times, the key pressis recognized and flagged as valid.

ﬁ Chattering
OFF
Key-press signal \/\/\A
ON
Key data | | | |
input timing
(timer interrupt) 8 ms @ @
Time at which OFF
key is flagged on
@ : Key data from time before last T
(2) : Key data from last time On-flag is set

@ : Key data from this time

Figure4 Debouncing Timing Diagram
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Softwar e Description

1. Module descriptions

Module Label Function

Main program KEYMN Initializes stack pointer, eight-bit timer, and I/O ports and
enables interrupts.

Key scan KEYSCN Outputs strobe signals from port 3 at 8-ms intervals, and
captures key data at port 4.

Debounces keys by testing for identical key data three times in

succession.

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

KEY_DAT Key data obtained from key scan 1 byte Key scan Output
Main program Input

KEY_SETF Flag indicating valid key data 1 bit Key scan Output
Main program Input

3. On-chip register usage

Register Function Modules Where Used

P4DR Turns on pull-up transistors for port 4. Main program, key scan

PADDR Sets port 4 to input. Main program

P3DR Outputs low strobe signals from port 3. Main program

P3DDR Controls strobe signal output lines in port 3. Key scan

TCORA Sets compare-match time for eight-bit timer. Main program

TCR Enables eight-bit timer interrupt, and selects Main program

clock source and counter clearing conditions.
TCSR Clears compare-match flag. Key scan
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009
Softwar e Description

4. General register usage

Module Register Function

Main program  ROL Used as work register for setting data.

Key scan ROL, ROH, R1H  Used as work register for setting data.

Key scan R1L Stores H'00 for clearing data.

Key scan R5L Used as counter to indicate key position.

Key scan R5H Used as P4DR bit shift counter.

Key scan R6L Used as P3DDR strobe signal shifter.

Key scan R6H Used for detecting key presses in key data received at P4DR.
5. RAM usage

Label Function Data Length Modules Where Used
KEY_NEW Stores new key data. 1 byte Key scan

KEY_OLD Stores old key data. 1 byte Key scan

KEY_CHAC Stores key scan count. 1 byte Key scan

KEY_FLA Stores KEY_SETF, KEY_CHAF, 1 byte Key scan

and KEY_PUSF flags.
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Flowcharts

1. Main program

Set stack pointer
to H'FEFE

I
Write H'FF in PADR
to turn on pull-up

transistors
[

Write H'00 in PADDR
to set port 4 to input

I
Write H'4E in
TCORAO to generate
compare-match at
8-ms intervals
[

Write H'4B in TCRO
to enable CMIEA,
have counter clear-
ed by compare-match
A, and select ¢/1024
clock source

\
Clear | flag to un-
mask interrupts

]
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Flowcharts

2. Key scan

Save registers

Clear interrupt
request flag (CMFA)

Yes

Clear KEY_NEW

Clear key position

counter (R5L)
\

Initialize strobe
signal (R6L) to H'01
\

Clear KEY_PUSF

&—

Set P4DR bit shift
counter (R5H) to H'04
\

Output strobe signal

(R6L) from P3
\

Initialize P3DR

Clear work registers

Read P4DR data
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Key Scan MCU: H8/330 Function: Eight-bit timer

APS330-3009

Flowcharts

Yes

P4DR = H'FF?

Add H'04 to key
position counter (R5L)

Shift PADR data
one bit right

Carry flag = 0?

Set KEY_PUSF

Store key position coun-
ter value in KEY_NEW

Increment key
position counter

I
Decrement P4DR bit
shift counter (R5H)

P4DR bit shift
counter # 0?

No

Put H'FF in P3DR
and P3DDR to send
high output

Strobe signal

Shift strobe signal
(R6L) one bit left

®

(R6L) = H08?

Yes
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Key Scan MCU: H8/330

Function: Eight-bit timer

APS330-3009

Flowcharts

No

KEY_PUSF =1?

No KEY_NEW =

Store KEY_NEW
in KEY_OLD

Clear KEY_CHAC

Clear KEY_CHAF

KEY_OLD?

Increment KEY_CHAC

Yes

Clear KEY_CHAC

Set KEY_CHAF

Store KEY_NEW
in KEY_DAT

Set KEY_SETF

WY

Set P3DDR to input

Restore registers

RTE
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Program List
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Key Scan MCU: H8/330 Function: Eight-bit timer APS330-3009

Program List
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Program List
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Specification

1. Thissample task outputs a pulse with variable cycle length and variable duty cycle as shown
infigure 1.

2. Theduty cycle can be can be varied from 0% to 100% with a resolution of 1/250.

3. Thepulse cyclelength can be set to one of eight values: 50 us, 200 ps, 800 ps, 3.2 ms,
6.4 ms, 25.6 ms, 51.2 ms, and 102.4 ms.

: Pulse cycle

Duty pulse output

| High pulse width ! Low pulse width |

high pulse width
Duty cycle = ———— X100 (%)
pulse cycle

Figurel Duty Pulse Output Timing
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Usage of Functions

1. Figure 2 showsablock diagram of the PWM timer used by this sample task. The PWM timer
has the following functions:

a. Theduty cycle can be can be set from 0% to 100% with aresolution of 1/250.
b. Eight cyclelengths can be selected, based on the system clock ().
c. Hardware outputs duty pulses automatically without software intervention.

This task uses the preceding functions for duty pulse output as shown in figure 2.

Dudsxrlivy

1 i

! Lruly'rogist ¢ :

| o0 !

O — — » i

¥ Tunyrre Df'/%ll)c
nah h 04pu
Cirn 11 ahir I—I’ UNT TV {11 3 B e
) i PVA/ N
(,‘I'Cle g3t ng ‘ n ,‘|||||

i"'_"'_"'_'"_"'_""i Ine(FWN)
1
e -
| - H Tir @ ¢outer

i
P Gis—m : “=CMTO)
! $102—b - ock i i
i &1128—m T e ;
1 01256— zelect L
| olir e — . ]
' n)( g —es < in c'cflél';ljrc gist =
I omaLys—se -

Figure2 PWM Timer Block Diagram
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Usage of Functions

2. Tablelliststhe function assignments for this sample task. Functions of the PWM timer are
assigned for duty pulse output.

Tablel PWM Timer Function Assignments

PWM Timer Function Description

PWO Duty pulse output

TCRO Specifies pulse cycle length
DTRO Specifies duty cycle
Operation

Figure 3 explains how pulses are output. The H8/330 uses both hardware and software operations
for duty pulse output.

Immediately
after reset

¢

Duty pulse
output (PWO0) !

L

=
Z~

H'F9 ><H'OO X Ho1

z
N
>
z
z
+
-
NN

N
NN

TCNT counter ' \/ )
valle HOO><H01 >< H02

Hardware operations

Hardware operations

Hardware operations

None

a. High output from PWO.

a. Low output from PWO.

Software operations

Software operations

Software operations

Initialization

a. Set duty value (N)
in DTR.

b. Set duty pulse cycle
length.

c. Enable PWO output.

None

None

Figure3 Duty Pulse Output by PWM Timer
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Softwar e Description

1. Module descriptions

Module Label Function

Main program PWMMN Sets duty cycle and pulse cycle length in DTR and TCR and

enables duty pulse output.

2. Argument descriptions

Label or
Register Function

Data Modules Input/
Length Where Used Output

PWM_DUT Stores timer value (N) representing duty cycle,
calculated as follows and converted to
hexadecimal:

Timer value = desired duty cycle (%)/100 x 250

1byte  Main program Input

PWM_CYC Selects one of eight pulse cycle lengths as follows:

H'00: @/2 (50 ps at 10 MHz)
H'01: @8 (200 ps at 10 MHz)
H'02: @32 (800 ps at 10 MHz)
H'03: @128 (3.2 ms at 10 MHz)
H'04: ¢/256 (6.4 ms at 10 MHz)
H'05: ¢/1024 (25.6 ms at 10 MHz)
H'06: ¢2048 (51.2 ms at 10 MHz)
H'07: ¢/4096 (102.4 ms at 10 MHz)

1byte  Main program Input

3. On-chip register usage

Register Function Modules Where Used
TCRO Enables PWO0 output and selects cycle length. Main program
DTRO Sets timer value representing duty cycle. Main program

4. General register usage

Module Register Function
Main program RO Used as work register for setting data, and as argument.
5. RAM usage

This sample task does not use RAM except for arguments.
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Flowcharts

1. Mainprogram

Set stack pointer
to H'FEFE

Move duty value
from PWM_DUT
to DTRO

\
Move cycle length from
PWM_CYC to TCR

Set TCR, making
PWO duty pulse
output line

]
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Program List
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Duty Pulse Output by PWM Timer MCU: H8/330 Function: PWM timer  APS330-3010

Program List
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Specification

1. Thissampletask usesthe H8/330's serial communication interface (SCI) in asynchronous
mode to exchange one-byte data with a console as shown in figure 1.

2. The communication parameters are 9600 bps, eight data bits, one stop bit, and no parity.

Console RS-232C H8/330
level converter

TX » ARXD

RX = ATXD

Figure1l AsynchronousInterface using H8/330's SCI

87



Asynchronous Serial Communication MCU: H8/330 Function:

SCI APS330-5011

Usage of Functions

1. Figure 2 shows ablock diagram of the SCI used by this sample task. The SCI hasthe

following features:

a.  Selection of asynchronous or clocked synchronous communication.

b. Selection of communication speed and format.

c. Receive-end interrupt.

Thistask uses these features for console interfacing as shown in figure 2.

Serial input
line (ARXD)

Serial output
line (ATXD)

Receive data

Interrupt setting

Serial control

register (RDR)

A
Y

Receive shift

register (RSR) -
Y ; register (SMR)

Communication
— control circuit

Transmit shift A T— Transmit start
register (TSR) Serial status

A
Y

Transmit data

register (SCR)

Selection of asynchronous
mode and communication
format

Serial mode

register (SSR)
Baud-rate generation

register (TDR)

e

Baud rate generator
J\

Baud rate
register (BRR)

Receive interrupt
(RX1)

Figure2 SCI Block Diagram
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Usage of Functions

2. Table1l liststhe function assignments for this sample task. SCI functions are assigned for
console interfacing.

Table1l SCI Function Assignments

SCI Function Description

ARXD Receives data from console.

ATXD Sends data to console.

SMR Selects asynchronous mode of SCI.

SCR Enables receive interrupt and sets SCI to transmit/receive mode.
SSR Starts transmitting.

RDR Stores data received from console.

TDR Stores data to be sent to console.

BRR Selects communication speed.
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Operation

Figure 3 explains the interfacing procedure. The SCI is controlled in asynchronous mode to
interface with a console with the timing shown in figure 3.

Immediately
after reset

'

ATXD
(H8/330 — console)

L

ARXD
(console - H8/330)

[

A\

Hardware operations Hardware operations Hardware operations
None None a. Generate RXI.
Software operations Software operations Software operations
a. Set SCI to asynchronous a. Write transmit data a. Get receive data
mode. in TDR. from RDR.
b. Select communication b. Start transmitting.
speed.
c. Enable simultaneous
transmit/receive and
enable receive interrupt.

Figure3 Asynchronous Serial Communication
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Softwar e Description

1. Module descriptions

Module Label Function

Main program ASCIMN Initializes SCI.

Transmit data ASCITX Transmits data placed in ROL.

Receive data ASCIRX RXI handler: moves data from RDR to output argument.

2. Argument descriptions

Label or Data Modules Input/
Register Function Length Where Used Output
ROL Stores data to be sent to console. 1byte  Main program Output

Transmit data Input

ASC_ENDF Flag indicating reception of data from console. 1 bit Receive data Output
1: Datareceived  2: No data received Main program Input
ASC_RXDATA Stores data received from console. 1byte Receive data Output

Main program Input

3.  On-chip register usage

Register Function Modules Where Used
SMR Selects SCI mode (asynchronous), communication Main program
format, and clock source for baud rate generator (system
clock input).
SCR Enables receive interrupt and sets SCI to transmit/receive ~ Main program
mode.
SSR Clearing TDRE (bit 7) to O starts transmitter. Transmit data
RDR Stores data received from console. Receive data
TDR Stores data to be sent to console. Transmit data
BRR Selects communication speed. Main program
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Asynchronous Serial Communication

Softwar e Description

4. Genera register usage

Module Register Function

Main program ROL Used as work register for setting data.
Transmit data RO Used as work register for setting data.
Receive data ROL Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.

Flowcharts

1. Main program

Set stack pointer
to H'FEFE

Set SMR to select
asynchronous
mode for SCI

Set SCR to enable rece-
ive interrupt and select
transmit/receive mode

Set BRR to H'20 to
select 9600 bps

Put transmit data
in argument

Transmit data

Clear | flag to
unmask interrupts

-
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Asynchronous Serial Communication MCU: H8/330 Function: SCI

APS330-5011

Flowcharts

2.

Transmit data

Transmit data

Load transmit data
into TDR
[
Clear TDRE to start
transmitting
[

Clear C flag

Data
transferred from
TDR to TSR?

Receive data

Save registers

Clear interrupt
request flag (RDRF)

[

Move receive data
from RDR to argument
[

Set data-received
flagto 1
[

Restore registers

End
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Program List
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Asynchronous Serial Communication MCU: H8/330 Function: SCI APS330-5011

Program List
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Specification

1

This sample task uses the H8/330's serial communication interface (SCI) in clocked
synchronous mode to interface with a four-bit microcontroller (H4019) as shown in figure 1.

Transmitting and receiving are performed simultaneously. An 1/0 port is used to implement a
simple protocol.

H4019 H8/330
INTO [« P10 (RRQ)
DO »{ P11 (SRQ)
SCK = CSCK
SO = CRXD
S| | CTXD

Figurel Clocked SynchronousInterface Using H8/330's SCI
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Clocked Serial Communication

MCU: H8/330 Function: SCI

APS330-5012

Usage of Functions

1

Figure 2 shows a block diagram of the SCI used by this sample task. The SCI hasthe
following features:

a.  Selection of clocked synchronous or asynchronous communication.

b. Datacan be transmitted and received simultaneously (full duplex communication).

c. Receive-end interrupt.

This task uses these features to interface with an H4019 as shown in figure 2.

Serial input
line (CRXD)

Serial output
line (CTXD)

Receive data
register (RDR)

A

Y

Receive shift
register (RSR)

Y

Interrupt setting

Serial control

/ ;

Transmit shift
register (TSR)

Commu
control

nication
circuit

A
Y

Transmit data
register (TDR)

i

register (SCR)

Selection of clocked
synchronous mode

Serial mode
register (SMR)

Transmit start

Serial status
register (SSR)

Baud-rate generation

Baud rate generator

1

Baud rate

register (BRR)

L———————» Receive interrupt

(RXI)

Serial clock

line (CSCK)
[

Figure2 SCI Block Diagram
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Usage of Functions

2. Table1l liststhe function assignments for this sample task. SCI functions are assigned for
interfacing with an H4019.

Table1l SCI Function Assignments

SCI Function Description

CSCK Transmits serial clock.

CRXD Receives data from H4019.

CTXD Sends data to H4019.

SMR Selects clocked synchronous mode of SCI.
SCR Enables receive interrupt and sets SCI to transmit/receive mode.
SSR Starts transmitting.

RDR Stores data received from H4019.

TDR Stores data to be sent to H4019.

BRR Selects communication speed.

P1DDR Sets port-1 lines to input and output.
P1DR Sends RRQ and receives SRQ.
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Operation

Figure 3 explains the interfacing procedure. The I/O port and the clocked synchronous SCI are
controlled to interface with an H4019 with the timing shown in figure 3.

Immediately
after reset
RRQ 4+—$
(H8/330 - H4019) |
SRQ i :
(H4019 - H8/330) ! !
| ! <100 us !
i e SRS
CScK ; ; ‘
(H8/330 - H4019) ! ‘
CRXD ; i l ;
(H4019 - H8/330) ! | s
CTXD ‘ } | }
(H8/330 — H4019) | ! ‘ ‘
Hardware operations Hardware operations Hardware operations Hardware operations
None None None a. Generate RXI
Software operations Software operations Software operations Software operations
Initialization a. Low output from a. Write transmit data | | a. Get receive data
a. Set SCI to clocked RRQ. in TDR. from RDR.
synchronous mode. b. Start transmitting.
b. Select communication ¢. High output from
speed. RRQ.
c. Enable simultaneous
transmit/receive and
enable receive interrupt.
d. Select input/output for
port 1.

Figure3 Clocked Synchronous Serial Communication
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Softwar e Description

1. Module descriptions

Module Label Function

Main program CSCIMN Initializes 1/O port and SCI.

Transmit data CSCITX Transmits data in placed ROL.

Receive data CSCIRX RXI handler: moves data from RDR to output argument.

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

ROL Stores data to be sent to H4019. 1 byte  Main program Output

Transmit data Input

C flag Flag indicating whether transmitting ended 1 bit Transmit data Output
successfully. Main program Input
0: Transmit successful 1: Transmit unsuccessful

CSC_ENDF Flag indicating reception of data from H4019. 1 bit Receive data Output
1: Data received Main program Input
0: No data received

CSC_RXDATA Stores data received from H4019. 1byte Receive data Output

Main program Input
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012
3. On-chip register usage

Register Function Modules Where Used
SMR Selects SCI mode (clocked synchronous), communication Main program

format, and clock source for baud rate generator (system
clock input).

SCR Enables receive interrupt and sets SCI to transmit/receive Main program
mode.

SSR Clearing TDRE (bit 7) to O starts transmitter. Transmit data

RDR Stores data received from H4019. Receive data

TDR Stores data to be sent to H4019. Transmit data

BRR Selects communication speed. Main program

P1DDR Sets port-1 lines to input and output. Main program

P1DR Transmits RRQ and receives SRQ. Main program,
transmit data

4. Genera register usage

Module Register Function

Main program ROL Used as work register for setting data.

Transmit data RO Used as work register for setting data.

Receive data

ROL Used as work register for setting data.

5. RAM usage

This sample task does not use RAM except for arguments.
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Clocked Serial Communication

MCU: H8/330 Function: SCI

APS330-5012

Flowcharts

1. Mainprogram

Set stack pointer
to H'FEFE

Write H'01 in PADDR
to make RRQ
an output line

Set SMR to select
clocked synchronous
mode for SCI

Set BRR to H'0A to
select 1-us communica-
tion speed

Set SCR to enable re-
ceive interrupt and select
transmit/receive mode

Clear | flag to
unmask interrupts

Clear RAM areas used

Put transmit data
in argument

Transmit data

]
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Flowcharts

2. Transmit data

Transmit data

Low output from RRQ

Load transmit data
into TDR

Clear TDRE to start
transmitting

I Set C flag

Clear C flag

End

3. Receivedata

Savs regislors

Clrrisreir |
teques! llag (RDKRF,
I

Mive - a4veiba
trom HL'R tc ag 4r enl

Sa Jaa-recelved
flog:o 1
I

R23:0€ ‘e Jstas

“TE
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Program List
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Program List
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Clocked Serial Communication MCU: H8/330 Function: SCI APS330-5012

Program List
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D APS330-4013

Specification

1

This sample task inputs a voltage on one channel to the H8/330 as shown in figure 1,

measures the voltage by A/D conversion, and stores the measurement result in a one-byte
RAM area

Theinput voltage rangeis0to 5 V.

H8/330

Voltage input channel 0

Figurel Voltage Measurement by H8/330
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D

APS330-4013

Usage of Functions

1. Figure 2 shows ablock diagram of the A/D converter used by this sample task. The H8/330
has a successive-approximations A/D converter on-chip. The A/D converter has the following
functions:

a A sample-and-hold function holds the measured voltage from the start of the
measurement until the end.
b. Aninterrupt function generates an interrupt at the end of A/D conversion.
This sample task uses these functions to carry out A/D conversion.
1S<ml<leired)
(=it dnye (2rebles or dsables
e n mx sl etamal Ir g3 np.f)
AN —» ;
ANT —o | AD conrg regota
4p)> —m Semp eond- <N
holdcirc ul
AN3— Mslog
AN4 —s A1 oxor [ Tuniprrd
N> — ;1‘1_' Crinl
A3 == ol e (Speclias AL conversi>n
AL

‘GrriEm

DDA

||

T

S exxive—) Il rix neilirx
e [

~/
-

S

<< x iz exxive=| | rindn mlimn villz gex)

A

Al caaregsel AADCRA)

AD cerareg3ler 3(ALZR3)

Al caaegsel ©1ADDRI)

AD cekategser [1|0IDRD)

St ee Meas A’elr ork resuy)

m>de, se22:s >hernd, snd
ceslgBk2s stavl ad and
of ALl conver<ion

AL ot distots
re gster 'AZ1 R)

3

A ot (ADET)
folcito A ccrmrerdion

AL -€nd rrerid
(20N

Figure2 A/D Converter Block Diagram
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D APS330-4013

Usage of Functions

2. Tablel liststhe function assignments for this sample task. Functions of the H8/330's on-chip
A/D converter are assigned to perform A/D conversion.

Tablel A/D Converter Function Assignments

A/D Converter Function Description

ADCSR Selects A/D conversion mode (single or scan), channel(s) to be
measured, and conversion time, and designates start and end of
measurement.

ADDRA Stores A/D conversion result.

Operation

Figure 3 explains how A/D conversion is carried out. The H8/330 uses both hardware and
software operations to perform A/D conversion on one channel.

A/D start (ADST)

A/D end (ADF)

L

j
\

\ V
Hardware operations Hardware operations Hardware operations
None a. Execute A/D conversion. a. Set ADFto 1.
b. Set conversion result in b. Clear ADST to 0.
ADDRA. c. Generate ADI interrupt.

Software operations Software operations Software operations
Initialization None a. Clear ADF.
a. Select single conversion b. Move result from

mode. ADDRA to RAM.
b. Select conversion time.
c. Select channel ANO.
d. Set ADST to 1 to start

measurement.
e. Enable A/D conversion

-end interrupt.

Figure3 A/D Conversion
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D

APS330-4013

Softwar e Description

1. Module descriptions

Module Label Function
Main program ADSIMN Initializes A/D converter, clears flag, and starts A/D conversion.
Detect A/D end SINEND ADI handler: Flags end of A/D conversion and stores result in

RAM.

2. Argument descriptions

Label or Data  Modules Input/
Register  Function Length Where Used Output
SIN_DATA Stores result of single-channel A/D conversion. 1 byte Detect A/D end Output

Main program Input

SIN_ENDF Flag indicating end of single-channel A/D conversion. 1 bit

1: A/D conversion completed
0: A/D conversion in progress

Detect A/D end Output

Main program Input

3. On-chip register usage

Register Function Modules Where Used
ADCSR Selects A/D conversion mode (single or scan), channel(s) Main program, detect
to be measured, and conversion time, and designates start A/D end

and end of measurement.
ADDRA Stores result of A/D conversion. Detect A/D end

4, General register usage

Module Register Function
Main program ROL Used as work register for setting data.
Detect A/D end ROL Used as work register for setting data.

5. RAM usage

This sample task does not use RAM except for arguments.

110



A/D Conversion in Single Mode

MCU: H8/330 Function: A/D

APS330-4013

Flowcharts

1. Mainprogram

2. Detect A/D end

( Main program )

Set stack pointer to H'FEFE

Set ADCSR as follows:
Conversion mode: single mode
Conversion time: 122 states
Channel: ANO

ADI: enabled

ADST: start A/D conversion

Clear SIN_ENDF

Clear | flag to unmask
interrupts

Conversion ended?

7

Yes

C Detect A/D end )

)

Save registers

Clear interrupt request flag
(ADF)

Move ADDRA contents to
SIN_DATA

Set flag indicating end of
A/D conversion

Restore registers

)
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D APS330-4013

Program List
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A/D Conversionin SingleMode MCU: H8/330 Function: A/D APS330-4013

Program List
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Specification

1

This sample task inputs voltages on eight channel to the H8/330 as shown in figure 1,
measures the voltages by A/D conversion, and stores the measurement results in an eight-byte
RAM area.

Theinput voltagerangeis0to 5 V.

H8/330

Voltage input channel 0

Voltage input channel 1

Voltage input channel 2

Voltage input channel 3

Voltage input channel 4

Voltage input channel 5

Voltage input channel 6

Voltage input channel 7

Y

Figurel Voltage Measurement by H8/330
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Usage of Functions

1. Figure 2 shows ablock diagram of the A/D converter used by this sample task. The H8/330
has a successive-approximations A/D converter on-chip. The A/D converter has the following
functions:

a. A scan mode automatically performs A/D conversion on one to four channels (ANO to
ANS3 or AN4 to AN7) without software intervention.

b. A sample-and-hold function holds the measured voltage from the start of the
measurement until the end.

c. Aninterrupt function generates an interrupt at the end of A/D conversion.

This sample task uses these functions to carry out A/D conversion.

(Selects channel)

(Holds voltage (Enables or disables
v being measured) external trigger input)
ANO —
AN A/D control register
ADCR
AN2 —» Sample-and- (ADCR)
AN3 Analog hold circuit
AN4 —»| multiplexer Comparator
AN5 —» Teox Control
7‘.}7_. N
ANG creut < (Specifies A/D conversion
AN7 —> mode, selects channel, and
(Generates successive-approximation voltages) designates start and end
of A/D conversion)
-bit D/A
8-bit D/ A/D control/status
? register (ADCSR)
Successive-approximations | A
register A/D start (ADST)
! (Stores measurement result) (starts A/D conversion)
A/D data register A (ADDRA) A/D-end interrupt
A/D data register B (ADDRB) (ADI)
A/D data register C (ADDRC) -
A/D data register D (ADDRD)

Figure2 A/D Converter Block Diagram
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Usage of Functions

2. Tablel liststhe function assignments for this sample task. Functions of the H8/330's on-chip
A/D converter are assigned to perform A/D conversion.

Tablel A/D Converter Function Assignments

A/D Converter Function Description

ADCSR Selects A/D conversion mode (single or scan), channel(s) to be
measured, and conversion time, and designates start and end of
measurement.

ADDRA Stores A/D conversion result.

ADDRB

ADDRC

ADDRD
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Operation

Figure 3 explains how A/D conversion is carried out. Channels ANO to AN7 are divided into two
groups of four channels each (ANO to AN3 and AN4 to AN7). Each group is converted in scan
mode to generate results that are stored in ADDRA to ADDRD.

The sample task moves the conversion results into RAM.

A/D start (ADST) J

A/D end (ADF)

P

Hardware operations Hardware operations Hardware operations
None a. Set ADF to 1. a. Set ADF to 1.
B b. Generate ADI interrupt. b. Generate ADI interrupt.
Software operations
Initialization Software operations Software operations
a. Select scan conversion a. Clear ADST and ADF. a. Clear ADST and ADF.
mode. b. Move results from b. Move results from
b. Select conversion time. ADDRA - ADDRD to RAM. ADDRA - ADDRD to RAM.
c. Select channels ANO to c. Switch to channels AN4
AN3. to AN7.
d. Set ADST to 1 to start d. Set ADST to 1 to start
measurement. measurement.
e. Enable A/D conversion-
end interrupt.
Hardware operations Hardware operations
a. Execute A/D conversion. a. Execute A/D conversion.
b. Set conversion results in b. Set conversion results in
ADDRA to ADDRD. ADDRA to ADDRD.
Software operations Software operations
None None

Figure3 A/D Conversion
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Softwar e Description

1. Module descriptions

Module Label Function

Main program ADSCNMN Initializes A/D converter, clears flag, and starts A/D conversion.

Detect A/D end SCNEND ADI handler: Flags end of A/D conversion, switches channels,
and stores results in RAM.

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

SCN_DATO  Stores result of eight-channel A/D conversion. 1byte  Detect A/ID end Output

SCN_DAT1 1 byte

SCN_DAT2 1 byte

SCN_DAT3 1 byte

SCN_DAT4 1byte  Main program Input

SCN_DAT5 1 byte

SCN_DAT6 1 byte

SCN_DAT7 1 byte

SCN_ENDF Flag indicating final end of eight-channel A/D 1 bit Detect A/D end Output
conversion.

Main program  Input
1: A/D conversion completed
0: A/D conversion in progress

3. On-chip register usage

Register Function Modules Where Used

ADCSR Selects A/D conversion mode (single or scan), Main program,
channel(s) to be measured, and conversion time,  detect A/D end
and designates start and end of measurement.

ADDRA to ADDRD  Stores result of A/D conversion. Detect A/D end
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Softwar e Description

4. Genera register usage

Module Register Function

Main program RO Used as work register for setting data.
Detect A/D end RO to R2 Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.

Flowcharts

1. Main program

< Main program >

Set stack pointer to H'FEFE

Set ADCSR as follows:
Conversion mode: scan mode
Conversion time: 242 states
Channels: ANO to AN3

ADI: enabled

Start A/D conversion

Clear SCN_ENDF

Clear | flag to unmask
interrupts

Conversion
ended on all eight
channels?

Yes
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D

APS330-4014

Flowcharts

2. Detect A/D end

C Detect A/D end )

Save registers

Clear interrupt request flag
(ADF)

Finished
converting AN4 to AN7?
(bit 2 of ADCSR
=17?)
Yes

Move ADDRA-ADDRD
contents to SCN_DATAO
to SCN_DATA3

Set flag indicating end
of A/D conversion

‘A

Move ADDRA-ADDRD
contents to SCN_DATA4
to SCN_DATA7

Clear ADST to 0 to stop
conversion

Switch channels

Set ADST to 1 to start
conversion

Restore registers

C
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Program List
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A/D Conversion in Scan Mode MCU: H8/330 Function: A/D APS330-4014

Program List
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Specification

1. Thissample task runs the H8/330 in power-down mode (software standby mode) using the
test board shown in figure 1.

2. Software standby modeis entered and exited by detecting the state of a mode switch
connected to the NMI line.

Switch on: software standby mode Switch off; program execution
3. A LED indicator displays the H8/330's current operating mode.

LED on: program execution LED off: software standby

H8/330

Mode switch

O—=| Debouncing - Nui P21
circuit
Mode indicator
LED

Figurel Power-Down Mode Test Board
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Usage of Functions

1. Table 1 describes the software standby mode used by this sample task. Software standby
mode has the following features:

a. The clock and on-chip supporting modules halt, so power consumption is lower than in
sleep mode.

b. Thewaiting time for clock oscillation to stabilize on exit from software standby is
selectable.

Software standby mode is entered by setting the software standby bit (SSBY) in the system
control register (SY SCR) to 1, then executing the SLEEP instruction. Software standby mode
is exited by an external interrupt.

Tablel Software Standby Mode

On-Chip

Supporting General Exit
Entry Method Clock CPU Modules Registers RAM 1/0 Methods
SetSSBY tol, Halt Halt Halt Held Held Held < External interrupt
then execute * Reset
SLEEP e STBY input

instruction
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Operation

Figure 2 explains how software standby mode is entered and exited and shows the timing
relationships.

ZI53< weillakor A’rﬂﬂ1

vod> ovvtsh(Nivl|
—-8/:zVOfemAre  >gamr / n beren bae . Xoganr
Motd 3ol @ \ Tofwarssharehy noads A ol
]
1
1
/ i
Mi =i niealie 1 70 o >\ oif X v
Osd I o gle-
blzet anime
1
| lordwai ¢ openlia-s //
[ieten: N In:errlpk.
Sdiva-e Cperot s =rriva 1 pierAlim Hailwerr 141k mix
) Tum FD ol " Dziect NI nborupl. Mo
1) SHr: ridny Fily el MVl b Vroil lor clao< te dlo bz ¢
i) S IRV W 111 Cofrwars operetions Soitwele dpeiaiions
- c
1) iE;f:‘;'_fo;LH Cone Scct Allng cdge of NI,

Figure2 Software Standby Mode
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Power-Down Mode
(Software Standby Mode) MCU: H8/330

Function: Softwarestandby mode APS330-6015

Software Description

1. Module descriptions

Module Label

Function

Main program STBMN

Initializes I/O port and NMI interrupt settings.

Return and escape active STBONOFF

NMI handler (rising and falling edges): enters and
exits software standby

2. Argument descriptions

This sample task does not use arguments.

3. On-chip register usage

Register Function

Modules Where Used

SYSCR Selects oscillator stabilization time, NMI edge, and software Main program, return
standby mode transition. and escape active

P2DDR Controls input/output direction of port 2. Main program

P2DR Controls LED and detects switch input state. Main program

4. General register usage

Module Register Function
Main program RO Used as work register for setting data.
5. RAM usage

This sample task does not use RAM.
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Flowcharts

1. Main program

Set stack pointer to H'FEFE

Write H'00 in P2DR
to initialize port-2 output

[

Write H'02 in P2DDR
to switch line 1 of port 2
to output
[

Set SYSCR as follows:
SLEEP transition:

software standby mode
Oscillator stabilization time:
131072 states

NMI: falling edge valid

Clear | flag to unmask
interrupts

-

Light mode indicator LED
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Flowcharts

2. Return and escape active

Return and escape
active

Falling edge of
NMI valid?

Select rising edge of NMI Select falling edge of NMI

Turn off mode indicator LED

Execute SLEEP instruction

RTE
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Program List
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Power-Down Mode
(Software Standby Mode) MCU: H8/330 Function: Softwarestandby mode APS330-6015

Program List
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Power-Down Mode (Sleep Mode) MCU: H8/330 Function: Sleep mode APS330-6016

Specification

1. Thissample task runsthe H8/330 in power-down mode (sleep mode) using the test board
shown in figure 1.

2. Sleep mode is entered by detecting the state of a mode switch.
Switch on: sleep mode Switch off: program execution

3. A LED indicator displaysthe H8/330’s current operating mode.
LED on: program execution LED off: deep mode

4. Sleep mode is exited by a 0.4-second timer interrupt.

H8/330

Mode switch

O—»| Debouncing » P20 P22
circuit
Mode indicator
LED

Figurel Power-Down Mode Test Board
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Power-Down Mode (Sleep M ode)

MCU: H8/330 Function: Sleep mode APS330-6016

Usage of Functions

1. Table 1 describesthe sleep mode used by this sample task. Sleep mode is entered by
executing the SLEEP instruction, and can be exited by an interrupt (external interrupt, timer
interrupt, or other interrupt).

Tablel Sleep Mode

On-Chip
Supporting General Exit
Entry Method Clock CPU Modules Registers RAM 1/O Methods
Execute SLEEP Run Halt Run Held Held Held < Interrupt
instruction * Reset
e STBY input

Operation

Figure 2 explains how sleep mode is entered and exited and shows the timing relationships.

Mode switch

H8/330 operating Program 1 Sleep Program SI Program Sleep 1 Program
mode execution /\ mode /\ execution mo ‘executlon \ mode /\ execution
Mode indicator on >< off >< on off on Y of Y on

Hardware operations

None

Software operations

a. Turn off LED.

b. Execute SLEEP
instruction

Hardware operations

Generate timer interrupt

Software operations

a. Turn on LED.
b. Wait 0.4 s.

Figure2 Sleep Mode
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Power-Down Mode (Sleep M ode)

MCU: H8/330 Function: Sleep mode APS330-6016

Softwar e Description

1. Module descriptions

Module Label

Function

Main program SLPMN

Initializes I/O port and 16-bit timer, and executes SLEEP
instruction according to switch state.

Return active mode ACTON

16-bit timer overflow interrupt handler: executed at 0.4-s
intervals

2. Argument descriptions

Label or Data Modules Input/

Register Function Length Where Used Output

ACT_TONF Flag indicating whether return-active-mode 1 bit Return active mode Output
routine has executed. Main program Input

1: Executed 0: Not executed

3. On-chip register usage

Register Function Modules Where Used
TCR Selects clock source for FRC. Main program
TIER Enables FOVI. Main program
P2DDR Controls input/output direction of port 2. Main program
P2DR Controls LED and detects switch input state. Main program

4. General register usage

Module Register Function
Main program RO Used as work register for setting data.
5. RAM usage

This sample task does not use RAM except for arguments.
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Power-Down Mode (Sleep Mode) MCU: H8/330 Function: Sleep mode APS330-6016

Flowcharts

1. Main program

C Main program >

Set stack pointer
to H'FEFE

Write H'00 in P2DR
to initialize port-2 outputs

Write H'04 in P2DDR
to switch line 2 of port 2
to output

Set TCR to select
®/32 clock source for FRC

Set TIER to enable
FRC overflow interrupt

Clear | flag to unmask
interrupts

Mode switch on?

Turn off mode indicator LED

Execute SLEEP instruction

Turn on mode indicator LED

[

0.4 s elapsed?
(ACT_TONF = 1?)
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Power-Down Mode (Sleep Mode) MCU: H8/330 Function: Sleep mode APS330-6016

Flowcharts

2. Return active mode

( Return active mode >

Clear interrupt request flag

Set ACT_TONF to 1
\

C_re )
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Power-Down Mode (Sleep Mode) MCU: H8/330 Function: Sleep mode APS330-6016

Program List
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Power-Down Mode (Sleep Mode) MCU: H8/330 Function: Sleep mode APS330-6016

Program List
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Function: Mode?2
Memory Interface  MCU: H8/330 (expanded, with ROM) APS330-7017

Specification

1. TheH8/330's expanded mode (mode 2) is used to interface the H8/330 to EPROM
(HN27C256) and SRAM (HM62256-8) as shown in figure 1.

HB8/330 HN27C256HG-70

AotO A15 W WW > Ao to Ay

Oscillator Do to Dy < > Do to Dy
(20 MHZ) > C7E
= OE

Decoder —9 HM62256-8

= CS
RD = OE
WR ~ WE

) AO to A14

)| Do to Dy

Figurel HB8/330-Memory Interface Block Diagram
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Function: Mode?2
Memory Interface  MCU: H8/330 (expanded, with ROM) APS330-7017

Specification

2. The HN27C256 and HM 62256 are allocated as shown in figure 2.

H'0000

On-chip ROM area
H'3FFF
H'4000

HM62256 *

external RAM area
H'7FFF
H'8000

HN27C256 "

external ROM area
H'BFFF
H'C000

Unused

H'FD7F
H'FD80

On-chip RAM area
H'FF7F
H'FF80 .

Unused
H'FF8F
HFP90 On-chi ister field
HEFA7 n-chip register fie
H'FFA8 «
n
H'FFAF Unused
H'FFBO
On-chip register field *: External address space

H'FFFF

Figure2 Memory Map
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Memory I nterface

MCU: H8/330

Function: Mode 2

(expanded, with ROM)

APS330-7017

Operation

1. Timing

a.  HB8/330 bus cycle (without wait states)

Figure 3 shows the basic bus cycle of the H8/330 when no wait states are inserted.
In the expanded modes external devices are interfaced using three states, asindicated in

figure 3.

In aread cycle, the H8/330 latches data (D7 to D) on the falling edge of T3. In awrite
cycle, the H8/330 outputs data with adelay (Tyypp) of 60 to 70 ns from the falling edge

of Tl'
Ty T2 T3
teye
ten ‘ tel
’ / x N \
t
o — < ter
tAD—» e
A15 to Ao ><
tas1
AS, RD y
tacc trps trRDH
D7 to Do
(data read)
twsp — f—
— - tSD
WR
twos
—= twop — twoH
D7 to Do
(data write)

Figure3 Basic H8/330 BusCycle
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Function: Mode?2

Memory Interface MCU: H8/330 (expanded, with ROM) APS330-7017
Operation
b. Memory read timing

Figure 4 shows the timing of a memory read cycle. The timing requirement to be satisfied
in amemory read cycle istgpg (read data setup time: minimum 50 ns), which can be
calculated asfollows:

HN27C256HG-70: trps =250 ns— (tcy + tasp *+ toe [OE output delay])
=250 ns— (65 ns+ 50 ns + 40 ns)

=95ns
HM62256-8: tRDS =250 ns— (tCH + tASD + tOE [OE OUtpUt delay])
=250 ns— (50 ns+ 50 ns + 45 ns)
=105ns
Ty T2 T3
ten
® J
A15 to AO ><
CE, CS
tasp
OE
toe” tros
110+ to 110
(HN27C256HG-70)
tog” trDs

|/O7 to I/OO
(HM62256-8)

*: AC characteristics of HN27C256 and HM62256

Figure4 Memory Read Timing Diagram

144




Function: Mode?2
Memory Interface  MCU: H8/330 (expanded, with ROM) APS330-7017

Operation
c. Memory writetiming

Figure 5 shows the timing of a memory write cycle. The timing requirement to be
satisfied in thiswrite cycle isthe HM62256-8's tpyy (input data setup time: minimum

40 ns). Since the H8/330 outputs write data with a delay of tyypp (maximum 60 ns) from
thefalling edge of T4, the tpyy requirement is easily met, as shown in figure 5.

Ty T T3

A/ N N NV

twsb

twobp tow

/07 to 1/0g >_

(HM62256-8)

*: AC characteristics of HM62256

Figure5 Memory Write Timing Diagram
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Function: Mode?2
Memory Interface MCU: H8/330 (expanded, with ROM) APS330-7017

Operation
1. Addressdecoding

An HD74HC139 is used for address decoding as indicated in figure 6.

HN27C256
H8/330 HD74HC139
Ay 1A v CE
Als 1B cc
HM62256
Y2
1G _
GND Y1 CS
TIT
Address A14 A15 RAM ROM
H'4000
to 1 0 Enable Disable
H'7FFF
H'8000
to 0 1 Disable Enable
H'BFFF

Figure6 Address Decoder
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Function: Mode 2

APS330-7017

(expanded, with ROM)

MCU: H8/330

Memory I nterface
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7z iy Ele) (4 ay G
ey (24 62 | am 9.02ST
%2 |y, 8z |~ AG+ 10
N ﬁﬁ(
€ | oryy
T2
by ¥x O 0T
Ve loy ‘q T
i Ly Lon € ‘a Tan !
€ |4 9 6T ‘g T . G W ”
v on 5 ————1“a ACH
vl s 8T a v8 | v, YV
v ol = — "~ 1*a LIVM W
s, o [ 2T a €8 | ¢ = [SCigy
5.Y Ol 7 ¥a | s
Sy ol 1 AgLS AW
L ey 2o ST ta 18 | 1q 8T 1oy!
[ Ao | ” ”
M Ty ol M Hm ‘mw °q IAN e
oY °on i+ = sk
22 dd, feke} N —
Twm A N T ﬁmv A 09 6T
AG  OLDHISZOLZNH  pg AGH 0€€/8H

22l

el

Figure7 Memory Interface Circuit Diagram
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Function: Mode?2

Memory Interface  MCU: H8/330 (expanded, with ROM) APS330-7017
AC Characteristics
1. H8/330

6 MHz 8 MHz 10 MHz
Item Symbol Min  Max Min  Max Min  Max Unit
Clock cycle time teye 166.7 2000 125 2000 100 2000 ns
Clock low pulse width teL 65 — 45 — 35 — ns
Clock high pulse width tcH 65 — 45 — 35 — ns
Clock rise time ter — 15 — 15 — 15 ns
Clock fall time tef — 15 — 15 — 15 ns
Address delay time tap — 70 — 60 — 55 ns
Address hold time tAH 30 — 25 — 20 — ns
Address strobe delay time tasp — 70 — 60 — 50 ns
Write strobe delay time twsp — 70 — 60 — 50 ns
Strobe delay time tsp — 70 — 60 — 50 ns
Write strobe pulse width twsw 200 — 150 — 120 — ns
Address setup time 1 tast 25 — 20 — 15 — ns
Address setup time 2 tas 105 — 80 — 65 — ns
Read data setup time trps 70 — 55 — 50 — ns
Read data hold time tRDH 0 — 0 — 0 — ns
Write data delay time twob — 70 — 60 — 60 ns
Read data access time tacc — 270 — 190 — 160 ns
Write data setup time twps 30 — 15 — 10 — ns
Write data hold time twboH 30 — 25 — 20 — ns
Wait setup time twrs 40 — 40 — 40 — ns
Wait hold time twTH 10 — 10 — 10 — ns
E clock delay time tep — 20 — 20 — 20 ns
E clock rise time = — 15 — 15 — 15 ns
E clock fall time tes — 15 — 15 — 15 ns
Read data hold time tRDHE 0 — 0 — 0 — ns
(synchronized with E clock)
Write data hold time tWDHE 50 — 40 — 30 — ns

(synchronized with E clock)
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Memory Interface  MCU:

Function: Mode 2
H8/330 (expanded, with ROM) APS330-7017

AC Characteristics

2. HN27C256HG-70

HN27C256HG-70

Item Symbol Min Max Unit Test Conditions
Access time tace — 70 ns CE=0E=V,
CE-to-output delay time tee — 70 ns OE=V,
OE-to-output delay time toe — 40 ns CE=V,

Output disable delay time toe* 0 30 ns CE=V,

Data output hold time ton 5 — ns CE=0E=V,

*: Defined at the point at which the output reaches the open state and the output leve cannot be

read.
3. HM62256-8
HM62256-8

Item Symbol Min Max Unit
Read cycle time tre 85 — ns
Address access time tan — 85 ns
Chip select access time tacs — 85 ns
Output enable access time tog — 45 ns
Output hold time ton 5 — ns
Chip select to output set teLz 10 — ns
Output enable to output set toLz 5 — ns
Chip deselect to output float tchz 0 30 ns
Output disable to output float tonz 0 30 ns
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Memory Interface  MCU:

Function: Mode?2
H8/330 (expanded, with ROM)

APS330-7017

AC Characteristics

3. HM62256-8 (cont)

HM62256-8
Iltem Symbol Min Max Unit
Write cycle time twe 85 — ns
Chip select time tow 75 — ns
Address valid time taw 75 — ns
Address setup time tas 0 — ns
Write pulse width twp 60 — ns
Address hold time twr 10 — ns
WE to output float twhz 0 30 ns
Input data set time tow 40 — ns
Input data hold time toH — ns
Output disable to output float tonz 30 ns
WE to output set tow — ns
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Specification

1. TheHB8/330's expanded mode (mode 2) is used to interface the H8/330 to atimer chip
(HD63140) as shown in figure 1.

Ha==0 HDEz140
WE R
— Wait READY
Cecillator _ corirdd circuit
l20 MHg -_‘ _
[e==
o setp oE
Circut t E
ZE
Ao fye | Ao oA
Dy Dy {: ::; Dot Dg

Figurel H8/330-HD63140 I nterface Block Diagram
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Function: Mode?2

Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Specification

2. TheHD63140 is alocated as shown in figure 2.

H'0000

On-chip ROM area H'4000"
H'3FFF H'406F Registers
H'4000 *

. Unused
UPP area H'4400
6000 RAM'
. H'47FF
Unused ... H4800

HFD7F T Unused”
H'FD80 H'7FFF.

On-chip RAM area
H'FF7F
H'FF80 *
H'FFSE Unused
H'FF90

On-chip register field
H'FFA7
H'FFA8
Unused

H'FFAF
HFFBO On-chip register field *: External address space
H'FFFF

Figure2 Memory Map

3. When the HD63140's registers and RAM are written or read, the wait control circuit inserts
wait states as follows:

HD63140 registers: 1 state + interval while READY islow
HD63140 RAM: 1 state
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Operation
1. Timing
a. HB8/330 bus cycle (with wait states)

Figure 3 shows the basic bus cycle of the H8/330 when wait states are inserted. If the
WAIT lineislow at the falling edge of T, await state (Tyy) isinserted into the basic bus
cycleasindicated in figure 3. If the WAIT lineis still low at the fall of Ty, another Ty is
inserted.

The H8/330 latches data (D7 to Dg) on the falling edge of T3 in aread cycle, and outputs
datawith adelay of 60 to 70 ns (T\ypp) from the falling edge of T, in awrite cycle.
Thisisthe same as when no wait states are inserted.

Ty T2 Tw Tw T3

t cyc
teh tel

cr
~—taD

A510 Ag X
tan ™
tast | sb tAH

AS, RD
] twTH e twrh
twrs T twrs r
e~
WAIT ‘ ‘
tacc trDs 17 ™ troH
D; to Dy
(data read)
— = twsp tsp—™
WR
twps
D, toD, ———— —

(data write)

Figure3 Basic H8/330 BusCycle
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Operation
b. HD63140 RAM read/write timing

Figure 4 shows the read/write timing for the HD63140's RAM. The timing reguirements
to be checked are the H8/330's trp 5 (read data setup time: minimum 50 ns) and the
HD63140's tyypg (Write data setup time: minimum 100 ns).

If no wait states are inserted, tgpg cannot be satisfied, so it is necessary to insert one wait
state.

Ty T Tw T3

/N NS S

tap

*
trDD trDs

P GE—————

(data read) twsp

twobs

— = twpoDp

(data write)

*: AC characteristics of HD63140

Figure4 HDG63140 RAM Read/Write Timing Diagram
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Timer Chip Interface

MCU: H8/330

Function: Mode?2

(expanded, with ROM) APS330-7018

Operation

C.

HD®63140 register read/write timing

Figure 5 shows the HD63140's register read/write timing. The HD63140's registers
cannot be written or read while the READY signal islow (tyat: 750 nsto 3 ps), so wait
states must be inserted during thisinterval.

Ty T2 Tw  Tw T3
¢ J x x x \
tap
A5t0 Ag X X
o
AS, RD tas”
CS .
twarr o
tcrp”
READY
trrop’ | tros | 7 tRDH
D; to Dy
(data read) T—
— ~—twsp
_ tsp —
WR
_ twos |

tWDD —- -— tWDH*
D; to DO_
(data write)

*: AC characteristics of HD63140

Figure5 HD63140 Register Read/Write Timing Diagram
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Timer Chip Interface  MCU: H8/330

Function: Mode?2
(expanded, with ROM)

APS330-7018

Operation

2. Wait control circuit

Figure 6 shows a diagram of the wait control circuit. The Q1 and Q2 outputs insert one wait
state when the HD63140's RAM is written or read.

When the HD63140's registers are written or read, Q1 and the HD63140's READY signal are
used to insert wait states while the READY signal islow.

Ola

o

5V

HD74AC112

=P

CP1cp1 Q1

HD74AC112

SD2
J2

H8/330
Ais Address
decoder
A4
AS
WAIT

CP2 cp2 Q2

RES >——

5V

HD63140

READY

Figure6 Wait Control Circuit
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Function: Mode?2
Timer Chip Interface MCU: H8/330 (expanded, with ROM) APS330-7018

Operation

Figure 7 shows timing diagrams for the wait-state control circuit.

a. RAM read/write (one state inserted)

? |

A1510 Ag X \
N
o1a 1 ) — :

= TN
Q1 | | L\ ‘\ [

. A
g

WA | 1 ]

b. Register read/write

READY l \ ‘\

L2V S S N S

Figure7 Wait Control Circuit Timing Diagrams
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Operation
3. Address setup circuit

Figure 8 shows a diagram of the address setup circuit. The Q1 output generates the
HD63140's ts 5 (address setup time: minimum 30 ns).

H8/330 HD63140
Ola
A1s Address
decoder
A1q
HD74AC74 E
AS D1 SD1
Q1 cs
(0] CP1
- B DS
RES CD1
OE

Figure8 Address Setup Circuit
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

Operation

Figure 9 shows atiming diagram for the address setup circuit.

- ——
S | L | | | |
«
cs | | | | |

T

Figure9 Address Setup Circuit Timing Diagram
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Function: Mode?2

Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018
Operation
4. Address decoding
An HD74AC139 is used for address decoding as indicated in figure 10.
H8/330 HD74AC139 T HD63140
A1a Ala
\Y%
Ass Ala ce
Ea = Address
GND Ola setup circuit Cs
TT
Address Al4 A15 HD63140
H'4000
to 1 0 Enable
H'7FFF

Figure10 Address Decoder
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Function: Mode?2

APS330-7018

(expanded, with ROM)

MCU: H8/330

Timer Chip Interface
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Figure11 HD®63140 I nterface Circuit Diagram
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

AC Characteristics

1. H8/330

6 MHz 8 MHz 10 MHz
Item Symbol Min  Max Min  Max Min  Max Unit
Clock cycle time teye 166.7 2000 125 2000 100 2000 ns
Clock low pulse width teL 65 — 45 — 35 — ns
Clock high pulse width tcH 65 — 45 — 35 — ns
Clock rise time ter — 15 — 15 — 15 ns
Clock fall time te — 15 — 15 — 15 ns
Address delay time tap — 70 — 60 — 55 ns
Address hold time tAH 30 — 25 — 20 — ns
Address strobe delay time tasp — 70 — 60 — 50 ns
Write strobe delay time twsp — 70 — 60 — 50 ns
Strobe delay time tsp — 70 — 60 — 50 ns
Write strobe pulse width twsw 200 — 150 — 120 — ns
Address setup time 1 tas 25 — 20 — 15 — ns
Address setup time 2 tas 105 — 80 — 65 — ns
Read data setup time trps 70 — 55 — 50 — ns
Read data hold time tRDH 0 — 0 — 0 — ns
Write data delay time twob — 70 — 60 — 60 ns
Read data access time tacc — 270 — 190 — 160 ns
Write data setup time twps 30 — 15 — 10 — ns
Write data hold time twboH 30 — 25 — 20 — ns
Wait setup time twrs 40 — 40 — 40 — ns
Wait hold time twTH 10 — 10 — 10 — ns
E clock delay time tep — 20 — 20 — 20 ns
E clock rise time = — 15 — 15 — 15 ns
E clock fall time tes — 15 — 15 — 15 ns
Read data hold time tRDHE 0 — 0 — 0 — ns
(synchronized with E clock)
Write data hold time tWDHE 50 — 40 — 30 — ns

(synchronized with E clock)
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Function: Mode 2
Timer Chip Interface  MCU: H8/330 (expanded, with ROM) APS330-7018

AC Characteristics

2. HD63140

Item Symbol Min Typ Max Unit
Oscillator stabilization time tre — — 20 ms
Operating frequency fopr 1.0 — 4.0 MHz
Output clock frequency folk — foor ¥2  — MHz
Output clock high pulse width tcwH 55 — — ns
Output clock low pulse width towL 55 — — ns
Output clock rise time ter — — 10 ns
Output clock fall time tes — — 10 ns
Address setup time tas 30 — — ns
Address hold time taH 5 — — ns
Delay time from CS low to READY low tcro1 — — 60 ns
(except RAM)

Delay time from DS lowto ~ UDR (UPP)*  twarr — — 3 Hs
READY high Other* — — 750 ns
Delay time from DS high to READY low tcrp2 — — 80 ns
DS high pulse width town 80 — — ns
R/W setup time trs 10 — — ns
R/W hold time try 5 — — ns
Read data delay time (RAM) tRoD — — 140 ns
Read data delay time from READY high tRRDD — — 60 ns
Read data delay time from OE torDD — — 80 ns
Read data hold time tRDH 10 — — ns
Read data hold time from OE high toroH 10 — — ns
Write data delay time* twobp — — 120 ns
Write data setup time twps 100 — — ns
Write data hold time from READY high* twH 120 — — ns
Low write pulse width (RAM) twwL 100 — — ns
Write data hold time twbH 5 — — ns
READY turn-off time from CS high trTo — — 50 ns

*: fopr =4 MHz. Value is inversely proportional to operating frequency fgp,.
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Specification

1. TheHB8/330 isinterfaced to a microcomputer system power controller IC (HA16103) as
shown in figure 1.

H8/330 HA16103 L3y
NMI (= NMI v J
cc
STBY STBY
RES RES
P43 P-RUN
Vee switcE%Véeéircuit Vour

Backup power supply
for low-power mode

Figurel H8/330-HA16103 Interface Block Diagram
2. TheHA16103 carries out the following supervisory functionsin a microcomputer system.
a. A watchdog timer function detects microcomputer program crashes.

b. A low-voltage supervision function monitors the output voltage, and controls the
microcomputer’s low-power (standby) mode if a voltage drop occurs.

c. A power-on reset function resets the microcomputer when it is powered on.

d. A power regulation function supplies the power used by the microcomputer system.
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Operation
1. Timing
a.  Watchdog timer function

The timing diagram in figure 2 illustrates the watchdog timer operation of the HA16103.
The HA16103 has an internal band-pulse filter that detects pulse width. If the P-RUN
signal deviates from the set frequency, reset pulses are output as shown in figure 2.

Figure 3 indicates the minimum pulse width tmin of the P-RUN signal in relation to
external circuit constants (Ry, Cs). R and C; should be adjusted to give t,i,, as shown in
figure 3.

P-RUN

tmin — «—1toFF

RES

trH
- - FtRL

Figure2 HA16103 Watchdog Timer Timing Diagram
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Operation
2m T T
Ta=25°C

—~ 18 P-Run pulse duty ratio 50% (fixed)
) -©m Ve =12V
c
8 1.6m
(]
@2
;E 1.4m
<
5 12m
= C; =0.022 pF
(]
0 1m
>
o
2 08m
©
S
g oom S Cr=0.01pF
E 04m —
g
S oom —— 1
= ' [— Cr = 0.0047 pF

— D

100 k 200 k 500 k 1M

Resistance Rs (Q)

Figure3 Minimum Pulse Width t,,;,, and External Constants (Ry, Cy)
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Operation
b. Low-voltage supervision function

The timing diagram in figure 4 illustrates the |ow-voltage supervision operation of the
HA16103. The microcomputer’s NMI, RES, and STBY signals are controlled as shown
in figure 4 when the output voltage drops below V,; and Vio.

When NMI goes low, microcomputer software can take backup action.

o 4.7V
Vin1: 4.6V : :
VOUT ! !
NMI
tRES * *
RES :ﬁ”: -t
STBY

Figure4 Timing Diagram of L ow-Voltage Supervision Function
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Operation
c. Power-on reset function

The timing diagram in figure 5 illustrates the power-on reset operation of the HA16103.
The microcomputer is reset during the interval toy generated by the HA16103.

Figure 6 indicates the value of tqy in relation to external circuit constants (Rg, Cr). R
and Cg, should be adjusted to give tgy as shown in figure 3.

Vour

RES

Figure5 Power-on Reset Timing Diagram
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

Operation

200 m

I I
(Ta = 25°C)
180 m VCC =12V
% 160m
= » Cr=022yF
8 140m
(0]
&«
5 120 m
(O]
£ 100m
= > Cr=0.1pF
¢ 80m
5
% 60 m
2 QCr = 0.047 yF
g 40 m /
20 m _—
0
100 k 200 k 500 k 1M

Resistance Ry (Q)

Figure6 toyn and External Constants (Rg, CRr)
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MCU: H8/330 Function: Hardware standby mode APS330-6019

HA16103 Interface

Operation
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Figure7 HA16103 Interface Circuit Diagram
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HA16103 Interface MCU:

H8/330 Function: Hardware standby mode APS330-6019

AC Characteristics

1. H8/330

6 MHz 8 MHz 10 MHz
Item Symbol Min  Max Min Max Min Max Unit
RES setup time tRESS 200 — 200 — 200 — ns
RES pulse width tRESW 10 — 10 — 10 — teye
Mode programming setup time tvMDs 4 — 4 — 4 — teye
NMI setup time (NMI, IRQq to IRQ7) tymis 150 — 150 — 150 — ns
NMI hold time (NMI, IRQq to IRQ7)  tymiH 10 — 10 — 10 — ns
Interrupt pulse width MW 200 — 200 — 200 — ns
(NMI, IRQq to IRQ5)
(for recovery from software
standby mode)
Crystal oscillator settling time tosc1 20 — 20 — 20 — ms
(reset)
Crystal oscillator settling time tosco 10 — 10 — 10 — ms

(software standby)
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HA16103 Interface  MCU: H8/330 Function:

Hardware standby mode APS330-6019

AC Characteristics

2. HA16103
Iltem Symbol Min  Typ Max Unit Test Conditions
Entire chip Supply current lccL — 8 12 mA Vec =12V
Regulator unit Output voltage Vo1 480 5.00 520 V Vee=61017.5V
lour=0.5A,
R1=30kQ
Voo 470 500 530 V Vec=61t017.5V
lour = 1 A,
R1=30kQ
Input voltage stability Voline -50 — 50 mV Vee=61t017.5V
lour=1A,
R1=30kQ
Load current stability Voload -100 — 100 mvV lour =10 mA to
0.5A, R1=30kQ
Ripple rejection RREJ 45 75 — dB Vi=0.5Vrms,
fi=1kHz,
R1=30kQ
Output voltage 4 Vo — 06 — mV/°C Ve =12V,
temperature coefficient oT R1=30kQ
Clock input unit Input low voltage Vi — — 0.8 \%
Input high voltage V4 20 — — \%
Input low current I -120 -60 — HA Vi =0V
Input high current IH — 03 0.5 mA Vip=5V
NMI output unit NMI low voltage Vou1 — — 04 \% loLy =2 mA
NMI high voltage VoH1 — Vout1 \Y
VoutZ
Vour at start of NMI Vmi — 07 14 \%
function
STBY output unit ~ STBY low voltage Voo — — 0.4 \% loL2 =2 mA
STBY high voltage Von2 — Vour — \%
VoutZ
VOUT at start of STBY VSTBY — 0.7 1.4 \Y
function
ES output unit RES low voltage VoLs — — 0.4 \ lorz=2mA
RES high voltage Vons — Vour — \Y
(VOUIZ)
Vour at start of RES VREs — 07 14 \%
function
Power-on time ton 25 40 60 ms R¢= 180 kQ,
Rg =180 kQ,
C;=0.01 pF,
Cr=0.1pF
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HA16103 Interface  MCU: H8/330 Function: Hardware standby mode APS330-6019

AC Characteristics

2. HA16103 (cont)

Item Symbol Min  Typ Max Unit Test Conditions
RES output unit Clock-off reset time torr 80 130 190 ms R¢=180 kQ,
Rg =180 kQ,
C;=0.01 pF,
Cr=0.1pF
Reset pulse low time trL 15 20 30 ms R =180 kQ,
Rg =180 kQ,
C;=0.01 pF,
CR =0.1 HF
Reset pulse high time trH 37 60 90 ms R¢= 180 kQ,
Rg =180 kQ,
C;=0.01 pF,
Cr=0.1pF
Low-input disabling Detection point (1) A\ 440 460 480 V
unit (LV1) Detection point (1) Vhys1 50 100 150 mV
hysteresis width
Detection point (2) Vo 29 32 35 \%
Detection point (2) Vhys2 13 15 165 V 14 pin open
hysteresis width
Reset pulse  When trRES — 200 — us Cres = 2200 pF
delay time disabled
Atrecovery ft; — 200 — us Cgres = 2200 pF
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