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patent, copyright, trademark, or other intellectual property rights for information contained i
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power, combustion control, transportation, traffic, safety equipment or medical equipment f
life support.
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particularly for maximum rating, operating supply voltage range, heat radiation characterist
installation conditions and other characteristics. Hitachi bears no responsibility for failure c
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this docum
without written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi
semiconductor products.







Introduction

The H8/3003, 3042 and 3002 are high-performance microcomputers of the 32-bit H8/300H se
and feature a host of built-in peripheral functions.

The devices incorporate a CPU, RAM, 16-bit integrated timer unit (ITU), programmable timing
pattern controller (TPC), serial communication interface (SCI), DMA controller (DMAC) and
other peripheral functions which make them suitable for a broad range of applications, in smal
large systems.

This application note is arranged in two parts: a basic edition covering operation examples the
employ individual peripheral functions, and an application edition which deals with examples c
use with combinations of these functions.

Although the task programs, operation of circuits etc., dealt with in this application note have |
checked, we advise you to conduct your own check of operations before using the products.

Rev. 2.0, 06/00, page i of vi
HITACHI



Rev. 2.0, 06/00, page ii of vi
HITACHI



Contents

Section 1 HB8/300H Series Application Note: Guide for Use............ccccvvvvennnnn.

1.1  Organization Of BaSIC EItION ..........ueiiiiiiiiiiiiiiaaaea e e e e e e e e

1.2  Organization of Application EItiON ...........uuuuiiiiiiiiiiieiie e e e e e e e e e K

IST=Tox 1]0] o IDZA = T ] (o =T 111 o o P
N R U | T @ Ui o V| PP 5.....

2.1.1  SPECIHICALIONS ...ttt e e e e e e e e e

2.1.2 Description of FUNCHONS USE ........uuiiiiiiiiiiiiiaaaaie ettt

2.1.3  Description Of OPEratiONS ...........uuuiiiiiiiiiiieiiee e a e e e e e e e e e e e e e |

2.1.4 Description Of SOftWAIE .......cccccciiiiiiiiiiece e e e {

P2 ST o (0111 o = o P T PP RRRR

2.1.6  Program LiST.......oooo oottt e e e ettt e e e e e e aaaaaaaaaaaeaaaana

2.2 TWO-Phase ENCOAEI COUNL........uiuiiiiiiiiiiiiiieee e e e e e e ettt e e e e e e e e aaaaeaeeeeeaaaaann

2.2. 1 SPECIICALIONS ...ttt e e e e e e e

2.2.2 Description of FUNCHONS USEA.........uuiiiiiiiiiiiiie et e e e e e e e e

2.2.3  Description of OPeration...........ccoiiiiiiiiciee e,

2.2.4  Description Of SOftWAIE .......cccciiiiiiiie e,

2.2.5  FIOWCNAITS ...ttt e e e e e e e e e e e

2.2.6  Program LiSt........ooi oottt e e e e e e e e e e e e e e e e e e e e ana

2.3 Pulse High and Low Width MeasUremMent. ...........coooaiiiiiiiiiiiiiiiieiee e,

P2 T A S 1= o3 1 [o L1 o] o <SS

2.3.2 Description of FUNCHONS USE........cuiiiiiiiiiiiieiee et e e e e e e e e e e

2.3.3  Description Of OPEratiONS ..........uuuuieiiiiiiiiiieeee e e e e aa e e e e e e e e e e

2.3.4  Description Of SOftWAIE ...

2.3.5  FIOWCNAITS ...ttt e e e e e e e e e e e

2.3.6  Program LiSt......ooooi oottt e et e e e e e e e e e e e e e e e e e e e e ana

2.4  Complementary PWM Three-Phase OQULPUL...........coeeeiiiiiiii e

P A S 1= o3 1 [o L1 o] o <SS

2.4.2 Description of FUNCHONS USE........cuiiiiiiiiiiiieieeee et r e e e e e e e e

2.4.3 Description Of OPEratiONS ............ueeeiiiiiiiiiiiieaaa e a e e e e e e A

2.4.4  Description Of SOftWAIe .......cccoiiiiiiiie e ¢

245  FIOWCNAITS ...ttt et e e e e e e e e e e e e e

2.4.6  Program LiSt.......cccoiiiiiiii it e e e e e et e s e s s st e e e aaaaaaaaa e e e e

2.5 LONQg CyCle PUISE OULPUL ...ceeeeee et e e e e e e e e e e e e e e s s e e e e e e e e e aaeeaeeeas

P2 T A S 1= o3 1 [o L1 o] o <SSO

2.5.2 Description of FUNCHONS USEM........cuiiiiiiiiiiiiiiaaeii ettt e e

2.5.3 Description Of OPEratiONS ............ueeeeiiiiiiiiiaaaa e e e e e e e e e

I

2.5.4 Description of Software

2.5.5 Flowchart........ccccoeeene

........................................................................................

Rev. 2.0, 06/00, page iii of vi
HITACHI



2.6

2.7

2.8

2.9

2.10

2.11

2.5.6  Program LiSt......oooo oottt ettt e e e e e e e e e e e e e e e 5
Positive/Negative PWM Three-Phase OULIPUL...........cccccciiiiiiiiiiiiiiir e e e e seennnenes ¢
P2 G A S 1= o3 o L1 o] g <SR 6
2.6.2 Description of FUNCHONS USE........cuuiiiiiiiiiiiieeie et a e e e e e 6
2.6.3  Description Of OPEratiONS ............ueeeiiiiiiiiiiaia e a e e e e e 6
2.6.4 Description Of SOftWAIe ... 6
2.6.5  FIOWCRNAIT.....eeiiiiiiiiii ettt e e e e e e e e e e e e e e as 6
2.6.6  Program LiSt........ccoiiiiiiiiiii et e e e e e e e e e e rr e e e e e e e e e e e e e a s 6
PWM FIVE-PhasSE OULPUL......ciiiiiiiiieeeie e ie ettt e e e e e e ae e e e e e e s e e s s s s s nneeeneeeeeeeeeees T
P2 A A S 1= o3 1o L o] g <SR 7
2.7.2 Description of FUNCLONS USE ........uuiiiiiiiiiiiiiaaeaaie et 7
2.7.3 Description Of OPEratiONS ............ueeeiiiiiiiiiiaiaa e a e e e e e e 7
2.7.4 Description Of SOftWAIE ..o 7
2.7.5  FIOWCRAIT....ccoiiiiie e e 7
2.7.6  Program LiSt........ccciiiiiii ittt e e e e e e e e e s e s s e r e ra e e e e e aaaaaaaaa s 7
Timer Counter Simultaneous Reset with External Signal..........cccccceeeeeeiiii i, 8
2.8.1  SPECIHICALIONS ...ttt et e e e e e e e e e e e e 8
2.8.2 Description of FUNCHONS USE ........uuiiiiiiiiiiiiiaaaaie et 8
2.8.3  Description Of OPEratiONS ............ueeeiiiiiiiiiiiieaaaee e e e e e e 8
2.8.4 DescCription Of SOftWAIE .......ccccciiiiiiiiiee e e e 8
2.8.5  FIOWCRAIT.....ciiiiiiiiie e e 0
2.8.6  Program LiSt........ccoiiiiiiiiiiicci et e e e e e e e e rr e e e e e e e e e e e e e a s 9
One-Shot Pulse Output Using Buffer Mode..........cccuuuiiiiiiiieeee e C
2.9.1  SPECIHICALIONS ...ttt et e e e e e e e e e e e e e 9
2.9.2 Description of FUNCHONS USE ........uuiiiiiiiiiiiiiiaeaie et 9
2.9.3 Description Of OPEratiONS ..........uuuriiiiiiiiiiiiiieee e e e e e e e e e e e e e e e 9
2.9.4  DescCription Of SOftWAIE .......ccccciiiiiiiii e e e 1
2.9.5  FIOWCRAITS ... et 1
2.9.6  Program LiSt........ooo oottt e et e e e e e e e e e e e e e e e e aaan 1
4-Ditx 4 SYSLEM OULPUL ..ot e e e e e e e et e e e e e e e e aaaaaaaaaaaaaaas 1
2.10.1 SPECIICALIONS ...ceiieeeeeei it e e et e e e e e e e e e e e e e 1
2.10.2 Description of FUNCLIONS USEd..........ccociiiiiiiiiiiieeeee e 1
2.10.3 Description Of OPEratioNS ......cccceeiiiiii i e e e reee e 1
2.10.4 DesSCription Of SOfWAIE .....ccviiiiiiiiee e e e 1
P2 O T (0] o - T RSOOSR 1
2.10.6  Program LiSt........uueieeieeiieiiieeie ettt et e e e e e e e e e e e e eeeeeaeas 1
ASYNCNIONOUS SCl...eitiiiiiiiiiiiiiiie ettt e e e e e e e eeeae 129......

2.11.1 SPECIICALIONS ..iieiieee e e et e e e e e e e e e 1
2.11.2 Description of FUNCHONS USEd..........ccoooiiiiiiiiiiiiei e 1
2.11.3 Description Of OPEratioNS .......ccceeiiiiiii i e e e e e e e eee e 1
2.11.4 Description Of SOfWAIE .....cooiiiiiiiieee e 1
P2 B T (011 o - T PP 1
P2 I I G T o o To | =T o T ) USSP 1

Rev. 2.0, 06/00, page iv of vi

HITACHI



2.12 Simultaneous Transmit/Receive OPEratioN ..........coouiiiiiia ittt e e e e,
2.12.1 SPECIfICALIONS ..iieiieeee e r e e e e e e e e e e e,
2.12.2 Description of FUNCLIONS USEd..........ccoooiiiiiiiiiiiee e
2.12.3 Description Of OPeratioNS ........cceeiiiiiiiiccce e ee e
2.12.4 Description Of SOfWAIE ......oeiiiiiiiiiiie e,
2.12.5 FIOWCRAIS ...ttt e e e e e e e e e e aaaans.
2.12.6  Program LiSt.. ... ..ttt et e e e e e e e e e e e e

2.13 Multiprocessor COMMUNICALION .....uuuvireiriiireiieeeeeeeeeessessssseenrerre e eereerreeaaaaeeeaaeeseesanannnns
2.13.1 SPECIfICALIONS ..iieiiee e ar e e e e e e e e e e e,
2.13.2 Description of FUNCLONS USEd..........ccoooiiiiiiiiiiee e
2.13.3 Description Of OPeratioNS ........ooooiiiiiiiiiii e
2.13.4 Description Of SOfWAIE ......eeiiiiiiiiiiee e,
2.13.5 FIOWCNAIS ...ttt e e e e e eeeeeaaaaaans.
P22 TN T o To =Ty o T ) ST

P2 S =1 (o ol Qi I =10 ) =] PP ERPR 176.
2.14.1 SPECIICALIONS ..iieiiieee e ar e e e e e e e e e e e,
2.14.2 Description of FUNCHONS USEd .........cooiiiiiiiiiiieiee e
2.14.3 Description Of OPeratioNS ........cooiiiiiiiiie e e e
2.14.4 Description Of SOfWAIE ......eeiiiiiiiiiiee e,
2.14.5 FIOWCNAIS ...eiiiiiiiiieiie ettt e ettt e e e e st e e e e e st e e e e e e nnee,
2 T o To =Ty T ) ST

Section 3 Application EAItiON ...........ccooiiiiiiiiiiccce e
3.1 High-Speed Data OULPUL ........uueiiiiiiiiiieiiee e e et e e et e e e e e e e e e e e e e e e e e e e e aannnnnees
3.1 1 SPECIFICALIONS ...ttt e e e e e e e e e e e e e e e e e e
.12 MEENOM ...
3.1.3 Description of FUNCHONS USEd..........ccuuiiiiiiiiiiiiiiie e
3.1.4 Description of OPErationsS ..........cccccuiiiiiiiiiiieeie e re e e e e e e eereeeeaes
3.1.5 Description of SOftWAre ........coooiiiiiiiii e,
I 700 L T [0 o] = o £ P PPPPUPPPRPPRR
700 A o o T = T 4 I 1 SOOI
3.2 SCI ContinuOUS TranSMIt/RECEIVE ..........eviiriiieiiiie e
3.2.1  SPECIICALIONS ..ottt e e e e e e e e s e a et e e e e e e e e e e e e a e
3.2.2 MEENOM ...
3.2.3 Description of FUNCHONS USEd .........cuuiiiiiiiiiiiiiiiiieee e
3.2.4  Description of SOftWAre ........coooiiiiiiiii e :
.25  FIOWCRNAITS ettt e e e e e e e e e e e e e e e,
R T T = o T = .4 I 1 PR
3.3 SINE WaVE OULPUL .....euiiiiiiiiiiiiieiie e e e e e e e e e e e s s e s st e e e e e e e e e aaeeeeaeesessasannnnnen 218.......
3.3. 1 SPECIICALIONS ..ottt e e et e et e e e e e e e e e e e e aa
T T Y/ 1= 1 s [o o IR PU PP UP TR
3.3.3 Description of FUNCHONS USEd .........ccuuiiiiiiiiiiieiiiii e
3.3.4  Description of OPerations .........cccoiuuiiiiiiiiiiieieie e e e e e e aa s

Rev. 2.0, 06/00, page v of vi
HITACHI



3.3.5 Description of SOftWAre ........coooiiiiiiiii e 2

3.3.6  FIOWCRAIS ... 2
0 T A = o T = T 4 ] P 2
3.4 Four-Phase Stepping Motor Application EXample.........coccooiiiiiiiiiiiiiceiceecee e 2
3.4 1 SPECITICALIONS ...ttt e et e e e e e e e e e e e e 2
I Y 1= 1 o o (BT 2
3.4.3 Description of FUNCHONS USEd ........cccuuuiiiiiiiiiiiiiiiiee e 2
3.4.4 Description of OPErationsS ..........cccecuiiiiiiiiiiiiiie e e e e e e e e eereeeeees 2
3.4.5 Description of SOftWAre ........ccoooiiiiiii e 2
346 FIOWCKHAIS ..o 2
Ry A o (oo =T 4 I £ SOOI 2
3.5 Five-Phase Stepping Motor Application EXample ... 2
3.5. 1 SPECITICALIONS ...ttt ettt a e e e e e e e e e 2
3.5.2  MEENOA ..o 2
3.5.3 Description of FUNCHONS USEd ........ccc.uuiiiiiiiiiiiiiiiceeeeeee e 2
3.5.4 Description of OPErationsS ..........cccccuiiiiiiiiiiieiie e e e e e e e e erreeeeaes 2
3.5.5 Description of SOftWAre .........cooiiiiiiiii e 2
3.5.6  FIOWCNAITS ..ottt a e e e e e e e e e e e 2
35,7 PrOQram LISt ... e ittt e e e eaeaaaaas 2

Rev. 2.0, 06/00, page vi of vi
HITACHI



Section 1 HB8/300H Series Application Note: Guide for Use

This application note is arranged in two parts as shown in figure 1.1.

Application Note

(onchip version) — [ Basic Edition

L—— Application Edition

Figure 1.1 Application Note Organization

Basic Edition: Describes H8/300H peripheral function operations based on examples of single
tasks.

Application Edition: Describes H8/300H operations based on tasks implemented by a
combination of peripheral functions.

1.1 Organization of Basic Edition

The basic edition is arranged as in figure 1.2, and describes methods of use for single peripher
functions.

Basic

Editon — T Specifications

——— Description of Functions Used

—— Description of Operations

— Description of Software —— Description of Modules
—— Description of Arguments

—— Description of linternal Registers

— Description of General Registers

—— Description of RAM

— Flowcharts

—— Program List

Figure 1.2 Organization of Basic Edition
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1. Specifications:

Describes system specifications of sample tasks.
2. Description of functions used:

Describes features and allocation of peripheral functions used in the sample tasks.
3. Description of operations:

Describes operations of sample tasks using timing charts.
4. Description of software:

O Description of modules:

Describes software modules that run the sample tasks.
O Description of arguments:

Describes input arguments needed when executing modules and output arguments after
execution.

O Description of internal registers:

Describes internal registers (timer control register, serial mode register etc.) of peripheral
functions that are set by modules.

0 Description of general registers:
Describes general registers (RO—R7) used by modules, and their functions.
0 Description of RAM:
Covers label names and functions of RAM used by modules.
5. Flow charts:
Covers general flowcharts for software running the sample tasks.
6. Program list:
Covers program lists of software running the sample tasks.
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1.2 Organization of Application Edition

The application edition is arranged as in figure 1.3, and describes methods of use for combinat
of peripheral functions.

Application

Editon — T Specifications

—— Description of Functions Used
—— Methodology

—— Description of Operations

Description of Software

—— Description of Modules
—— Description of Arguments
——— Description of Internal Registers

—— Description of General Registers

—— Description of RAM
—— Flowcharts

— Program List

Figure 1.3 Organization of Application Edition

1. Specifications:

Describes system specifications of sample tasks.
2. Description of functions used:

Describes features and allocation of peripheral functions used in the sample tasks.
3. Method:

Describes methods of actualizing systems used in sample tasks.
4. Description of operations:

Describes operations of sample tasks using timing charts.
5. Description of software:

O Description of modules:

Describes software modules that run the sample tasks.
O Description of arguments:
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Describes input arguments needed when executing modules and output arguments after
execution.

O Description of internal registers:

Describes internal registers (timer control register, serial mode register etc.) of peripheral
functions that are set by modules.

0 Description of general registers:
Describes general registers (RO—R7) used by modules, and their functions.
0 Description of RAM:
Describes label names and functions of RAM used by modules.
6. Flowcharts:
Covers general flowcharts for software running the sample tasks.
7. Program list:
Covers program lists of software executing the sample tasks.
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Section 2 Basic Edition

2.1 Pulse Output

MCU: H8/3003
Function: ITU (16-bit integrated timer unit)

21.1 Specifications

Output of pulse with 50% duty of the cycle set in RAM (see figure 2.1). Output pulse cycle can |
set optionally from 125 ns to 4.09 ms during 16 MHz operation.

Pulse cycle

A
A\

Pulse output
example

50% : 50%

A
. AU
A
v

Figure 2.1 Pulse Output
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2.1.2 Description of Functions Used

In this sample task, a 50% duty pulse is output using ITU/chO. Figure 2.2 shows a block diagram
of the ITU/chO used in this sample task.

The following functions are used in chO:

» Automatic pulse output function without software intervention (output compare).
e Counter clear function during compare/match (counter clear).
» Output reversal with each compare/match (toggle output).

(Counter clear (Toggle output setting)

factor setting) Timer 1/O control
) ) General register (TIORO)
Timer control register A (GRAO)
register (TCRO) ¢
¢ Compare/ Bul iUt
(Input clock match A | Output compare uise oupu
Comparator A |—> . .~ —» Output pin
select
)" | T signal generation (TIOCAO)
/g | Clock Timer counter
2i2 —» selector [
24 —»| circuit (TCNTO)
a/8 —»

Figure 2.2 1TU/chO Block Diagram

Table 2.1 shows the function allocation of this sample task. ITU functions are allocated for pulse
output.

Table 2.1  ITU Function Allocation

ITU function Function

TCRO Selects clock input to TCNT and counter clear factor
TIOCAO Pulse output

TIORO Sets pulse output level

GRAO Sets pulse 1/2 cycle

Rev. 2.0, 06/00, page 6 of 297
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2.1.3 Description of Operations

Figure 2.3 shows the operation principle. Pulses are output due to H8/3003 hardware and softv
processing.

TCNTO | diatel
counter mfrtne & ety
value a eriese
GRAQ [ 2

H'00 ; ; > Time

Pulse output ' '
(TIOCA 0) § ! I—

4 Hardware processing ) Hardware processing N Hardware processing N
N 1. Generate chO compare/ 1. Generate chO compare/
one match A match A

N

. Clear counter 2. Clear counter
3. Output high from TIOCAOQ || 3. Output low from TIOCAO

Software processing

Initial settings:

i Software processing Software processing
1. Set TCNTO input to g, N N
and set counter clear one one
factor to compare/match A \- AN /)

2. Set to toggle output by
ch0 compare/match A

3. Set 1/2 pulse cycle in
GRAO

4. Start counting operation

- /

Figure 2.3 Principle of Pulse Output Operation
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214 Description of Software
The software for pulse output is described below.

Table 2.2 Description of Modules

Module Name Label Name Function

Main routine POUTMN ITU and RAM initial setting and pulse output

Table 2.3  Description of Arguments

Label Name, Data Module
Register Name Function length Name 1/0
PUL_CYC Sets timer value equivalent to pulse cycle 1 word Main routine  Input
The pulse cycle is determined by the
following formula:Pulse cycle (ns) = timer
value x @cycle (62.5 ns during 16 MHz
operation)
Table 2.4  Description of Internal Registers
Register Name Function Module Name
TSTR Timer counter operation enable/disable setting Main routine
chO TCRO Sets clock input to TCNT and counter clear factor Main routine
TIORO  Sets level of output pulse during compare/match A Main routine
generation
GRAO Sets output pulse 1/2 cycle Main routine

Table 2.5 Description of General Registers

Module Name Register Name Function

Main routine RO Used as work register during data setting.

Description of RAM: RAM not used other than for arguments in this sample task.
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2.15

Flowchart

Figure 2.4 shows the pulse output flowchart.

( Main routine )

Set stack pointer
to HFFFEFE

Set TCNT input clock
and counter clear
factor in TCR

Set to compare/match
A toggle output
with TIOR

Set value equivalent
to 1/2 pulse cycle
in GRA

Enable chO count
operation

™

HITACHI

Figure 2.4 Main Routine Flowchart
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Program List

000000

000000

0ooo1C

0ooo1C
000020
000024
000028
00002C

000030

000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

9

o YN o o b w N e

10 ;

11

12
13
14
15
16
17

18 ;

19

20

21
22
23
24
25
26
27
28
29
30

31

32
33
34
35

36

37
38
39
40

a1

42
43
a4

%
> VECTOR ADDRESS
%
.SECTION  VECT,CODE,LOCATE=H"000000
RES .DATA.L POUTMN
.ORG H'00001C
NMI .DATA.L POUTMN
TRAPAO .DATA.L POUTMN
TRAPAL .DATA.L POUTMN
TRAPA2 .DATA.L POUTMN
TRAPA3 .DATA.L POUTMN
.ORG H'000030
IRQO .DATA.L POUTMN
IRQ1 .DATA.L POUTMN
IRQ2 .DATA.L POUTMN
IRQ3 .DATA.L POUTMN
IRQ4 .DATA.L POUTMN
IRQ5 .DATA.L POUTMN
IRQ6 .DATA.L POUTMN
IRQ7 .DATA.L POUTMN
WoVvIo .DATA.L POUTMN
CMI .DATA.L POUTMN
.ORG H'000060
IMIAO .DATA.L POUTMN
IMIBO .DATA.L POUTMN
oVvIo .DATA.L POUTMN
.ORG H'000070
IMIA1 .DATA.L POUTMN
IMIB1 .DATA.L POUTMN
ovi1 .DATA.L POUTMN
.ORG H'000080
IMIA2 .DATA.L POUTMN
IMIB2 .DATA.L POUTMN
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000088

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oo0Cc4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00

00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002

45 QVI2 .DATA.L POUTMN

46

47 .ORG H'000090

48 IMIA3 .DATA.L POUTMN

49 IMIB3 .DATA.L POUTMN

50 OVI3 .DATA.L POUTMN

51

52 .ORG H'0000A0

53 IMIA4 .DATA.L POUTMN

54 IMIB4 .DATA.L POUTMN

55 OVi4 .DATA.L POUTMN

56 ;

57 .ORG H'0000BO

58 DENDOA .DATA.L POUTMN

59 DENDOB .DATA.L POUTMN

60 DENDI1A .DATA.L POUTMN

61 DEND1B .DATA.L POUTMN

62 DEND2A .DATA.L POUTMN

63 DEND2B .DATA.L POUTMN

64 DEND3A .DATA.L POUTMN

65 DEND3B .DATA.L POUTMN

66 ERIO .DATA.L POUTMN

67 RXIO .DATA.L POUTMN

68 TXIO .DATA.L POUTMN

69 TEIO .DATA.L POUTMN

70 ERI1 .DATA.L POUTMN

71 RXI1 .DATA.L POUTMN

72 TXI1 .DATA.L POUTMN

73 TEI1 .DATA.L POUTMN

74 ADI .DATA.L POUTMN

75

76

77 *
78 * RAM ALLOCATION *
79 ¢ *
80 ;

81

82 .SECTION RAM,DATA,LOCATE=H'FFFF00

83 ;

84 PUL_CYC .RESW 1 ;Pulse cycle time
85 ;

86 ;

87 * *
88 * SYMBOL DEFINTIONS *
89 * *
90 ;

91
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92 00FFFF60
93

94 00FFFF64
95 00FFFF65
96 00FFFF6A
97

98

99

100

101

102

103

104 010000

105

106 00010000
107 010000 7AO0700FFFEFE
108 010006 F8AQ

109 010008 3864

110 01000A F88B
111 01000C 3865

112

113 01000E 6BOOFFO0
114 010012 1110

115 010014 6BBOFF6A
116

117 010018 F8E1

118 01001A 3860

119

120 01001C 40FE
121

122

****TOTAL ERRORS
**TOTAL WARNINGS
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92

93

94
95
9
97

98

99
100

101 ;
102 ;

103 ;

104

105 ;

106
107
108
109
110
111

112

113
114
115

116 ;

117

118
119
120
121
122

TSTR .EQU H'FFFF60  ;Timer start register
TCRO .EQU H'FFFF64  ;Timer control register
TIORO .EQU H'FFFF65  ;Timer I/O control register
GRAO .EQU H'FFFF6A  ;General register AO
;*
b MAIN PROGRAM : POUTMN
*
.SECTION  PROG,CODE,LOCATE=H'010000
POUTMN: .EQU $
MOV.L #H'FFFEFE,SP ;Initialize stack pointer
MOV.B #B°10100000,ROL
MOV.B ROL,@TCRO ;Initialize TCRO
MOV.B #B'10001011,ROL
MOV.B ROL,@TIORO ;Initialize TIORO
MOV.W @PUL_CYC,RO
SHLR.W RO
MOV.W RO,@GRAO
MOV.B #B'11100001,ROL
MOV.B ROL,@TSTR ;Set TCNTO start data
POUTMN99 BRA POUTMN99

.END
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2.2 Two-Phase Encoder Count

MCU: H8/3003
Function: ITU (phase calculation mode)

221 Specifications

As shown in figure 2.5, two external clocks are input, and the counter counts up or down due to
the phase difference between the two inputs. Also, the number of counts is taken and the resul
in RAM.

With the timer counter’s initial value at H'8000, counting can be conducted up to +7FFF and -
8000.

Count up Count down :
o Iy ' Iy :
§ Y : Y §
External | i : :
clock § Y 'y : 'y
input : v : Y \
L Measurement time %

Figure 2.5 Two-Phase Encoder Count Operation Example
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2.2.2 Description of Functions Used

In this sample task, ITU ch2 is used for the up/down counter, and the measurement time is
generated in ch0. The chO output compare output pin and ch2 input capture pin are connected,
notification of measurement time end is given to ch2 due to chO output compare.

Figure 2.6 shows a block diagram of ch0. chO generates measurement time using the following
function, providing pulse output to the ch2 input capture pin.

« Automatic pulse output function in hardware without software intervention (output compare).

(Toggle output setting)
(Counter clear Timer 1/O control
factor setting) General register (TIORO)
register A (GRAO)
Timer control Compare/ ¢ Pulse
register (TCRO) i match A output
| Comparator A |—> Output control > l(-:rhUZ
v T Compare/

9 ™ Clock match
22 —»| selector |»|  Timer counter output pin
04 | St (TCNTO) (TIOCAQ)
al8 _,

Figure 2.6 ITU/chO Block Diagram
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Figure 2.7 shows a block diagram of ch2. ch2 uses the following functions for up/down counting
the timer counter. The counter value at the time of input capture both-edge detection is taken a
the measurement result.

« Phase difference detection of two external clocks for timer counter up/down counting (phase
calculation mode).

» Setting of timer value in internal register at the time of pulse input edge detection (input
capture).

« Startup of interrupt processing at time of input capture generation.

» Startup of interrupt processing at time of timer counter overflow or underflow detection.

Pulse -
ITU input Edge detection

cho and capture signal —— Input capture interrupt A (IMIA2)

Input generator circuit [—
capture A Yy
Input pin (Detection edg

A\

e (Phase calculation
(TIOCA2) specification) mode setting)
Timer 1/O control Timer mode
register (TIOR2) register (TMDR)
Overflow/underflow
¢ interrupt (OVI12)
. . Overflow/
General register 16-bit counter :
—» underflow signal —»
A (GRA2) —<]— (TCNT2) generator

T

TCLKA = Clock selector
TCLKB —»| circuit

Figure 2.7 ITU/ch2 Block Diagram
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Table 2.6 shows the function allocation for this sample task. ITU functions are allocated for two-
phase encoder pulse phase difference detection and counter up/down counting.

Table 2.6  ITU Function Allocation

ITU Function Function
TSTR Enables/disables ch0/ch2 timer counter operation
TMDR Sets phase calculation mode and OVR flag set condition
TCLKA External clock input pin
TCLKB External clock input pin
chO TCRO Selects counter clock and counter clear factor
TIOCAO Outputs pulse
TIORO Sets toggle output with compare/match A
GRAO Sets counter measurement time
ch2 TIOCA2 Input pin for input capture signal
TIER2 Enables interrupts due to IMFA and OVF
TIOR2 Sets to input capture A generation during edge detection
GRA2 Counter result set due to input capture A

Rev. 2.0, 06/00, page 16 of 297
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2.2.3

Figure 2.8 shows the operation principle. The counter is counted up/down due to H8/3003

Description of Operation

hardware and software processing.

Immediately

TCNT2
counter value
H'FFFF

>

H'05
H'04
H'03
H'02
H'01

after reset

H'00

TCLKB

TCLKA

2\

7

A

/

/

/Hardware processing

Hardware processing

(Hardware processing

(Hardware processma

None

TCNT2 count up

TCNT2 count down

Generate OVIE2

Software processing

Software processing

Software processing

Software processing

Initial settings:

1. Set to phase
calculation mode

2. Start counting

None

None

- /

N J

OVIE2 processing
Set error flag with

L underflow J

Figure 2.8 Operation Principle of Phase Calculation Mode (1)
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Figure 2.8 shows the H8/3003 hardware and software processing for interrupt processing during
overflow/underflow and external event generation.

Immediately

TCNT2 “after reset

counter value
H'FFFF

H'8004
H'8003
H'8002
H'8001
H'8000
H'7FFF
H'7FFE
H'7FFD
H7FFC
H7FFB

H'00

External signal
(ITU/chO)

Y I o NN v o B R wean BEAY e I
TCLKB —— A e i i .
K Fy Py £ [ 'y
\ 4 A Y \ 2

TCLKA

4 Hardware processing I e Hardware processing N

None Generate IMIA2
— Soft.ware processing Software processing

Initial settings:
ITU/chO: IMIA2 processing:
1. Set counter clock to @ 1. Set count result in RAM
2. Set to toggle mode by L 2. Stop counting )

compare/match A
3. Set counter measuring
time in GRAO
4. Enable counting operation
ITU/ch2:
1. Set to phase calculation mode
2. Set input capture signal
to both edge input
3. Enable input capture A and
overflow/underflow interrupts
4. Enable counting operation Y,

-

Figure 2.8 Operation Principle of Phase Calculation Mode (2)
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224 Description of Software

The software for phase calculation mode is described below.

Table 2.7  Description of Modules

Module name Label name Function

Main routine PHACNTMN Initial setting of ITU and RAM

Counter value PHACNT1 Startup due to IMIA2, and setting of up/down count result

measurement from GRA in RAM

Error flag setting PHACNT2 Startup due to OVIE2, and setting of error flag by
overflow/underflow

Table 2.8  Description of Arguments

Label Name, Data Module
Register Name Function Length Name I/O
MSR_TIM Sets timer value equivalent to counter 1 word Main routine |
measurement time. Measurement time is
determined by the following formula:
Measurement time (ns) = timer value x
@cycle (62.5 ns during 16 MHz operation)
CNT_DATA Sets up/down count result 1 word Counter value O
measurement
ERR_F Error flag setting due to overflow/underflow 1 bit Error flag (0]
setting
Table 2.9  Description of Internal Registers
Module Name Register Name Function
TSTS Timer counter operation enable/disable setting Main routine
TMDR Sets phase calculation mode and OVF flag set condition
chO TCRO Selects TCNT counter clock and counter clear factor
TIORO  Sets output compare to toggle output
GRAO Sets counter measurement time
ch2 TIOR2  Selects input capture A generation by external signal falling
edge
GRA2  Sets counter value during input capture A Counter value
measurement
TIER2  Enables interrupts due to IMFA and OVF Main routine
TSR2 Indicates occurrence of interrupts due to IMFA and OVF Error flag setting

Rev. 2.0,
HITACHI
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Table 2.10 Description of General Registers

Module Name Register Name Function

Main routine ROL Used as work register during data setting
Counter value RO Used as work register during data setting
measurment

Table 2.11 Description of RAM

Data Length

Module Name

Label Name,
Register Name Function
CNT_OVR Stores error flag

1 byte

Error flag setting

Rev. 2.0, 06/00, page 20 of 297
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2.2.5

Flowcharts

( Main routine )

Set stack pointer
to H'FFFEFE

Set TIER2, and enable
interrupts by IMFA
and OVI flags

Set TCRO as follows:
* TCNT input clock to @
« Counter clear factor

to compare/match A

Set TIORO for chO
output pulse to
compare/match A
toggle mode output

Set ch2 input capture
signal detection edge
to both edges

Set counter measuring
time in GRAO

Selects OVF flag set
condition and set
phase calculation

mode in TMDR

Set TCNT initial
value H'8000

Enable ch0, ch2
count operation

Clear | flag to

enable interrupts

”

HITACHI

Figure 2.9 Main Routine Flowchart
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Counter value
measurement
I
Save registers
|
Clear interrupt
request flag (IMFA)
|
Set ch2 count
resultin RAM
|
End counter value
measurement
I
Restore registers
|

( wme )

Figure 2.10 Counter Value Measurement Flowchart

( Error flag setting >

I
Clear interrupt
request flag (OVF)
I
Set error flag for
overflow/underflow
I

= )

Figure 2.11 Error Flag Setting Flowchart
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2.2.6
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Program List

000000

000000

0ooo1C
0oo01C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094
000098

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010032
00010000
0001004C

00010000
00010000
00010000

9

o Yo o b w N e

10 ;

11

12

13

14

15
16
17
18
19
20
21
22
23
24

25

26

27
28
29

30

31

32
33
34

35

36

37
38
39

40 ;

41

42
43
a4

VECT,CODE,LOCATE=H"000000

%
> VECTOR ADDRESS
%
.SECTION
RES .DATA.L PHACNTMN
.ORG H'00001C
NMI .DATA.L PHACNTMN
.ORG H'000030
IRQO .DATA.L PHACNTMN
IRQ1 .DATA.L PHACNTMN
IRQ2 .DATA.L PHACNTMN
IRQ3 .DATA.L PHACNTMN
IRQ4 .DATA.L PHACNTMN
IRQ5 .DATA.L PHACNTMN
IRQ6 .DATA.L PHACNTMN
IRQ7 .DATA.L PHACNTMN
WOoVIo .DATA.L PHACNTMN
CMI .DATA.L PHACNTMN
.ORG H'000060
IMIAO .DATA.L PHACNTMN
IMIBO .DATA.L PHACNTMN
oVvIo .DATA.L PHACNTMN
.ORG H'000070
IMIA1 .DATA.L PHACNTMN
IMIB1 .DATA.L PHACNTMN
ovi1 .DATA.L PHACNTMN
.ORG H'000080
IMIA2 .DATA.L PHACNT1
IMIB2 .DATA.L PHACNTMN
OoVI2 .DATA.L PHACNT2
.ORG H'000090
IMIA3 .DATA.L PHACNTMN
IMIB3 .DATA.L PHACNTMN
oVI3 .DATA.L PHACNTMN

HITACHI
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
00o0C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO
0000E4
0000E8
0000EC
0000FO0

FFFF00

FFFF00
FFFF02
FFFF04

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002
00000002
00000001
00000000

OOFFFF60
OOFFFF62

RAM,DATA,LOCATE=H'FFFFO00

45 ;

46 .ORG H’0000A0
47 IMIA4 DATAL  PHACNTMN
48 IMIB4 DATAL  PHACNTMN
49 OVi4 DATAL  PHACNTMN
50 ;

51 .ORG H’0000B0
52 DENDOA  .DATAL  PHACNTMN
53 DENDOB .DATAL  PHACNTMN
54 DENDIA .DATAL  PHACNTMN
55 DEND1B  .DATAL  PHACNTMN
56 DEND2A  .DATAL  PHACNTMN
57 DEND2B  .DATAL  PHACNTMN
58 DEND3A  .DATAL  PHACNTMN
59 DEND3B  .DATAL  PHACNTMN
60 ERIO DATAL  PHACNTMN
61 RXIO DATAL  PHACNTMN
62 TXIO DATAL  PHACNTMN
63 TEIO DATAL  PHACNTMN
64 ERI1 DATAL  PHACNTMN
65 RXI1 DATAL  PHACNTMN
66 TXI1 DATAL  PHACNTMN
67 TEI1 DATAL  PHACNTMN
68 ADI DATAL  PHACNTMN
69

70 ;

71

72 RAM ALLOCATION

73

74 ;

75

76 .SECTION

77

78 MSR_TIM .RES.W 1

79 CNT_DATA .RES.W 1

80 CNT_OVR .RES.B 1

81 ERR_F EQU 0

82 ;

83 ;

84

85 * SYMBOL DEFINTIONS
86 *

87

88 ;

89 TSTR EQU H'FFFF60
90 TMDR EQU H'FFFF62
91

HITACHI

;Measure time

;count result

;Eerror flag

;Timer start register

;Timer mode register



92 OOFFFF64 92 TCRO .EQU H'FFFF64 ;Timer control registerO

93 OOFFFF65 93 TIORO .EQU H'FFFF65 ;Timer I/O control register0

94 OOFFFF6A 94 GRAO .EQU H'FFFF6A ;General register 0A

95 95

96 OOFFFF79 96 TIOR2 .EQU H'FFFF79 ;Timer I/O control register2

97 OOFFFF7A 97 TIER2 .EQU H'FFFF7A ;Timer interrupt enable

;register2

98 OOFFFF7B 98 TSR2 .EQU H'FFFF7B ;Timer status register2

99 00000000 99 IMPA2 .EQU 0 ;Inputcapture flag2

100 00000002 100 OVF2 .EQU 2 ;Over/Under flow flag2

101 O0OFFFF7C 101 TCNT2 .EQU H'FFFF7C ;Timer counter 2

102 O0OFFFF7E 102 GRA2 .EQU H'FFFF7E ;General register A2

103 103 ;

104 104 ;

105 105 ;* *

106 106 ;* MAIN PROGRAM : PHACNTMN *

107 107 * *

108 108 ;

109 109 ;

110 010000 110 .SECTION  PROG,CODE,LOCATE=H'010000

111 111

112 00010000 112 PHACNTMN: .EQU $

113 010000 7A0700FFFEFE 113 MOV.L #H'FFFEFE,SP ;Initialize stack pointer

114 114 ;

115 010006 F8FD 115 MOV.B #B'11111101,ROL

116 010008 387A 116 MOV.B ROL,@TIER2 ;Initialize TIERO
:(1->IMIEA)

117 01000A F8A0 117 MOV.B #B'10100000,ROL

118 01000C 3864 118 MOV.B ROL,@TCRO ;Initialize TCRO

119 01000E F88B 119 MOV.B #B'10001011,ROL

120 010010 3865 120 MOV.B ROL,@TIORO ;lnitialize TIORO

121 010012 6BOOFFO0 121 MOV.W @MSR_TIM,RO

122 010016 6B8OFF6A 122 MOV.W RO,@GRAO

123 123 ;

124 01001A F88F 124 MOV.B #B'10001111,ROL

125 01001C 3879 125 MOV.B ROL,@TIOR2 ;lnitialize TIOR2

126 126

127 01001E F8CO 127 MOV.B #B'11000000,ROL

128 010020 3862 128 MOV.B ROL,@TMDR ;Set phase counting mode

129 129 ;

130 010022 79008000 130 MOV.W #H'8000,RO

131 010026 6B8OFF7C 131 MOV.W RO,@TCNT2 ;Set Initialize data

132 01002A F8ES5 132 MOV.B #B'11100101,ROL

133 01002C 3860 133 MOV.B ROL,@TSTR ;Start TCNTO,2

134 134

135 01002E 0700 135 LDC.B #0,CCR ;Enable interrupt

136 010030 40FE 136 PHACNTMN99 BRA PHACNTMN99
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137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

174
175
176
177

010032
010034

010038
01003C
010040
010042
010044
010046
010048
01004A

01004C

010050
010054

00010032
6DFO0
7F7B7200

6BOOFF7E
6B8OFF02
F8F8
387A
F8EO
3860
6D70
5670

0001004C
7TF7B7220

7F047000
5670

****TOTAL ERRORS
**TOTAL WARNINGS
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137

138 ;
139

140

141
142 ;
143 ;

144
145

146 ;
147

148 ;

149
150
151

152
153
154
155
156
157
158
159

160 ;

161 ;
162 ;

163

164 ;
165 ;
166 ;

167
168

169 ;
170 ;

171

172
173

174
175

176 ;

177

* *
d NAME : PHACNT1(MEASUREMENT COUNTER) *
* *
* *
hd ENTRY :NOTHING *
hd RETURNS : CNT_DATA(COUNTER DATA) *
* *
PHACNT1 .EQU $
PUSH.W RO ;Escape register
BCLR #IMFA2, @TSR2 ;Clear IMFAO request
;(0->IMFAO0)
MOV.W #GRA2,R0
MOV.W RO,@CNT_DATA ;Store count data
MOV.B #B'11111000,ROL
MOV.B ROL,@TIER2
MOV.B #B°11100000,ROL
MOV.B ROL,@TSTR ;Stop counter
POP.W RO ;Return register
RTE
* *
d NAME : PHACNT1(MEASUREMENT COUNTER) *
* *
* *
d ENTRY - NOTHING *
d RETURNS : ERR_F(ERROR FLAG) *
* *
PHACNT2 .EQU $
BCLR #OVF2,@TSR2 ;Clear OVF2 request
;(0->0VF2)
BSET #ERR_F,@CNT_OVR ;Set error flag
RTE
.END
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2.3 Pulse High and Low Width Measurement

MCU: H8/3003
Function: ITU

231 Specifications

As shown in figure 2.12, pulse high and low width times are measured and the results stored in
RAM.

During 16 MHz operation, pulse high and low widths can be measured in units of 62.5 ns, from
5.2 microsec to 4.08 ms.

Pulse

Pulse high width Pulse low width

A
Y
A

Figure 2.12 Pulse Width Measurement Timing
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2.3.2 Description of Functions Used

This sample task measures pulse high and low widths using chO.

Figure 2.13 shows a block diagram of chQ. This sample task uses the following functions:

» Pulse rising and falling edge detection, and setting of the timer value at these times in an
internal register (input capture)

e Timer counter clearing at time of input capture
» Startup of interrupt processing at time of pulse rising edge and falling edge detection

Pulse input

Timer 1/O control Timer control
register (TIORO) register (TCRO)
(Detection edge (Input capture
specification) clear specification)
A4 A\
Edge detection Input capture

interrupt A (IMIAO)

Input capture A
Input pin (TIOCAO)

A 4

and capture signal
generator circuit

General register 16-bit counter
A (GRAO) (TCNTO)

Figure 2.13 1TU/chO Block Diagram

Table 2.12 shows the function allocation for this sample task. ITU functions are allocated for
measurement of pulse high and low widths.

Table 2.12 ITU Function Allocation

ITU Function Function
chO TCRO Selects counter clear factor
TIORO Selects input edge of input capture signal
TIOCAO Inputs pulse for measurement
GRAO Detects counter value at time of pulse rising/falling edge
IMIAO Starts up pulse high and low width measurement due to pulse

rising/falling edge
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2.3.3

Figure 2.14 shows the principle of operation. Pulse high and low widths are measured due to tt

Description of Operations

H8/3003's hardware and software processing.

Input pulse
(TIOCAD)

counter value

Immediately
after reset

chO A

H'00

» Time

Hardware processing

Hardware processing

Hardware processing

None

Software processing

4. Enable IMIAO
- /)

Initial settings:

1. Enable pulse input
from TIOCAO

2. Set pulse detection
edge to rising edge

3. Start counting

1. Generate IMIAO
2. Transfer TCNTO
value to GRAO

1. Generate IMIAO
2. Transfer TCNTO
value to GRAO

Software processing

Software processing

IMIAO processing:

1. GRAO value -
pulse low width

2. Set pulse detection
edge to falling edge

- /

IMIAO processing:

1. GRAO value -
pulse high width

2. Set pulse detection
edge to rising edge

- /

Figure 2.14 Operation Principle of Pulse Width Measurement
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234 Description of Software
The software for pulse high and low width measurement is described below.

Table 2.13 Description of Modules

Module Name Label Name Function

Main routine PWHLMN Initial setting of ITU and RAM

Pulse high and low PWHL1 Startup by IMIA, measurement of pulse high and low
width measurement widths from GRA value, and setting in RAM

Table 2.14 Description of Arguments

Label Name, Data Module
Register Name Function lengt Name I/O
PWH_HDATA Setting timer value equivalent to pulse 1 word Pulse high Output
high width. and low width
measurement

Pulse high width is determined from the
following formula:Pulse high width (ns) =
timer value x @cycle(62.5 ns during 16
MHz operation)

PWH_LDATA Setting timer value equivalent to pulse 1 word
low width.

Pulse low width is determined from the
following formula:Pulse low width (ns) =
timer value x @cycle(62.5 ns during 16
MHz operation)

Table 2.15 Description of Internal Registers

Register Name Function Module Name
TSTR Timer counter operation enable/disable setting  Main routine
chO TCRO Selects TCNT counter clock, and sets counter ~ Main routine, pulse high
clear factor to input capture A and low width
measurement
TIORO Sets for transfer from TCNT to GRA due to Main routine
pulse rising edge/falling edge detection
TIERO Enables interrupts with IMFA flag Main routine
GRAO Sets TCNT value at time of pulse rising Pulse high and low width

edge/falling edge, and determines pulse cycle = measurement
from this value

TSRO Indicates input capture A generation Pulse high and low width
measurement
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Table 2.16 Description of General Registers

Module Name Register Name Function
Main routine RO Used as work register during data setting
Pulse highand low RO Used as work register during data setting

width measurement

Description of RAM: RAM not used other than for arguments in this sample task.

2.35 Flowcharts

( Main routine )

I
Set stack pointer
to HFFFEFE
I
Set TIER and enable
interrupt by
IMFA flag
I
Set ch0 counter
clear factor to input
capture A
I
Set pulse detection
edge to the rising
edge in TIORO
I
Enable ch0 count
operation
I
Clear | flag to
enable interrupts

™

Figure 2.15 Main Routine Flowchart
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(Pulse high and Iow>
width measurement

I
Save registers

Clear interrupt request
flag (IMFA)

Rising edge
detected?

Set pulse width to Set pulse width to
PWH_LDATA PWH_HDATA
I I
Set pulse detection Set pulse detection
edge to falling edge edge to rising edge

<
-

Restore registers

(e )

Figure 2.16 Pulse High and Low Width Measurement Flowchart
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2.3.6
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Program List

000000

000000

0ooo1C
0oo01C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

0001001A
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

1
2 *
3 > VECTOR ADDRESS *
4 > *
5 ;
6 ;
7 SECTION  VECT,CODE,LOCATE=H'000000
8 ;
9 RES DATAL  PWHLMN
10 ;
11 .ORG H'00001C
12 NMI DATAL  PWHLMN
13 TRAPAO  .DATAL  PWHLMN
14 TRAPA1  .DATAL  PWHLMN
15 TRAPA2  DATAL  PWHLMN
16 TRAPA3  .DATAL  PWHLMN
17
18 .ORG H'000030
19 IRQO DATAL  PWHLMN
20 IRQ1 DATAL  PWHLMN
21 IRQ2 DATAL  PWHLMN
22 IRQ3 DATAL  PWHLMN
23 IRQ4 DATAL  PWHLMN
24 IRQ5 DATAL  PWHLMN
25 IRQ6 DATAL  PWHLMN
26 IRQ7 DATAL  PWHLMN
27 WOVIO DATAL  PWHLMN
28 CMI DATAL  PWHLMN
29
30 ORG H'000060
31 IMIAO DATAL  PWHL1
32 IMIBO DATAL  PWHLMN
33 OVIO DATAL  PWHLMN
34 ;
35 .ORG H'000070
36 IMIAL DATAL  PWHLMN
37 IMIB1 DATAL  PWHLMN
38 ovi1 DATAL  PWHLMN
39
40 ORG H'000080
41 IMIA2 DATAL  PWHLMN
42 IMIB2 DATAL  PWHLMN
43 OVI2 DATAL  PWHLMN
44 ;
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45 000090
46 000090 00010000
47 000094 00010000
48 000098 00010000
49
50 0000AOQ
51 0000AO0 00010000
52 0000A4 00010000
53 0000A8 00010000
54
55 0000BO
56 0000BO 00010000
57 0000B4 00010000
58 0000B8 00010000
59 0000BC 00010000
60 0000CO 00010000
61 0000C4 00010000
62 0000C8 00010000
63 0000CC 00010000
64 0000DO 00010000
65 0000D4 00010000
66 0000D8 00010000
67 0000DC 00010000
68 0000EO 00010000
69 0000E4 00010000
70 0000E8 00010000
71 0000EC 00010000
72 0000FO 00010000
73
74
75
76
77
78
79
80 FFFFO0
81
82 FFFFO0 00000002
83 FFFF02 00000002
84
85
86
87
88
89
90
91 00FFFF60
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45 .ORG H'000090
46 IMIA3 .DATA.L PWHLMN
47 IMIB3 .DATA.L PWHLMN
48 0OVI3 .DATA.L PWHLMN

49

50 .ORG H'0000A0
51 IMIA4 .DATA.L PWHLMN
52 IMIB4 .DATA.L PWHLMN
53 OVi4 .DATA.L PWHLMN

54 ;

55 .ORG H’0000B0O
56 DENDOA .DATA.L PWHLMN
57 DENDOB .DATA.L PWHLMN
58 DENDIA .DATA.L PWHLMN
59 DENDI1B .DATA.L PWHLMN
60 DEND2A .DATA.L PWHLMN
61 DEND2B .DATA.L PWHLMN
62 DEND3A .DATA.L PWHLMN

63 DEND3B .DATA.L PWHLMN
64 ERIO .DATA.L PWHLMN
65 RXIO .DATA.L PWHLMN
66 TXIO .DATA.L PWHLMN

67 TEIO .DATA.L PWHLMN
68 ERI1 .DATA.L PWHLMN
69 RXI1 .DATA.L PWHLMN
70 TXI1 .DATA.L PWHLMN
71 TEIl .DATA.L PWHLMN
72 ADI .DATA.L PWHLMN

73

74

75

76 * RAM ALLOCATION

7o

78

79

80 .SECTION

81
82 PWH_HDATA .RES.W 1
83 PWH_LDATA .RES.W 1

84

85 ;

86 *

87 * SYMBOL DEFINTIONS

88 *

89

90 ;

91 TSTR .EQU H'FFFF60

HITACHI

RAM,DATA,LOCATE=H'FFFFO00

;Pulse high width time
;Pulse low width time

;Timer start register



92
93
94
95
96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

010000

010000

010006
010008

01000A
01000C

01000E
010010

010012

010014

010016

010018

00FFFF64
00FFFF65
00000000
00FFFF66

OOFFFF67
00000000
OOFFFF6A

00010000
7A0700FFFEFE

F8F9
3866

F8AO
3864

F88C
3865

F8E1

3860

0700

40FE

92
93
94
95
96

97
98

100
101
102
103
104
105
106
107
108
109
110

112
113

114
115

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

TCRO .EQU H'FFFF64 ;Timer control registerO

TIORO .EQU H'FFFF65 ;Timer I/O control register0

I0A0 .EQU 0 ;1/O control AO

TIERO .EQU H'FFFF66 ;Timer interrupt enable

;register0

TSRO .EQU H'FFFF67 ;Timer status registerO

IMFAO .EQU 0 ;Inputcapture flag AO

GRAO .EQU H'FFFF6A ;General register AO

k *

* MAIN PROGRAM : PWHLMN *

“k *
.SECTION  PROG,CODE,LOCATE=H'010000

PWHLMN: .EQU $

MOV.L #H'FFFEFE.SP ;Initialize stack pointer

MOV.B #B'11111001,ROL

MOV.B ROL,@TIERO ;lInitialize TIERO

;(1->IMIEA)

MOV.B #B°10100000,ROL

MOV.B ROL,@TCRO ;Initialize TCRO

MOV.B #B'10001100,ROL

MOV.B ROL,@TIORO ;Initialize TIORO

MOV.B #B’11100001,ROL

MOV.B ROL,@TSTR ;Start TCNTO

LDC.B #0,CCR ;Enable interrupt
PWHLMN99 BRA PWHLMN99
“k *
*  NAME : PWHL1(MEASUREMENT PULSE H AND L) *

;¥ ENTRY : NOTHING

;*  RETURNS : PWH_HDATA(PULSE HIGH PERIOD DATA) *
;*  RETURNS : PWH_LDATA(PULSE LOW PERIOD DATA) *

HITACHI
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137
138
139
140

141
142

143
144
145
146
147
148
149
150
151
152
153
154
155
156

01001A
01001C

010020
010024

010028

01002C
010030

010034

010038

01003C
01003E

0001001A
6DFO
7F677200

6BOOFF6A
7E657300

58600008

6B80OFF02
58000004

6B80FF00

7F657100

6D70
5670

¥+ *TOTAL ERRORS
¥ TOTAL WARNINGS

137

138 PWHL1 EQU
139 PUSH.W
140 BCLR
141 MOV.W
142 BTST
143 BNE
144 ;

145 MOV.W
146 BRA
147 ;

148 PWHL100 MOV.W
149 ;

150 PWHL101 BNOT
151 ;

152 POP.W
153 RTE
154

155

156 END
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$
RO
#IMFAO,@ TSRO

@GRAO,RO
#IOAD0,@TIORO

PWHL100

RO,@PWH_LDATA
PWHL101

RO,@PWH_HDATA

#IOA0,@TIORO

RO

;Escape register
;Clear IMFAO request
;(0->IMFA0)

;Load now data

;High period

;measurement end?

;Yes

:No, store low data

;Yes, store high data

;Invert IOAO

;Return register



2.4 Complementary PWM Three-Phase Output

MCU: H8/3003
Function: ITU (complementary PWM mode)

24.1 Specifications

3-phase output of PWM waveforms with a non-overlap relation of positive and negative phases
(see figure 2.17).

Duty can be set optionally from 0% to 100%.
Duty = Pulse high width/Pulse cycle x 100 (%)
Switching from ITU output pin to normal port due to external signal.

During 16 MHz operation, the output pulse cycle can be optionally set from 375 ns to 8.19 ms.

Non-overlap time

e

Output
pulse

Figure 2.17 Positive/Negative Phase PWM 3-Phase Output Waveforms
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24.2

In this sample task, ch3 and ch4 are used to output PWM waveforms in three phases with a non
overlap relation of positive and negative phases. ch3 and ch4 output settings are prohibited due

chl input capture.

Figure 2.18 shows a block diagram of ITU/ch3/ch4 used in this sample task. The sample task us

the following functions.

» 3-phase output of PWM waveforms with a non-overlap relation of positive and negative
phases (complementary PWM mode).
» Switching from ch3 and ch4 ITU output pins to normal port due to chl input capture signal.

Description of Functions Used

(Prohibit ITU output)

: | Timer output
: master
enable
(TOER)

Timer output
control
enable
(TOCR)

Output control

output

*

Timer function
control register
(TFCR)

Compare/ (complementary

Input
External capture
Signal | U | Asigna Cycle setting
¢ General General
register register
A (GRA4) | :| A (GRA3)
Timer control | o l l Compare/
register (TCRS, : match A
TCRA4) | Comparator A 5
¥ ! A
g/‘; : Clock »  16-bit counter
selector (TCNT3, TCNT4)
8/4 = circuit *
a/8 —»
| Comparator B
Timer start f

register (TSTR)

(Enable counting
operation)

General register
B (GRB3, GRBA4)

match B pywM mode setting)

Timer
output pins

TIOCA3, TIOCA4
TIOCB3, TIOCB4

TOCXA4
TOCXB4

Figure 2.18
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Table 2.17 shows the function allocation for this sample task. ITU functions are allocated, and
channels 3 and 4 are used for 3-phase output of PWM waveforms with a non-overlap relation o
positive and negative phases.

Table 2.17 ITU Function Allocation
ITU Function Function
TSTR Enables/disables TCNT count operation
TFCR Sets to reset sync PWM mode
TOER Enables/disables ch3/ch4 output setting
TOCR Prohibits complementary PWM mode output due to external trigger
ch3 TCR3 Selects clock input to TCNT
TIOCA3 Outputs postive phase pulse
TIOCB3 Outputs negative phase pulse
GRA3 Sets output pulse 1/2 cycle
ch4d TCR4 Selects clock input to TCNT
TIOCA4 Outputs positive phase pulse
TOCXA4
TIOCB4 Outputs negative phase pulse
TOCXB4
GRA4 Sets variation point of pulses output from TIOCA and TOCXA pins
GRB4 Sets variation point of pulses output from TIOCB and TOCXB pins
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2.4.3 Description of Operations

Figure 2.19 shows the principle of operation. Complementary PWM waveform output is achievec
through H8/3003 hardware and software processing.

Immediately after reset

GRA3

GRB3

Non-overlap
time
H'0000

PWM output
(TIOCA3)

(TIOCB3)

/" Hardware processing ™\ (Hardware processing\

Hardware processing\

None 1. Generate compare/ 1. Generate compare/
. match B3 match B4

Software processing 2. Output pulse from 2. Output pulse from
Initial settings: TIOCB3 TIOCA3
1. Set same counter Software processing Software processing

clock for ch3, ch4

None None

2. Set to complementary

PWM mode N BN /
3. Set ch4 TCNT to

H'0000

4. Set ch3 TCNT to
non-overlap time

5. Set cycle with GRA3
and waveform variation
timing with GRB3

\6. Enable counting operaticy

Figure 2.19 Operation Principle of Complementary PWM 1 Phase Output
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Figure 2.20 shows the principle of operation. Complementary PWM waveform 3-phase output i

achieved through H8/3003 hardware and software processing.

Immediately
after reset

GRA3 1.

GRB3

GRA4

GRB4

H'0000
chl input

capture signal
PWM output

(TIOCA3)

(TIOCB3)

PWM output

(TIOCA4)
(TOCXAA4)

PWM output
(TIOCB4)

(TOCXB4)

A Hardware N\

/ Hardware processing \ / Hardware \ / Hardware \
None processing processing processing
Software processing Count down 1. Generate Count up
Initial settings: with ch3 chl input with ch4
1. Set same counter clock for ch3, ch4 compare/ capture underflow
2. Set ch1l to input capture during match A 2. Prohibit
falling edge input ITU output
ey ™% || Sotvare || souare || Sotware
5. Set non-overlap time in ch3 TCNT processing processing processing
6. Set the cycle with GRA3 and the None None None
waverform variation timing with \ VAN N\ J

. Prohibit output by external trigger

. Set pulse output level in TOCR
. Enable ch3, ch4 counting operation

GRB3 AND GRA4/GRB4

of complementary PWM mode
output

%

Figure 2.20 Operation Principle of Complementary PWM 3-Phase Output
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244 Description of Software

The software for complementary PWM three-phase output is described below.

Table 2.18 Description of Modules

Module Name

Label Name Function

Main routine

CMPWM3MN Mode setting, setting of output pulse cycle and waveform
variation timing, and initial setting of RAM

Table 2.19 Description of Arguments

Label Name,
Register Name

Data

Function Length

Module
Name

I/0

PUL_CYC

Setting of timer value equivalent to 1/2 cycle 1 word
of PWM pulse.

Cycle is determined from the following
formula:

Cycle (ns) = timer value x @cycle (62.5 ns
during 16 MHz operation) < upper limit value
—10of TCNT3

Main routine

Input

PUL_TIMB3
PUL_TIMA4
PUL_TIMB4

Setting of timer value equivalent to 1 word
waveform variation timing of PWM pulse.

Waveform variation timing is determined by
the following formula:

Waveform variation timing (ns) = timer value
x @ cycle (62.5 ns during 16 MHz operation)
provided TCNT3 and TCNT4 are set in the
compare/match range.

Main routine

Input

NON_OVR

Setting of non-overlap time. 1 word

Main routine

Input
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Table 2.20 Description of Internal Registers

Register Name Function Module Name
TSTR Enables/disables timer counter operation Main routine
TFCR Sets ch3/ch4 to complementary PWM mode Main routine
TOER Enables/disables ch3/ch4 output setting Main routine
TOCR Prohibits output due to complementary PWM mode’s Main routine
external trigger
chl TIOR1 Selects input capture A generation due to pulse falling Main routine
edge input
ch3 TCNT3 Sets non-overlap time Main routine
TCR3 Selects clock input to TCNT Main routine
GRA3 Sets output pulse 1/2 cycle Main routine
GRB3 Sets PWM output waveform variation timing Main routine
ch4 TCNT4 Sets initial value H'0000 Main routine
TCR4 Selects clock input to TCNT Main routine
GRA4 Sets PWM output waveform variation timing Main routine
GRB4 Sets PWM output waveform variation timing Main routine

Table 2.21 Description of General Registers

Module Name  Register Name Function

Main routine RO Used as work register during data setting

Description of RAM: RAM not used other than for arguments in this sample task.
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2.45 Flowcharts

C Main routine >

I
Set stack pointer
to H'FFFEFE
I
Prohibit ch3, ch4
count operation
I
Set TCNT input
clock to @
I
Set chl's TIOR, and
select input capture
signal’s input edge
I

Set complementary
PWM mode in TFCR
I
Set ch4’s TCNT
to H'0000
I
Set non-overlap time
in ch3's TCNT
I
Set PWM pulse cycle
(PUL_CYC) in GRA3
I

Set PWM pulse output
timing (PUL_TIM) in
GRB3, GRB4, and
GRIA4

Prohibit output by
external trigger of
complementary PWM
mode output. Set
pulse output level in
TOICR

Enable ch3, ch4
count operation

~

Figure 2.21 Main Routine Flowchart
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24.6
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Program List

000000

000000

0ooo1C
0oo01C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

1

2 *
3 VECTOR ADDRESS *
4 *

5 ;

6 ;

7 SECTION  VECT,CODE,LOCATE=H'000000
8 ;

9 RES DATAL  CMPWM3MN
10 ;

11 .ORG H'00001C
12 NMI DATAL  CMPWM3MN
13 TRAPAO  .DATAL  CMPWM3MN
14 TRAPA1  .DATAL  CMPWM3MN
15 TRAPA2  .DATAL  CMPWM3MN
16 TRAPA3  .DATAL  CMPWM3MN
17

18 ORG H'000030
19 IRQO DATAL  CMPWM3MN
20 IRQ1 DATAL  CMPWM3MN
21 IRQ2 DATAL  CMPWM3MN
22 IRQ3 DATAL  CMPWM3MN
23 IRQ4 DATAL  CMPWM3MN
24 IRQ5 DATAL  CMPWM3MN
25 IRQ6 DATAL  CMPWM3MN
26 IRQ7 DATAL  CMPWM3MN
27 WOVIO DATAL  CMPWM3MN
28 CMI DATAL  CMPWM3MN
29

30 ORG H'000060
31 IMIAO DATAL  CMPWM3MN
32 IMIBO DATAL  CMPWM3MN
33 OVIO DATAL  CMPWM3MN
34

35 ORG H'000070
36 IMIAL DATAL  CMPWM3MN
37 IMIB1 DATAL  CMPWM3MN
38 OVIl DATAL  CMPWM3MN
39

40 ORG H'000080
41 IMIA2 DATAL  CMPWM3MN
42 IMIB2 DATAL  CMPWM3MN
43 ovI2 DATAL  CMPWM3MN
44 ;
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

Rev. 2.0, 06/00, page 46 of 297

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A6

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
00o0C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00

FFFF02

FFFF04

FFFF06
FFFFO8

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002

00000002

00000002

00000002
00000002

RAM,DATA,LOCATE=H'FFFFO00

45 .ORG H'000090
46 IMIA3 .DATA.L CMPWM3MN
47 IMIB3 .DATA.L CMPWM3MN
48 0OVI3 .DATA.L CMPWM3MN

49

50 .ORG H'0000A0
51 IMIA4 .DATA.L CMPWM3MN
52 IMIB4 .DATA.L CMPWM3MN
53 OVi4 .DATA.L CMPWM3MN

54 ;

55 .ORG H’0000B0O
56 DENDOA .DATA.L CMPWM3MN
57 DENDOB .DATA.L CMPWM3MN
58 DENDIA .DATA.L CMPWM3MN
59 DENDI1B .DATA.L CMPWM3MN
60 DEND2A .DATA.L CMPWM3MN
61 DEND2B .DATA.L CMPWM3MN
62 DEND3A .DATA.L CMPWM3MN

63 DEND3B .DATA.L CMPWM3MN
64 ERIO .DATA.L CMPWM3MN
65 RXIO .DATA.L CMPWM3MN
66 TXIO .DATA.L CMPWM3MN

67 TEIO .DATA.L CMPWM3MN
68 ERI1 .DATA.L CMPWM3MN
69 RXI1 .DATA.L CMPWM3MN
70 TXI1 .DATA.L CMPWM3MN
71 TEIl .DATA.L CMPWM3MN
72 ADI .DATA.L CMPWM3MN

73

74

75

76 * RAM ALLOCATION

7o

78

79

80 .SECTION

81
82 NON_OVR .RES.W 1

83 ;

84 PUL_CYC .RES.W 1

85 ;

86 PUL_TIMB3.RES.W 1
87 PUL_TIMA4 .REW.W 1
88 PUL_TIMB4 .RES.W 1

89
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;Non-overlap time

;Pulse cycle time

;Pulse set/reset time

;Pulse set/reset time

;Pulse set/reset time



90 90

91 91 * *
92 92 * SYMBOL DEFINTIONS *
93 93 * *
94 94
95 95
96 00FFFF60 96 TSTR .EQU H'FFFFG0 ;Timer start register
97 00FFFF63 97 TFCR .EQU H'FFFF63 ;Timer function contorl
;register
98 OOFFFF90 98 TOER .EQU H’FFFF90 ;Timer output master enable
;register
99 00FFFF91 99 TOCR .EQU H'FFFF91 ;Timer output control register
100 100 ;
101 00FFFF6E 101 TCR1 .EQU H'FFFF6E ;Timer control register O
102 OOFFFF6F 102 TIOR1 .EQU H'FFFF6F ;Timer 1/O control register O
103 103 ;
104 O00FFFF82 104 TCR3 .EQU H'FFFF82 ;Timer control register 3
105 OOFFFF86 105 TCNT3 .EQU H'FFFF86 ;Timer counter 3
106 OOFFFF88 106 GRA3 .EQU H'FFFF88 ;General register A3
107 OOFFFF8A 107 GRB3 .EQU H'FFFF8A ;General register B3
108 108 ;
109 00FFFF92 109 TCR4 .EQU H'FFFF92 ;Timer control register 4
110 OOFFFF96 110 TCNT4 .EQU H'FFFF96 ;Timer counter 4
111 OOFFFF98 111 GRA4 .EQU H'FFFF98 ;General register A4
112 OOFFFF9A 112 GRB4 .EQU H'FFFF9A ;General register B4
113 113 ;
114 114 ;
115 115 ;* *
116 116 ;* MAIN PROGRAM : CMPWM3MN *
117 117 * *
118 118 ;
119 119 ;
120 010000 120 .SECTION PROG,CODE,LOCATE=H'010000
121 121 ;
122 00010000 122 CMPWM3MN .EQU $
123 010000 7AO0700FFFEFE 123 MOV.L #H'FFFEFE,SP ;Initialize stack pointer
124 010006 F8EO 124 MOV.B #B'11100000,ROL
125 010008 3860 125 MOV.B ROL,@TSTR ;Stop TCNT3,4
126 01000A F880 126 MOV.B #B’10000000,ROL
127 01000C 3882 127 MOV.B ROL,@TCR3 ;Initialize TCR3,4
128 01000E 3892 128 MOV.B ROL,@TCR4
129 129 ;
130 010010 F88D 130 MOV.B #B’10001101,ROL
131 010012 386F 131 MOV.B ROL,@TIOR1 ;Initialize TIOR1
132 010014 F8EO 132 MOV.B #B’11100000,ROL
133 010016 3863 133 MOV.B ROL,@TFCR ;Set complementary PWM mode
134 010018 79000000 134 MOV.W #H’0000,R0
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135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

01001C 6B8OFF96

010020
010024

6BOOFF00
6B8OFF86

010028
01002C
010030
010034
010038
01003C
010040
010044

6BOOFF02
6B8BOFF88
6BOOFF06
6B8OFF98
6BOOFF04
6B8BOFF8A
6BOOFF08
6B8OFF9A

01004B
01004A

F8EF
3891

151
152

01004C
01004E

F8FF
3890

153
154
155
156
157
158
159
**+*TOTAL ERRORS

¥ TOTAL WARNINGS

010050
010052

F8F8
3860

010054 40FE
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135

MOV.W

136 ;

137
138

MOV.W
MOV.W

139

140
141
142
143
144
145
146
147

MOV.W
MOV.W
MOV.W
MOV.W
MOV.W
MOV.wW
MOV.W
MOV.W

148 ;

149
150

151
152

153
154
155

156

157

158

159

MOV.B
MOV.B

MOV.B
MOV.B
MOV.B
MOV.B

CMPWM3MN99 BRA

.END
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RO,@TCNT4 ;Initialize TCNT4

@NON_OVR,R0

RO,@TCNT3 ;Set non-overlap time
@PUL_CYC,RO

RO,@GRA3 ;Set pulse cycle time
@PUL_TIMA4,RO

RO,@GRA4 ;Set pulse set/reset time
@PUL_TIMB3,R0O

RO,@GRB3 ;Set pulse set/reset time
@PUS_TIMB4,R0

RO,@GRB4 ;Set pulse set/reset time

#B'11101111,ROL
ROL,@TOCR ;Set outside trigger
;disable

#B'11111111,ROL
ROL,@TOER ;Set master enable all

;port

#B'11111000,ROL

ROL,@TSTR ;Set TCNT1,3,4 start data

CMPWM3MN99



2.5 Long Cycle Pulse Output

MCU: H8/3003
Function: ITU (PWM mode)

251 Specifications

e Conducts 32-bit counter operation, and varies pulse high width to output long cycle pulses
with variable duty (see figure 2.22)

» Duty can be set from 0% to 100% with a resolution of 1/65535

« During 16 MHz operation, the pulse cycle can be set in units of 4.09 ms, from 8.19 ms to
268.4 s

Pulse cycle

A
A

Output
pulse

Pulse high width Pulse low width

A
.Y
A
Y

Figure 2.22 Long Cycle Pulse Output Example
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2.5.2

With this sample task, a 32-bit counter is operated using ch0, 3, and a long cycle pulse is output

from ch3.

Figure 2.23 shows a block diagram of ITU/chO used in this sample task. chO uses the following

Description of Functions Used

functions to generate an external clock for input to ch3’s timer counter.

» Automatic pulse output function in hardware without software intervention (output compare)

e Output reversal with each compare/match (toggle output)

(Toggle output setting)

Timer control
register (TCRO)

General register
A (GRAO)

Timer 1/O control
register (TIORO)

v

Compare/

v

match A

| Comparator A |—>

Output control

Pulse output
—» Timer output pins

v T (TIOCAO/TCLKC)
2 = Clock _
8/2 —»| selector > Timer counter
g4 —> circuit (TCNTO)
2/8 —»
Figure 2.23 1TU/chO Block Diagram
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Figure 2.24 shows a block diagram of ITU/ch3 used with this sample task. ch3 uses the followir
function to output duty pulses.

» Function that has the pulse output pin automatically become the PWM pin (PWM mode)

Pulse width setting

General register
A (GRA3) g
Compare/ ;
: ¢ match A :
| Comparator A I——> Pulse output

T Output control |—»
T Timer output
TIOCA/ | Clock | | 16-bit f pin (TIOCA3)
TCLKC Siilrec(lzjti(t) ' counter (TCNT3) | i :
: : Timer mode
(Clock detection | P ¢ """"""""" i | register (TMDR)
edge select) : | Comparator B I—
: Compare/ : .
Timer control | T match B (PWM mode setting)

register (TCR3)

General register B
(GRB3)

Cycle setting

Figure 2.24 1TU/ch3 Block Diagram

Table 2.22 shows the function allocation for this sample task. ITU functions are allocated to
generate the 32-bit timer counter.

Table 2.22 ITU Function Allocation

ITU Function Function
TMDR Sets to PWM mode
ch0 TCRO Selects clock input to TCNT and counter clear factor

TIORO Switches pulse output level
TIOCAO Outputs pulse
GRAO Sets pulse 1/2 cycle

ch3 TCR3 Selects clock input to TCNT and counter clear factor
TIOCA3 Outputs pulse
GRA3 Sets pulse width
GRB3 Sets pulse cycle
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25.3 Description of Operations

Figure 2.25 shows the ITU/chO principle of operation. Pulses are output and the ch3 external clo
is generated by H8/3003 hardware and software processing.

cho .
counter . Immediately
value | after reset
H'FFFF - } -------------------------------------------------------------------------------------------------------
H0000 : : » Time
Pulse output

4 Hardware processing N Hardware processing N Hardware processing N
None 1. Generate compare/ 1. Generate compare/
match A match A
Software processing 2. Output high from TIOCAQ| | 2. Output low from TIOCAO
Initial settings: Software processing Software processing
1. Set chO input clock to g
and set counter clear None None
factor to input capture A . PN J
2. Set TIOCAO output to
toggle output with
compare/match A
3. Set ch0’s GRAO to H'FFFF
4. Start counting operation

Figure 2.25 Principle of Pulse Output Operation (ITU/ch0)
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Figure 2.26 shows the ITU/ch0/ch3 principle of operation. Long cycle pulses are output by
H8/3003 hardware and software processing.

ch3 Immediately
counter value } after reset

GRB3 [ + --------------------------------------------------------------------------------------------

[cT2V:%c I RS — A R e

...........................................................................................

H'0000 L Time

g e O e O W i
TCLKC) ' ; ; ;

Pulse output |
(TIOCA3)

/~ Hardware processing N/~ Hardware processing N/~ Hardware processing N

None 1. Generate ch3 compare/ || 1. Generate ch3 compare/
: match A match B
Software processing 2. Output high from 2. Clear counter
Initial settings: TIOCA3 3. Output low from TIOCA3
1. Set the chO input clock to g, Software processing Software processing
and set the ch3 external
clock (TCLKC) to both edge Qone J \None J

input

2. Set chO counter clear factor
to input capture A, and ch3
to compare/match B

3. Set TIOCAO output to toggle
output with compare/match A

4. Set pulse low width to
GRAS3 and pulse cycle to
GRB3

5. Set ch3 to PWM mode

6. Start counting operation

- /

Figure 2.26 Principle of Pulse Output Operation (ITU/chO, ch3)
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254

Description of Software

The software for long cycle pulse output is described below.

Table 2.23 Description of Modules

Module Name

Label Name

Function

Main routine

LPULMN
output of long cycle pulse.

32-bit counter operation using ch0/ch3 counters, and

Table 2.24 Description of Arguments

Label Name, Data Module
Register Name Function Length Name 1/0
LPUL_WID Setting of timer value equivalent to output 1 word Main routine  Input
pulse low width.
Pulse low width is determined from the
following formula:
Pulse low width (ms) = timer value x
external clock (4.09 ms during 16 MHz
operation)
LPUL_CYC Setting of timer value equivalent to the 1 word Main routine  Input
output pulse cycle.
Cycle is determined by the following
formula:
Cycle (ms) = timer value x external clock
(4.09 ms during 16 MHz operation)
Table 2.25 Description of Internal Registers
Register Name Function Module Name
TSTR Sets timer counter operation/prohibit Main routine
TMDR Sets ch3 to PWM mode Main routine
ch0 TCRO Selects input clock to TCNT and sets timer counter clear Main routine
factor
TIORO Sets output level from TIOCAO during compare match A Main routine
GRAO Sets 1/2 cycle of pulse output to ch3 Main routine
ch3 TCR3 Selects input clock to TCNT and sets timer counter clear Main routine
factor
GRA3 Sets pulse low width Main routine
GRB3 Sets pulse cycle Main routine
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Table 2.26 Description of General Registers

Module Name  Register Name Function

Main routine RO Used as work register during data setting.

Description of RAM: RAM not used other than for arguments in this sample task.
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255 Flowchart

< Main routine >

I
Set stack pointer
to H'FFFEFE
I
Set TCRO as follows:
* ChO input clock to g
« Counter clear factor
to input capture A
I

Set TCR3 as follows:

» Ch3 input clock to
both edge input of
external clock C

» Counter clear factor

to compare/match B
I

Set ch0’s TIOR, and
select compare/match A
signal output edge
I

Set ch0 output pulse
1/2 cycle (H'FFFF)
in GRAO
I
Set ch3 output pulse
cycle (LPUL_CYC)
in GRA3
I
Set ch3 output pulse
width (LPUL_WID)
in GRB3
I
Set the TMDR bit
corresponding with

ch3 to PWM mode
I

Enable cho, ch3
counting operation

™

Figure 2.27 Main Routine Flowchart
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2.5.6

© 0 N O g b~ W N B

A A D D DWW WWWWWWWWNNDNDNDNDNDNDDNDNDNDNERRRRRRRPRRP R
A W N RFP O O 0N O G &~ WNEP O O OONOOOG A WOWNMRPRO O 0WNO OGO M WDNPRFPLP O

Program List

000000

000000

0ooo1C
0oo01C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

1

2 *
3 > VECTOR ADDRESS *
4 > *

5 ;

6 ;

7 SECTION  VECT,CODE,LOCATE=H'000000
8 ;

9 RES DATAL  LPULMN
10 ;

11 .ORG H'00001C
12 NMI DATAL  LPULMN
13 TRAPAO  .DATAL  LPULMN
14 TRAPA1  .DATAL  LPULMN
15 TRAPA2  .DATAL  LPULMN
16 TRAPA3  .DATAL  LPULMN
17

18 .ORG H'000030
19 IRQO DATAL  LPULMN
20 IRQ1 DATAL  LPULMN
21 IRQ2 DATAL  LPULMN
22 IRQ3 DATAL  LPULMN
23 IRQ4 DATAL  LPULMN
24 IRQ5 DATAL  LPULMN
25 IRQ6 DATAL  LPULMN
26 IRQ7 DATAL  LPULMN
27 WOVIO DATAL  LPULMN
28 CMI DATAL  LPULMN
29

30 ORG H'000060
31 IMIAO DATAL  LPULMN
32 IMIBO DATAL  LPULMN
33 OVIO DATAL  LPULMN
34 ;

35 .ORG H'000070
36 IMIAL DATAL  LPULMN
37 IMIB1 DATAL  LPULMN
38 ovi1 DATAL  LPULMN
39

40 ORG H'000080
41 IMIA2 DATAL  LPULMN
42 IMIB2 DATAL  LPULMN
43 OVI2 DATAL  LPULMN
44 ;
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
00o0C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00
FFFF02

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002
00000002

OOFFFF60

RAM,DATA,LOCATE=H'FFFFO00

45 .ORG H'000090
46 IMIA3 .DATA.L LPULMN
47 IMIB3 .DATA.L LPULMN
48 0OVI3 .DATA.L LPULMN
49

50 .ORG H'0000A0
51 IMIA4 .DATA.L LPULMN
52 IMIB4 .DATA.L LPULMN
53 OVi4 .DATA.L LPULMN

54 ;

55 .ORG H’0000B0O
56 DENDOA .DATA.L LPULMN
57 DENDOB .DATA.L LPULMN
58 DENDIA .DATA.L LPULMN
59 DENDI1B .DATA.L LPULMN
60 DEND2A .DATA.L LPULMN
61 DEND2B .DATA.L LPULMN
62 DEND3A .DATA.L LPULMN
63 DEND3B .DATA.L LPULMN
64 ERIO .DATA.L LPULMN
65 RXIO .DATA.L LPULMN
66 TXIO .DATA.L LPULMN
67 TEIO .DATA.L LPULMN
68 ERI1 .DATA.L LPULMN
69 RXI1 .DATA.L LPULMN
70 TXI1 .DATA.L LPULMN
71 TEIl .DATA.L LPULMN
72 ADI .DATA.L LPULMN
73

74

75

76 * RAM ALLOCATION
7o

78

79

80 .SECTION

81

82 LPUL_CYC .RES.W
83 LPUL_WID .RES.W

84

;Output pulse cycle time
;Output pulse low period time

85
86 *
87 *
88 *

SYMBOL DEFINTIONS

89
90
91 TSTR

EQU

H'FFFF60

HITACHI

;Timer start register



92 OOFFFF62 92 TMDR .EQU H'FFFF62  ;Timer mode register
93 93 ;

94 OOFFFF64 94 TCRO .EQU H'FFFF64  ;Timer control register O
95 O0FFFF65 95 TIORO .EQU H'FFFF65  ;Timer counter O
96 OOFFFF6A 96 GRAO .EQU H'FFFF6A  ;General register AO
97 97
98 OOFFFF82 98 TCR3 .EQU H'FFFF82  ;Timer control register 1
99 OOFFFF88 99 GRA3 .EQU H'FFFF88  ;General register Al
100 OOFFFF8A 100 GRB3 .EQU H'FFFF8A  ;General register B1
101 101 ;
102 102 ;
103 103 ;* *
104 104 ;* MAIN PROGRAM : LPULMN *
105 105 ;* *
106 106 ;
107 107 ;
108 010000 108 .SECTION  PROG,CODE,LOCATE=H'010000
109 109 ;
110 00010000 110 LPULMN: .EQU $
111 010000 7A0700FFFEFE 111 MOV.L #H'FFFEFE,SP ;Initialize stack pointer
112 010006 F880 112 MOV.B #B'10000000,ROL
113 010008 3864 113 MOV.B ROL,@TCRO ;Initialize TCRO
114 01000A F8D6 114 MOV.B #B'11010110,ROL
115 01000C 3882 115 MOV.B ROL,@TCR3 ;Initialize TCR3
116 116 ;
117 01000E F883 117 MOV.B #B'10000011,ROL
118 010010 3865 118 MOV.B ROL,@TIORO ;lnitialize TIORO
119 119 ;
120 010012 7900FFFF 120 MOV.W #H'FFFF,RO
121 010016 6B8BOFF6A 121 MOV.W RO,@GRAO ;Set outside signal cycle
;time
122 01001A 6BOOFF00 122 MOV.W @LPUL_CYC,RO
123 01001E 6B80OFF8A 123 MOV.W RO,@GRB3 ;Set pulse cycle time
124 010022 6BOOFF02 124 MOV.W @LPUL_WID,R0O
125 010026 6B80OFF88 125 MOV.W RO,@GRA3 ;Set pulse low period
;time
126 126 ;
127 01002A F888 127 MOV.B #B'10001000,ROL
128 01002C 3862 128 MOV.B ROL,@TMDR ;Set PWM mode (chl)
129 01002E F8E9 129 MOV.B #B'11101001,ROL
130 010030 3860 130 MOV.B ROL,@TSTR ;Start TCNTO,3
131 131
132 010032 40FE 132 LPULMN99 BRA LPULMN99
133 133
134 134 .END
****TOTAL ERRORS 0
**TOTAL WARNINGS 0
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2.6 Positive/Negative PWM Three-Phase Output

MCU: H8/3003
Function: ITU (reset sync PWM mode)

26.1 Specifications

As shown in figure 2.28, this sample task varies pulse high width, and outputs a pulse of variable
duty (duty pulse) in a 3-phase output with positive and negative phases.

During 16 MHz operation, the output pulse cycle can be optionally set from 125 ns to 4.09 ms.

. Pulse cycle .
Pulse low width Pulse high width
. Pulse low width Pulse high width

Duty pulse < > >

output
 Pulse low width Pulse high width
Pulse high width
Duty cycle = ulse high widt x 100 (%)
Pulse cycle

Figure 2.28 Positive/Negative PWM 3-Phase Output Waveforms
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2.6.2 Description of Functions Used

This sample task uses ITU ch3/ch4 to give 3-phase output of positive and negative phase PWN\
waveforms.

Figure 2.29 shows a block diagram of the ITU used in this sample task.
The following ITU functions are used in this task:

» Timer counter clear during compare/match

« Output of postive and negative phase PWM waveforms with common relation of waveform
variation points due to a combination of ch3 and ch4 (reset sync PWM mode)

Cycle setting
g —w St H
a/2 —» Clock General |:[ General (Reset sync PWM
2l4 —» sellect.(t)r —| register || register : mode setting)
2/8 —»! cireut A(GRA4) | 1| A(GRA3) | Timer function
X o ¢ ........ : ¢ Compare/ control register
match A (TFCR)
Timer control : | Comparator A l_ :
register (TCR3) EROIT A, v Pulse
> _bi > output
(Clear compare/ »| 16-bit counter ~| Output control
match A > (TCNT3) » ~UP
specification) Timer
v * output pins
Counter clear | Comparator B IE / TIOCA3, TIOCA4
signal generator [~ 5 ompare TIOCB3, TIOCB4
match B TOCXA4/TOCXB4
General register
Timer start B (GRB3, GRB4)
register (TSTR) |
(Counter enable)

Figure 2.29 ITU Block Diagram
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Table 2.27 shows the ITU function allocation for positive/negative phase PWM waveform 3-phas
output with this sample task.

Table 2.27 1TU Function Allocation

ITU Function Function
TSTR Enables/disables TCNT count operation
TFCR Sets to reset sync PWM mode
ch3 TCR3 Sets counter clock and counter clear factor
TIOCA3 Outputs positive phase pulse
TIOCAB3 Outputs TIOCA negative pulse
GRA3 Sets output pulse cycle
ch4 TIOCA4 Outputs positive phase pulse
TOCXA4
TIOCB4 Outputs TIOCB and TOCXB negative phase pulses
TOCXB4
GRA4 Sets variation timing for pulses output from TIOCA and TOCXA pins
GRB4 Sets variation timing for pulses output from TIOCB and TOCXB pins
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2.6.3 Description of Operations

Figure 2.30 shows the operation principle. Positive and negative phase PWM waveforms are
output in 3-phases due to H8/3003 hardware and software processing.

ch3 counter value
GRA3

H'0000 ‘
Immediately
after reset

PWM output
(TIOCA3)
(TIOCB3)

PWM output
(TIOCA4)

[
]

(TOCXA4)§ m
.

PWM output |
(TIOCB4) % :
(TOCXB4) <—l

? H . :
Start of Y

counter operation

f Hardware processing \ f Hardware processing \ f Hardware processin&

None 1. Generate GRA4, GRB3 || 1. Generate GRA3
and GRB4 compare/ compare/match
Software processing match 2. Clear TCNT3
Initial settings: 2. Output high from Software processing
1. Set counter clear factor to TIOCA3, TIOCA4 and None
GRAS3 compare/match TiocB4
2. Set TCNT3 input to & 3. Output low from TIOCB3,|\ J
3. Set to reset sync PWM mode TOCXA4 and TOCXB4
4. Set ch3 TCNT to H'0000 Software processing
5. Set cycle with ch3 GRA and None
waveform variation timing J
with GRB and ch4’'s GRA/B
\_ /

Figure 2.30 Operation Principle of 3-Phase PWM Output
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2.6.4 Description of Software
The software for positive/negative PWM three-phase output is described below.

Table 2.28 Description of Modules

Module Name Label Name Function

Main routine NRPWM3MN Sets output pulse waveform variation timing in GRA4, GRB3
and GRBA4, sets the cycle in GRA3, and provides 3-phase
output of postive/negative phase PWM waveforms.

Table 2.29 Description of Arguments

Label Name, Data Module

Register Name Function Length Name I/O

PUL_CYC Sets timer value equivalent to PWM pulse 1 word Main routine  Input
cycle.

Cycle is determined from the following
formula:

Cycle (ns) = timer value x @cycle (62.5 ns
during 16 MHz operation)

PUL_TIMB3 Outputs timer value equivalent to PWM 1 word Main routine  Input
PUL TIMA4 pulse waveform output timing.
PUL TIMB4 Waveform output timing is determined from

the following formula:

Waveform output timing (ns) = timer value x
@cycle (62.5 ns during 16 MHz operation)

Table 2.30 Description of Internal Registers

Register Name Function Module Name
TSTR Sets timer counter operation/prohibit Main routine
TFCR Sets ch3/ch4 to reset sync PWM mode Main routine
ch3 TCR3 Selects counter clock and sets counter clear factor to Main routine
GRA compare/match
TCNT Sets initial value H'0000 Main routine
GRA3 Sets pulse cycle Main routine
GRB3 Sets PWM output waveform variation timing Main routine
ch4 GRA4 Sets PWM output waveform variation timing Main routine
GRB4 Sets PWM output waveform variation timing Main routine
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Table 2.31 Description of General Registers

Module Name  Register Name Function

Main routine RO Used as work register during data setting.

Description of RAM: RAM not used other than for arguments in this sample task.

2.6.5 Flowchart

( Main routine )

I
Set stack pointer
to H'FFFEFE
|
Prohibit ch3 counter
operation
I
Set TCR3 as follows:
* Ch3 input clock to g
« Counter clear factor
to compare/match A
|
Set TFCR bit to reset
sync PWM mode
|
Set ch3 TCNT
to H'0000
I
Set PWM pulse cycle
(PUL_CYC) in GRA3
|
Set PWM pulse wave-
form variation timing
(PUL_TIM) in GRB3/
GRB4 and GRA4
|
Enable ch3
counting operation

!

Figure 2.31 Main Routine Flowchart
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2.6.6 Program List

1 1

2 2

3 3 VECTOR ADDRESS

4 4

5 5

6 6 ;

7 000000 7 .SECTION  VECT,CODE,LOCATE=H"000000

8 8

9 000000 00010000 9 RES .DATA.L NRPWM3MN
10 10 ;
11 00001C 11 .ORG H'00001C
12 00001C 00010000 12 NMI .DATA.L NRPWM3MN
13 000020 00010000 13 TRAPAO .DATA.L NRPWM3MN
14 000024 00010000 14 TRAPA1L .DATA.L NRPWM3MN
15 000028 00010000 15 TRAPA2 .DATA.L NRPWM3MN
16 00002C 00010000 16 TRAPA3 .DATA.L NRPWM3MN
17 17
18 000030 18 .ORG H'000030
19 000030 00010000 19 IRQO .DATA.L NRPWM3MN
20 000034 00010000 20 IRQ1 .DATA.L NRPWM3MN
21 000038 00010000 21 IRQ2 .DATA.L NRPWM3MN
22 00003C 00010000 22 IRQ3 .DATA.L NRPWM3MN
23 000040 00010000 23 IRQ4 .DATA.L NRPWM3MN
24 000044 00010000 24 1RQ5 .DATA.L NRPWM3MN
25 000048 00010000 25 IRQ6 .DATA.L NRPWM3MN
26 00004C 00010000 26 IRQ7 .DATA.L NRPWM3MN
27 000050 00010000 27 WOVIO .DATA.L NRPWM3MN
28 000054 00010000 28 CMI .DATA.L NRPWM3MN
29 29
30 000060 30 .ORG H'000060
31 000060 00010000 31 IMIAO .DATA.L NRPWM3MN
32 000064 00010000 32 IMIBO .DATA.L NRPWM3MN
33 000068 00010000 33 Ovio .DATA.L NRPWM3MN
34 34
35 000070 35 .ORG H'000070
36 000070 00010000 36 IMIA1 .DATA.L NRPWM3MN
37 000074 00010000 37 IMIB1 .DATA.L NRPWM3MN
38 000078 00010000 38 OVl .DATA.L NRPWM3MN
39 39
40 000080 40 .ORG H'000080
41 000080 00010000 41 IMIA2 .DATA.L NRPWM3MN
42 000084 00010000 42 IMIB2 .DATA.L NRPWM3MN
43 000088 00010000 43 OVI2 .DATA.L NRPWM3MN
44 44
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000C0
00o0C4
0000C8
oooocc
0000D0
0000D4
0000D8
00o0DC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00

FFFF02

FFFF04
FFFF06

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002

00000002
00000002
00000002

45 .ORG H'000090

46 IMIA3 .DATA.L NRPWM3MN

47 IMIB3 .DATA.L NRPWM3MN

48 OVI3 .DATA.L NRPWM3MN

49

50 .ORG H'0000A0

51 IMIA4 .DATA.L NRPWM3MN

52 IMIB4 .DATA.L NRPWM3MN

53 OVi4 .DATA.L NRPWM3MN

54

55 .ORG H’0000BO

56 DENDOA .DATA.L NRPWM3MN

57 DENDOB .DATA.L NRPWM3MN

58 DENDI1A .DATA.L NRPWM3MN

59 DENDI1B .DATA.L NRPWM3MN

60 DEND2A .DATA.L NRPWM3MN

61 DEND2B .DATA.L NRPWM3MN

62 DEND3A .DATA.L NRPWM3MN

63 DEND3B .DATA.L NRPWM3MN

64 ERIO .DATA.L NRPWM3MN

65 RXIO .DATA.L NRPWM3MN

66 TXIO .DATA.L NRPWM3MN

67 TEIO .DATA.L NRPWM3MN

68 ERI1 .DATA.L NRPWM3MN

69 RXI1 .DATA.L NRPWM3MN

70 TXI1 .DATA.L NRPWM3MN

71 TEI1 .DATA.L NRPWM3MN

72 ADI .DATA.L NRPWM3MN

73

74

75 *
76 * RAM ALLOCATION *
77 *
78

79

80 .SECTION RAM,DATA,LOCATE=H'FFFF00

81

82 PUL_CYC .RESW 1 ;Pulse cycle Time

83 ;

84 PUL_TIMA4 .RES.W 1 ;Pulse change timing GRB3

85 PUL_TIMB3.RES.W
86 PUL_TIMB4 .RES.W

87

;Pulse change timing GRA4
;Pulse change timing GRB4
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88

89
90
91
92
93
94 00FFFF60
95 00FFFF63
96
97 00FFFF82
98 00FFFF86
99 00FFFF88
100 OOFFFF8A
101
102 00FFFF98
103 OOFFFF9A
104
105
106
107
108
109
110
111 010000
112
113 00010000
114 010000 7A0700FFFEFE
115 010006 F8EOQ
116 010008 3860
117 01000A F8A0
118 01000C 3882
119
120 01000E F8FO0
121 010010 3863
mode
122 010012 79000000
123 010016 6B8OFF86
124
125 01001A 6BOOFF00
126 01001E 6B80OFF88
127 010022 6BOOFF02
128 010026 6B80OFF98
129 01002A 6BOOFF04
130 01002E 6B8OFF8A
131 010032 6BOOFF06
132 010036 6B80OFF9A
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88

89

90

91
92

93

94
95

96

97
98
99
100

101 ;

102
103

104 ;

105 ;
106 ;

107

108 ;
109 ;

110 ;

111

112

113
114
115
116
117
118

119 ;

120
121

122
123
124
125
126
127
128
129
130
131
132

T3 *

* SYMBOL DEFINTIONS *
;* *
TSTR .EQU H'FFFF60  ;Timer start register
TFCR .EQU H'FFFF63  ;Timer function control

;register
TCR3 .EQU H'FFFF82  ;Timer control register3
TCNT3 .EQU H'FFFF86  ;Timer counter3
GRA3 .EQU H'FFFF88  ;General register A3
GRB3 .EQU H'FFFF8A  ;General register B3
GRA4 .EQU H'FFFF98  ;General register A4
GRB4 .EQU H'FFFF9A  ;General register B4

* *

d MAIN PROGRAM : NRPWM3MN *

* *

.SECTION  PROG,CODE,LOCATE=H'010000

NRPWM3MN .EQU $

MOV.L #H'FFFEFE,SP ;Initialize stack pointer
MOV.B #B'11100000,ROL

MOV.B ROL,@TSTR ;Set TCNT3 stop data
MOV.B #B'10100000,ROL

MOV.B ROL,@TCR3 :Initialize TCR3

MOV.B #B'11110000,ROL

MOV.B ROL,@TFCR ;Set reset-synchronized
MOV.W #H'0000,R0O

MOV.W RO,@TCNT3 ;Initialize TCNT3
MOV.W @PUL_CYC,R0

MOV.W RO,@GRA3 ;Set pulse cycle time
MOV.W @PUL_TIMA4,RO

MOV.W RO,@GRA4 ;Set pulse change timing
MOV.W @PUL_TIMB3,R0

MOV.W RO,@GRB3 ;Set pulse change timing
MOV.W @PUL_TIMB4,R0

MOV.W RO,@GRB4 ;Set pulse change timing
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133
134 01003A F8E8
135 01003C 3860
136
137 01003E 40FE
138
139
***TOTAL ERRORS

***TOTAL WARNINGS

133
134
135

136
137

138

139

MOV.B
MOV.B

NRPWM3MN99 BRA

.END

HITACHI

#B'11101000,ROL
ROL,@TSTR ;Start TCNT3

NRPWM3MN99
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2.7 PWM Five-Phase Output

MCU: H8/3003
Function: ITU (sync/PWM mode)

27.1 Specifications

As shown in figure 2.32, pulse high width is varied to give a 5-phase output variable duty pulse.
Duty can be optionally set from chO to ch4.

Duty = Pulse high width/Pulse cycle x 100 (%)

During 16 MHz operation, the output pulse cycle can be set from 125 ns to 4.09 ms.

Pulse cycle

A
\/

Pulse high width Pulse low width

[
-

e
A

Pulse cycle :
Pulse high width Pulse low width L
Pulse cycle
Output — "
pulse Pulse high width Pulse low width

[
-

A

Pulse cycle

‘- .
% »

J Pulse high width Pulse low width

‘- [ !
I > -

Pulse cycle

A
\/

Pulse
high width

Pulse low width

'4
<

A

Figure 2.32 PWM 5-Phase Output Example
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2.7.2 Description of Functions Used

In this sample task, using ITU chO—ch4, timer counters are set to sync operation and 5-phase
PWM waveforms are output.

Figure 2.33 shows the ITU block diagram for this sample task. The following ITU functions are
used:

» Simultaneous clearing of multiple timer counters during compare/match (sync clear)
e Automatic switching of pulse output pin to PWM pin (PWM mode)

a —» ock
Cloc
p/2 = selector [ General register A
214 = " circuit (GRAO-GRA4)
2/8 —»
4 v Compare/
match A
Timer control | Comparator A I—» Pulse output
register (TCRO- 5 RIS .| Outputcontrol | ——— """
TCR4) . : : 5 Timer
.| 16-bit counter : : output pins
(Counter clear > : : :
factor setting) —»| (TCNT1-TCNT4) | : : Timer mode | (TIOCAO-
v * : |register (TMDR)| TIOCA4)
Counter clear | Comparator B : (PWM mode setting)
signal generator [ | : 3 Compare/
: match B
: | General register :
Timersync | | : | B (GRBO-GRB4)
register (TSNC) | & o .......=

Cycle settin
(Sync operation y g

setting)

Figure 2.33 Sync Pulse Output Block Diagram
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Table 2.32 shows the ITU functions allocated for 5-phase PWM waveform output.

Table 2.32 ITU Function Allocation

ITU Function Function
TSNC Sets synchronous operation from chO—ch4
TMDR Sets to PWM mode from chO—ch4
ch0—ch4 TCRO-TCR4 Sets counter clock and counter clear factor
TIOCAO-TIOCA4  Outputs pulse
GRAO-GRA4 Sets pulse set timing
GRBO0-GRB4 Sets pulse cycle
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2.7.3 Description of Operations

Figure 2.34 shows the chO principle of operation. Duty pulses are output due to H8/3003 hardw
and software processing.

Immediately
TCNTO  atter reset
counter value , Il
GRBO :

GRAO

H'00

Time
Duty pulse

output

Hardware processing Y [ Hardware processing\ /Hardware processing\

None 1. Generate chO 1. Generate chO
compare/match A compare/match B
Software processing 2. Output high from 2. Output low from

Initial settings: TIOCAD 3 EllgacrerOCNTO

1. Set ch0 to PWM mode Software processing '

2. Set input clock to g, and ;
select compare/match B for None Software processing
counter clear factor None

3. Set the pulse set timing in \ /

' o )
GRAO
4. Set pulse cycle in GRBO
\5. Start counting operation

Figure 2.34 Principle of PWM Output Operation
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Figure 2.35 shows the operation principle for chO—ch4. A duty pulse synchronized with chO is
output due to H8/3003 hardware and software processing.

cho-4 , Immediately
counter value | after reset

GRBO
GRB1
GRB2
GRB4
GRB3
GRAl
GRA2
GRAO
GRA4
GRA3

H'00

Duty pulse output
(TIOCAO)
Duty pulse output
(TIOCAL)
Duty pulse output
(TIOCA2)
Duty pulse output
(TIOCA3)

Duty pulse output
(TIOCAA4)

4 Hardware processing7 \/—/ ;7 \
None 7/~ Hardware \/  Hardware \ Hardware

processing processing processing

1. Generate chO- 1. Generate chl- 1. Generate chO
ch4 compare/ ch4 compare/ compare/
match A match B match B

2. Output high 2. Output low from || 2. Clear TCNT
from TIOCAO— TIOCA1- for chO—ch4
TIOCA4 TIOCA4 3. Output low from

3. Set ch0 counter clear Software Software TIOCAQ
factor to compare/ processing processing Software

match B, and chl-ch4 ||None None processing

to sync clear J J \ None )

4. Set pulse set timing in
GRA1-GRA4

5. Set pulse cycle in
GRB1-GRB4

6. Start counting operation

/

Software processing

Initial settings:

1. Set ch4 to sync
operation and PWM
mode from chO

2. Set counter input clock
tog

Figure 2.35 Principle of PWM 5-Phase Output Operation
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2.7.4 Description of Software
The software for PWM five-phase output is described below.

Table 2.33 Description of Modules

Module Name Label Name Function

Main routine PWM5MN Mode setting, output pulse cycle and pulse width setting, RAM
initial setting and 5-phase PWM pulse output.

Table 2.34 Description of Arguments

Label Name, Data Module
Register Name Function Length Name I/O

PUL_CYC 0-4 Sets timer value equivalent to PWM pulse 1 word Main routine  Input
cycle.

Cycle is determined from the following
formula:

Cycle (ns) = timer value x @cycle (62.5 ns
during 16 MHz operation)

PUL_SET 0-4 Sets timer value equivalent to PWM pulse 1 word Main routine  Input
set timing.

Set timing is determined from the following
formula.

Set timing (ns) = timer value x @cycle
(62.5 ns during 16 MHz operation)

Table 2.35 Description of Internal Registers

Register Name Function Module Name
TSTR Timer counter enable/disable setting Main routine
TSNC Sets ch0O—ch4 sync operation Main routine
TMDR Sets chO0—ch4 to PWM mode Main routine
ch0 TCRO Sets counter clear factor to compare/match B Main routine
GRAO Sets pulse set timing Main routine
GRBO Sets pulse cycle Main routine
chl-ch4 TCR1-TCR4 Sets counter clear factor to sync clear Main routine
GRA1-GRA4 Sets pulse set timing Main routine
GRB1-GRB4 Sets pulse cycle Main routine
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Table 2.36 Description of General Registers

Module Name  Register Name Function

Main routine RO Used as work register during data setting

Description of RAM: RAM not used other than for arguments in this sample task.
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2.7.5

Flowchart

( Main routine )

Set stack pointer
to H'FFFEFE

Set TSNC bit
corresponding with
ch0—ch4 to sync
operation

Set TCRO for ch0
input clock g and
counter clear factor
to compare/match B

Set TCR1-TCR4 for
chl-ch4 input clock @
and counter clear
factor to sync clear

Set pulse set timing
for pulses output from
chO—ch4 (PUL_SETO-
PUL_SET4) in GRAO-

GRA4

Set pulse cycle
(PUL_CYCO-
PUL_CYC4) for pulses
output from chO-ch4
in GRBO-GRB4

Set TMDR bit cor-
responding with chO—
ch4 to PWM mode

Enable chO-ch4

counting operation

!

HITACHI

Figure 2.36 PWM Five-Phase Output Flowchart
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2.7.6 Program List

000000

© 0 N o g b~ W N B

=
o

000000

B
N e

00o01C
0ooo1C
000020
000024
000028
00002C

A e e e
© 0 N O U b~ W

00030

000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

W W NN NDNDNDNDDNDNDDNDDN
P O © 0 N O O » W N P O

000060
000060
000064
000068

W W W W W
o O b~ W N

000070
000070
000074
000078

AObD W W W
, O © 0 N

000080
000080
000084
000088

B
A WN
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00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

10
11
12

13

14

15

16

17

© Py o s W N R

18 ;

19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34

35

36
37
38
39

40 ;

a1
42
43
44

*
> VECTOR ADDRESS
*
.CPU 300HA
.SECTION  VECT,CODE,LOCATE=H000000
RES .DATA.L PWM5MN
.ORG H00001C
NMI .DATA.L PWM5MN
TRAPAO .DATA.L PWM5MN
TRAPAL .DATA.L PWM5MN
TRAPA2 .DATA.L PWM5MN
TRAPA3 .DATA.L PWM5MN
.ORG H’000030
IRQO .DATA.L PWM5MN
IRQ1 .DATA.L PWM5MN
IRQ2 .DATA.L PWM5MN
IRQ3 .DATA.L PWM5MN
IRQ4 .DATA.L PWM5MN
IRQ5 .DATA.L PWM5MN
IRQ6 .DATA.L PWM5MN
IRQ7 .DATA.L PWM5MN
WOoVvIo .DATA.L PWM5MN
CMI .DATA.L PWM5MN
.ORG H'000060
IMIAO .DATA.L PWM5MN
IMIBO .DATA.L PWM5MN
oVvIo .DATA.L PWM5MN
.ORG H'000070
IMIA1 .DATA.L PWM5MN
IMIB1 .DATA.L PWM5MN
ovi1 .DATA.L PWM5MN
.ORG H'000080
IMIA2 .DATA.L PWM5MN
IMIB2 .DATA.L PWM5MN
OoVI2 .DATA.L PWM5MN
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oooc4
0000C8
oooocc
0000D0
0000D4
0000D5
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFEFO

FFFEFO
FFFEF2

FFFEF4
FFFEF6

FFFEFB
FFFEFA

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002
00000002

00000002
00000002

00000002
00000002

RAM,DATA,LOCATE=HFFFEFO

45
46 .ORG H'000090
47 IMIA3 .DATA.L PWM5MN
48 IMIB3 .DATA.L PWM5MN
49 0OVI3 .DATA.L PWM5MN

50 ;

51 .ORG H'0000A0
52 IMIA4 .DATA.L PWM5MN
53 IMIB4 .DATA.L PWM5MN
54 OVI4 .DATA.L PWM5MN

55 ;

56 .ORG H’0000B0O
57 DENDOA .DATA.L PWM5MN
58 DENDOB .DATA.L PWM5MN
59 DENDIA .DATA.L PWM5MN
60 DENDI1B .DATA.L PWM5MN
61 DEND2A .DATA.L PWM5MN
62 DEND2B .DATA.L PWM5MN
63 DEND3A .DATA.L PWM5MN
64 DEND3B .DATA.L PWM5MN
65 ERIO .DATA.L PWM5MN
66 RXIO .DATA.L PWMS5MN
67 TXIO .DATA.L PWM5MN
68 TEIO .DATA.L PWM5MN
69 ERI1 .DATA.L PWM5MN
70 RXI1 .DATA.L PWM5MN
71 TXI1 .DATA.L PWM5MN
72 TEI1 .DATA.L PWM5MN
73 ADI .DATA.L PWM5MN

74

75

76 *

7o RAM ALLOCATION

78 *

79

80 ;

81 .SECTION

82
83 PUL_CYCO .RES.W 1
84 PUL_SETO .RES.W 1

85 ;

86 PUL_CYC1 .RES.W 1
87 PUL_SET1 .RES.W 1

88 ;

89 PUL_CYC2 .RES.W 1
90 PUL_SET2 .RES.W 1

91

HITACHI

;Pulse cycle time (ch0)
;Pulse cycle timing (ch0)

;Pulse cycle time (chl)
;Pulse set timing (chl)

;Pulse cycle time (ch2)
;Pulse set timing (ch2)
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92
93
94
95
9
97
08
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137 010000 7AO0700FFFEFE

FFFEFC
FFFEFE

FFFF00
FFFF02

010000

00000002
00000002

00000002
00000002

OOFFFF60
OOFFFF61
OOFFFF62

00FFFF64
00FFFF6A
00FFFF6C

00FFFF6E
00FFFF74
00FFFF76

OOFFFF78
OOFFFF7E
OOFFFF80

OOFFFF82
OOFFFF88
OOFFFF8A

O0OFFFF92

OOFFFF98
OOFFFF9A

00010000

138 010006 F8FF
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92
93

95
96
97

98

99
100

101 ;
102 ;

PUL_CYC3 .RES.W
PUL_SET3 .RES.W
94
PUL_CYC4 .RES.W
PUL_SET4 .RES.W

=

;Pulse cycle time (ch3)
;Pulse set timing (ch3)

;Pulse cycle time (ch4)
;Pulse set timing (ch4)

SYMBOL DEFINTIONS

103 ;

104
105
106

TSTR
TSNC
TMDR

107 ;

108
109
110

112
113
114

TCRO
GRAO
GRBO

TCR1
GRA1
GRB1

115 ;

116
117
118

TCR2
GRA2
GRB2

119 ;

120
121
122

TCR3
GRA3
GRB3

123

124
125
126

TCR4
GRA4
GRB4

127

128 ;
129

130

131 ;
132 ;

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

H'FFFF60
H'FFFF61
H'FFFF62

H'FFFF64
H'FFFF6A
H'FFFF6C

H'FFFF6E
H'FFFF74
H'FFFF76

H'FFFF78
HFFFF7E
H'FFFF80

H'FFFF82
H'FFFF88
H'FFFF8A

H'FFFF92
H'FFFF98
H'FFFF9A

;Timer start register
;Timer syncro register

;Timer mode register

;Timer control register0

;General register AO
;General register BO

;Timer control registerl

;General register A1
;General register B1

;Timer control register2

;General register A2

;General register B2

;Timer control register3
;General register A3

;General register B3

;Timer control register4
;General register A4

;General register B4

MAIN PROGRAM : PWM5MN

133 ;

134

135 ;
PWM5MN: .EQU

136
137
138

.SECTION

MOV.L
MOV.B

HITACHI

PROG,CODE,LOCATE=H'010000

$

#H'FFFEFE,SP ;Initialize stack pointer
#B'11111111,ROL



139 010008 3861 139 MOV.B ROL,@TSNC ;Set synchronization

;mode ch0~4

140 140

141 01000A F8CO 141 MOV.B #B’11000000,ROL

142 01000C 3864 142 MOV.B ROL,@TCRO ;Initialize TCRO

143 01000E F8EO 143 MOV.B #B'11100000,ROL

144 010010 386E 144 MOV.B ROL,@TCR1 ;Initialize TCR1~4

145 010012 3878 145 MOV.B ROL,@TCR2

146 010014 3882 146 MOV.B ROL,@TCR3

147 010016 3892 147 MOV.B ROL,@TCR4

148 148 ;

149 010018 6BOOFEF2 149 MOV.W @PUL-SETO,RO

150 01001C 6B8OFF6A 150 MOV.W R0O,@GRAO ;Set pulse set timing
;(ch0~4)

151 010020 6BOOFEF6 151 MOV.W @PUL_SET1,R0

152 010024 6B80FF74 152 MOV.W RO,@GRA1

153 010028 6BOOFEFA 153 MOV.W @PUL_SET2,R0

154 01002C 6B8OFF7E 154 MOV.W RO,@GRA2

155 010030 6BOOFEFE 155 MOV.W @PUL_SET3,R0

156 010034 6B80OFF88 156 MOV.W RO,@GRA3

157 010038 6BO0OFF02 157 MOV.W @PUL_SET4,R0

158 01003C 6B80OFF98 158 MOV.W RO,@GRA4

159 159

160 010040 6BOOFEFO 160 MOV.W @PUL_CYCO,RO

161 010044 6B80OFF6C 161 MOV.W RO,@GRBO ;Set pulse cycle time
;(ch0~4)

162 010048 6BOOFEF4 162 MOV.W @PUL_CYC1,R0O

163 01004C 6B8OFF76 163 MOV.W RO,@GRB1

164 010050 6BOOFEF8 164 MOV.W @PUL_CYC2,R0O

165 010054 6B80OFF80 165 MOV.W RO@GRB2

166 010058 6BOOFEFC 166 MOV.W @PUL_CYC3,R0

167 01005C 6B8OFF8A 167 MOV.W R0O,@GRB3

168 010060 6BOOFFO0 168 MOV.W @PUL_CYC4,R0

169 010064 6B8OFF9A 169 MOV.W R0O,@GRB4

170 170

171 010068 F89F 171 MOV.B #B'10011111,ROL

172 01006A 3862 172 MOV.B ROL,@TMDR ;Set PWM mode (ch0~4)

173 173

174 01006C F8FF 174 MOV.B #B'11111111,ROL

175 01006E 3860 175 MOV.B ROL,@TSTR ;Set TCNT start data
;(ch0~4)

176 176

177 010070 40FE 177 PWM5MN99 BRA PWM5MN99

178 178

179 179 .END

*FTOTAL ERRORS 0

**TOTAL WARNINGS 0
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2.8 Timer Counter Simultaneous Reset with External Signal

MCU: H8/3003
Function: ITU (sync/PWM mode)

28.1 Specifications
Four-channel pulse output synchronized with the external signal’s falling edge (figure 2.37).

The delay time and pulse width from the external signal falling edge can be varied within the
following ranges:

250 ns < delay time < external signal cycle—pulse width
62.5 ns < pulse width < external signal cycle—delay time

During 16 MHz operation, the external signal pulse cycle can be set from 320 ns to 4.09 ms.

External signal
falling edge input v

.Delay time 1Pulse width 1

Delay time 2

Output : : Pulse width 2 .
pulse .
Delay time 3

Pulse width 3

>

Iy

Delay time 4

Pulse width 4

<
» %

I AU

Figure 2.37 Example of Sync Pulse Output
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2.8.2 Description of Functions Used

This sample task simultaneously resets multiple timer counters using an external signal, and
provides 4-phase output.

Figure 2.38 shows a block diagram of the ITU/chO used in the sample task. The following
functions are used by chQ in external signal edge detection:

» Pulse falling edge detection function (input capture):
e Timer counter clear during pulse falling edge detection:

(Counter clear
Timer control factor specification)

register (TCR)

(Detection edge

specification) ¢ v
Pulse input Edge detection »  Counter clear Clounte;r I
» and capture signal generator clear signa

Input capture A generator circuit

Input pin (TIOCAO)

General register 16-bit counter
A (GRAO) (TCNTO)

Figure 2.38 1TU/chO Block Diagram
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Figure 2.39 shows a block diagram of the ITU/chl1-ch4 used in this sample task. The following

functions are used in chl-ch4 to synchronize with chO and provide 4-phase PWM waveform
output;

» Simultaneous clearing of multiple timer counters (sync operation)
e Automatic switching of pulse output pin to PWM pin (PWM mode)

Delay time setting

Clock : .
: General register
—» R
TCLKA —>selector | A(GRA1-GRA%4)|
circuit :
1 : ¢ Compare/ Pulse
| c A match A output
Timer control omparator : Output control W
register (TCR1- RERRITITTITIeEe A ) ? outout
TCR4) > - tp
,| 16-bit counter Timer mode pins
(Sync clear —»| (TCNT1-TCNT4) register (TMDR)| (TIOCA1—-
ificati TIOCA4
specification) i} * (PWM mode OCA4)
setting)
Counter Counter clear | Comparator B c ;
clear ~™| signal generator [~ A ompare
signal match B
General register
Timer sync B (GRB1-GRB4)
register (TSNC) [

(Sync operation
specification)

Figure 2.39 Sync Pulse Output Block Diagram

Table 2.37 shows the function allocation for this sample task. ITU functions are allocated, and
delayed pulses are output to each channel at each falling edge input at chO.
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Table 2.37 ITU Function Allocation

ITU Function Function
TSNC Sets ch0—ch4 to sync operation
TMDR Sets chl-ch4 to PWM mode
TCLKA External clock A pin for chl-ch4
chO TCRO Sets counter clear factor
TIOCAO Inputs reference pulse for output pulse
GRAO Detects counter value at external signal falling edge

chl-ch4 TCR1-TCR4

Enables counter clock and counter clear factor

TIOCA1-TIOCA4

Outputs pulse

GRA1-GRA4

Sets delay time

GRB1-GRB4

Sets timer value equivalent to delay time + pulse width
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2.8.3 Description of Operations

One-Channel Pulse Output:Figure 2.40 shows the principle of operation. A PWM pulse is
output from chl due to H8/3003 hardware and software processing.

cra ITmecitey
counter value 4 ‘ rres
GRBL [l TS ST
c1=Y-V I S S R A0 N i
Hoo L= : - —Time
External signal —| l: | 1
(TIOCAO0) : : '7 i
Output pulse : 3 |
(TIOCAL) i Delay time | Pulse width
: — >
Hardware processing Hardware Hardware Y Hardware
processing processing processing
None 1. Generate chO 1. Generate ch1 1. Generate chl
Software processing input capture A compare/ compare/
1. Setcho 2. Clear ch0, chl match A match B
- Sete ) to sydnchl timer counter 2. Output high 2. Output low
operation and ¢ sync from TIOCA from TIOCA
to PWM mode
2. Set ch0'’s counter Software Software Software
clear factor to processing processing processing
GRAO input cap- None None None
ture, and chl’s \ J \ J \ J

counter clear fac-
tor to sync clear

3. Set chO input cap-
ture input edge to
rising edge

4. Set output pulse
delay time to
GRAL, and set
timer value equi-
valent to delay
time + pulse width
in GRB1

5. Start counting

\_ operation ,

Figure 2.40 Operation Principle of Pulse Output
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Four-Channel Pulse Output: Figure 2.41 shows the principle of operation. Duty pulses are

output in sync with chO due to H8/3003 hardware and software processing.

External signal

counter value

Immediately
chl_cha &fter reset
A *
GRB2 ;
GRB3
GRB4
GRB1
GRA3
GRA2
GRA1
GRA4

H'00

(TIOCAO)

Output pulse
(TIOCA1)

(TIOCA2)

(TIOCA3)

(TIOCA4)

/

Hardware
processing

None

Software
processing

Hardware
processing

\

\

Hardware
processing

Hardware
processing

~

. Set all channels to sync

. Set chO counter clear

. Set chO input capture

. Set output pulse delay

. Start counting operation )

operation, chl-ch4 to
PWM mode

factor to GRAO input
capture, chl—ch4
counter clear factor to
sync clear

input edge to rising edge
time in GRA, and timer

value equivalent to delay
time + pulse width in GRB

1. Generate ch0
input capture A

1. Generate chl-
ch4 compare/

1. Generate chl—
ch4 compare/

2. Clear sync for match A match B
chO—ch4 TCNT || 2. Output high 2. Output low
from TIOCA1- from TIOCA1—-
TIOCA4 TIOCA4
Software Software Software
processing processing processing
None None None
- AN L /

Figure 2.41 Operation Principle of 4-Channel Pulse Output
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284 Description of Software
The software for timer counter simultaneous reset with external signal is described below.

Table 2.38 Description of Modules

Module Name Label Name Function

Main routine CNTRSMN Sets delay times and pulse widths in GRA1-4 and GRB1-4,
and outputs 4-phase PWM pulses in sync with chO.

Table 2.39 Description of Arguments

Label Name, Data Module
Register Name Function Length Name I/0
SET_DLY1- Sets timer value equivalent to output pulse 1 word  Main routine  Output
SET_DLY4 delay time.

Delay time is determined from the following

formula:

Delay time (ns) = timer value x @cycle
(62.5 ns during 16 MHz operation)

SET_WID1- Sets timer value equivalent to output pulse 1 word  Main routine  Output
SET_WID4 delay time + pulse width.

Pulse width is determined from the following

formula

Pulse width (ns) = timer value x @cycle
(62.5 ns during 16 MHz operation)

Table 2.40 Description of Internal Registers

Register Name Function Module Name
TSTR Sets timer counter operation/stop Main routine
TSNC Enables/prohibits timer counter sync operation

TMDR Sets PWM mode enable/disable

ch0 TCR Set counter clear factor to input capture A

TIOR Conducts transfer from TCNT to GRA during external
signal falling edge detection, and simultaneously clears
the counter

chl-ch4 TCR Select input clock to TCNT and sets counter clear factor
to sync clear
GRA Sets output pulse delay time
GRB Sets timer value equivalent to output pulse delay time +
pulse width
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Table 2.41 Description of General Registers

Module Name  Register Name Function

Main routine RO Used as work register during data setting.

Description of RAM: RAM not used other than for arguments in this sample task.
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2.8.5 Flowchart

( Main routine )

Set stack pointer
to H'FFFEFE
|
Set TSNC bits
corresponding with chO—
ch4 to sync operation
I
Set TCR1-TCR4 as follows:
chl-ch4 count clock to
external clock
counter clear factor to
sync clear
I
Set TCRO for chO counter
clear factor to input
capture A
I
Set chO’s TIOR, and select
input edge of input
capture signal
I
Set chl—ch4 delay time
(SET_DLY1-SET_DLY4)
in GRA1-4
I
Set chl—-ch4 delay time +
pulse width (SET_WID1-
SET_WID4) in GRB1-GRB4
I
Set TMDR bit
corresponding with chl—
ch4 to PWM mode
I
Enable chO—ch4
counting operation

[

Figure 2.42 Main Routine Flowchart
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2.8.6
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Program List

000000

000000

0ooo1C
0oo01C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

VECT,CODE,LOCATE=H"000000

1

2

3 VECTOR ADDRESS

4

5

6

7 SECTION

8

9 RES DATAL  CNTRSMN
10 ;

11 .ORG H'00001C
12 NMI DATAL  CNTRSMN
13 TRAPAO  .DATAL  CNTRSMN
14 TRAPA1  .DATAL  CNTRSMN
15 TRAPA2  .DATAL  CNTRSMN
16 TRAPA3  .DATAL  CNTRSMN
17

18 .ORG H'000030
19 IRQO DATAL  CNTRSMN
20 IRQ1L DATAL  CNTRSMN
21 IRQ2 DATAL  CNTRSMN
22 IRQ3 DATAL  CNTRSMN
23 IRQ4 DATAL  CNTRSMN
24 IRQ5 DATAL  CNTRSMN
25 IRQ6 DATAL  CNTRSMN
26 IRQ7 DATAL  CNTRSMN
27 WOVIO DATAL  CNTRSMN
28 CMI DATAL  CNTRSMN
29 ;

30 .ORG H'000060
31 IMIAO DATAL  CNTRSMN
32 IMIBO DATAL  CNTRSMN
33 OVIO DATAL  CNTRSMN
34

35 ORG H'000070
36 IMIAL DATAL  CNTRSMN
37 IMIB1 DATAL  CNTRSMN
38 ovil DATAL  CNTRSMN
39 ;

40 ORG H'000080
41 IMIA2 DATAL  CNTRSMN
42 IMIB2 DATAL  CNTRSMN
43 OVI2 DATAL  CNTRSMN
44
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
00o0C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00
FFFF02

FFFF04
FFFF06

FFFFOB
FFFFOA

FFFFOC

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002
00000002

00000002
00000002

00000002
00000002

00000002

RAM,DATA,LOCATE=H'FFFFO00

45 .ORG H'000090
46 IMIA3 .DATA.L CNTRSMN
47 IMIB3 .DATA.L CNTRSMN
48 0OVI3 .DATA.L CNTRSMN

49

50 .ORG H'0000A0
51 IMIA4 .DATA.L CNTRSMN
52 IMIB4 .DATA.L CNTRSMN
53 OVi4 .DATA.L CNTRSMN

54 ;

55 .ORG H’0000B0O
56 DENDOA .DATA.L CNTRSMN
57 DENDOB .DATA.L CNTRSMN
58 DENDIA .DATA.L CNTRSMN
59 DENDI1B .DATA.L CNTRSMN
60 DEND2A .DATA.L CNTRSMN
61 DEND2B .DATA.L CNTRSMN
62 DEND3A .DATA.L CNTRSMN

63 DEND3B .DATA.L CNTRSMN
64 ERIO .DATA.L CNTRSMN
65 RXIO .DATA.L CNTRSMN
66 TXIO .DATA.L CNTRSMN

67 TEIO .DATA.L CNTRSMN
68 ERI1 .DATA.L CNTRSMN
69 RXI1 .DATA.L CNTRSMN
70 TXI1 .DATA.L CNTRSMN
71 TEIl .DATA.L CNTRSMN
72 ADI .DATA.L CNTRSMN

73

74

75

76 * RAM ALLOCATION

7o

78

79

80 .SECTION

81
82 SET_DLY1 .RES.W 1
83 SET_WID1 .RES.W 1

84
85 SET_DLY2 .RES.W 1
86 SET_WID2 .RES.W 1

87
88 SET_DLY3 .RES.W 1
89 SET_WID3 .RES.W 1

90 ;

91 SET_DLY4 .RES.W 1
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;Delay time
;Pulse width time

;Delay time
;Pulse width time

;Delay time
;Pulse width time

;Delay time



92 FFFFOE 00000002

93

94

95

96

97

98

99

100 00FFFF60
101 OOFFFF61
102 00FFFF62
103

104 OOFFFF64
105 OOFFFF65
register0

106

107 OOFFFF6E
108 OOFFFF74
109 OOFFFF76
110

111 OOFFFF78
112 OOFFFF7E
113 OOFFFF80
114

115 OOFFFF82
116 OOFFFF88
117 OOFFFF8A
118

119 O00FFFF92
120 OOFFFF98
121 OOFFFF9A
122

123

124

125

126

127

128

129 010000

130

131 00010000
132 010000 7AO0700FFFEFE
133 010006 F8FF
134 010008 3861
135

136 01000A F8AO
137 01000C 3864

92 SET_WID4 .RES.W 1 ;Pulse width time
93 ;
94
95 ¥ *
96 * SYMBOL DEFINTIONS *
97 ¢ *
98 ;
99
100 TSTR .EQU H'FFFF60  ;Timer start register
101 TSNC .EQU H'FFFF61  ;Timer synchro register
102 TMDR .EQU H'FFFF62  ;Timer mode register
103 ;
104 TCRO .EQU H'FFFF64  ;Timer control registerO
105 TIORO .EQU H'FFFF65  ;Timer I/O control
106 ;
107 TCR1 .EQU H'FFFF6E  ;Timer control registerl
108 GRAl .EQU H'FFFF74  ;General register Al
109 GRB1 .EQU H'FFFF76  ;General register B1
110 ;
111 TCR2 .EQU H'FFFF78  ;Timer control register2
112 GRA2 .EQU H'FFFF7E  ;General register A2
113 GRB2 .EQU H'FFFF80  ;General register B2
114 ;
115 TCR3 .EQU H'FFFF82  ;Timer control Register3
116 GRA3 .EQU H'FFFF88  ;General register A3
117 GRB3 .EQU H'FFFF8A  ;General register B3
118 ;
119 TCR4 .EQU H'FFFF92 ;Timer control Register4
120 GRA4 .EQU H'FFFF98  ;General register A4
121 GRB4 .EQU H'FFFFOA  ;General register B4
122 ;
123 ;
124 * *
125 * MAIN PROGRAM : CNTRSMN *
126 * *
127
128 ;
129 .SECTION PROG,CODE,LOCATE=H'010000
130 ;
131 CNTRSMN: .EQU $
132 MOV.L #H'FFFEFE,SP ;Initialize stack pointer
133 MOV.B #B'11111111,ROL
134 MOV.B ROL,@TSNC ;Initialize TSNC
135
136 MOV.B #B'10100000,ROL
137 MOV.B ROL,@TCRO ;Initialize TCRO
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138 01000E F8EO 138 MOV.B #B'11100000,ROL

139 010010 386E 139 MOV.B ROL,@TCR1 :Initialize TCR1~4
140 010012 3878 140 MOV.B ROL,@TCR2

141 010014 3882 141 MOV.B ROL,@TCR3

142 010016 3892 142 MOV.B ROL,@TCR4

143 143 ;

144 010018 F88D 144 MOV.B #B'10001101,ROL

145 01001A 3865 145 MOV.B ROL,@TIORO :Initialize TIORO
146 146

147 01001C 6BOOFF00 147 MOV.W @SET_DLY1,R0

148 010020 6B8OFF74 148 MOV.W RO,@GRA1 ;Set delay timel~4
149 010024 6BOOFF04 149 MOV.W @SET_DLY2,R0

150 010028 6B8OFF7E 150 MOV.W RO,@GRA2

151 01002C 6BOOFF06 151 MOV.W @SET_DLY3,R0

152 010030 6B8OFF88 152 MOV.W RO,@GRA3

153 010034 6BOOFFOC 153 MOV.W @SET_DLY4,R0

154 010038 6B8OFF98 154 MOV.W RO,@GRA4

155 155

156 01003C 6BOOFF02 156 MOV.W @SET_WID1,R0

157 010040 6B8OFF76 157 MOV.W RO,@GRB1 ;Set width1~4
158 010044 6BOOFF06 158 MOV.W @SET_WID2,R0

159 010048 6B8OFF80 159 MOV.W RO,@GRB2

160 01004C 6BOOFFOA 160 MOV.W @SET_WID3,R0

161 010050 6B8OFF8A 161 MOV.W RO,@GRB3

162 010054 6BOOFFOE 162 MOV.W @SET_WID4,R0

163 010058 6B8OFF9A 163 MOV.W RO,@GRB4

164 164

165 01005C F89E 165 MOV.B #B'10011110,R0L

166 01005E 3862 166 MOV.B ROL,@TMDR ;Set PWM mode ch1~4
167 010060 F8FE 167 MOV.B #B'11111110,ROL

168 010062 3860 168 MOV.B ROL,@TSTR ;Start TCNT1~4
169 169

170 010064 40FE 170 CNTRS99 BRA CNTRS99

171 171

172 172 .END

#TOTAL ERRORS 0

**TOTAL WARNINGS 0
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2.9 One-Shot Pulse Output Using Buffer Mode

MCU: H8/3003
Function ITU: (buffer operation)

291 Specifications
Output of one-shot pulse synchronized with the external signal’s falling edge (figure 2.43)

The delay time and pulse width from the external signal falling edge can be varied within the
following ranges:

2 ps < delay time < reference pulse cycle — pulse width
62.5 ns < pulse width < reference pulse cycle — delay time

A reference pulse frequency can be input from 400 kHz.

External signal
(falling edge) input v

One-shot pulse

Delay time ‘Pulse width :

Figure 2.43 One-Shot Pulse Output
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2.9.2 Description of Functions Used

In this sample task, a one-shot pulse is output using Group 0 DMAC/chOA, ch0B, and ITU chO
and ch3. Figure 2.44 shows a block diagram of ITU/ch3 used in this sample task.

The following ITU/ch3 functions are used to output one-shot pulses:

Transfer of buffer register contents to general registers during compare/match (buffer
operation)

Automatic pulse output function in hardware without software intervention (output compare)
Reversal of output with each compare/match (toggle output)

Simultaneous clearing of multiple timer counters during input capture (sync clear)

Buffer register A (Buffer o .
peration
A (BRA4) specification)
Timer function
control register
> (TFCR)
Data transfer General register
A (GRA3)
Timer control * Compare/ (Toggle
register (TCR3) | Compirator A |: match A output setting)
v Data_ | o dster genarator
transfer
/2 | Clock [—»{  16-bit counter (TIORS3) Pulse output
2/4 :: selector (TCNT3) v ggtrglgtagtier{ match
/8 —» et v > Output compare | = (TIOCA3)
signal generator
| Comparator B — Output compare
? Compare/ interrupt B
match B (IMIB3)
Timer start General register
register (TSTR) B (GRB3)
(Enable counting
operation)

Figure 2.44 1TU/ch3 Block Diagram
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Figure 2.45 shows a block diagram of the DMAC and ITU used in this sample task. One-shot
pulses are output using the following DMAC and ITU function:

» DMAC startup during ITU input capture

[mommmmmomm oo DMAC --—--—-———-—--——~- !
I (DMAC startup factor (Transfer source I
| repeat mode setting) address setting) |
| |
! Data transfer Memory address !
1 | control register register ~ | One
| (DTCRO A/B) (MAROA/MAROB) : shot
External I fer destinati I |
signal | DMAC l (Tradnds er esﬂ_nat;on ! putset
address setting outpu
(TIOCAQ) | 1y || Startup Bus ITU —»
— | input I/O address -
cho |, ture : con ch3 |_,
 cap DMA | register > troller | output
; > control | | IOAROA/IOAROB) | P
| | compare
| (Number of transfers I interrupt B
! setting) :
: L »| Transfer count |»| |
! register :
I (ETCROA/ETCROB) !
|
____________________________________ J

Figure 2.45 One-Shot Output Block Diagram
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Table 2.42 shows the function allocation in this sample task. H8/300H functions are allocated for
one-shot pulse output.

Table 2.42 HB8/300H Function Allocation

H8/300H On-chip Functions Function
ITU TFCR Sets buffer operation
TSTR Selects timer counter operation/stop
ch0 TCRO Sets counter clear factor
TIORO Selects input capture function
TIOCAO Inputs reference pulse for one-shot pulse output
ch3 TCR3 Selects TCNT3 input clock and counter clear factor
TIOR3 Sets output level from TIOCA3 during compare/match
TIER3 Enables/disables interrupt requests due to IMFB flag
TSR3 Indicates occurrence of compare/match
GRA3 Sets one-shot pulse delay time
BRA3 Sets one-shot pulse reset timing
GRB3 Sets one-shot pulse output prohibit timing
TIOCA3 Outputs one-shot pulse
DMAC chOA/B DTCROA/B  Sets each DMAC channel operation
MARO A/B Sets addresses of data for transfer in each register

IORAO A/B Sets transfer destination address for each channel

ETCRO A/B Sets number of transfers for each channel
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2.9.3 Description of Operations

Figure 2.46 shows the principle of operation. One-shot pulses are output due to H8/3003 hardw
and software processing.

Immediately
TCNT3 after reset
counter value 4 v
H'FFFF S OO RO
GRB3 | i i oS
BRA3
GRA3 | e e
H0000 : — Time
External signal l § §
(TIOCAO0) : %
Output pulse : : | ‘
(TIOCA3) : i Delay time : Pulse width :
Hardware processing f Hardware Hardware Hardware
None processing processing processing
Software processing ITU/chO: ITU/ch3: Generate
Initial settings: 1. Generate input| | 1. Generate IMIB3
DMACO A/B: capture A compare/ Software
1. Set transfer format 2. Clear counter match A processing
2. Select ch0 input capture A sync 2. Transfer
for data transfer startup factor| | DMACOA: data from IMIB3 pro-
3. Startup DMACO A/B Transfer one- BRA3 - cessing:
ITU: shot pulse GRA3 Prohibit
1. Set sync operation delay time 3. Output one-shot
2. Enable counting operation GRA3 TIOCA3 pulse out-
3. Enable DMAC interrupt DMACOB: compare/ | \_ Put )
—cho—: Transfer one- match
1. Set input capture A detection shot pU|bS|e out- Software
edge to rising edge put enable processing
2. Set counter clear factor to data to TIOR3
input capture A clear None
—ch3-: Software w
1. Set to buffer mode processing
2. Set counter clear factor to N
\___sync clear Y \one )

Figure 2.46 Principle of One-Shot Pulse Output Operation
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294 Description of Software

The software for one-shot pulse output using buffer mode is described below.

Table 2.43 Description of Modules

Module Name  Label Name Function

Main routine ONEMN Sets delay time and pulse width in GRA3 and BRA3, and
provides one-shot pulse output

Pulse output POUTDLE Prohibits pulse output

prohibit

Table 2.44 Description of Arguments

Label Name, Data
Register Name Function Length

Module
Name

11O

SET_DLY Sets timer value equivalent to one-shot 1 word
pulse delay time

Delay time is determined from the following
formula:

Delay time (ns) = timer value x @cycle
(62.5 ns during 16 MHz operation)

Main routine

Input

ONE_RST Sets timer value equivalent to one-shot 1 word
pulse reset timing

Reset timing is determined from the
following formula:

Pulse reset timing (ns) = timer value x
@cycle (62.5 ns during 16 MHz operation)

Main routine

Input

I0_CNTR Sets one-shot pulse output enable data 1 word

Main routine

Output
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Table 2.45 Description of Internal Registers

Register Name Function Module Name
ITU TSTR Selects timer counter operation/stop Main routine
TFCR Sets GRA3/BRAS3 to buffer operation
TSNC Sets sync operation
ch0 TCRO Sets counter clear factor

TIORO Detects input pulse falling edge

ch3 TCR3 Sets clock input to TCNT and counter clear

factor

TIOR3 Sets output level from TIOCA3 during Pulse output
compare/match A prohibit

TIERS Enables interrupts due to IMFB Main routine/

pulse output
prohibit

TSR3 Indicates compare/match occurrence due to Main routine
GRB

GRA3 Sets one-shot pulse delay time

BRA3 Sets one-shot pulse reset timing

GRB3 Sets one-shot pulse output prohibit timing

DMAC chO DTCRO Sets operation of each DMAC channel
A/B A/B

MARO Sets addresses of data for transfer in each

A/B register

I0ARO Sets transfer destination address for each

A/B channel

ETCRO Sets number of transfers for each channel

A/B

Table 2.46 Description of General Registers

Module Name  Register Name Function

Main routine ERO Used as work register during data setting
Pulse output ROL Used as work register during data setting
prohibit

Description of RAM: RAM not used other than for arguments in this sample task.
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295

Flowcharts

( Main routine )

&

©)

Set stack pointer
to H'FFFEFE

Set TIER3 and enable
interrupt with IMFB3 flag

Set ch3 compare/match
output enable data in
(I0_CNTR)

Set ch0 and ch3 counter
clear factors in TCRO
and TCR3 respectively

Set one-shot pulse
delay time set address
as transfer source
address in MAROA

Perform DMAC/chOA
operation setting
with DTCROA:

« Startup factor to ITU/
chO input capture A

* Repeat mode

» One-word data transfer

» Enable transfer

Set ch0’s TIOR, and
select input capture
signal input edge

Set ch3 compare/match
output set address as
transfer source address
in MAROB

Set ch3's TIOR, and
select output edge of
compare/match A

Set GRA3 and BRA3
to buffer operation

Set (SET_DLY)
address as transfer
destination address

in IOAROA

Perform DMAC/ch0OB
operation setting
with DTCROB:

« Startup factor to ITU/
chO input capture A

» Repeat mode

» One-word data transfer

» Enable transfer

Set ch0 and ch3 to
sync operation

Set (TIOR3)
address as transfer
destination address in
IOAROB

Set DMAC startup
factor (interrupt enable)
in TIERO

Set one-shot pulse
delay time (SET_DLY)
in GRA3

Set number of transfers
in ETCROA/ETCROB
respectively

Clear | flag to
enable interrupts

Set one-shot pulse
reset timing (ONE_RST)
in BRA3

Read DTE = 0O state
of DTCROA/DTCROB

Set ch3 compare/match
output prohibit timing
in GRB3

]

Figure 2.47 Main Routine Flowchart
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Gulse output prohibD

I
Save registers
|
Clear interrupt request

flag (IMFB)
|

Prohibit compare/

match output
|

Restore registers
I

= )

Figure 2.48 Pulse Output Prohibit Flowchart
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Program List

000000

000000

00o01C
0ooo1C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

10

© Py o s W N R

1

12
13
14
15
16
17

18 ;

19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34

35

36
37
38
39

40 ;

a1
42
43
44
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*
> VECTOR ADDRESS
*
.CPU 300HA
.SECTION  VECT,CODE,LOCATE=H000000
RES .DATA.L ONEMN
.ORG H00001C
NMI .DATA.L ONEMN
TRAPAO .DATA.L ONEMN
TRAPAL .DATA.L ONEMN
TRAPA2 .DATA.L ONEMN
TRAPA3 .DATA.L ONEMN
.ORG H'000030
IRQO .DATA.L ONEMN
IRQ1 .DATA.L ONEMN
IRQ2 .DATA.L ONEMN
IRQ3 .DATA.L ONEMN
IRQ4 .DATA.L ONEMN
IRQ5 .DATA.L ONEMN
IRQ6 .DATA.L ONEMN
IRQ7 .DATA.L ONEMN
WOoVvIo .DATA.L ONEMN
CMI .DATA.L ONEMN
.ORG H'000060
IMIAO .DATA.L ONEMN
IMIBO .DATA.L ONEMN
OoVvIo .DATA.L ONEMN
.ORG H'000070
IMIA1 .DATA.L ONEMN
IMIB1 .DATA.L ONEMN
ovi1 .DATA.L ONEMN
.ORG H'000080
IMIA2 .DATA.L ONEMN
IMIB2 .DATA.L ONEMN
OoVI2 .DATA.L ONEMN
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oooc4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00
FFFF02
FFFF04

00010000
0001007A
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000002
00000002
00000001

45

46 .ORG H'000090

47 IMIA3 .DATA.L ONEMN

48 IMIB3 .DATA.L POUTDLE

49 0OVI3 .DATA.L ONEMN

50 ;

51 .ORG H'0000A0

52 IMIA4 .DATA.L ONEMN

53 IMIB4 .DATA.L ONEMN

54 OVI4 .DATA.L ONEMN

55 ;

56 .ORG H’0000BO

57 DENDOA .DATA.L ONEMN

58 DENDOB .DATA.L ONEMN

59 DEND1A .DATA.L ONEMN

60 DEND1B .DATA.L ONEMN

61 DEND2A .DATA.L ONEMN

62 DEND2B .DATA.L ONEMN

63 DEND3A .DATA.L ONEMN

64 DEND3B .DATA.L ONEMN

65 ERIO .DATA.L ONEMN

66 RXIO .DATA.L ONEMN

67 TXIO .DATA.L ONEMN

68 TEIO .DATA.L ONEMN

69 ERI1 .DATA.L ONEMN

70 RXI1 .DATA.L ONEMN

71 TXI1 .DATA.L ONEMN

72 TEI1 .DATA.L ONEMN

73 ADI .DATA.L ONEMN

74

75

76 * *
7 RAM ALLOCATION *
78 * *
79

80 ;

81 .SECTION RAM,DATA,LOCATE=H'FFFF00

82

83 SET_DLY .RES.W 1 ;Pulse delay time
84 ONE_RST .RESW 1 ;Pulse reset timing
85 IO_CNTR .RES.B 1 ;1/0O control

86 ;

87

88 * *
89 * SYMBOL DEFINTIONS *
90 * *
91
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92
93
94

95
96

97
98
99

100
101

102
103
104
105
106

107
108
109
110

111
112
113
114
115

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

010000

00FFFF20
00FFFF24

OOFFFF26
O00FFFF27

OOFFFF28
00FFFF2C

00FFFF2E
00FFFF2F

OOFFFF60
OOFFFF61
OOFFFF63

00FFFF64
00FFFF65
00FFFF66

00000000

00FFFF82
00FFFF83
00FFFF84

OOFFFF85
00000001

OOFFFF86
OOFFFF88
OOFFFF8A
OOFFFF8C

00010000

92
93
94

95
96

97
98
99

100
101

102 ;
103 ;

104
105
106

107 ;

108
109
110

111

112

113
114
115

116
117
118
119
120
121
122
123
124
125
126
127
128
129

130 ;

131
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MAROA .EQU H'FFFF20 ;Memory address register OA
ETCROA .EQU H'FFFF24 ;Execute transfer control
;register OA
IOAROA .EQU H'FFFF26 ;1/O address register 0A
DTCROA .EQU H'FFFF27 ;Data transfer control
;register OA
MAROB .EQU H'FFFF28 ;Memory address register 0B
ETCROB .EQU H'FFFF2C ;Execute transfer control
;register OB
IOAROB .EQU H'FFFF2E ;1/O address register 0B
DTCROB .EQU H'FFFF2F ;Data transfer control
;register OB
TSTR .EQU H'FFFF60 ;Timer start register
TSNC .EQU H'FFFF61 ;Timer sync register
TFCR .EQU H'FFFF63 ;Timer function control
;register
TCRO .EQU H'FFFF64 ;Timer control registerO
TIORO .EQU H'FFFF65 ;Timer I/O control registerO
TIERO .EQU H'FFFF66 ;Timer interrupt enable
;register
IMIEA .EQU 0
TCR3 .EQU H'FFFF82 ;Timer control register3
TIOR3 .EQU H'FFFF83 ;Timer /O control register3
TIER3 .EQU H'FFFF84 ;Timer interrupt enable
;register3
TSR3 .EQU H'FFFF85 ;Timer status register3
IMFB3 .EQU 1 ;Inputcaputure flag3
TCNT3 .EQU H'FFFF86 ;Timer counter3
GRA3 .EQU H'FFFF88 ;General register A3
GRB3 .EQU H'FFFF8A ;General register B3
BRA3 .EQU H'FFFF8C ;Buffer register A3
. :
* MAIN PROGRAM : ONEMN *
o *
.SECTION PROG,CODE,LOCATE=H'010000
ONEMN: .EQU $
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132 010000 7A0700FFFEFE 132 MOV.L #H'FFFEFE,SP ;Initialize stack pointer
133 133 ;

134 134 ;- ITU INITIALIZE---------------—--

135 135 ;

136 010006 F8FA 136 MOV.B #B'11111010,ROL

137 010008 3884 137 MOV.B ROL,@TIERS ;Initialize TIER3(1->IMIEB)

138 01000A F8AO 138 MOV.B #B'10100000,ROL

139 01000C 3864 139 MOV.B ROL,@TCRO ;Initialize TCRO

140 01000E F8EO 140 MOV.B #B'11100000,ROL

141 010010 3882 141 MOV.B ROL,@TCR3 ;Initialize TCR3

142 142

143 010012 F88D 143 MOV.B #B'10001101,ROL

144 010014 3865 144 MOV.B ROL,@TIORO ;Initialize TIORO

145 010016 F8C1 145 MOV.B #B’11000001,ROL

146 010018 3863 146 MOV.B ROL,@TFCR ;Initialize TFCR

147 147

148 01001A F8E9 148 MOV.B #B'11101001,ROL

149 01001C 3861 149 MOV.B ROL,@TSNC ;Initialize TSNC

150 150

151 01001E 6BOOFFO0 151 MOV.W @SET_DLY,R0

152 010022 6B8OFF88 152 MOV.W RO,@GRA3  ;Set delay time

153 010026 6BOOFF02 153 MOV.W @ONE_RST,R0

154 01002A 6B8OFF8C 154 MOV.W RO,@BRA3  ;Set pulse reset timing

155 01002E 6B8OFF8A 155 MOV.W RO,@GRB3 ;Set pulse output disable
;time

156 010032 F88B 156 MOV.B #B'10001011,ROL

157 010034 3804 157 MOV.B ROL,@IO_CNTR ;Set pulse output enable

;data

158 158

159 159 ;

160 160 ; ---------m-m-m DMAC INITIALIZE----------------

161 161 ;

162 010036 7AOO000FFFFOO 162 MOV.L #SET_DLY,ERO

163 01003C 01006B80FF20 163 MOV.L ERO,@MAROA ;Set base address

164 010042 7AOO000FFFFO4 164 MOV.L #I/O_CNTR,ERO

165 010048 01006B80FF28 165 MOV.L ERO,@MAROB ;Set base address

166 166

167 01004E F888 167 MOV.B #H'88,ROL

168 010050 3826 168 MOV.B ROL,@IOAROA ;Set execute address

169 010052 F883 169 MOV.B #H'83,ROL

170 010054 382E 170 MOV.B ROL,@IOAROB ;Set execute address

171 171

172 010056 79000101 172 MOV.W #H'0101,R0

173 01005A 6B80FF24 173 MOV.W RO,@ETCROA ;Set execute count

174 01005E 6B80FF2C 174 MOV.W RO,@ETCROB ;Set execute count

175 175

176 010062 2827 176 MOV.B @DTCROA,ROL
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177 010064 282F 177 MOV.B @DTCROB,ROL

178 178

179 010066 F8DO 179 MOV.B #B’11010000,ROL

180 010068 3827 180 MOV.B ROL,@DTCROA ;Set 0Achannel control
;data

181 01006A F890 181 MOV.B #B'10010000,ROL

182 01006C 382F 182 MOV.B ROL,@DTCROB ;Set 0Bchannel control
;data

183 183

184 01006E F8E9 184 MOV.B #B'11101001,ROL

185 010070 3860 185 MOV.B ROL,@TSTR ;Start TCNT1,3

186 186

187 010072 7F667000 187 BSET #IMIEA,@TIERO ;Enable DMAC

188 188

189 010076 0700 189 LDC.B #0,CCR ;Enable interrupt

190 190

191 010078 40FE 191 ONEMN99 BRA ONEMN99

192 192 ;

193 193 ;

194 194 * *

195 195 * NAME : POUTDLE(PULSE OUTUPT DISABLE) *

196 196 * *

197 197 ;

198 198 * *

199 199 * ENTRY :NOTHING *

200 200 ;* RETURNS : TIOR3(TIMER I/O REG 3) *

201 201 ;* *

202 202 ;

203 203 ;

204 0001007A 204 POUTDLE .EQU $

205 01007A 01006DFO 205 PUSH.L ERO ;Escape register

206 01007E 7F857210 206 BCLR #IMFB3,@TSR3 ;Clear IMFB3 request
;(0->IMFB3)

207 010082 F889 207 MOV.B #B’10001001,ROL

208 010084 3883 208 MOV.B ROL,@TIOR3 ;Set pulse output
;disable data

209 010086 01006D70 209 POP.L ERO ;Return register

210 01008A 5670 210 RTE

211 211

212 212

213 213 .END

*FTOTAL ERRORS 0

**TOTAL WARNINGS 0
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2.10 4-bitx 4 System Output

MCU: H8/3003
Function: ITU (4-bitx 4 system output)

2.10.1  Specifications

« Asynchronous pulse output using TPC output
» ITU compare/match is used for the TPC startup factor

Non-overlap time

P e P
TP15 § ¥
TP14 §
TP13 5
L] L)
[ ] [ ]
[ ] L[]
] o
[ ] [ ]
TPO

Figure 2.49 Output Example of 4-Bitx 4 System
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2.10.2

In this sample task, the ITU 4-channel 4-bit unit TPC output groups 3-0 are used foxal4 bit
system of asynchronous pulse output. Figure 2.50 shows a block diagram of the TPC used in the

Description of Functions Used

sample task. The following functions are employed:

« With 4-bit unit group and output trigger signal selectable, a maximumx44oitystem output

can be achieved

» Output trigger signal selectable for each group from the compare/match signals of the 4-

channel ITU

* Non-overlap time among multiple pulse outputs can be set

ITU (ch0) ITU (chl) ITU (ch2)
compare/ compare/ compare/
match signal match signal match signal

!

' !

ITU (ch3)
compare/
match signal

!

Control logic

Port A data direction
register (PADDR)

Port B data direction
register (PBDDR)

Next data direction
register A (NDERA)

Next data direction

register B (NDERB) |4

Y
Y

TPC output mode
register (TPMR)

TPC output control

register (TPCR)

Non-overlap select

TPC startup factor select

=1
o}
v v v 3
TP15 J Pluse output pin || < - &
- Group 3 PortBdata | | Nextdata =
7 Pluse output pin - register (PBDR) « register B (NDRB) < g
7 Group 2
| Pluse output pin || < P
] Group 1 Port A data Next data
_| ) register (PADR) | [} ister A (NDRA)
 Pluse output pin,_| g ( ) ) register A (NDRA) .
TPO I Group 0 h
Figure 2.50 Timing Pattern Controller Block Diagram
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Table 2.47 shows the function allocation for this sample task. ITU and TPC functions are alloca
to provide 4 bitx 4 system output.

Table 2.47 TPC Function Allocation

Onchip Peripheral

Function Onchip Function Function
TPC TP15-TPO Conducts 4 bit x 4 system output
TPMR Sets non-overlap mode
TPCR Sets output trigger signal for TPC output
NDERB Enables TP15-TP8 TPC output
NDERA Enables TP7-TPO TPC output
NDRA Stores next TPC output data
NDRB Stores next TPC output data
NDRC Stores next TPC output data
NDRD Stores next TPC output data
PADDR Sets TPC output pin
PBDDR Sets TPC output pin
PADR Stores TP7-TPO output data
PBDR Stores TP15-TP8 output data
ITU GRAO-GRA3 Sets non-overlap time
GRB0-GRB3 Sets TPC output trigger cycle
TCRO-TCR3 Sets counter clock and counter clear factor
TSRO-TSR3 Indicates compare/match generation
TIERO-TIER3 Enables IMFA interrupts
TSTR Enables timer count operation
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2.10.3  Description of Operations

Figure 2.51 shows the principle of data output operation using TPC output Group 3. 4-phase nor
overlap output is conducted due to H8/3003 hardware and software processing.

Immediately
TCNT after reset
value ‘
GRBO Compare/
match
TCNT
ch0
GRAO _
= I I »Time
NDRB 80X R 20 X 0
PBDR 00 80 40 20 X
P15 | L j
TP13 = L
TP12

f Hardware processing \

Hardware processingﬂ Hardware processing \

None
Software processing 1. Generate ITU/chO 1. Generate ITU/chO com-
— - compare/match A pare/match B
Initial settings 2. Transfer NDRB 2. Perform TPC output
—ITU processing— contents to PBDR during non-OVERLAP
1. Set non-overlap time in 3. Perform 4-bit data period
GRA and TPC OUtpUt Output from TPC -
trigger cycle in GRB output B Software processing
2. Set IMFA interrupt None
3. Start ch0 counting Software processing \_ Y,
operation IMIAO processing
—TPC processing— Sets next output
1. Set initial output value data to NDRB
in PBDR and set TPC | \_ J

output

2. Enable Group 3 TPC
output, and select trans-
fer trigger

3. Select non-overlap
group
Set TPC next output

4,
\ value j

Figure 2.51 Principle of 4-Phase Non-Overlap Output Operation
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2.10.4 Description of Software
The software for 4-bik 4 system output is described below.

Table 2.48 Description of Modules

Module Name  Label Name Function

Main routine TPC16MN Conducts TPC and ITU initial setting

Data setting O SETDATO Sets next output data in TPC’s NDRA (Group 0)
Data setting 1 SETDAT1 Sets next output data in TPC’s NDRA (Group 1)
Data setting 2 SETDAT2 Sets next output data in TPC’s NDRB (Group 2)
Data setting 3 SETDAT3 Sets next output data in TPC’s NDRB (Group 3)

Table 2.49 Description of Arguments

Label Name, Data Module

Register Name Function Length Name I/0

INC_ADRO Stores data to be added to NDAT_TAB 1 byte Main routine  Output
address Data setting 0 Input

INC_ADR1 Stores data to be added to NDAT_TAB 1 byte Main routine  Output
address Data setting 1 Input

INC_ADR2 Stores data to be added to NDAT_TAB 1 byte Main routine  Output
address Data setting 2 Input

INC_ADRS3 Stores data to be added to NDAT_TAB 1 byte Main routine  Output
address

Data setting 3 Input
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Table 2.50 Description of Internal Registers

Register Name Function Module Name
TPC PADDR Enables TP7-TPO TPC output Main routine
PBDDR Enables TP15-TP8 TPC output Main routine
PADR Stores TP7-TPO output pattern data Main routine
PBDR Stores TP15-TP8 output pattern data Main routine
TPMR Sets TP15-TPO0 non-overlap output Main routine
TPCR Sets TP15-TPO output trigger to ITU chO compare/  Main routine
match
NDERA Enables TPC outputs TP7-TPO Main routine
NDERB Enables TPC outputs TP15-TP8 Main routine
NDRA Sets next output pattern for TP7—TPO Main routine
Data setting 1, 2
NDRB Sets next output pattern for TP15-TP8 Main routine
Data setting 3, 4
ITU GRAO-GRA3  Sets non-overlap time Main routine
GRBO-GRB3  Sets TPC output trigger cycle Main routine
TCRO-TCR3  Sets TCR as follows: Main routine
» Counter clear with GRB compare/match
e Count by internal clock @
TSRO-TSR3 Indicates compare/match generation Main routine
TIERO-TIER3 Enables IMFA interrupts Main routine
TSTR Enables TCNT count operation Main routine

Description of RAM: RAM not used other than for arguments in this sample task.

Table 2.51 Description of Data Tables

Table Name Function Data Length Data Volume
NDAT_TABO Stores output data from TPC Group 0 1 byte 5 bytes
NDAT_TAB1 Stores output data from TPC Group 1 1 byte 5 bytes
NDAT_TAB2 Stores output data from TPC Group 2 1 byte 5 bytes
NDAT_TAB3 Stores output data from TPC Group 3 1 byte 5 bytes

Description of General RegistersUsed as work registers during data setting in all routines.
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2.10.5

Flowcharts

( Main routine )

Set stack pointer
to H'FFFEFE
I

Set non-overlap time
in GRAO-GRA3
I

Set TPC output trigger
cycle in GRBO-GRB3
I

Set TCRO-TCR3 as

follows:
* Clear counter with GRB

compare/match
 Count up with internal
clock g

I
Enable IMFA interrupt
with TIERO-TIER3
I
Set first output data

in PADR and PBDR
I

Set 1 in PADDR and
PBDDR, and set TPC

output port
[

Set TPC output
(groups 0-3) to
non-overlap output

Set TPC output
(groups 0-3)
output trigger

]

Set NDAT_TABO-
NDAT_TAB3to 1

Set next output value
in NDR

Start count up of

timer counter 0-3

d

HITACHI

Figure 2.52 Main Routine Flowchart
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< SET-DATO )

I
Save registers
[

Clear TSRO and
enable next interrupt
[

Set next data output
in NDRAO
[

Increment INC_ARDO
by 1

Is INC_ADRO
H'6?

Stop timer count 0
operation

-l
«

Restore registers
[

()

Figure 2.53 SET-DATO Flowchart
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< SET-DAT1 )

[
Save registers
[
Clear TSR1 and
enable next interrupt
[

Set next data output
in NDRA1
[

Increment INC_ADR1
by 1

Is INC_ADR1
H'67?

Stop timer count 0
operation

o
-

Restore registers
I

(e )

Figure 2.54 SET-DAT1 Flowchart
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( SET-DAT2 )

I
Save registers
[

Clear TSR2 and
enable next interrupt
[

Set next data output
in NDRB2
[

Increment INC_ADR2
by 1

Is INC_ADR2
H'6?

Stop timer count 0
operation

-l
«

Restore registers
[

()

Figure 2.55 SET-DAT2 Flowchart
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< SET-DAT3 )

I
Save registers
[

Clear TSR3 and
enable next interrupt
[

Set next data output
in NDRB3
[

Increment INC_ADR3
by 1

Is INC_ADR3
H'6?

Stop timer count 0
operation

-l
«

Restore registers
[

(e )

Figure 2.56 SET-DAT3 Flowchart
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2.10.6

© 0 N o g b~ W N B
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W N PO © 00N O O B~ WNP O © 0N O g~ WONREFP O O SN OO M WDN R O

a4

Program List

000000

000000

00o01C
0ooo1C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

000100CB
00010000
00010000

00010102
00010000
00010000

0001013C
00010000
00010000

00010176
00010000

1
2
3 VECTOR ADDRESS
4
5
6
7 .CPU 300HA
8 .SECTION  VECT,CODE,LOCATE=H000000
9
10 RES .DATA.L TPC16MN
1
12 .ORG H00001C
13 NM™I .DATA.L TPC16MN
14
15 .ORG H'000030
16 IRQO .DATA.L TPC16MN
17 IRQ1 .DATA.L TPC16MN
18 IRQ2 .DATA.L TPC16MN
19 IRQ3 .DATA.L TPC16MN
20 IRQ4 .DATA.L TPC16MN
21 IRQ5 .DATA.L TPC16MN
22 IRQ6 .DATA.L TPC16MN
23 IRQ7 .DATA.L TPC16MN
24 WOVIo .DATA.L TPC16MN
25 CMI .DATA.L TPC16MN
26 ;
27 .ORG H’000060
28 IMIAO .DATA.L SETDATO
29 IMIBO .DATA.L TPC16MN
30 OViIo .DATA.L TPC16MN
31
32 .ORG H'000070
33 IMIA1 .DATA.L SETDAT1
34 IMIB1 .DATA.L TPC16MN
35 Ovil .DATA.L TPC16MN
36 ;
37 .ORG H'000080
38 IMIA2 .DATA.L SETDAT2
39 IMIB2 .DATA.L TPC16MN
48 0OVI2 .DATA.L TPC16MN
41
42 .ORG H'000090
43 IMIA3 .DATA.L SETDAT3
44 IMIB3 .DATA.L TPC16MN
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oo0Cc4
0000CB
oooocc
0000D0
0000D4
0000D8
0000DC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00
FFFFO1
FFFF02
FFFFO3

00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000001
00000001
00000001
00000001

OOFFFF60

RAM,DATA,LOCATE=H'FFFFO00

;Next data address 0
;Next data address 1
;Next data address 2
;Next data address 3

45 0OVI3 .DATA.L TPC16MN
46

47 .ORG H'0000A0
48 IMMIA4 .DATA.L TPC16MN
49 IMIB4 .DATA.L TPC16MN
50 OVi4 .DATA.L TPC16MN
51

52 .ORG H’0000B0O
53 DENDOA .DATA.L TPC16MN
54 DENDOB .DATA.L TPC16MN
55 DENDI1A .DATA.L TPC16MN
56 DENDI1B .DATA.L TPC16MN
57 DEND2A .DATA.L TPC16MN
58 DEND2B .DATA.L TPC16MN
59 DEND3A .DATA.L TPC16MN
60 DEND3B .DATA.L TPC16MN
61 ERIO .DATA.L TPC16MN
62 RXIO .DATA.L TPC16MN
63 TXIO .DATA.L TPC16MN
64 TEIO .DATA.L TPC16MN
65 ERI1 .DATA.L TPC16MN
66 RXI1 .DATA.L TPC16MN
67 TXI1 .DATA.L TPC16MN
68 TEI1 .DATA.L TPC16MN
69 ADI .DATA.L TPC16MN
70 ;

71

72 *

73 * RAM ALLOCATION

74

75

76

7 .SECTION

78

79 INC_ADRO .RES.B 1

80 INC_ADR1 .RES.B 1

81 INC_ADR2 .RES.B 1

82 INC_ADR3 .RES.B 1

83 ;

84

85 *

86 * SYMBOL DEFINITIONS
87 *

88 ;

89 ;

9 ; ITU

91 TSTR: .EQU H'FFFF60

HITACHI

;Timer start register
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92 00000003 92 STR3: .EQU 3 ;Timer 3 count start bit
93 00000002 93 STR2: .EQU 2 ;Timer 2 count start bit
94 00000001 94 STR1: .EQU 1 ;Timer 1 count start bit
95 00000000 95 STRO: .EQU 0 ;Timer O count start bit
96 96 ;
97 97 ; ITU chO
98 OOFFFF64 98 TCRO: .EQU H'FFFF64  ;timer control register
99 OOFFFF66 99 TIERO: .EQU H'FFFF66  ;timer interrupt enable
;register
100 OOFFFF67 100 TSRO .EQU H'FFFF67  ;timer status register
101 OOFFFFBA 101 GRAOH: .EQU H'FFFF6A  ;General register A
102 OOFFFF6C 102 GRBOH: .EQU H'FFFF6C  ;General register B
103 103 ;
104 104 ; ITU chl
105 00FFFF6E 105 TCR1: .EQU H'FFFFBE  ;timer control register
106 00FFFF70 106 TIER1: .EQU H'FFFF70  ;timer interrupt enable
;register
107 OOFFFF71 107 TSR1: .EQU H'FFFF71  ;timer status register
108 OOFFFF74 108 GRA1H: .EQU H'FFFF74  ;General register A
109 OOFFFF76 109 GRB1H: .EQU H'FFFF76  ;General register B
110 110 ;
111 111 ; ITU ch2
112 O0OFFFF78 112 TCR2: .EQU H'FFFF78  ;timer control register
113 OOFFFF7A 113 TIER2: .EQU H'FFFF7A  ;timer interrupt enable
;register
114 OOFFFF7B 114 TSR2: .EQU H'FFFF7B  ;timer status register
115 OOFFFF7E 115 GRAZ2H: .EQU H'FFFF7E ;General register A
116 OOFFFF80 116 GRB2H: .EQU H'FFFF80  ;General register B
117 117
118 118 ; ITU ch3
119 OOFFFF82 119 TCR3: .EQU H'FFFF82 ;timer control register
120 OOFFFF84 120 TIERS: .EQU H'FFFF84  ;timer interrupt enable
;register
121 OOFFFF85 121 TSR3: .EQU H'FFFF85  ;timer status register
122 OOFFFF88 122 GRAS3H: .EQU H'FFFF88  ;General register A
123 OOFFFF8A 123 GRB3H: .EQU H'FFFF8A  ;General register B
124 124
125 125 ; TPC
126 O0OFFFFAO 126 TPMR: .EQU H'FFFFAO ;TPC output mod register
127 O0OFFFFA1 127 TPCR: .EQU H'FFFFA1 ;TPC output control register
128 OOFFFFA2 128 NDERB: .EQU H'FFFFA2 ;Next data enable register B
129 OOFFFFA3 129 NDERA: .EQU H'FFFFA3 ;Next data enable register A
130 OOFFFFA4 130 NDRB3: .EQU H'FFFFA4 ;Next data register 3
131 O0OFFFFA5 131 NDRAL: .EQU H'FFFFA5 ;Next data register 1
132 OOFFFFAG 132 NDRB2: .EQU H'FFFFAG6 ;Next data register 2
133 OOFFFFA7 133 NDRAO: .EQU H'FFFFA7 ;Next data register O
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134

135
136

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

010000

010000

010006
01000A
01000E
010012
010016
01001B
01001A
01001C

01001E
010022
010026
01002A
01002E
010030
010032
010034

010036
01003A
01003E
010042
010046
010048
01004A
01004C

OOFFFFD1

00FFFFD3
00FFFFD4

OOFFFFD6

00010000
7A0700FFFEFE

7900000A
6B8OFF6A
790001F4
6B80OFF6C
F840
3864
F801
3866

7900000A
6B80FF74
790003E8
6B80OFF76
F840
386E
F801
3870

7900000A
6B80OFF7E
790005DC
6B80FF80
F840

3878

F801
387A

134 PADDR: .EQU H'FFFFD1 ;Port A data direction
;register
135 PADR: .EQU H'FFFFD3 ;Port A data register
136 PBDDR: .EQU H'FFFFD4 ;Port B data direction
;register
137 PBDR: .EQU H'FFFFD6 ;Port B data register
138 ;
139 ;
140 * *
141 * MAIN PROGRAM : TPC16MN *
142 * *
143 ;
144 ;
145 .SECTION PROG,CODE,LOCATE=H'010000
146 ;
147 TPC16MN: .EQU $
148 MOV.L #H'FFFEFE,SP ;Init. stack pointer
149 ;
150 jemsmrrcnn NITIALZE ITU chQ *#sssssxtimmssrss
151 MOV.W #H'000A,RO
152 MOV.W RO,@GRAOH ;Set non overlap time
153 MOV.W #D'500,R0
154 MOV.W RO,@GRBOH ;Set timer counter
155 MOV.B #H'40,ROL
156 MOV.B ROL,@TCRO ;Init. TCRO(1->CCLR1)
157 MOV.B #H'01,ROL
158 MOV.B ROL,@TIERO ;Init. TIERO(1->IMIEA)
159 ;
sttrrek INITIALZE ITU Chi *+ssttmssnttiik
161 MOV.W #H'000A,RO
162 MOV.W RO,@GRA1H ;Set non overlap time
163 MOV.W #D’1000,R0
164 MOV.W RO,@GRB1H ;Set timer counter
165 MOV.B #H'40,ROL
166 MOV.B ROL,@TCR1 ;Init. TCR1(1->CCLR1)
167 MOV.B #H'01,ROL
168 MOV.B ROL,@TIER1 ;Init. TIER1(1->IMIEA)
169 ;
stwrrnk INITIALZE [TU Ch2 *+vsttiimssnstiik
171 MOV.W #H'000A,RO
172 MOV.W RO,@GRA2H ;Set non overlap time
173 MOV.W #D’1500,R0
174 MOV.W RO,@GRB2H ;Set timer counter
175 MOV.B #H,40,ROL
176 MOV.B ROL,@TCR2 ;Init. TCR2(1->CCLR1)
177 MOV.B #H'01,ROL
178 MOV.B ROL,@TIER2 ;Init. TIER2(1->IMIEA)
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179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

01004E
010052
010056
01005A
01005E
010060
010062
010064

010066
01006C
010072
010074

195
196
197
198

010076
01007C
010082
010084

199
200
201
202
203
204

010086
010088
0100BA
0100BC
01008E
010090

205
206
207
208

010092
010094
010096
01009C

209
210

01009E
0100A4

211
212

0100A6
0100AC

213
214

0100AE
0100B4

215
216
217
218

0100B6
0100B8
0100BA

7900000A
6B8OFF88
790007D0
6B8OFFBA
F840

3882

F801

3884

6A28000101AC
6A20000101B1
1480
30D3

6A28000101B6
6A20000101BB
1480

30D6

F8FF
38D1
38D4
38A3
38A2
38A0

F8E4
38A1
6A28000101AD
38A7

6A28000101B2
38A5

6A28000101B7
38A6

6A28000101BC
38A4

F802
3800
3801

179 ;

181
182
183
184
185
186
187
188

swkkrxxrkik |IN|TIALZE ITU Ch3 ##kssskidkirtkkik x

MOV.W
MOV.W
MOV.W
MOV.W
MOV.B
MOV.B
MOV.B
MOV.B

189 ;

190
191
192
193
194

195
196
197
198

199
200
201
202
203
204

205
206

207

208

209
210

211
212

213
214

215
216
217
218
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swxsknxkink |N|TIALZE TPC *rstsikkssiokiontiiont x

MOV.B
MOV.B
OR.B

MOV.B

MOV.B
MOV.B
OR.B
MOV.B

MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B

MOV.B
MOV.B

MOV.B

MOV.B

MOV.B
MOV.B

MOV.B
MOV.B

MOV.B

MOV.B

MOV.B
MOV.B
MOV.B

HITACHI

#H'000A,RO
RO,@GRA3H
#D’2000,R0O
RO,@GRB3H

#H'40,ROL
ROL,@TCR3
#H'01,ROL
ROL,@TIER3

@NDAT_TABO,ROL
@NDAT_TAB1,ROH

ROL,ROH
ROH,@PADR

@NDAT_TAB2,ROL
@NDAT_TAB3,ROH

ROL,ROH
ROH,@PBDR

#H'FF,ROL
ROL,@PADDR
ROL,@PBDDR
ROL,@NDERA
ROL,@NDERB
ROL,@TPMR

#H'E4,ROL
ROL,@TPCR

;Set non overlap time

;Set timer counter

Init. TCR3(1->CCLR1)

Jnit. TIER3(1->IMIEA)

;Set first output data
;(Gr1,Gr0)

;Set first outupt data
;(Gr3,Gr2)

;Set output TPC
;Set output non
;overlap

;Init. TPCR

@NDAT_TABO+1,ROL

ROL,@NDRAO

;Set second output
;data(Gr0)

@NDAT_TAB1+1,ROL

ROL,@NDRA1

;Set second output
;data (Grl)

@NDAT_TAB2+1,ROL

ROL,@NDRB2

;Set second output
;data(Gr2)

@NDAT_TAB3+1,ROL

ROL,@NDRB3

#H'02,ROL
ROL,@INC_ADRO
ROL,@INC_ADR1

;Set second output
;data(Gr3)

;Init. INC_ADRO
;Init. INC_ADR1



219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

250
251
252
253
254
255
256
257

0100BC
0100BE
0100C0
0100C2
0100C4

0100C6

0100C8
01o00ccC
0100D0
0100D2
0100D4
0100D6
0100DC
0100DE
0100E4
0100E6
0100E8
0100EA

0100EC
0100EE
0100F0
0100F4
0100F8
0100FC
010100

3802
3803
F8EF
3860
0700

40FE

01006DFO0
01006DF1
F800

2867

3867
7A0000000000
2800
7A01000101AC
0A81

6810

30A7

8801

3800
A805
58600004
7F607200
01006D71
01006D70
5670

219
220
221
222
223

224

225

226

227
228
229
230 ;
231
232
233
234
235
236

237

238
239
240
241
242
243
244
245
246
247
248
249

250
251
252
253
254
255
256
257

MOV.B ROL,@INC_ADR2 ;Init. INC_ADR2
MOV.B ROL,@INC_ADR3 ;Init. INC_ADR3
MOV.B #H'EF,ROL
MOV.B ROL,@TSTR ;Start ITU ch0-3
LDC.B #0,CCR ;Enable interrupt
TPC16MN99 BRA TPC16MN99
* *
* NAME : SINDATO (Set next data to TPC Gr0) *
* *
* *
* ENTRY : INC_ADRO (Address of output data)  *
* RETURNS :NOTHING *
* *
SETDATO: PUSH.L ERO ;Escape register
PUSH.L ER1
MOV.B #0,ROL ;TSR clr
MOV.B #TSRO,ROH
MOV.B ROL,@TSRO
MOV.L #D'0,ERO ;Register clIr
MOV.B @INC_ADRO,ROL
MOV.L #NDAT_TABO,ER1
ADD.L ERO,ER1
MOV.B @ER1,ROH
MOV.B ROH,@NDRAO ;Set NDRAO(Gr0)
ADD.B #D'1,ROL ;NDAT_TABO Address
;incliment
MOV.B ROL,@INC_ADRO ;INC_ADRO+1 ->INCADRO
CMP.B #D'5,ROL ;All output end?
BNE SETDATO099 ;No
BCLR.B #STRO,@TSTR ;ITU chO Stop
SETDATO099: POP.L ER1
POP.L ERO
RTE

HITACHI
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258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

281

282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299

010102
010106
01010A
01010C
01010E
010110
010116
010118
01011E
010120
010122
010124

010126

010128
01012A
01012E
010132
010136
01013A

01006DFO0
01006DF1
F800

2071

3871
7A0000000000
2801
7A01000101B1
0A81

6810

30A5

8801

3801

A805
58600004
7F607210
01006D71
01006D70
5670

300 01013C 01006DFO
301 010140 01006DF1
302 010144 F800
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258
259
260 ;
261
262
263 ;
264
265
266
267

*

NAME : SINDAT1 (Set next data to TPC Grl) *

*

*

ENTRY : INC_ADR1 (Address of outupt data) *
RETURNS : NOTHING *

268 ;
SETDAT1: PUSH.L

269
270
271
272
273
274
275
276
277
278
279
280

281

282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

298 ;
299 ;

300
301
302

PUSH.L
MOV.B
MOV.B
MOV.B
MOV.L
MOV.B
MOV.L
ADD.L
MOV.B
MOV.B
ADD.B

MOV.B

CMP.B

BNE
BCLR.B

SETDAT199: POP.L

POP.L
RET

ERO ;Escape register
ER1
#0,ROL ;TSR clr
@TSR1,ROH
ROL,@TSR1
#D’0,ERO
@INC_ADR1,ROL
#NDAT_TAB1,ER1

ERO,ER1

@ER1,ROH

ROH,@NDRA1 ;Set NDRAL(Grl)

#D'1,ROL ;NDAT_TABL1 Address
;incliment

ROL,@INC-ADR1 JINC_ADR1+1 ->
:INC_ADR1

#D’5,ROL ;All output end?

SETDAT199 ;No

#STR1,@TSTR ;ITU chl Stop

ER1
ERO

NAME : SINDAT2 (Set next data to TPC Gr2) *

ENTRY : INC_ADR2 (Address Of output data) *
RETURNS : NOTHING *

’

’

SETDAT2: PUSH.L

PUSH.L
MOV.B

HITACHI

ERO ;Escape register
ER1
#0,ROL ;TSR clr



303 010146 207B 303 MOV.B @TSR2,ROH

304 010148 387B 304 MOV.B ROL,@TSR2

305 01014A 7A0000000000 305 MOV.L #D'0,ERO

306 010150 2802 306 MOV.B @INC_ADR2,ROL

307 010152 7A01000101B6 307 MOV.L #NDAT_TAB2,ER1

308 010158 0A81 308 ADD.L ERO,ER1

309 01015A 6810 309 MOV.B @ER1,ROH

310 01015C 30A6 310 MOV.B ROH,@NDRB2 ;Set NDRB2(Gr2)

311 01015E 8801 311 ADD.B #D'1,ROL ;NDAT_TAB2 Address
;incliment

312 010160 3802 312 MOV.B ROL,@INC_ADRZ2;INC_ADR2+1 -> INC_ADR2

313 010162 A805 313 CMP.B #D'5,ROL ;All output end?

314 010164 58600004 314 BNE SETDAT299 ;No

315 010168 7F607220 315 BCLR.B #STR2,@TSTR ;ITU ch2 Stop

316 01016C 01006D71 316 SETDAT299: POP.L ER1

317 010170 01006D70 317 POP.L ERO

318 010174 5670 318 RTE

319 319 ;

320 320 ;

321 321 *

322 322 NAME : SINDAT3 (Set next data to TPC Gr3) *

323 323 ;¢ *

324 324 ;

325 325 *

326 326 ;¢ ENTRY : INC_ADRS3 (Address of output data) *

327 327 RETURNS : NOTHING *

328 328 ;* *

329 329 ;

330 330 ;

331 010176 01006DFO 331 SETDAT3: PUSH.L ERO ;Escape register

332 01017A 01006DF1 332 PUSH.L ER1

333 01017E F800 333 MOV.B #0,ROL ;TSR clr

334 010180 2085 334 MOV.B @TSR3,ROH

335 010182 3885 335 MOV.B ROL,@TSR3

336 010184 7A0000000000 336 MOV.L #D'0,ERO

337 01018A 2803 337 MOV.B @INC_ADR3,R0OL

338 01018C 7A01000101BB 338 MOV.L #NDAT_TAB3,ER1

339 010192 O0A81 339 ADD.L ERO,ER1

340 010194 6810 340 MOV.B @ER1,ROH

341 010196 30A4 341 MOV.B ROH,@NDRB3 ;Set NDRB3(Gr3)

342 010198 8801 342 ADD.B #D’'1,ROL ;NDAT_TAB3 Address
;incliment

343 01019A 3803 343 MOV.B ROL,@INC_ADR3 ;INCADR3+1 -> INC_ADR3

344 01019C A805 344 CMP.B #D’5,ROL ;All output end?

345 01019E 58600004 345 BNE SETDAT399 ;No

346 0101A2 7F607230 346 BCLR.B #STR3,@TSTR ;ITU ch3 Stop

347 0101A6 347 SETDAT399: POP.L ER1

Rev. 2.0, 06/00, page 127 of 297
HITACHI



348 0101A6 01006D70
349 0101AA 5670

350
351
352
353
354
355
356
357
358
359
360
361

0101AC
0101B1
0101B6
0101BB

0908070605
8070605040
0706050403
6050403020

****TOTAL ERRORS
**TOTAL WARNINGS

348 POP.L ERO

349 RTE

350 ;

351

352

353 * DATA TABLE (OUTPUT PATTERN)

354 *

355
356 NDAT_TABO .DATA.B H'09,H'08,H’07,H'06,H'05
357 NDAT_TAB1 .DATA.B H’80,H’70,H'60,H’50,H’40
358 NDAT_TAB2 .DATA.B H'07,H06,H’05,H'04,H’03
359 NDAT_TAB3 .DATA.B H'60,H’50,H'40,H'30,H’20

360 ;

361 .END
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2.11  Asynchronous SCI

MCU: H8/3003
Function: SCI (asynchronous mode)

2.111  Specifications

e Transmit/receive of 3-byte data in asynchronous mode between H8/3003 and console (figur
2.57)

» Transmission format: 9600 bps, 8-bit data, 1 stop bit and non-parity bit
e Communication control by RTS and CTS

RS-232C
H8/3003 level conversion Console
RXD X
TXD RX
RTS CTS
CTS RTS

Figure 2.57 Block Diagram of Asynchronous SCI with H8/3003
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2.11.2  Description of Functions Used

In this sample task, SCl/ch0 is used for data transmit and receive. PORT 1 is used for
communication control (RTS and CTS).

Figure 2.58 shows a block diagram of SCI transmit block used in the sample task. In this sample
task, the following SCI functions are used in transmission of data to the console:

« Asynchronous mode data communication synchronized in character units (asynchronous
mode)

» Interrupt generation at end of transmit (TEI interrupt)

Interrupt setting
Transmit mode setting

|Seria| control register (SCR) li

Asynchronous mode setting _
Serial communication format setting Serial output

- - pin (TXD)
| Serial mode register (SMR) | Transmit shift register (TSR)l—»
A\ A

|Transmit/receive control circuit |—0
A A v

|Transmit data register (TDR)|

Serial status register (SSR |7

| 9 ( ) Transmit data setting
Transfer rate generation

| Baud rate generator I-i
:
| Baud rate register (BRR) |

Start transmit instruction

Transmit end interrupt (TEl) ¢——«——

Figure 2.58 Block Diagram of SCI Transmit
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Figure 2.59 shows a block diagram of the SCI receive block used in this sample task. The
following SCI functions are used for receiving data from the console:

» Asynchronous mode data communication synchronized in character units (asynchronous
mode)

« Interrupt generation function at end of receive (RXI interrupt)

Interrupt setting
Receive mode setting

4' Serial control register (SCR) |

Asynchronous mode setting

Store receive data Serial communication format setting
| Receive data register (RDR)| 4| Serial mode register (SMR) |
Iy A2 /
Serial input "—|Transm|t/rece|ve contzol C|rCU|t|
pln‘ﬂ(RXD) Receive shiftregister (RSR)| | | Transfer rate generation
——| Baud rate generator |
: f :

| Baud rate register (BRR) |

—» Receive end interrupt (RXI)

Figure 2.59 SCI Receive Block Diagram

Table 2.52 shows the function allocation in this sample task. SCI functions are allocated for
interfacing with the console.

Table 2.52 SCI Function Allocation

SCI Function Function

RXD Receive data from console

TXD Transmit data to console

SMR Set SCI asynchronous mode and transfer format

SCR Enable transmit/receive interrupts and set SCI in transmit/receive mode
SSR Start transmission with TDRE

RDR Store data receive from console

TDR Set data for transmission to console

BRR Set the transfer rate
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2.11.3 Description of Operations

Figure 2.60 shows the principle of operation. Interface with the console is conducted by hardwar
and software processing with the timing shown in figure 2.60.

Immediately
after reset
RTS *
(H8/3003 - console) _| |
CTS
(console - H8/3003) |
RXD __ P ;
(console - H8/3003) Receive data
TXD 2 : :
(H8/3003 — console) : ? :| Transmit data
4 Hardware 4 Hardware% Hardware Hardware
processing processing processing processing

None Set RDRF (generate || None Set TEND

Software RXI interrupt) Software .(gtenera:e TEI
processing Software processing interrupt)
. ] processing o Software

Initial settings: Start transmission: processing

1. Set SCI to asyn- Receive processing: 1. Enable transmit
chronous mode 1. Fetch receive operation Prohibit trans-

2. Set transfer rate data from RDR 2. Clear TDRE mission:

3. Enable receive 2. Clear RDRF 3. Enable transmit 1. Clear TEND
operation and 3. Output high from end interrupt 2. Prohibit TEI
receive interrupt RTS pin (TEI) interrupt
(RX1) Transmit preparation: Restart receive:

4. Output low from Set transmit data Output low from
RTS pin in TDR RTS pin

- P AN AN AN P /

Figure 2.60 Principle of Asynchronous SCI Operation
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2.11.4  Description of Software
The software for asynchronous SCI is described below.

Table 2.53 Description of Modules

Module Name Label Name Function

Main routine ASCMN SCl initial setting and transmit/receive management
Data receive end ASCRX Activate RXI interrupt and receive data

Data transmitend  ASCTE Activate TEI interrupt to notify of end of transmission

Table 2.54 Description of Arguments

Label Name, Data

Register Name Function Length Module Name I/O

R6L Set data received from console 1 byte Data receive end (0]

Main routine I

RXENDF Flag indicated end of receive 1 bit Data receive end o
1: receive end, 0: receiving Main routine I

TXENDF Flag indicating end of transmit 1 bit Data transmitend O
1: transmit end, 0: transmitting Main routine I

Table 2.55 Description of Internal Registers

Register Name Function Module Name

SMR Sets SCI mode (asynchronous mode), transfer format and Main routine
clock select to baud rate generator (f clock input)

SCR Sets to enable interrupts (RXI, TEI) and enable SCI Main routine
transmit/receive

SSR Specifies start of transmission by clearing TDRE (b7) Main routine

RDR Sets data received from console Data receive end

TDR Sets data for transmission to console Main routine

BRR Sets transfer rate Main routine

PODDR Sets PORT 9 I/O Main routine

PODR Conducts PRQ pin and CTS pin operations Main routine
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Table 2.56 Description of General Registers

Module Name Register Name Function
Main routine ROL Used as work register during setting of SCI and argument
RAM
R1L Used as counter for number of transmit/receive data
R6L Used as argument for receive data acceptance
Data receive end  R6L Used as argument for receive data transfer

Description of RAM: RAM not used other than for arguments in this sample task.
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2.115

Flowcharts

( Main routine )

©

\ 4

Set stack pointer
to H'FFFEFE

Set to asynchronous
mode - SMR

End receieve?

Set transfer format
- SMR

Clear RXENDF

Set transfer rate to
9600 bps - BRR

Set transmit data
- TDR

Enable RXI interrupt
- SCR

Output high from RTS

Enable receive
operation - SCR

No

Set RTS pin to
output port

Yes

Set CTS pin to
input port

Enable transmit
operation

Set0in
receive counter

Clear TDRE

Clear | flag to
enable interrupts

Enable TEI interrupt
- SCR

Output low from
RTS pin

©

Transmit ended?

Clear TXENDF

Output low from
RTS pin

Transmit/receive
counter + 1

Is
transmit/receive
counter < 3?

Yes

Figure 2.61 Main Routine Flowchart

HITACHI
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< End data receive) (End data transmit)

[ [
Fetch receive data Clear TEND
from RDR - R6L I

' Set TXENDF
Clear RDRF I

' Prohibit transmit
Set RXENDF operation

Prohibit TEI
RTE interrupt - SCR

(e )

Figure 2.62 End Data Receive and End Data Transmit Flowchart
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2.11.6

© 0 N O g b~ W N B

A A D D DWW WWWWWWWWNNDNDNDNDNDNDDNDNDNDNERRRRRRRPRRP R
A W N RFP O O 0N O G &~ WNEP O O OONOOOG A WOWNMRPRO O 0WNO OGO M WDNPRFPLP O

Program List

000000

000000

0oo01C
0ooo1C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

10

© Py o b W N R

1

12
13
14
15
16
17

18 ;

19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34

35

36
37
38
39

40 ;

a1
42
43
44

* VECTOR ADDRESS *
- .
.CPU 300HA
.SECTION  VECT,CODE,LOCATE=H'000000
RES DATAL  ASCMN
.ORG H'00001C
NMI DATAL  ASCMN
TRAPO  .DATAL  ASCMN
TRAPL  .DATAL  ASCMN
TRAP2 ~ .DATAL  ASCMN
TRAP3  .DATAL  ASCMN
.ORG H000030
IRQO .DATAL  ASCMN
IRQ1 .DATAL  ASCMN
IRQ2 DATAL  ASCMN
IRQ3 DATAL  ASCMN
IRQ4 .DATAL  ASCMN
IRQS5 .DATAL  ASCMN
IRQ6 .DATAL  ASCMN
IRQ7 DATAL  ASCMN
wovl DATAL  ASCMN
cmI DATAL  ASCMN
.ORG H'000060
IMIAO  .DATAL  ASCMN
IMIBO ~ .DATAL  ASCMN
ovio DATAL  ASCMN
.ORG H000070
IMIAL ~ .DATAL  ASCMN
IMIBL ~ .DATAL  ASCMN
ovii DATAL  ASCMN
.ORG H000080
IMIA2  .DATAL  ASCMN
IMIB2 ~ .DATAL  ASCMN
ovi2 DATAL  ASCMN
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000C0
0000C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
0001005A
00010000
00010066
00010000
00010000
00010000
00010000
00010000

00000001
00000000
00000001

RAM,DATA,LOCATE=H'FFFF00

45
46 .ORG H'000090
47 IMIA3 .DATA.L ASCMN
48 IMIB3 .DATA.L ASCMN
49 0OVI3 .DATA.L ASCMN

50 ;

51 .ORG H'0000A0
52 IMIA4 .DATA.L ASCMN
53 IMIB4 .DATA.L ASCMN
54 OVI4 .DATA.L ASCMN

55 ;

56 .ORG H’0000B0O
57 DENDOA .DATA.L ASCMN
58 DENDOB .DATA.L ASCMN
59 DENDIA .DATA.L ASCMN
60 DENDI1B .DATA.L ASCMN
61 DEND2A .DATA.L ASCMN
62 DEND2B .DATA.L ASCMN
63 DEND3A .DATA.L ASCMN
64 DEND3B .DATA.L ASCMN
65 ERIO .DATA.L ASCMN
66 RXIO .DATA.L ASCIRX
67 TXIO .DATA.L ASCMN
68 TEIO .DATA.L ASCITE
69 ERI1 .DATA.L ASCMN
70 RXI1 .DATA.L ASCMN
71 TXI1 .DATA.L ASCMN
72 TEI1 .DATA.L ASCMN
73 ADI .DATA.L ASCMN

74

75

76 *

7o RAM ALLOCATION

78 *

79

80 ;

81 .SECTION

82
83 FLAG .RES.B 1
84 RXENDF .EQU 0
85 TXENDF .EQU 1

86 ;

87

88 *

89 * SYMBOL DEFINITIONS

90 *

91

HITACHI

;Flag area
;Receive end flag
;Transmit end flag



92 92

93 93 ; SCI cho

94 OOFFFFBO 94 SMRO .EQU H'FFFFBO  ;Serial mode register

95 95

96 OOFFFFB1 96 BRRO .EQU H'FFFFB1  ;Bit rate register

97 97

98 OOFFFFB2 98 SCRO .EQU H'FFFFB2  ;Sirial control register

99 00000006 99 RIE .EQU 6 ;Receive interrupt enable

100 00000005 100 TE .EQU 5 ;Transmit enable

101 00000004 101 RE .EQU 4 ;Receive enable

102 00000003 102 MPIE .EQU 3 ;Multi processor interrupt
;enable

103 00000002 103 TEIE .EQU 2 ;Transmit end interrupt
;enable

104 104 ;

105 O00OFFFFB3 105 TDRO .EQU H'FFFFB3  ;Transmit data register

106 106 ;

107 O00OFFFFB4 107 SSRO .EQU H'FFFFB4  ;Serial status register

108 00000007 108 TDRE .EQU 7 ;Transmit data register
;empty

109 00000006 109 RDRF .EQU 6 ;Receive data register full

110 110 ;

111 00FFFFB5 111 RDRO .EQU H'FFFFB5  ;Receive data register

112 112 ; PORT 9

113 OOFFFFDO 113 P9DDR .EQU H'FFFFDO  ;Port 9 data direction
;register

114 114

115 00OFFFFD2 115 P9DR .EQU H'FFFFD2  ;Port 9 data register

116 00000004 116 RTS .EQU 4 ;RTS bit

117 00000005 117 CTS .EQU 5 ;CTS bit

118 118 ;

119 119

120 120 * *

121 121 MAIN PROGRAM : ASCMN *

122 122 * *

123 123

124 124

125 010000 125 .SECTION  PROG,CODE,LOCATE=H'010000

126 126 ;

127 00010000 127 ASCMN: .EQU $

128 010000 7A0700FFFEFE 128 MOV.L #H'FFFEFE,SP ;Set stack pointer

129 010006 F800 129 MOV.B #B’00000000,ROL ;Asyncro mode,8bit,np,

;stopl

130 010008 38BO 130 MOV.B ROL,@SMRO

131 01000A F833 131 MOV.B #51,ROL ;CKS0,1=0,N=51

132 01000C 38B1 132 MOV.B ROL,@BRRO ;Then 9600bps

133 01000E 7FB27060 133 BSET.B #RIE,@SCRO ;Enable RXI interrupt
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134
135
136
137
138
139
140
141
142
143
144
145
146
147

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

010012
010016
010018

01001A

01001C
01001E
010022
010022
010026

010028
01002C

01002E

010032
010032
010036

010038
01003C
010040

010044
010044
010048

01004A
01004E

010052
010054
010056

010058
010058

7TFB27040
P8DO
38D0

F900

067F
7TFD27240

7E007300
47FA

7F007200
3EB3

7FD27040

7TED27350

47FA

7FB27050

7TFB47270
7TFB27020

7E007310

47FA

7F007210
7FD27240

0A09

A903
45CA

40FE

134
135
136

BSET.B
MOV.B
MOV.B

137

138

MOV.B

139

140
141
142
143
144

ANDC

BCLR.B
ASCMNO1:

BTST.B

BEQ

145

146
147

148

BCLR.B
MOV.B

BSET.B

149 ;

150
151
152

ASCMNO2:
BTST.B
BEQ

153 ;

154
155
156

BSET.B
BCLR.B
BSET.B

157

158
159
160

ASCMNO3:
BTST.B
BEQ

161 ;

162
163

BCLR.B
BCLR.B

164 ;

165
166
167

INC.B
CMP.B
BCS

168 ;

169
170

ASCMN99:
BRA

171
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#RE,@SCRO
#H'DO,ROL
ROL,@P9DDR

#H'0,R1L

;Enable receive

;CTS is input port

;RTS is output port

;Set TXRXCNT=0

#B'01111111,CCR ;Clear I-FLAG

#RTS,@P9DR

#RXENDF,@FLAG
ASCMNO1

#RXENDF,@FLAG
RGL,@TDRO

#RTS.@P9DR

#CTS,@P9DR

ASCMNO02

#TE,@SCRO

#TDRE,@SSRO
@TEIE,@SCRO

#TXENDF,@FLAG

ASCMNO3

#TXENDF,@FLAG
#RTS,@P9DR

Ri1L

#3,R1L
ASCMNO1

ASCMN99

;RTS is ‘Low’

;Receive complete ?
;No

;Clear RXENDF
;Set transmit data

;(receive data)

;RTS is ‘High’

;CTS is ‘High' ?
;No

;Enable transmit

;Start transmit
;Enable TEI interrupt

;Transmit complete ?

;No

;Clear TXENDF
;RTS is ‘Low’

;TXRXCNT + 1
; TXRXCNT <3

;Yes



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

01005A
01005C
010060
010064

010066
01006A
01006E
010072

0001005A
2EB5
7FB47260
7F007000
5670

00010066
7F007010
7F827250
7F827220
5670

****TOTAL ERRORS
**TOTAL WARNINGS

172 ;
173 ;
174

175

176 ;
177

178
179

180 ;
181 ;

182 ;

183

184
185
186
187

188 ;

189 ;

190
191

192 ;
193 ;
194 ;
195 ;
196 ;
197
198 ;

199

200
201
202
203
204

205 ;

206

* *
* NAME : ASCIRX(SCI receive interrupt) *
;* *
* *
b ENTRY : NOTHING *
* RETURNS : RXENDF (Receive end flag) *
* *
ASCIRX: .EQU $
MOV.B @PDRO,R6L ;Get receive data to R6L
BCLR.B #RDRF,@SSR0 ;Clear RDRF
BSET.B #RXENDF,@FLAG ;Set RXENDF
RTE
;* *
* NAME : ASCITE(SCI transmit interrupt) *
* *
* *
* ENTRY : NOTHING *
* RETURNS : TXENDF (Transmit end flag) *
* *
ASCITE: .EQU $
BSET.B #TXENDF,@FLAG ;Set TXENDF
BCLR.B #TE,@SCRO ;Disable transmit
BCLR.B #TEIE,@SCRO ;Disable TEI interrupt
RTE
.END
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2.12  Simultaneous Transmit/Receive Operation

MCU: H8/3003
Function: SCI (simultaneous transmit/receive)

2.12.1  Specifications

* Receive/transmit of 1 byte data between H8/3003 and H4019 (see figure 2.63).

» Data transmit/receive is in clock sync format. The master side H8/3003’s clock is shared with
the slave side H4019.

e The H8/3003 transmits data simultaneously with receiving data from the H4019.

H8/3003 (Master) H4019 (Slave)
SCK » CSCK
PAO (RRQ) » INTO
PA1 (SRQ) [+ DO
TXD > Sl
RXD |« SO

Figure 2.63 Clock Synchronous SCI Interface Due to H8/3003
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2.12.2  Description of Functions Used

This sample task conducts data transmit/receive via the SCI. PORT A is used for communicatic
control (RRQ, SRQ).

Figure 2.64 shows a block diagram of the SCI used in this sample task. The following SCI
functions are used in simultaneous transmit/receive operations:

» Clock synchronized serial data communication function (clock sync mode)
« Simultaneous transmit and receive function (simultaneous transmit/receive operation)
» Generation of interrupt at end of receive (RXI interrupt)

Set receive end interrupt
Set simultaneous transmit/
receive mode

- - Store receive data
| Serial control register (SCR)'* |Receive data register (RDR) |
Set clock synchronous mode A
Set communication format Serial input
Y i
pin (RXD)
| Serial mode register (SMR) }—l | Receive shift register (RSR) |<—
Y

|Transm|t/rece|ve control urcwtl: Serial output

A A i

Specify start of transmit pin (TXD)
P fy - |Transmit shift register (TSR)l—»
| Serial status register (SSR) |— i

? Set transmit data

|Transmit data register (TDR)|

Receive end interrupt (RXl) +—— ) Sync clock
Transfer rate generation  output pin

: : SCK

4| Baud rate generator #»

:
| Baud rate register (BRR) |

Figure 2.64 SCI Block Diagram
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Table 2.57 shows the function allocations for this sample task. SCI functions are allocated for
simultaneous data exchange with the H4019.

Table 2.57 SCI Function Allocation

SCI Function Function

SCK Transmits sync clock

RXD Receives data from H4019

TXD Transmits data to H4019

SMR Sets SCI to clock sync mode

SCR Enables receive interrupts and sets SCI to transmit/receive mode
SSR Starts transmission due to TDRE bit

RDR Sets data received from H4019

TDR Sets data for transmission to H4019

BRR Sets transfer rate

PADDR Sets PORT A 1/O

PADR Conducts RRQ transmit and SRQ receive
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2.12.3  Description of Operations

Figure 2.65 shows the principle of operation. Interfacing with the H4019 is conducted due to
hardware and software processing with the timing indicated in figure 2.65.

Immediately
after reset
RRQ #
(H8/300H - H4019)
SRQ |
(H4019 - H8/300H) : :
XD |
(H8/300H - H4019) : | |
RXD : : : :
(H4019 - H8/300H) : | |
/~ Hardware Hardware N Hardware N Hardware N
processing processing processing processing
None None None Set RDRF (generate
RXI interrupt)
Software Software Software
processing processing processing Software
. i i i ) ) processing
Initial settings: Transmit preparation: || Start transmit/receive:
1. Set SCI to clock 1. Output low from 1. Enable transmit Data receive:
sync mode RRQ pin (PAo) operation 1. Fetch receive
2. Set transfer rate 2. Set transmit data || 2. Output high from data from RDR
3. Enable receive in TDR RRQ pin 2. Clear RDRF
operation and 3. Clear TDRE
receive interrupt
\_RXD AN AN AN J

Figure 2.65 Principle of Simultaneous Transmit/Receive Operation
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2.12.4  Description of Software
The software for simultaneous transmit/receive operation is described below.

Table 2.58 Description of Modules

Module Name Label Name Function
Main routine CSCMN SCl initial setting and transmit/receive management
Data receive end CSCIRX Conducts data transmission activated by RXI interrupt

Table 2.59 Description of Arguments

Label Name, Data Module
Register Name Function Length Name 110
R6L Sets data received from the console 1 byte Data receive O
end
Main routine |
RXENDF Flag indicating end of receive 1 bit Data receive O
1: receive end, 0: receiving end
Main routine |
Table 2.60 Description of Internal Registers
Register Name Function Module Name
SMR Sets SCI mode (clock sync mode), transfer format and Main routine
clock selection for baud rate generator (¢ clock input)
SCR Enables interrupt (RXI) and sets SCI to transmit/receive Main routine
SSR Starts transmit due to clearing of TDRE (b7) Main routine
RDR Sets data received from H4019 Data receive end
TDR Sets data for transfer to H4019 Main routine
BRR Sets transfer rate Main routine
PADDR Sets PORT A I/O Main routine
PADR Operates PRQ pin and CTS pin Main routine
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Table 2.61 Description of General Registers

Module Name Register Name Function
Main routine ROL Used as work register during setting of SCI and argument
RAM
R6L Used as argument for receive data acceptance
Data receive end R6L Used as receive data transfer argument

Table 2.62 Description of RAM

Label Name,

Register Name Function Data Length Module Name
RVDATA Sets received data 1 byte Main routine
TRDATA Sets data for transmission 1 byte Main routine
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2125

Flowcharts

< Main routine >

Set stack pointer
to H'FFFEFE

Set to clock sync
mode and set transfer
format -~ SMR

Set transfer rate
- BBR

Enable RXI interrupt
- SCR

Set RRQ pin for
output port

Set SRQ pin for
input port

Clear | flag to
enable interrupts

Set transmit data
- TDR

®

>

Output low from
RRQ pin

Is SRQ pin low?

Output high from
RRQ pin

Enable receive
operation - SCR

Enable transmit
operation

Clear TDRE

End receive?

Store receive data
(R6L) in RAM

-

Figure 2.66
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( End data receive>

[

Fetch receive data
from RDR - R6L
I
Clear interrupt
request flag (RDRF)
I
Set flag indicating
end of receive
(RXENDF) to 1
I

( wme )

Figure 2.67 End Data Receive Flowchart
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2.12.6

© 0 N o g b~ W N B
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a4

Program List

000000

000000

0ooo1C
00o01C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094
000098

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

9

o YN o o b w N e

10 ;

11

12

13

14

15
16
17
18
19
20
21
22
23
24

25

26

27
28
29

30

31

32
33
34

35

36

37
38
39

40 ;

a1

42
43
a4
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%
> VECTOR ADDRESS
*
.SECTION  VECT,CODE,LOCATE=H"000000
RES .DATA.L CSCMN
.ORG H'00001C
NMI .DATA.L CSCMN
.ORG H'000030
IRQO .DATA.L CSCMN
IRQ1.DATA.L CSCMN
IRQ2 .DATA.L CSCMN
IRQ3 .DATA.L CSCMN
IRQ4 .DATA.L CSCMN
IRQ5 .DATA.L CSCMN
IRQ6 .DATA.L CSCMN
IRQ7 .DATA.L CSCMN
wovi .DATA.L CSCMN
CMI .DATA.L CSCMN
.ORG H'000060
IMIAO .DATA.L CSCMN
IMIBO .DATA.L CSCMN
oVvIo .DATA.L CSCMN
.ORG H'000070
IMIA1 .DATA.L CSCMN
IMIB1 .DATA.L CSCMN
ovi1 .DATA.L CSCMN
.ORG H'000080
IMIA2 .DATA.L CSCMN
IMIB2 .DATA.L CSCMN
OoVI2 .DATA.L CSCMN
.ORG H'000090
IMIA3 .DATA.L CSCMN
IMIB3 .DATA.L CSCMN
oVI3 .DATA.L CSCMN
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45 45

46 0000A0 46 .ORG H'0000A0

47 0000A0 00010000 47 IMIA4 .DATA.L CSCMN

48 0000A4 00010000 48 IMIB4 .DATA.L CSCMN

49 0000A8 00010000 49 OVI4 .DATA.L CSCMN

50 50 ;

51 0000BO 51 .ORG H'0000BO

52 0000BO 00010000 52 DENDOA .DATA.L CSCMN

53 0000B4 00010000 53 DENDOB .DATA.L CSCMN

54 0000B8 00010000 54 DENDI1A .DATA.L CSCMN

55 0000BC 00010000 55 DENDI1B .DATA.L CSCMN

56 0000CO 00010000 56 DEND2A .DATA.L CSCMN

57 0000C4 00010000 57 DEND2B .DATA.L CSCMN

58 0000C8 00010000 58 DEND3A .DATA.L CSCMN

59 0000CC 00010000 59 DEND3B .DATA.L CSCMN

60 0000DO 00010000 60 ERIO .DATA.L CSCMN

61 0000D4 00010044 61 RXIO .DATA.L CSCIRX

62 0000D8 00010000 62 TXIO .DATA.L CSCMN

63 0000DC 00010000 63 TEIO .DATA.L CSCMN

64 0000EO 00010000 64 ERI1 .DATA.L CSCMN

65 0000E4 00010000 65 RXI1 .DATA.L CSCMN

66 0000E8 00010000 66 TXI1 .DATA.L CSCMN

67 0000EC 00010000 67 TEIL .DATA.L CSCMN

68 0000FO 00010000 68 ADI .DATA.L CSCMN

69 69

70 70 ;

71 71

72 72 * RAM ALLOCATION

73 73

74 74

75 75

76 FFFFOO 76 .SECTION RAM,DATA,LOCATE=H'FFFF00
77 i

78 FFFFOO 00000001 78 TRDATA .RES.B 1 ;Transmit data
79 FFFFO1 00000001 79 RVDATA .RES.B 1 ;Receive data
80 FFFFO2 00000001 80 FLAG .RES.B 1 ;Flags

81 00000000 81 RXENDF .EQU 0 ;Receive end flag
82 82 ;

83 83 ;

84 84 * *
85 85 ;* SYMBOL DEFINTIONS

86 86 * *
87 87

88 88 ;

89 89 wikrirkix SCI cho

90 O0FFFFBO 90 SMRO .EQU H'FFFFBO ;Serial mode register
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91 91
92 OOFFFFB1 92
93

94 OOFFFFB2 94
95 00000006 95
96 00000005 96
97 00000004 97
98

99 OOFFFFB3 99
100 100 ;
101 OOFFFFB4 101
102 00000007 102
103 00000006 103
104 104 ;
105 OOFFFFB5 105
106 106 ;
107 107
108 108 ;
109 O0OFFFFD1 109
110 110
111 OOFFFFD3 111
112 00000000 112
113 00000001 113
114 114
115 115
116 116
117 117
118 118
119 119
120 120
121 010000 121
122 122
123 00010000 123
124 010000 7A0700FFFEFE 124
125 010006 F880 125
126 010008 38BO 126
127 01000A F803 127
128 01000C 38B1 128
129 01000E 7FB27060 129
130 010012 7FB27040 130
131 010016 F801 131
132 010018 38D1 132
133 133
134 01001A O067F 134
135 01001C 7FD37200 135
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BRRO .EQU H'FFFFBL1 ;Bit rate register
SCRO .EQU H'FFFFB2 ;sirial control register
RIE .EQU 6 ;Receive interrupt enable
TE .EQU 5 ;Transmit enable
RE .EQU 4 ;Receive enable
TDRO .EQU H'FFFFB3 ;Transmit data register
SSRO .EQU H'FFFFB4 ;Serial status register
TDRE .EQU 7 ;Transmit data register empty
RDRF .EQU 6 ;Receive data register full
RDRO .EQU H'FFFFB5 ;Receive data register
PORT A
PADDR .EQU H'FFFFD1 ;Port A data direction
register
PADR .EQU H'FFFFD3 ;Port A data register
RRQ .EQU 0 ;RRQ bit
SRQ .EQU 1 ;SRQ bit
k *
* MAIN PROGRAM : CSCMN *
“k *
.SECTION  PROG,CODE,LOCATE=H'010000
CSCMN: .EQU $
MOV.L #H'FFFEFE,SP ;Set stack pointer
MOV.B #B'10000000,ROL ;Clock mode,8bit
MOV.B ROL,@SMRO
MOV.B #3,ROL ;CKS0,1=0,N=3
MOV.B ROL,@BRRO ;Then 1Mbps
BSET.B #RIE,@SCRO ;Enable RXI interrupt
BSET.B #RE,@SCRO :Enable receive
MOV.B #H'01,ROL ;SRQ is input port
MOV.B ROL,@PADDR ;RRQ is output port
ANDC #B'01111111,CCR ;Clear I-FLAG
BCLR.B #RRQ,@PADR ;RRQ is ‘Low’
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136 010020 2800 136 MOV.B @TRDATA,ROL ;Set transmit data to
;TDR

137 010022 38B3 137 MOV.B ROL,@TDRO

138 010024 7FB47270 138 BCLR.B #TDRE,@SSRO ;Start transmit

139 010028 139 CSCMNO1:

140 010028 7ED37310 140 BTST.B #SRQ,@PADR ;SRQ is ‘Low’ ?

141 01002C 46FA 141 BNE CSCMNO1 ;No

142 142

143 01002E 7FD37000 143 BSET.B #PRQ,@PADR ;RRQ is ‘High’

144 010032 7FB27050 144 BSET.B #TE,@SCRO ;Enable transmit

145 145

146 010036 146 CSCMNO2:

147 010036 7E027300 147 BTST.B #RXENDF,@FLAG ;Receive complete ?

148 01003A 47FA 148 BEQ CSCMNO02 ;No

149 149 ;

150 01003C 7F027200 150 BCLR.B #RXENDF,@FLAG ;Clear RXENDF

151 010040 3EO1 151 MOV.B R6L,@RVDATA ;Set receive data

152 010042 152 CSCMN99:

153 010042 40FE 153 BRA CSCMN99

154 154 ;

155 155 ;

156 156 ; *

157 157 ; NAME : CSCIRX(STOP COUNTER) *

158 158 ; *

159 159 ;

160 160 ; *

161 161 ; ENTRY : NOTHING *

162 162 ; RETURNS : TSTR(TIMER START REG) *

163 163 ;* *

164 164 ;

165 165 ;

166 00010044 166 CSCIRX: .EQU $

167 010044 2EBS5 167 MOV.B @RDRO,R6L ;Get receive data to

R6L

168 010046 7FB47260 168 BCLR.B #RDRF,@SSR0 ;Clear RDRF

169 01004A 7F027000 169 BSET.B #RXENDF,@FLAG ;Set RXENDF

170 01004E 5670 170 RTE

171 171 ;

172 172 .END

¥+ TOTAL ERRORS

¥+ TOTAL WARNINGS 0
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2.13  Multiprocessor Communication

MCU: H8/3003
Function: SCI (multiprocessor communication)

2.13.1  Specifications

e As shown in figure 2.68, several H8/3003 devices are linked on a common communication lin
conducting data transmit and receive

* The master H8/3003 transmits to two slave side H8/3003 devices. The slave side H8/3003
receive only data sent to their own stations

« Transmit/receive format: 9600 bps, 8-bit data, 1 stop bit and non-parity bit

H8/3003
(Master)
TXD RXD

v Serial communication line

A A

RXD TXD RXD TXD
H8/3003 H8/3003
(Slave) (Slave)
(ID =01) (ID =02)

Figure 2.68 Block Diagram of Asynchronous SCI Interface Using Multiprocessor Functions
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2.13.2  Description of Functions Used

In this sample task, the SCI's multiprocessor communication functions are used for
communication between several H8/3003 devices.

Figure 2.69 shows a block diagram of the master side SCI used in the sample task. The followi
SCI functions are employed:

« Asynchronous mode data communication synchronized in character units (asynchronous
mode)

» Communication with format having an added multiprocessor bit (multiprocessor
communication function)

Interrupt generation at start of transmit (TXI interrupt)
» Interrupt generation at end of transmit (TEI interrupt)

Interrupt setting
Transmit mode setting

|Serial control register (SCR) li

Asynchronous mode setting
Serial communication format setting
Multiprocessor mode setting Serial output

- - pin (TXD)
| Serial mode register (SMR) li |Transmit shift register (TSR)|—>
\ A 4 A
|Transmit/receive control circuit l—o
A A Y

|Transmit data register (TDR)|

Multiprocessor bit specification

| Serial status register (SSR) |7

Transfer rate generation

| Baud rate generator I*
f
| Baud rate register (BRR) |

Transmit end interrupt (TEl) «——
Transmit data empty interrupt (TRI)

Figure 2.69 Block Diagram of Master Side SCI
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Figure 2.70 shows a block diagram of the slave side SCI used in the sample task. The following
SCI functions are used:

» Asynchronous mode data communication synchronized in character units (asynchronous
mode)

» Communication with format having an added multiprocessor bit (multiprocessor
communication function)

« Interrupt generation on reception of multiprocessor bit (multiprocessor interrupt)
» Interrupt generation at end of receive (RXI interrupt)

Interrupt setting
Receive mode setting

4' Serial control register (SCR) |

Asynchronous mode setting
Serial Serial communication format setting
input pin Multiprocessor mode setting

RXD - -
g,l Receive shift register (RSR)| 4| Serial mode register (SMR) |
A

vy

0—| Receive control circuit |

v Iy
| Receive data register (RDR)| Transfer rate generation

—| Baud rate generator |
| f |
| Baud rate register (BRR) |

——  Multiprocessor interrupt
Receive end interrupt (RXI)

Figure 2.70 Block Diagram of Slave Side SCI

Table 2.63 shows the SCI function allocation for multiprocessor communication in this sample
task.
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Table 2.63 SCI Function Allocation

SCI Function Function

RXD Receive data from H8/3003

TXD Transmit data to H8/3003

SMR Sets SCI in asynchronous mode and multiprocessor mode

SCR Enables transmit/receive interrupts, and sets SCI to transmit/receive mode
SSR Sets to starts transmit/multiprocessor bit

RDR Setting for receive data from H8/3003

TDR Setting for transmit data to H8/3003

BRR Sets transfer rate
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2.13.3  Description of Operations

Master Side Operation: Figure 2.71 shows the principle of operation on the master side. Data is
transmitted to the receive station H8/3003 due to hardware and software processing with the
timing shown in figure 2.71.

Immediately
after reset
TXD ‘
‘ | ooy [ | [ pata | [] ipo2)] ||| pata |
TDRE j H ﬂ H l—
TEND —— ; 1 1 ;
MPBT —— : : : : 3
( Hardware ; ( Hardware %% Hardware : f Hardware \ f Hardware \
processing processing processing processing processing
None Set TDRE Set TDRE Set TDRE Set TEND
(generate TXI (generate TXI (generate TSI (generate TEI
Software interrupt) interrupt) interrupt) interrupt)
processing Start transmit ID| | Start data Start data
Initial Software transmit transmit Software
settings: processing Software Software processing
1. Set SCl to Data transmit processing processing Stop transmit:
asynchro- preparation: Transmit ID Transmit data: 1. Clear TE
nous mode 1. Set transmit || Preparation: 1. Set MPBT 2. Prohibit TEI
2. Set transfer datain TDR || 1- SetIDin 2. Enable interrupt
rate 2. Clear TDRE TDR transmit end
3. Enable Transmit ID: 2. Clear TDRE interrupt (TEI)
transmit Clear Transmit data: 3. Prohibit TXI
operation MPBT Set interrupt
and transmit MPBT
interrupt \ J \ J \ j
(TXI)
4. Enable
multiproces-
sor com-
munication
Transmit ID
preparation:
1.SetIDin
TDR
2. Set MPBT
3. Clear
TDRE

Figure 2.71 Principle of Multiprocessor Communication Operation (Master Side)
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Slave Side Operation:Figure 2.72 shows the principle of operation on the slave side. Data is
received from the transmit station due to hardware and software processing with the timing sho
in figure 2.72.

Operation During Other Station ID Receive:

Immediately
after reset
RXD
[ o []|[oatal]
RDRF
MPIE —— :J
4 Hardware processing \\/ Hardware processing N
None Set RDRF (generate RXI
- interrupt)
Software processing Clear MPIE

Initial settings:
1. Set SCI to asynchronous mode
2. Set transfer rate

Software processing
ID judgment (other

i . station ID):

3. Enable receive operation and 1. Fetch ID from RDR
receive interrupt (RXI) 2 Clear RDRE

4. Enable multiprocessor 3. Set MPIE
communication

ID receive: \ /
Set MPIE

- /

Figure 2.72 Principle of Multiprocessor Communication Operation (Slave Side) (1)

Rev. 2.0, 06/00, page 159 of 297
HITACHI



Operation During Own Station ID Receive:

Immediately
after reset

RXD

e Tl
i /1

4 Hardware processing N/ Hardware processing N Hardware processing B

None Set RDRF (generate RXI Set RDRF (generate RXI
- interrupt) interrupt)
Software processing Clear MPIE
- . - Software processing

Initial settings: Software processing
1. Set SCI to asynchronous | ['|p judgement (own Data receive:

mode station ID): 1. Fetch receive data from
2. Set transfer rate _ 1. Fetch ID from RDR RDR
3. Enable receive operation || 2 clear RDRF 2. Clear RDRF

and receive interrupt o /| 3. set MPIE

(RXI) \_ Y,

4. Enable multiprocessor
communication

ID receive:
Set MPIE

/

Figure 2.72 Principle of Multiprocessor Communication Operation (Slave Side) (2)
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2.13.4  Description of Software

Description of Master Software: The master software for multiprocessor communication is
described below.

Table 2.64 Description of Modules

Module Name  Label Name Function

Main routine MPMASMN Initial setting of SCI

Data transmit MPSCITX ID and data transmit activated by TXI interrupt
Transmit end MPSCITE Stops SCI transmit activated by TEI interrupt

Table 2.65 Description of Arguments

Label Name, Data Module
Register Name Function Length Name 1/0
TXDATA Buffer for storage of ID and data for 4 bytes  Main routine O

transmission to slave side H8/3003 Data transmit |

Table 2.66 Description of Internal Registers

Register Name Function Module Name

SMR Sets SCI mode (asynchronous mode), transfer format and  Main routine
clock selection for baud rate generator (¢ clock input)

SCR Enables interrupts (TXI, TEI) and sets SCI transmit Main routine

enable/disable Transfer end

SSR Starts transmit due to clearing of TDRE (b7) Main routine

Data transmit

TDR Sets ID and data for transmission to slave side H8/3003 Main routine

Data transmit

BRR Sets transfer rate Main routine

Table 2.67 Description of General Registers

Module Name  Register Name Function

Main routine ROL Used as work register during setting of SCI and argument
RAM
Data transmit ROL Used as work register during setting of data to TDR

Rev. 2.0, 06/00, page 161 of 297
HITACHI



Table 2.68 Description of RAM

Label Name Module Name Data Length Function

TXCNT

Data transmit 1 byte Counts transmitted data volume

Description of Slave SoftwareThe slave software for multiprocessor communication is

described below.

Table 2.69 Description of Modules

Module Name Label Name Function

Main routine

MPSRVMN Initial setting of SCI

Data receive

MPSCIRX ID and data receive activated by RXI interrupt

Table 2.70 Description of Arguments

Label Name, Data Module

Register Name Function Length Name I/O

R6L Sets received ID and data 1 byte Datareceive O

Main routine |

IDRCVF Flag indicating own station ID receive 1 bit Data receive O
1: ID received, 0: no ID received Main routine |

DTRCVF Flag indicating data receive 1 bit Data receive O
1: data received, 0: no data received Main routine |

Table 2.71 Description of Internal Registers

Register Name Function Module Name

SMR

Sets SCI mode (asynchronous mode), transfer formatand  Main routine
clock selection for baud rate generator (¢ clock input)

SCR Enables interrupts (RXI) and sets SCI to receive enable Main routine
RDR Sets ID and data received from master side H8/3003 Data receive
BRR Sets transfer rate Main routine
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Table 2.72 Description of General Registers

Module Name  Register Name

Function

Main routine ROL Used as work register during setting of SCI and argument
RAM
R6L Used as acceptance argument for received data
Data receive R6L Used as argument for transfer of receive data to main

routine

Table 2.73 Description of RAM

Label Name Module Name Data Length Function

RXID Main routine 1 byte Sets received ID
RXDATA Main routine 1 byte Sets received data
MYID Data receive 1 byte Sets own station ID
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2.135

Flowcharts

( Main routine )

Set stack pointer
to H'FFFEFE

( Data transmit >

Invert MPBT

Set to asynchronous
mode - SMR

Set transfer
format - SMR

Set multiprocessor
communication mode
- SMR
|

Set transfer rate to
9600 bps -~ BRR

Set MPBT |

Set0in
transmit counter

Enable transmit
operation - SCR

Set ID in TDR |

Transmit counter + 1

Transmit counter

Set next transmit
data in TDR

Prohibit transmit
interrupt (TXIl) - SCR

Clear TDRE

Enable transmit end
interrupt (TEI) - SCR

<
<

( RTE >
( Transmit end >

Clear TDRE and
start transmit

Prohibit transmit
operation

Enable transmit
interrupt (TXIl) - SCR

Prohibit transmit end
interrupt (TEI) - SCR

Clear | flag and

enable interrupts

.

( me )

Figure 2.73 Flowchart of Master Side Software
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C Main routine >

|
Set stack pointer
to H'FFFEFE

I
Set to asynchronous
mode - SMR

I
Set transfer format -~ SMR
I
Set multiprocessor com-
munication mode — SMR
I
Set transfer rate to
9600 bps - BRR
I

Enable receive interrupt
(RXI) - SCR
|

Enable receive operation

- SCR
I

Clear | flag to enable
interrupts

‘l
|

ID receive ended?

Set R6L (ID) in RXID

‘l
|

Data receive ended?

| Set R6L (data) in RXDATA |

™

Figure 2.74 Flowchart of Slave Side Software (Main Routine)
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( Data receive )

Fetch receive data
from RDR - R6L
I

Clear RDRF

\ 4

Clear MPIE Set MPIE Set DTRCVF

Set IDRCVF Set MPIE

o
«

( we )

Figure 2.75 Flowchart of Slave Side Software (Data Receive)
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2.13.6

© 0 N O g b~ W N B

A A D D DWW WWWWWWWWNNDNDNDNDNDNDDNDNDNDNERRRRRRRPRRP R
A W N RFP O O 0N O G &~ WNEP O O OONOOOG A WOWNMRPRO O 0WNO OGO M WDNPRFPLP O

Program List

000000

000000

0oo01C
0ooo1C
000020
000024
000028
00002C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

10
11
12

13

14

15

16

17

© Py o b W N R

18 ;

19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34

35

36
37
38
39

40 ;

a1
42
43
44

VECT,CODE,LOCATE=H"000000

*
> VECTOR ADDRESS
*
.CPU 300HA
.SECTION
RES .DATA.L MPMASMN
.ORG H00001C
NMI .DATA.L MPMASMN
TRAPO .DATA.L MPMASMN
TRAP1 .DATA.L MPMASMN
TRAP2 .DATA.L MPMASMN
TRAP3 .DATA.L MPMASMN
.ORG H'000030
IRQO .DATA.L MPMASMN
IRQ1 .DATA.L MPMASMN
IRQ2 .DATA.L MPMASMN
IRQ3 .DATA.L MPMASMN
IRQ4 .DATA.L MPMASMN
IRQ5 .DATA.L MPMASMN
IRQ6 .DATA.L MPMASMN
IRQ7 .DATA.L MPMASMN
wovi .DATA.L MPMASMN
CMI .DATA.L MPMASMN
.ORG H'000060
IMIAO .DATA.L MPMASMN
IMIBO .DATA.L MPMASMN
oVvIo .DATA.L MPMASMN
.ORG H'000070
IMIA1 .DATA.L MPMASMN
IMIB1 .DATA.L MPMASMN
ovi1 .DATA.L MPMASMN
.ORG H'000080
IMIA2 .DATA.L MPMASMN
IMIB2 .DATA.L MPMASMN
OoVI2 .DATA.L MPMASMN

HITACHI
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000C0
0000C4
0000C8
oooocc
0000D0
0000D4
0000D8
0oooDC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00
FFFF04

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
0001003A
00010070
00010000
00010000
00010000
00010000
00010000

00000004
00000001

RAM,DATA,LOCATE=H'FFFF00

45

46 .ORG H'000090
47 IMIA3 .DATA.L MPMASMN
48 IMIB3 .DATA.L MPMASMN
49 0OVI3 .DATA.L MPMASMN
50 ;

51 .ORG H'0000A0
52 IMIA4 .DATA.L MPMASMN
53 IMIB4 .DATA.L MPMASMN
54 OVI4 .DATA.L MPMASMN
55 ;

56 .ORG H’0000B0O
57 DENDOA .DATA.L MPMASMN
58 DENDOB .DATA.L MPMASMN
59 DENDIA .DATA.L MPMASMN
60 DENDI1B .DATA.L MPMASMN
61 DEND2A .DATA.L MPMASMN
62 DEND2B .DATA.L MPMASMN
63 DEND3A .DATA.L MPMASMN
64 DEND3B .DATA.L MPMASMN
65 ERIO .DATA.L MPMASMN
66 RXIO .DATA.L MPMASMN
67 TXIO .DATA.L MPSCITX
68 TEIO .DATA.L MPSCITE
69 ERI1 .DATA.L MPMASMN
70 RXI1 .DATA.L MPMASMN
71 TXI1 .DATA.L MPMASMN
72 TEI1 .DATA.L MPMASMN
73 ADI .DATA.L MPMASMN
74

75

76 *

7o RAM ALLOCATION

78 *

79

80 ;

81 .SECTION

82

83 TXDATA .RES.B 4

84 TXCNT .RES.B 1

85 ;

86 ;

87 *

88 * SYMBOL DEFINITIONS
89 *

90 ;

91

HITACHI

;Transmit data
;Transmit counter



92
93
94
95
96
97
98
99

100
101
102
103
104

105

106
107
108
109
110
111
112
113
114
115
116
117

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

010000

010000
010006

010008
01000A
01000C
01000E

010012
010016
01001A
01001E

010022
010024

010026
010028
01002A

OOFFFFBO

OOFFFFB1

00FFFFB2
00000007
00000005
00000002

OOFFFFB3

O00FFFFB4
00000007

00000000

00010000
7A0700FFFEFE
F804

38B0
F833
38B1
7FB47000

790001AA
6B80OFF00
79000255
6B80OFF02

F800
3804

2800
3883
7FB27050

92

93

94

95

96
97
98
99

100
101
102
103
104

105

106
107
108
109
110

112
113

114
115

116
117

118
119
120
121

122

123
124
125
126

127

128
129

130 ;

131
132
133

SMRO .EQU H'FFFFBO  ;Serial mode register
BRRO .EQU H'FFFFB1  ;Bit rate register
SCRO .EQU H'FFFFB2  ;Srial control register
TIE .EQU 7 ;Transmit interrupt enable
TE .EQU 5 ;Transmit enable
TEIE .EQU 2 ;Transmit end interrupt
enable
TDRO .EQU H'FFFFB3  ;Transmit data register
SSRO .EQU H'FFFFB4  ;Serial status register
TDRE .EQU 7 ;Transmit data register
;empty
MPBT .EQU 0 ;Multi processor bit
;transfer
-k *
* MAIN PROGRAM : MPMASMN *
“k *
.SECTION  PROG,CODE,LOCATE=H'010000
MPMASMN: .EQU $
MOV.L #H'FFFEFE,SP ;Set stack pointer
MOV.B #B’00000100,ROL ;Asyncro mode,8bit,np,
;stopl,multi processer
;m
MOV.B ROL,@SMRO
MOV.B #51,ROL ;CKS0,1=0,N=51
MOV.B ROL,@BRRO ;Then 9600bps
BSET.B #MPBT,@SSRO ;Set MPBT
MOV.W #H'01AA,RO ;Set ID=01 & data
MOV.W RO,@TXDATA+0
MOV.W #H'0255,R0 ;Set ID=02 & data
MOV.W RO,@TXDATA+2
MOV.B #H'0,ROL ;Set TXCNT=0
MOV.B ROL,@TXCNT
MOV.B @TXDATA,ROL ;Set ID(H'01) to TDRO
MOV.B ROL,@TDRO
BSET.B #TE,@SCRO ;Enable transmit
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Rev. 2.0, 06/00, page 169 of 297



134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

01002E
010032

010036
010038
010038

01003A
01003C

01003E
010042
010044
010046
010048
01004A
01004C

010050
010058
01005A
01005E

010062
010062
010066

01006A
01006A
01006C
01006E

7TFB47270
7FB27070

067F

40FE

0001003A
6DFO
6DF1

7FB47100
F100
2904
0A09
3904
A904
58400012

;Start transmit
;Enable TXI interrupt

#B'01111111,CCR ;Clear I-FLAG

78106A2800FFFF00 164 MOV.B

38B3
7TFB47270
58000008

TFB27270
7TFB27020

6D71
6D70
5670
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;Save registers

;Invert MPBT
;TXCNT = TXCNT + 1

JTXCNT >=4?
;Yes

;load next trans data

;Set next data to TDRO
;Start transmit

;Disable TXI
;Enable TEl interrupt

134 BCLR.B #TDRE,@SSRO
135 BSET.B #TIE,@SCRO
136 ;
137 ANDC
138 MPMAS99:
139 BRA MPMAS99
140 ;
141
142 *
143 ;* NAME : MPSCITX(SCI transmit interrupt) ~ *
144
145
146 ;*
147 * ENTRY : TXDATA (Transmit data)
148 ;* RETURNS : NOTHING
149 *
150 ;
151 ;
152 MPSCITX: .EQU $
153 PUSH.W RO
154 PUSH.W R1
155 ;
156 BNOT.B #MPBT,@SSRO
157 MOV.B #0,R1H
158 MOV.B @TXCNT,R1L
159 INC R1L
160 MOV.B R1L,@TXCNT
161 CMP.B #4,R1L
162 BCC MPTX10
163 ;
@(TXDATA,R1),ROL
165 MOV.B ROL,@TDRO
166 BCLR.B #TDRE,@SSRO
167 BRA MPTX99
168 ;
169 MPTX10:
170 BCLR.B #TIE,@SCRO
171 BSET.B #TEIE,@SCRO
172 ;
173 MPTX99:
174 POP.W R1
175 POP.W RO
176 RTE
177



178 178

179 179 * *
180 180 ;* NAME : MPSCITI(SCI transmit end interrupt) *

181 181 * *
182 182 ;

183 183 ;* *
184 184 ;* ENTRY : NOTHING *
185 185 ;* RETURNS : NOTHING *
186 186 ;* *
187 187 ;

188 188 ;

189 00010070 189 MPSCITE: .EQU $

190 010070 7FB27250 190 BCLR.B #TE,@SCRO ;Disable transmit
191 010074 7FB27220 191 BCLR.B #TEIE,@SCRO ;disable TEI interrupt
192 010078 5670 192 RTE

193 193 ;

194 194 .END

**TOTAL ERRORS 0

**TOTAL WARNINGS 0
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1 1

2 2

3 3 VECTOR ADDRESS

4 4

5 5

6 6 ;

7 7 .CPU 300HA

8 000000 8 .SECTION  VECT,CODE,LOCATE=H"000000

9 9
10 000000 00010000 10 RES .DATA.L MPSRVMN
11 11
12 00001C 12 .ORG H'00001C
13 00001C 00010000 13 NMI .DATA.L MPSRVMN
14 14
15 000030 15 .ORG H'000030
16 000030 00010000 16 IRQO .DATA.L MPSRVMN
17 000034 00010000 17 IRQ1 .DATA.L MPSRVMN
18 000038 00010000 18 IRQ2 .DATA.L MPSRVMN
19 00003C 00010000 19 IRQ3 .DATA.L MPSRVMN
20 000040 00010000 20 IRQ4 .DATA.L MPSRVMN
21 000044 00010000 21 IRQ5 .DATA.L MPSRVMN
22 000048 00010000 22 1IRQ6 .DATA.L MPSRVMN
23 00004C 00010000 23 IRQ7 .DATA.L MPSRVMN
24 000050 00010000 24 WOVI .DATA.L MPSRVMN
25 000054 00010000 25 CMI .DATA.L MPSRVMN
26 26
27 000060 27 .ORG H'000060
28 000060 00010000 28 IMIAO .DATA.L MPSRVMN
29 000064 00010000 29 IMIBO .DATA.L MPSRVMN
30 000068 00010000 30 Ovio .DATA.L MPSRVMN
31 31
32 000070 32 .ORG H'000070
33 000070 00010000 33 IMIA1 .DATA.L MPSRVMN
34 000074 00010000 34 IMIB1 .DATA.L MPSRVMN
35 000078 00010000 35 Ovil .DATA.L MPSRVMN
36 36
37 000080 37 .ORG H'000080
38 000080 00010000 38 IMIA2 .DATA.L MPSRVMN
39 000084 00010000 39 IMIB2 .DATA.L MPSRVMN
40 000088 00010000 40 OVI2 .DATA.L MPSRVMN
41 41
42 000090 42 .ORG H'000090
43 000090 00010000 43 IMIA3 .DATA.L MPSRVMN
44 000094 00010000 44 IMIB3 .DATA.L MPSRVMN
45 000098 00010000 45 OVI3 .DATA.L MPSRVMN
46 46
47 0000A0 47 .ORG H'0000A0
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

0000A0
0000A4
0000A8

0000BO
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oooc4
0000C8
oooocc
0000D0
0000D4
0000D8
0000DC
0000EO0

0000E4

0000E8

0000EC
0000FO0

FFFF00

FFFF00

FFFFO1

FFFF02

00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010032
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000001
00000001

00000001

00000001

00000000
00000001

OOFFFFBO

48 IMIA4 .DATA.L MPSRVMN
49 IMIB4 .DATA.L MPSRVMN
50 OVi4 .DATA.L MPSRVMN
51

52 .ORG H’0000B0O

53 DENDOA .DATA.L MPSRVMN
54 DENDOB .DATA.L MPSRVMN
55 DENDI1A .DATA.L MPSRVMN
56 DENDI1B .DATA.L MPSRVMN
57 DEND2A .DATA.L MPSRVMN
58 DEND2B .DATA.L MPSRVMN
59 DEND3A .DATA.L MPSRVMN
60 DEND3B .DATA.L MPSRVMN

61 ERIO .DATA.L MPSRVMN

62 RXIO .DATA.L MPSCIRX

63 TXIO .DATA.L MPSRVMN

64 TEIO .DATA.L MPSRVMN

65 ERI1 .DATA.L MPSRVMN

66 RXI1 .DATA.L MPSRVMN

67 TXI1 .DATA.L MPSRVMN

68 TEI1 .DATA.L MPSRVMN

69 ADI .DATA.L MPSRVMN

70 ;

71

72 *
73 * RAM ALLOCATION *
74 * *
75

76

77 .SECTION RAM,DATA,LOCATE=H'FFFF00

78

79 RXID .RES.B 1 ;Receive ID cord
80 MYID .EQU H'01 ;My ID cord

81

82 RXDATA .RES.B 1 ;Receive data

83 ;

84 RCVFLAG .RES.B 1 ;Flag area

85 IDRCVF .EQU 0 ;ID cord compare flag
86 DTRCVF .EQU 1 ;Data receive flag
87

88 ;

89 * *
90 ;* SYMBOL DEFINITIONS *
91 * *
92

93 ;

94 SMRO .EQU H'FFFFBO  ;Serial mode register
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95 95

96 OOFFFFB1 96 BRRO .EQU H'FFFFB1  ;Bit rate register

97 97

98 OOFFFFB2 98 SCRO .EQU H'FFFFB2  ;Sirial control register

99 00000006 99 RIE .EQU 6 ;Receive interrupt enable
100 00000004 100 RE .EQU 4 ;Receive enable
101 00000003 101 MPIE .EQU 3 ;Multi processor interrupt

;enable
102 102 ;
103 O00OFFFFB3 103 TDRO .EQU H'FFFFB3  ;Transmit data register
104 104 ;
105 O00OFFFFB4 105 SSRO .EQU H'FFFFB4  ;Serial status register
106 00000006 106 RDRF .EQU 6 ;Receive data register full
107 00000002 107 TEND .EQU 2 ;Transmit end
108 00000001 108 MPB .EQU 1 ;Multi processor bit
109 109 ;
110 00FFFFB5 110 RDRO .EQU H'FFFFB5  ;Receive data register
111 111 ;
112 112 ;
113 113 * *
114 114 * MAIN PROGRAM : MPSRVMN *
115 115 ;* *
116 116 ;
117 117 ;
118 010000 118 .SECTION PROG,CODE,LOCATE=H'010000
119 119 ;
120 00010000 120 MPSRVMN: .EQU $
121 010000 7AO0700FFFEFE 121 MOV.L #H'FFFEFE,SP ;Set stack pointer
122 010006 F804 122 MOV.B #B’00000100,ROL ;Asyncro mode,8bit,np,
;stopl,multi processor
;m

123 010008 38B0O 123 MOV.B ROL,@SMRO
124 01000A F833 124 MOV.B #51,ROL ;CKS0,1=0,N=51
125 01000C 38B1 125 MOV.B ROL,@BRRO ;Then 9600bps
126 01000E 7FB27060 126 BSET #RIE,@SCRO ;Enable RXI interrupt
127 010012 7FB27040 127 BSET #RE,@SCRO ;Enable receive
128 128 ;
129 010016 O067F 129 ANDC #B'01111111,CCR ;Clear C-FLAG
130 010018 130 MPSRVO1:
131 010018 7E027300 131 BTST #IDRCVF,@RCVFLAG;ID receive ?
132 01001C 47FA 132 BEQ MPSRVO01 ;No

133 133 ;

134 01001E 7F027200 134 BCLR #IDRCVF,@RCVFLAG;Clear flag

135 010022 3EO00 135 MOV.B R6L,@RXID ;Store receive ID
136 136 ;

137 010024 137 MPSRV02:

138 010024 7E027310 138 BTST #DTRCVF,@RCVFLAG ;DATA receive ?
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139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

010028

01002A
01002E
010030
010030

010032
010034

010036
010038

01003C
010040

010044
010046

01004A
01004E
010052

010056
010056
01005A

01005E
01005E
010062

010066
010066
010068
01006A

47FA

7F027210
3E01

40FE

00010032
6DFO0
6DF1

2EB5
7TFB47260

7EBA47310
5870001A

AEO1
5860000C

7FB27230
7F027000
58000010

7FB27030
58000008

7F027010
7FB27030

6D71
6D70
5670

****TOTAL ERRORS
****TOTAL WARNINGS

139

140 ;

141
142
143
144

145

146 ;
147

148
149
150
151

152 ;

153
154

155 ;

156
157

158 ;

159
160

161 ;

162
163
164

165 ;

166
167
168

169 ;

170
171
172

173

174
175
176
177

178 ;

179

BEQ MPSRV02 ;No
BCLR #DTRCVF,@RCVFLAG;Clear flag
MOV.B R6L,@RXDATA ;Store receive DATA
MPSRV99:
BRA MPSRV99
SCI RX INTERRUPT
MPSCIRX: .EQU $
PUSH.W RO ;Save registers
PUSH.W R1
MOV.B @RDRO,R6L ;Load receive data
BCLR #RDRF,@SSR0 ;Clear RDRF
BTST #MPB,@SSR0O iMPB=17?
BEQ MPRX02 ;No
CMP.B #MYID,R6L ;Receive ID =My ID ?
BNE MPRXO01 ;No
BCLR #MPIE,@SCRO ;Clear MPIE
BSET #IDRCVF,@RCVFLAG;Set IDRCVF
BRA MPRX99 ;Exit
MPRX01:
BSET #MPIE,@SCRO ;Set MPIE
BRA MPRX99 ;Exit
MPRX02:
BSET #DTRCVF,@RCVFLAG;Set DTRCVF
BSET #MPIE,@SCRO ;Set MPIE
MPRX99:
POP.W R1
POP.W RO
RTE
.END

Rev. 2.0, 06/00, page 175 of 297

HITACHI



2.14 Block Transfer

MCU: H8/3003
Function: DMAC (block transfer)

2.141  Specifications

e 6-byte data set in RAM is transferred to the 1/0O ports and output as 16-bit data each time an
external signal falling edge is detected (see figure 2.76)

» DMAC startup is by external signal falling edge detection

External
signal 1 Y Y Y

Port 47

Port 40

Port 37
[ ] H H
° : : °
. : :

Port 30

Figure 2.76 Example of Waveform Output
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2.14.2  Description of Functions Used
In this sample task, Group 0 DMAC/chOA and chOB are used for block transfer.

Figure 2.77 shows a block diagram of the DMAC used in the sample task. The following DMAC
functions are used in block transfer:

» DMAC startup due to external request (DMAC startup by DREQ)
» Data transfer in block units on DMAC startup (block transfer mode)
» Interrupt generation at end of transmit (DENDQO interrupt)

--------------------------------------------------- DMAGC -oeseesseemsessemssnes e
Set block Set DMAC startup
transfer mode | DTCROA| | DTCROB| factor in DREQ
A 4 Y
DREQ » DMA controller >
: DENDO
Transfer end Transfer : interrupt
address setting v address setting
MAROA »| Bus control | MAROB
ETCROAH | ETCROAL cireuit ETCROBH| ETCROBL|
ETransfer number of words setting Number of block transfers setting:
Transfer Transfer
source block |l Internal address/data bus destination
block

Figure 2.77 DMA Controller Block Diagram
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Table 2.74 shows the DMAC function allocation for block transfer.

Table 2.74 DMAC Function Allocation

DMAC Function Function

DREQ Inputs external pulse acting as DMAC startup trigger
DTCROA Sets DMAC to block transfer mode

DTCROB Sets external pulse falling edge as DMAC startup trigger
MAROA Sets transfer source address

MAROB Sets transfer destination address

ETCROAH, ETCROAL Sets transfer number of words

ETCROBH, ETCROBL Sets number of transfers

Rev. 2.0, 06/00, page 178 of 297
HITACHI



2.14.3  Description of Operations

Figure 2.78 shows the principle of operation. Block transfer is conducted due to hardware and
software processing with the timing shown in figure 2.78.

Immediately
after reset

External
signal

Port 47

Port 40
Port 37

Port 30

/‘Hardware processing\ Hardware processing\

Hardware processing

None DMAC startup: DMAC startup:
- Transfer data from Transfer data from
Software processing transfer source transfer source address
Initial settings: address to transfer to transfer destination
1. Set DMAC to block destination address address
transfer mode
2. Set DMAC startup Software processing Software processing
request to DREQ None None
falling edge
3. Set transfer source | - AN /
address

4. Set transfer
destination address

5. Set number of
transfer words and
number of transfers

6. Enable DENDO
interrupt

- v

Figure 2.78 Principle of Block Transfer Operation
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2.14.4  Description of Software
The software for block transfer is described below.

Table 2.75 Description of Modules

Module Name Label Name Function
Main routine BLKMN Initial DMAC setting
Block transfer end BLKEND Activated by TEND interrupt and re-setting DMAC

Description of Arguments: No arguments between modules with this sample task.

Table 2.76 Description of Internal Registers

Register Name Function Module Name
DTCROA Sets DMAC to block transfer mode Main routine
DTCROB Sets DMAC startup trigger to external pulse falling edge  Main routine
MAROA Sets transfer source address Main routine
MAROB Sets transfer destination address Main routine
ETCOAH, ETCOAL Sets number of transfer words Main routine
ETCOBH Sets number of transfers Main routine

Table 2.77 Description of General Registers

Module Name  Register Name Function

Main routine ROL Used as work register during DMAC setting
RO

Description of RAM: RAM not used in this sample task.
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2.145

Flowcharts

( Main routine )

Set stack pointer
to H'FFFEFE

mode —» DTCROA

Set transfer
mode - DTCROA,

DTCROB

®

2

No
I Is DTME 0?
Set transfer source
address -~ MAROA Yes
|
Set transfer destination .
address -~ MAROB Set1in DTME
|
Set transfer number of
words — ETCROA No
|
Set number of transfers
- ETCROB Yes
|
Set block transfer Set 1in DTE

Enable transfer end
interrupt - DTCROA

!

Figure 2.79 Main Routine Flowchart

HITACHI
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2.14.6
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Program List

000000

000000

00o01C
0ooo1C

000030
000030
000034
000038
00003C
000040
000044

000050
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

1
2
3 VECTOR ADDRESS
4
5
6
7 .CPU 300HA
8 .SECTION  VECT,CODE,LOCATE=H000000
9
10 RES .DATA.L BLKMN
1
12 .ORG H00001C
13 NM™I .DATA.L BLKMN
14
15 .ORG H'000030
16 IRQO .DATA.L BLKMN
17 IRQ1 .DATA.L BLKMN
18 IRQ2 .DATA.L BLKMN
19 IRQ3 .DATA.L BLKMN
20 IRQ4 .DATA.L BLKMN
21 IRQ5 .DATA.L BLKMN
22
23 .ORG H'000050
24 WovI .DATA.L BLKMN
25 CMI .DATA.L BLKMN
26 ;
27 .ORG H’000060
28 TGAIO .DATA.L BLKMN
29 TGBBO .DATA.L BLKMN
30 TOVIO .DATA.L BLKMN
31
32 .ORG H'000070
33 TGAI1 .DATA.L BLKMN
34 TGBI1 .DATA.L BLKMN
35 TOVIl .DATA.L BLKMN
36 ;
37 .ORG H'000080
38 TGAI2 .DATA.L BLKMN
39 TGBI2 .DATA.L BLKMN
40 TOVI2 .DATA.L BLKMN
41
42 .ORG H'000090
43 TGAI3 .DATA.L BLKMN
44 TGBI3 .DATA.L BLKMN
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80
81

82
83
84
85
86

87

000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC

0000D0
0000D0
0000D4
0000D8
0oooDC
0000EO0
0000E4
0000E8
0000EC
0000FO0

00010000

00010000
00010000
00010000

00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

O0OFFFF20
OOFFFF24
O0OFFFF25
OOFFFF27

00000007

00000003

OOFFFF28

00FFFF2C

00FFFF2F

00000007

;Memory address register
;Transmit cunt register ‘H’
;Transmit cunt register ‘L’
;Data ransfer control

:Data transfer enable bit
;Data transfer interrupt

;enable bit

;Memory address register
;Transmit cunt register ‘H’

;Data transfer control

45 TOVI3 .DATA.L BLKMN

46

47 .ORG H’0000A0

48 TGAIl4 .DATA.L BLKMN

49 TGBIl4 .DATA.L BLKMN

50 TOVI4 .DATA.L BLKMN

51

52 .ORG H’0000B0O

53 DENDO .DATA.L BLKMN

54 DEND1 .DATA.L BLKMN

55 DEND2 .DATA.L BLKMN

56 DEND3 .DATA.L BLKMN

57

58 .ORG H’0000D0

59 ERIO .DATA.L BLKMN

60 RXIO .DATA.L BLKMN

61 TXIO .DATA.L BLKMN

62 TENDO .DATA.L BLKMN

63 ERI1 .DATA.L BLKMN

64 RXI1 .DATA.L BLKMN

65 TXI1 .DATA.L BLKMN

66 TEND1 .DATA.L BLKMN

67 ADI .DATA.L BLKMN

68 ;

69

70 *

71 SYMBOL DEFINITIONS

72

73

74

75 DMACOA

76 MAROAR: .EQU H'FFFF20

77 ETCROAH: .EQU H'FFFF24

78 ETCROAL: .EQU H'FFFF25

79 DTCROA: .EQU H'FFFF27
;register

80 DTE: .EQU 7

81 DTIE .EQU 3

82 ; DMACO0B

83 MAROBR: .EQU H'FFFF28

84 ETCROBH: .EQU H'FFFF2C

85 ;

86 DTCROB .EQU H'FFFF2F
;register

87 DTME .EQU 7

;Data transfer master
;enable bit
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; PORT 9
PODDR: .EQU H'FFFFDO ;Port 9 data direction
;register
PODR: .EQU H'FFFFD2 ;Port 9 data register
; PORT A
PADDR: .EQU H'FFFFD1 ;Port A data direction
;register
PADR: .EQU H'FFFFD3 ;Port A data register
“k *
* MAIN PROGRAM : BLKMN *
“k *
.SECTION  PROG,CODE,LOCATE=H'010000
BLKMN: .EQU $
MOV.L #H'FFFEFE,SP ;Set stack pointer
MOV.B #H'FF,ROL
MOV.B ROL,@P9DDR ;Port 9 is output port
MOV.B ROL,@PADDR ;Port A is output port
MOV.L #SRCADD,ERO ;Set source address
MOV.L ERO,@MAROAR ;
MOV.L #P9DR,ERO :Set distnation address
MOV.L ERO,@MAROBR ;
MOV.W #2,R0 :Set transfer count=2
MOV.W RO,@ETCROBH
MOV.B #H'03,ROL ;Set block size = 3word
MOV.B ROL,@ETCROAH
MOV.B ROL,@ETCROAL
MOV.B #B'00001110,ROL ;Distnatino address
MOV.B ROL,@DTCROB ;DREQ falling edge
;request
MOV.B #B'01010111,ROL ;Block trans.mode,word
;size
MOV.B ROL,@DTCROA ;Source address incriment
BLKMNO1:
BTST #DTME,@DTCROB ;Is DTME ‘Low’ ?
BNE BLKMNO1 ;No

88 88
89 O0OFFFFDO 89
90 O0FFFFD2 90
91 91
92 O0FFFFD1 92
93 00FFFFD3 93
94 94
95 95
96 96
97 97
98 98
99 99
100 100
101 010000 101
102 102
103 00010000 103
104 010000 7AO0700FFFEFE 104
105 010006 F8FF 105
106 010008 38DO 106
107 01000A 38D1 107
108 108
109 01000C 7A0000010054 109
110 010012 01006B80FF20 110
111 010018 7AOOOOFFFFD2 111
112 01001E 01006B80FF28 112
113 113
114 010024 79000002 114
115 010028 6B80FF2C 115
116 116
117 01002C F803 117
118 01002E 3824 118
119 010030 3825 119
120 120
121 010032 F80E 121
fix
122 010034 382F 122
123 123
124 010036 F857 124
125 010038 3827 125
126 126 ;
127 01003A 127
128 01003A 7E2F7370 128
129 01003E 46FA 129
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130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

010040

010044
010044
010048

01004A
01004E

010052
010052

010054
010056
010058
01005A

7TF2F7070

TE277370
46FA

7F277070
7F277030

40FE

00010054
1111
2222
3333
4444

*****TOTAL ERRORS
**TOTAL WARNINGS

130 ;

131 BSET #DTME,@DTCROB ;Set DTME

132 ;

133 BLKMNO2:

134 BTST #DTE,@DTCROA ;DTE s ‘Low’ ?

135 BNE BLKMNO2 ;No

136 ;

137 BSET #DTE,@DTCROA ;Set DTE

138 BSET #DTIE,@DTCROA ;Enable DENDO interrupt
139 ;

140 BLKMN99:

141 BRA BLKMN99

142 ;

143 ;

144 *
145 DATA TABLE (OUTPUT PATTERN) *
146 ; *
147

148 SRCADD: .EQU $

149 .DATA.W H'1111

150 .DATAW H'2222

151 .DATA.W H’3333

152 .DATAW H'4444

153 ;

154 .END

HITACHI
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Section 3 Application Edition

3.1 High-Speed Data Output

MCU: H8/3003
Function: ITU, TPC, DMAC

3.1.1 Specifications

» Output of 12-bit data at every rising edge detection of external signal (see figure 3.1)

External signal 4 1k 1 4 | & | & Y
input (TCLKO)

TPC output 15

TPC output 14

TPC output 4 I

Figure 3.1 Example of 12-Bit Data Output
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3.1.2 Method

Figure 3.2 shows a block diagram of on-chip functions used in this sample task. The ITU
generates a compare/match signal to startup the DMAC each time an external signal is input. Tt
DMAC transfers output pattern data table values to the TPC.

Repeating the above operations achieves realtime port control in response to the external signal
rising edge.

H8/3003

TP15
ROM

data pattern

Y

\ 4

External
signal input

TP4

Y

Figure 3.2 H8/3003 Block Diagram

3.1.3 Description of Functions Used

Figure 3.3 shows a block diagram of the onchip functions used in this sample task. The followinc
H8/3003 functions are used for high-speed data output.

Output Pattern Data Table: Sets data pattern output from TPC in ROM.

ITU: Clears timer counter with each compare/match A. Also starts up DMACO and TPC. (H'0001
set in GRA and counting conducted by rising edge of external clock).

DMACOA: Starts up by ITU compare/match A, and transfers output data from output pattern dat
table to NDR.

TPC: Starts up by ITU compare/match A, and uses DMAC to output data without CPU
intervention. 12-bit data is output in this task, although a maximum of 16-bit data output is
possible.
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(Enable/disable interrupt
request generation)

Timer status
control register
) (TSCR)
16-bit counter
v Compare/ A :
match A‘ Interrupt IMFA :
Comparator A control circuit :
1 4 (output
OU_ttht ‘fméﬁ‘f level setting)
register A ( ) Timer 1/O control
register (TIOR)
Output pattern table *
S 1o] V[ : DMACO0A 5----TPC -------------- v
Transfer output Control logic
‘ pattern
data to NDR Nexi data
register (NDR)
: - : v ——» TP15
S 5 Pl Port Bdata  |—»
: : ——
Output pattern storage 5 register (PBDR) [ 5
: ——» TP4

Update output pattern using DMACOA,
and conduct waveform output each time
an ITU compare/match is generated

Figure 3.3 High-Speed Data Output Block Diagram
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Table 3.1 shows the function allocation for this sample task. On-chip I/O functions are allocated
for high-speed data output.

Table 3.1 H8/3003 Function Allocation

H8/3003 Function Function
ITU (ch0) TCLKO External signal rising edge detection
TCNTO 16 bit counter
GRAO Output compare register
TCRO Counter clock select and counter clear factor select
TIORO Sets GRA to output compare register
TSRO Indicates compare/match and overflow status
TIERO Selects interrupt enable/disable
TSTR Sets enable/disable TCNT counting operation
DMACOA DTCROA Controls DMAC operation
MAROA Sets start address of output pattern data table
IORAOA Sets NDR address
ETCROA Sets number of transfers
TPC PADDR Sets TPC output pin
PADR Stores TPC output data TP7 — TP4
PBDDR Sets TPC output pin
PBDR Stores TPC output data TP15 — TP8
TPMR Selects TPC non-overlap mode
TPCR Selects output trigger signal for TPC output
NDERB Sets enable/disable for TPC output TP15 — TP8
NDBRA Sets enable/disable for TPC output TP7 — TP4
NDRB Stores next output data of TPC output TP15 — TP8
NDRA Stores next output data of TPC output TP7 — TP4

TP15-TP4  TPC data output pin
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3.14 Description of Operations

Figure 3.4 shows the principle of operation. High-speed data output is achieved through H8/30(
hardware and software processing.

Immediately
after reset

. “ N N N
External signal | | |

input
(TCLKO)

TPC output 15

TPC output 4

4 Hardware processing N Hardware processing N/ Hardware processing N

ITU: DMAC:
None 1. Generate compare/ Generate DMA transfer
Software processing match A end interrupt
2. Clear counter due to -
ITU: GRA compare/match Software processing
ITU counter clock select | | 3, Startup DMAC and TPC || 1. Set output end flag
and GRA setting DMAC: to1
TPC: Transfer output pattern 2. Stop ITU
TPC startup factor and data table value to NDR | \_ %
output bit setting TPC:
DMAC: NDRA, NDRB data
Set DMAC to I/O mode output
and set startup factor
Software processing

\ / \None /

Figure 3.4 Principle of High-Speed Data Output Operation
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3.1.5 Description of Software
The software for high-speed data output is described below.

Table 3.2  Description of Modules

Module Name Label Name Function
Main routine STPCMN ITU, TPC and DMACOA initial settings
DMA interrupt DMAEND Sets output end flag

Table 3.3  Description of Arguments

Label Name, Data Module

Register Name Function Length Name 110

DMA_FLA Flag indicating that output has completely 1 bit Main routine  1/O
ended. DMA interrupt 1/O
0: output of all bits not ended, 1: output of
all bits ended

Table 3.4  Description of Internal Registers

Onchip Register

Function Name Function
ITU GRA Sets output compare value (H'01)
TCR Sets ITU as follows:

» Counter clear with GRA compare/match
e Count with external signal rising edge
e Count at TCLKA pin

TIOR Sets GRA to output compare register and prohibits pin output
TIER Enables IMFA interrupts
TSTR Starts TCNTO counting operation
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Onchip Register

Function Name Function

TPC PADDR Enables TPC output from TP7 — TP4
PBDDR Enables TPC output from TP15 — TP8
PADR Stores output data from TP7 — TP4
PBDR Stores output pattern from TP15 — TP8
TPMR Sets normal operation from TP15 — TP4
TPCR Sets TP15 — TP4 output trigger to ITUO compare/match
NDERA Enables TPC output from TP7 — TP4
NDERB Enables TPC output from TP15 — TP8
NDRA Stores next output pattern data
NDRB Stores next output pattern data

DMACOA DTCROA Sets DMACOA as follows:
« Data size to word size
* MAR to increment
» Data transfer to /0O mode
e Startup factor to ITU chO compare/match A

MAROA Sets transfer source address of output pattern data table

IOAROA Sets NDRB address (transfer destination)

ETCROA Sets number of transfers

Description of RAM: RAM not used in this sample task.

Table 3.5 Description of Data Table

Table Name Function Data Length Data Volume

OPAT_TAB Stores data output from TPC 1 word 15 words

Description of General RegistersUsed as work register during data setting.
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3.1.6 Flowcharts

( Main routine )

I
Set stack pointer
to H'FFFEFE
[

Set DMACOA transfer source
address at start address
of output pattern data table
[

Set DMACOA destination
address at NDRB address
[

Set number of transfers to 15
I
Read DTCROA
[

Set DTCROA as follows:

« Data size to word size

* MAR to increment

« Data transfer to I/O mode

« Startup factor to ITU chO
compare/match A

« Transfer end interrupt
enable

 Startup DMACOA

I

Set output compare value
to H'01 in GRA
I
Enable IMFA interrupt
with TIER
I
Set TCR as follows:
« Clear counter by GRA
compare/match
* Increment at external
signal rising edge
» Count with TCLKA pin

©

Figure 3.5 Main Routine Flowchart (1)
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S

Set PB7-PBO0 and
PA7—PA4 to output pins

Set NDERB and NDERA
output bits to 1

Set TPC output trigger
to ITU chO

Start timer counter

Clear DMA_F

Clear | flag to enable
interrupts

No

Yes

Figure 3.5 Main Routine Flowchart (2)

HITACHI
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( DMA END )

I
Save registers
[
Stop ITU ch0
counting operation
[

Prohibit interrupt by ITU
(chO) compare/match A
[

Clear ITU (ch0)
compare/match flag A
[

Prohibit DMACOA
interrupt
I

Set DMA_Fto 1
I

Restore registers
I

= )

Figure 3.6 DMA END Flowchart
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3.1.7
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Program List

000000

000000

0oo01C
0ooo1C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

10

© Py o b W N R

1

12

13

14

15

16
17
18
19
20
21
22
23
24
25

26

27

28
29
30

31

32

33
34
35

36

37

38
39
40

41

42

43
a4

VECT,CODE,LOCATE=H"000000

%
> VECTOR ADDRESS
%
.CPU 300HA
.SECTION
RES .DATA.L STPCMN
.ORG H'00001C
NMI .DATA.L STPCMN
.ORG H'000030
IRQO .DATA.L STPCMN
IRQ1 .DATA.L STPCMN
IRQ2 .DATA.L STPCMN
IRQ3 .DATA.L STPCMN
IRQ4 .DATA.L STPCMN
IRQ5 .DATA.L STPCMN
IRQ6 .DATA.L STPCMN
IRQ7 .DATA.L STPCMN
WOoVIo .DATA.L STPCMN
CMI .DATA.L STPCMN
.ORG H'000060
IMIAO .DATA.L STPCMN
IMIBO .DATA.L STPCMN
oVvIo .DATA.L STPCMN
.ORG H'000070
IMIA1 .DATA.L STPCMN
IMIB1 .DATA.L STPCMN
ovi1 .DATA.L STPCMN
.ORG H'000080
IMIA2 .DATA.L STPCMN
IMIB2 .DATA.L STPCMN
OoVI2 .DATA.L STPCMN
.ORG H'000090
IMIA3 .DATA.L STPCMN
IMIB3 .DATA.L STPCMN
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oooCc4
0000C8
oooocc
0000D0
0000D4
0000D8
0000DC
0000EO
0000E4
0000E8
0000EC
0000FO0

FFFF00

FFFF00

00010000

00010000
00010000
00010000

0001005C
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000001
00000000

00FFFF20
00FFFF24
00FFFF26

45 OVI3 .DATA.L STPCMN

46

47 .ORG H'0000A0

48 IMIA4 .DATA.L STPCMN

49 IMIB4 .DATA.L STPCMN

50 OVi4 .DATA.L STPCMN

51

52 .ORG H'0000BO

53 DENDOA .DATA.L DMAEND

54 DENDOB .DATA.L STPCMN

55 DENDIA .DATA.L STPCMN

56 DEND1B .DATA.L STPCMN

57 DEND2A .DATA.L STPCMN

58 DEND2B .DATA.L STPCMN

59 DEND3A .DATA.L STPCMN

60 DEND3B .DATA.L STPCMN

61 ERIO .DATA.L STPCMN

62 RXIO .DATA.L STPCMN

63 TXIO .DATA.L STPCMN

64 TEIO .DATA.L STPCMN

65 ERI1 .DATA.L STPCMN

66 RXI1 .DATA.L STPCMN

67 TXI1 .DATA.L STPCMN

68 TEI1 .DATA.L STPCMN

69 ADI .DATA.L STPCMN

70 ;

71

72 *
73 * RAM ALLOCATION

74 * *
75

76

77 .SECTION RAM,DATA,LOCATE=H'FFFF00

78

79 DMA_FLA: .RES.B 1 ;Flag area

80 DMA_ENDF: .EQU 0 ;DMA end flag
81

82

83 * *
84 * SYMBOL DEFINITIONS *
85 * *
86 ;

87

88 ; DMACOA

89 MAROAR: .EQU H'FFFF20  ;Memory address register
90 ETCROAH: .EQU H'FFFF24  ;Transmit cunt register
91 I0AROA: .EQU H'FFFF26  ;1/O address register
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92

93
94
95
96
97
98
99
100
101

102
103
104
105
106
107
108
109
110

111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131
132
133

010000

010000

010006
01000A
01000E
010010
010012
010014

010016

OOFFFF27

00000007

O00OFFFF60

00FFFF64
00FFFF65
00FFFF66

OOFFFF67
OOFFFF6A

OOFFFFAO
O00OFFFFAl
OOFFFFA2
OOFFFFA3
OOFFFFD1

00FFFFD4

00010000
7A0700FFFEFE

79000000
6B8OFFGA
F801
3866
F824
3864

7A0000010076

92 DTCROA: .EQU H'FFFF27  ;Data transfer control
;register
93 DTE: .EQU 7 ;Data transfer enable bit
94 ;
95 ; ITU
96 TSTR: .EQU H'FFFF60  ;Timer start register
97 ;
98 ; ITU chO
99 TCRO: .EQU H'FFFF64  ;timer control register
100 TIORO: .EQU H'FFFF65  ;timer I/O control register
101 TIERO: .EQU H'FFFF66  ;timer interrupt enable
;register
102 TSRO .EQU H'FFFF67  ;timer status register
103 GRAOH .EQU H'FFFF6A  ;General register
104 ;
105 ; TPC
106 TPMR: .EQU H'FFFFAO ;TPC output mod register
107 TPCR: .EQU H'FFFFA1 ;TPC output control register
108 NDERB .EQU H'FFFFA2 ;Next data enable register B
109 NDERA .EQU H'FFFFA3 ;Next data enable register A
110 PADDR .EQU H'FFFFD1 ;Port A data direction
;register
111 PBDDR .EQU H'FFFFD4 ;Port B data direction
;register
112 ;
113 ;
114 *
115 * MAIN PROGRAM : STPCMN *
116 ;* *
117 ;
118 ;
119 .SECTION  PROG,CODE,LOCATE=H'010000
120 ;
121 STPCMN: .EQU $
122 MOV.L #H'FFFEFE,SP ;Init. stack pointer
123 ;
124 wwsmsris INITIALZE [TU **ttsssstisissttioik
125 MOV.W #H'0,RO
126 MOV.W RO,@GRAOH ;Set non overlap time
127 MOV.B #H'01,ROL
128 MOV.B ROL,@TIERO ;Init. TIERO(1->IMIEA)
129 MOV.B #H'24,ROL
130 MOV.B ROL,@TCRO ;Init. TCRO
;(1->CCLRO,TPSC2)
131 ;
132 xwmmrties INITIALZE DMACOA *+sstisrstiinstis
133 MOV.L #OPAT_TAB,ERO
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134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

01001C
010022
010024
010026
01002A
01002E
010030
010032
010034

010038
01003A
01003C
01003E
010040
010042
010044
010046
010048

01004A
01004C
01004E
010052

010054
010058
01005A

01005C
01005E
010062

01006B80FF20
F8A4

3826
7900000F
6B80OFF24
2827

F848

3827
7F277070

F8FO
38D1
F8FF
38D4
38A2
F8FO
38A3
F800
38A1

F801
3860
7F007200
0700

7E007300
47FA
40FE

0001005C
6DFO0
7F607200
7F667200

134
135
136
137
138
139
140
141
142

143

144
145
146
147
148
149
150
151
152
153

154

155
156
157
158

159 ;

160
161
162

163 ;

164 ;
165 ;

166

167 ;
168 ;

169
170
171
172

173 ;

174

175

176
177
178
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MOV.L ERO,@MAROAR ;Set MAROA
MOV.B #H'A4,ROL
MOV.B ROL,@I0OAROA ;Set IOAROA
MOV.W #H'0F,RO
MOV.W RO,@ETCROAH ;Store transfer count
MOV.B @DTCROA,ROL ;Read DTCROA
MOV.B #H'48,ROL
MOV.B ROL,@DTCROA ;Init. DTCROA
BSET #DTE,@DTCROA ;Start DMACOA
;********** |N|T|ALZE TPC *kkkkkkkkkkkkkkkkkkkkkkkkk
MOV.B #H'FO,ROL
MOV.B ROL,@PADDR ;Init. PADDR
MOV.B #H'FF,ROL
MOV.B ROL,@PBDDR ;Init. PBDDR
MOV.B ROL,@NDERB ;Set output TPC
MOV.B #H'FO,ROL
MOV.B ROL,@NDERA ;Set output TPC
MOV.B #H'00,ROL
MOV.B ROL,@TPCR ;Init. TPCR
MOV.B #H'01,ROL
MOV.B ROL,@TSTR ;Start ITU chO
BCLR #DMA_ENDF,@DMA_FLA ;Clear DMA_ENDF
LDC.B #0,CCR ;Enable interrupt
STPCMNO1: BTST #DMA_ENDF,@DMA_FL ;DMA_ENDF = “1" ?
BEQ STPCMNO1 ;No
STPCMN99: BRA STPCMN99 ;Loop
* *
* NAME : DMAEND (End of DMACOA transmit)  *
* *
;* *
i ENTRY : NOTHING *
i RETURN : DMA_ENDF (DMAC end flag) *
;* *
DMAEND: .EQU $
PUSH.W RO
BCLR.B #0,@TSTR ;Stop ITU chO
BCLR.B #0,@TIERO ;Disable timer

HITACHI
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179 010066 7F677200 179 BCLR.B #0,@TSRO ;Clear timer
;comparemech flag

180 01006A 7F277230 180 BCLR.B #3,@DTCROA ;Stop DMACOA

181 01006E 7F007000 181 BSET #DMA_ENDF,@DMA_FLA ;Set DMA_ENDF

182 010072 6D70 182 POP.W RO

183 010074 5670 183 RTE

184 184 ;

185 185 ;

186 186 ; *

187 187 ; DATA TABLE (OUTPUT PATTERN) *

188 188 ; *

189 189 ;

190 010076 1110222033304440190 OPAT_TAB .DATAW H'1110,H2220,H'3330,H’4440,H'5550,

191 01007E 5550666077708880191 * H'6660,H’7770,H'8880,H'9990,H’'AAAQ,

192 010086 9990AAA0BBBOCCC0192 * H’BBBO,H'CCCO,H’'DDDO,H’EEEO,H'FFFO
01008E DDDOEEEOFFFO

193 193 ;

194 194 .END

***TOTAL ERRORS 0

**TOTAL WARNINGS 0
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3.2 SCI Continuous Transmit/Receive

MCU: H8/3003
Function: ITU, DMAC

3.21 Specifications

e Setting of H8/3003 SCI to clock sync mode and continuous transmit/receive of 100 byte data
between H8/3003 devices

» Using DMAC, setting for data transfer from memory to TDR and RDR to memory without
CPU intervention

* The transmit side is the clock master

H8/3003 (Master) H8/3003 (Slave)
SCK |« » SCK
PAO (RRQ) » IRQO (SRQ)
TRQO (SRQ) [+ P80 (RRQ)
TXD > RXD
RXD |« TXD

Figure 3.7 Block Diagram of Clock Sync SCI Interface by H8/3003

3.2.2 Method
The approach shown below has the I/O port control the signal line.

RRQ Signal (receive request)Receive request sent to slave side. After sending the receive
request, 100 us later a serial clock is sent from SCK and serial data from TXD to the slave side.

SRQ Signal (send request)Request for transmission from slave side. After receiving the SRQ,
100 us later a serial clock is received from SCK and serial data from RXD is received from the
slave side.
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3.2.3 Description of Functions Used

Figure 3.8 shows the H8/3003 on-chip functions used in this sample task. The DMAC and SCI
used for high-speed serial communications.

Transmit Data Table: Sets transmit data in ROM
Receive Data TableSets receive data in RAM
DMACDOA:

» During transmit: Activated by transmit end interrupt, and transfers SCI data table contents tc
SCI

« During receive: Activated by receive end interrupt, and transfers receive data to SCI data tal

SCI: Conducts serial data transmit and receive with H8/3003.

Transmit
data table
SCl _ (stores serial
(conduct serial transmit/ transmit data
receive with H8/3003)
----------------------------------------------------------------------------------- . —b; H
D | ROM
Module data bus v Klinternal data bus »| {L——:
=
o
SSR BRR | T Receive
SCR | 8 data table
SVR | |Baud rate i (stores serial
- generator : receive data
Transmit/ :
receive control 4 : : :
TXD « Lp: | RAM
t Clock
SCK+————————— e
DTCROA |
: : TEND
™ > DMA L interrupt
: >
RXI »| controller
{ iR
MAROA » Bus control
ETCROH | ETCROL signal
''''''''''''''''''''''''''' DMAC
Transfers receive data to RAM
(transfer to SCI data table)
and transmit data to TDR

Figure 3.8 SCIl and DMAC Block Diagram
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Table 3.6 shows the function allocation with this sample task. SCI and DMAC functions are
allocated for interfacing with H8/3003.

Table 3.6  H8/3003 Function Allocation

H8/3003 Function Function
SCI SCK Transmits transfer clock, and receives transfer clock during receive
RXD Receive data input pin
TXD Transmit data output pin
SMR Sets SCI in clock sync mode
SCR Enables receive interrupt, sets SCI to transmit mode
SSR Starts transmit
RDR Sets data received from H8/3003
TDR Sets data for transmission to H8/3003
BRR Sets the transfer rate
Port A PADDR Sets PORT A 1/O
PADR Transmits RRQ
DMACOA DTCROA Controls each of the DMAC channel operations
MAROA Sets transfer source address during startup by SCI transmit end
interrupt.

Sets transfer destination address during startup by SCI receive end
interrupt

IOAROA Sets transfer destination address during startup by SCI transmit end
interrupt.

Sets transfer source address during startup by SCI receive end interrupt
ETCROA Sets number of transfers

3.24 Description of Software
The software for SCI continuous transmit/receive is described below.

Table 3.7  Description of Modules

Module Name  Label Name Function

Main routine HSCIMN Initial setting of I/O port, SCI and DMAC

Data transmit HSCITX Sets transmit data in TDR and starts transmit

Data receive HSCIRX Activated by IRQO interrupt, and sets SCI to receive operation
DMA interrupt DMAEND Conducts WRIT_F and READ_F, and sets transmit end and

receive end flags
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Table 3.8

Onchip
Function

Description of Internal Registers

Register
Name

Function

SCI

SMR

Sets SCI as follows:
e Sets SCI to clock sync mode
« Sets baud rate generator’s clock source to @

SCR

Sets SCI as follows during transmit and receive.
Transmit operation:

* Enable transmit data empty interrupt

« Enable transmit operation

e SCK pin to sync clock output

Receive operation:

« Enable receive data full interrupt
* Enable receive operation

e SCK pin to sync clock input

SSR

Transmit: Clears TDRE and starts transmit operation
Receive: Clears RDRF and enables receive operation

RDR

Stores data received from H8/300H

TDR

Sets data for transmission to H8/300H

BRR

Sets transfer rate

DMAC

DTCROA

Sets DMACOA as follows:

« Data size to byte size

¢ MAR to increment

e Data transfer to I/O mode
e Enable transfer

» Set startup factor to SCI receive end interrupt or transmit end
interrupt

MAROA

During transmit: Sets transfer source address of SCI data table
During receive: Sets transfer destination address of SCI data table

IOAROA

During transmit: Sets TDR (transfer destination) address
During receive: Sets RDR (transfer source) address

ETCROA

Sets number of transfers

I/0

PADDR

Sets PORT A I/O

PADR

Transmits RRQ
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Onchip
Function

Register
Name

Function

Interrupt IER

Enables IRQO interrupt

controller ISR

Indicates IRQO input status

Table 3.9  Description of Arguments
Label Name, Data
Register Name Function Length Module Name 1/O
ROL Stores data for transmission 1byte  Main routine Input
Data transmit Output
WRIT_F Flag indicating write action 1 bit Data transmit Input
Data receive Output
READ_F Flag indicating read action 1 bit Data transmit Input
Data receive Output
WRIT_ERRF Flag indicating transmit ended normally 1 bit Data transmit Input
0: Transmit normal end Data receive Output
1: Transmit end error
READ_ERRF Flag indicating receive ended normally 1 bit Data transmit Input
0: Receive normal end Data receive Output

1: Receive abnormal end

Table 3.10 Description of RAM

Register Name

Function

Data Length

Module Name

READ_END

Flag indicating end of read operation

1 bit

DMA interrupt

WRIT_END

Flag indicating end of write operation

1 bit

DMA interrupt

Table 3.11 Description of Data Tables

Register Name Function Data Length Data Volume
TXSCI_DAT Sets transmit data 1 byte 100 bytes
RXSCI_DAT Sets receive data 1 byte 100 bytes

Description of General Registers:

» Used as work register during data setting in all routines
e Used as RAM clear counter
» Sets RAM clear data
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3.2.5

Flowcharts

( Main routine >

Set stack pointer
to H'FFFEAA

Clear receive data table

set RRQ to output

Set H'01 in PADDR, and

clock sync mode

clock source to @

Set SMR as follows:
« Set operation mode to

« Set baud rate generator

Set H'01 in BRR
(set to 2 MHz)

Enable IRQO interrupt

interrupts

Clear | flag to enable

Transmit data

d

Figure 3.9 Main Routine Flowchart

HITACHI
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Data transmit

Is READ_F 0?

Set WRIT Fto1

’ Set WRIT_ERRF to 1

I
Set transmit source
address (MAROA) to
transmit data table’s
second address
I
Set transmit destination
address (IOAROA)
in TDR
I
Set number of transfers
(99) in ETCR
[
Read DTCROA
[
Set DTCROA as follows:
« Data size to byte size
* MAR to increment
« Data transfer to 1/O
mode
« Enable transfer
« Start factor to SCI
transmit end interrupt
I
Output low from RRQ

’ Output high from RRQ ‘
I
’ Set transmit data in TDR ‘
[
Set SSR and
start transmit
[

RTS

Figure 3.10 Data Transmit Flowchart
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< Data receive >

No

Yes

Set READ_Fto 1 | | Set READ_ERRF to 1
[
Enable SCR receive
data full interrupt and
set to receive mode
[

Set transfer destination
address (MAROA) to
SCI data table’s
first address
[

Set transfer source
address (IOAR0A)
in RDR
[

Set number of transfers
(100) in ETCR

Read DTCROA
[
Set DTCROA as
follows:
« Data size to byte size
* MAR to increment
¢ Data transfer to
I/O mode
* Enable transfer
« Startup factor to SCI
receive end interrupt

= )

Figure 3.11 Data Receive Flowchart
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< DMA interrupt >

[
Set SCR and
stop SCI
I
Set DTCR and
stop DMA

No

Yes

Clear WRIT_Fto 0 Clear READ_Fto 0

Set WRIT_END to 1 Set READ_END to 1

< |
<

(e )

Figure 3.12 DMA Interrupt Flowchart
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3.2.6
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Program List

000000

000000

0oo01C
0ooo1C

000030
000030
000034
000038
00003C
000040
000044
000048
00004C
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094

00010000

00010000

0001008E
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

VECT,CODE,LOCATE=H"000000

1
2
3 VECTOR ADDRESS
4
5
6 ;
7 .CPU 300HA
8 .SECTION
9
10 RES .DATA.L HSCIMN
1
12 .ORG H00001C
13 NMI .DATA.L HSCIMN
14
15 .ORG H'000030
16 IRQO .DATA.L HSCIRX
17 IRQ1 .DATA.L HSCIMN
18 IRQ2 .DATA.L HSCIMN
19 IRQ3 .DATA.L HSCIMN
20 IRQ4 .DATA.L HSCIMN
21 IRQ5 .DATA.L HSCIMN
22 IRQ6 .DATA.L HSCIMN
23 IRQ7 .DATA.L HSCIMN
24 WOVIo .DATA.L HSCIMN
25 CMI .DATA.L HSCIMN
26 ;
27 .ORG H'000060
28 IMIAO .DATA.L HSCIMN
29 IMIBO .DATA.L HSCIMN
30 OVIo .DATA.L HSCIMN
31
32 .ORG H'000070
33 IMIA1 .DATA.L HSCIMN
34 IMIB1 .DATA.L HSCIMN
35 Ovil .DATA.L HSCIMN
36 ;
37 .ORG H'000080
38 IMIA2 .DATA.L HSCIMN
39 IMIB2 .DATA.L HSCIMN
40 OVI2 .DATA.L HSCIMN
41
42 .ORG H'000090
43 IMIA3 .DATA.L HSCIMN
44 IMIB3 .DATA.L HSCIMN
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
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000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC
0000CO0
0oooCc4
0000C8
oooocc
0000D0
0000D4
0000D8
0000DC
0000EO

0000E4

0000E8

0000EC
0000FO0

FFFEAA
FFFEAA

FFFFOE

00010000

00010000
00010000
00010000

0oo100CC
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000064

00000001
00000000
00000001
00000002
00000003
00000004
00000005

RAM,DATA,LOCATE=H'FFFEAA

45 OVI3 DATAL  HSCIMN
46 ;

a7 .ORG H’0000A0
48 IMIA4 DATAL  HSCIMN
49 IMIB4 DATAL  HSCIMN
50 OVI4 DATAL  HSCIMN
51

52 .ORG H’0000B0
53 DENDOA .DATAL  DMAEND
54 DENDOB .DATAL  HSCIMN
55 DENDIA  .DATAL  HSCIMN
56 DEND1B  .DATALL  HSCIMN
57 DEND2A  .DATAL  HSCIMN
58 DEND2B  .DATALL  HSCIMN
59 DEND3A  .DATAL  HSCIMN
60 DEND3B  .DATAL  HSCIMN
61 ERIO DATAL  HSCIMN
62 RXIO DATAL  HSCIMN
63 TXIO DATAL  HSCIMN
64 TEIO DATAL  HSCIMN
65 ERI1 DATAL  HSCIMN
66 RXI1 DATAL  HSCIMN
67 TXI1 DATAL  HSCIMN
68 TEI1 DATAL  HSCIMN
69 ADI DATAL  HSCIMN
70 ;

71

72

73 RAM ALLOCATION
74

75

76 ;

77 .SECTION

78 RXSCI_DAT .RES.B D'100
79

80 CSC_FLA .RES.B 1

81 WRIT_F  .EQU 0

82 READ_F  .EQU 1

83 WRIT_ERRF .EQU 2

84 READ_ERRF .EQU 3

85 WRIT_ENDF .EQU 4

86 READ_ENDF .EQU 5

87
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;Flag area
;Write action flag

;Read action flag
;Write error flag
;Read error flag
;Write end flag
;Read end flag



88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109

110
111
112

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131 010000 7A0700FFFEAA

010000

00FFFF20
00FFFF24
00FFFF25
00FFFF26
00FFFF27

00000007

OOFFFFBO
OOFFFFB1
OOFFFFB2
OOFFFFB3
OOFFFFB4
00000007

OOFFFFD1

OOFFFFD3
00000000

00FFFFF5
00000000
0OFFFFF6
00000000

00010000

88

89
90
91
92

93

94
95
96
97
98
99

100

101 ;
102 ;

103
104
105
106
107
108
109

110 ;
111 ;

112

113
114

115 ;

116
117
118
119
120
121
122
123
124
125

126 ;
127

128
129

130
131

T3 *
7 SYMBOL DEFINITIONS *
T3 *
;*'k*******'k********* DMACOA kkkkkkkkkkkkkkkkkkkkkk*
MAROAR: .EQU H'FFFF20  ;Memory address register
ETCROAH: .EQU H'FFFF24  ;Transmit cunt register (H)
ETCROAL: .EQU H'FFFF25  ;Transmit cunt register (L)
IOAROA: .EQU H'FFFF26  ;1/O address register
DTCROA: .EQU H'FFFF27  ;Data transfer control
;register
DTE: .EQU 7 ;Data transfer enable bit
; SCI
SMRO: .EQU H'FFFFBO  ;Serial mode register
BRRO: .EQU H'FFFFB1  ;bit rate register
SCRO: .EQU H'FFFFB2  ;Serial control register
TDRO: .EQU H'FFFFB3  ;Transmit data register
SSRO: .EQU H'FFFFB4  ;Serial status register
TDRE .EQU 7 ;Transmit data register
;enable bit
; /10
PADDR: .EQU H'FFFFD1 ;Port A data direction
;register
PADR: .EQU H'FFFFD3  ;Port A data register
RRQ .EQU 0 ;RRQ signal bit
skkkkkkkkkhkkkhkhkkk INT CONTRAL Fhkkkkkkkkhkhkhkhk x
IER: .EQU H'FFFFF5  ;IRQ enable register
IRQOE .EQU 0 ;IRQO enable bit
ISR: .EQU H'FFFFF6  ;IRQ status register
IRQOF .EQU 0 ;IRQO status bit
“k *
* MAIN PROGRAM : HSCIMN *
k *
.SECTION  PROG,CODE,LOCATE=H'010000
HSCIMN:  .EQU $

MOV.L

HITACHI

#H'FFFEAA,SP ;Initialize stack pointer
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132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

010006
010008
01000A
010010
010012
010014
010016
010018

01001A
01001C
01001E

010020

010022

010024

010026

010028

01002C

01002E
010032

010034
010038
01003C

F100
F900
7A0000FFFEAA
6889
0B70
8101
Al64
46F6

F801
38D3
38D1

F880

38B0

F801

38B1

7FF57000

0700

5E010034
40FE

7EOE7310
5860004C
7FOE7000

132

133
134
135
136
137
138
139
140

141

142
143

144
145

146 ;

147
148
149

150
151

152 ;

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
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MOV.B #0,R1H ;Counter clr
MOV.B #0,R1L
MOV.L #RXSCI_DAT,ERO
HSCIMNO1: MOV.B R1L,@ERO
INC.L #1,ERO
ADD.B #1,R1H
CMP.B #D'100,R1H ;Counter = 100 ?
BNE HSCIMNO1 ;No
;************* |n|t|a“ze |/O Fkkkkkkkkkkkkkkkkkkk
MOV.B #H'01,ROL
MOV.B ROL,@PADR ;Initialize PADR
MOV.B ROL,@PADDR ;Initialize PADDR(RRQ)
;************* |n|t|a“ze SCIO Fkkkkkkkkkkkkkkkkkkk
MOV.B #H'80,ROL
MOV.B ROL,@SMRO :Initialize SMARO
(1 ->CIA)
MOV.B #H'01,ROL
MOV.B ROL,@BRRO ;SET BRRO(2M bit/s)
skkkkkkkkkkkkk |n|t|a|IZe INT CONTROLER Fkkkkkkkkk k.
BSET #IRQOE,@IER
LDC.B #0.CCR ;Enable interrupt
JSR @HSCITX
HSCIMN99: BRA HSCIMN99
“k *
* NAME : HSCITX(Output data) *
ok *
k *
* ENTRY : WRIT_F(Write action flag) *
* READ_ERRF(Read error flag) *
* RETURNS : READ_F(Read action flag) *
* WRIT_ERRF(Write error flag) *
“k *
HSCITX: BTST #READ_F,@CSC_FLA;READ_F =07
BNE HSCITX01 ;No
BSET #WRIT_F,@CSC_FLA;1 -> WRIT_F
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178
179
180
181
182
183
184
185
186
187

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

010040
010046
010048
01004E
010050
010052
010056
01005A
01005C
01005E

010060
010064
010066
010068
01006A

01006C

010070
010074
010076
01007C
01007E
010082
010084

010086

010088
01008C

01008E

7A00000100FA
0B70
01006B80FF20
F8B3

3826
79000063
6B8OFF24
2827

F88C

3827

7FD37200
F100

8101
AlC8
46FA

7FD37000

TEBA47370
47FA
6A28000100F4
38B3
7TFB47270
F8AO0

38B2

5470

7FOE7020
40F8

01006DFO

178 MOV.L
179 INC.L
180 MOV.L
181 MOV.B
182 MOV.B
183 MOV.W
184 MOV.W
185 MOV.B
186 MOV.B
187 MOV.B
188 ;

189 BCLR
190 MOV.B
191 HSCITX02: ADD.B
192 CMP.B
193 BNE
194 ;

195 BSET
196 ;

197 HSCITX03: BTST
198 BEQ
199 MOV.B
200 MOV.B
201 BCLR.B
202 MOV.B
203 MOV.B

204 HSCITX99: RTS

205 ;

206 HSCITX01: BSET

207
208 ;

BRA

#TXSCI_DAT,ERO

#1,ERO

ERO,@MAROAR ;Set MAROA
#H'B3,ROL
ROL,@I0OAROA ;Set IOAROA(TDRO)
#D'99,R0

RO,@ETCROAH
@DTCROA,ROL
#H'8C,ROL

ROL,@DTCROA

;Store tranfer count

;Initialize DTCROA
;(1-> DTIE, DTS2A)

#RRQ,@PADR :RRQ -> “L” output

#0,R1H ;Counter clr
#H'01,R1H

#H'C8,R1H ;100us pass?

HSCITX02

#RRQ,@PADR ;:RRQ -> “H” output
#TDRE,@SSRO ;TDRE = 1?

HSCITX03 ;No
@TXSCI_DAT,ROL

ROL,@TDRO ;Set TDR
#7,@SSRO

#H'AO,ROL

ROL,@SCRO ;Initialize SCRO

(1 ->TIE,TE)

#WRIT_ERRF,@CSC_FLA ;1 -> WRIT_ERRF
HSCITX99

209 ;
210
211
212

NAME : HSCIRX(Input data) *

213 ;
214
215 *
216 ;*
217
218 ;*
219

ENTRY :

RETURNS :

READ_F(Read action flag) *

WRIT_ERRF(Write error flag) *
WRIT_F(Write action flag) *
READ_ERRF(Read error flag) *

220 ;
221
222 HSCIRX:

HITACHI

PUSH.L

ERO ;Escape register
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223 010092
224 010096
225 01009A
226 01009E
227 0100A0

228

229 0100A2
230 0100A8
231 0100AE
232 0100BO
233 0100B2
234 0100B4
235 0100B6
236 0100B8
237 0100BA

238 0100BC
239
240 0100C0
241 0100C4
242
243 0100C6
244 0100CA
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260 0100CC
261 0100CE
262 0100D0

263 0100D2
264 0100D6
265

266 0100DA

7EOE7300
5860002C
7FOE7010
F852
38B2

7A0000FFFEAA
01006B80FF20
F8B5

3826

F864

3825

2827

F80D

3827

TF277070

01006D70
5670

7FOE7030
40F4

F800
38B2
3827

7EOQE7300
5870000C

7FOE7200

223
224
225
226
227

BTST #WRIT_F,@CSC_FLA;WRIT_F = 0?
BNE HSCIRX01 :No

BSET #READ_F,@CSC_FLA:1 -> READ_F
MOV.B #H'52, ROL

MOV.B ROL,@SCRO Initialize SCRO

:(1 -> RIE,RE,CKE1)

228

229
230

231
232
233
234
235
236
237

238

239

240
241

242

243
244

245

246
247

248

249
250 ;
251

252
253
254
255
256

257
258 ;

259

260
261
262

263
264

265

266
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MOV.L #RXSCI_DAT,ERO
MOV.L ERO,@MAROAR ;Set MAROA
MOV.B #H'B5,ROL
MOV.B ROL,@I0AROA ;Set IOAROA(RDRO)
MOV.B #D'100,ROL
MOV.B ROL,@ETCROAL ;Store tranfer count
MOV.B @DTCROA,ROL ;Read DTCROA
MOV.B #H'0D,ROL
MOV.B ROL,@DTCROA ;Initialize DTCROA
;(1->DTIE,DTS2A,DTS0A)
BSET #DTE,@DTCROA ;Start DMACOA
HSCIRX99: POP.L ERO
RTE
HSCIRXO01: BSET #READ_ERRF,@CSC_FLA ;1 -> READ_ERRF
BRA HSCIRX99
* *
* NAME : DMAEND(Set next data) *
* *
* *
* ENTRY : WRIT_F(Write action flag) *
* RETURNS : WRIT_F(Write action flag) *
* READ_F(Read action flag) *
* WRIT_ENDF(Write end flag) *
* READ_ENDF(Read end flag) *
* *
DMAEND: MOV.B #00,ROL
MOV.B ROL,@SCRO
MOV.B ROL,@DTCROA ;Initialize DTCROA
(0 -> DTIE,DTS2A)
BTST #WRIT_F,@CSC_FLA;WRIT_F = 1?
BEQ DMAENDO1 ;No
BCLR #WRIT_F,@CSC_FLA;WRIT_F Clear
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010203040506070B 282 TXSCI_DAT .DATA.B

BSET
BRA

DMAENDO1: BCLR

#WRIT_ENDF,@CSC_FLA ;1 -> WRIT_ENDF

DMAEND99

#READ_F,@CSC_FLA;READ_F Clear

BSET #READ_ENDF,@CSC_FLA ;1 -> READ_ENDF
BCLR #IRQOF, @ISR :IRQOF ClIr

DMAEND99 RTE

;*

* DATA TABLE (WRITE DATA TABLE)

*

*

*

267 0100DE 7FOE7040 267
268 0100E2 5800000C 268
269 269
270 0100E6 7FOE7210 270
271 0100EA 7FOE7050 271
272 0100EE 7FF67200 272
273 273
274 0100F2 5670 274
275 275
276 276
277 277
278 278
279 279
280 280 ;
281 281
282 0100F4
283 0100FC 090A0BOCODOEOF10283
284 010104 1112131415161718284 *
285 01010C 191A1B1C1D1E1F20 285
286 010114 2122232425262728286 *
287 01011C 292A2B2C2D2E2F30 287
288 010124 3132333435363738288 *
289 01012C 393A3B3C3D3E3F40 289
290 010134 4142434445464748290 *
291 01013C 494A4B4C4D4E4F50291
010144 5152535455565758
01014C  595A5B5C5D5E5SF60
010154 61626364
292 292
293 293
***TOTAL ERRORS 0

**TOTAL WARNINGS 0

D’01,D0'02,D’03,D°'04,D'05,D’06,
D’07,0'08,D’09,D’10,
D'11,D0’12,0'13,D0'14,D'15,D’16,
D'17,0'18,D'19,D’20,
D'21,0'22,D°23,D'24,D°25, D26,
D'27,0'28,D°29,D’30,
D’31,D0'32,D’33,D’34,D'35,D’36,
D’37,D0'38,D'39,D'40
D’'41,0'42,D’43,D’44,D'45,D'46,
D’'47,0'48,D'49,D’50,
D’51,D'52,D'53,D°'54,D'55,D°56,
D’57,0'58,D'59,D’60,
D’'61,0'62,D’63,D’64,D'65,D'66,
D’'67,0'68,D'69,D’70,
D'71,0'72,D'73,D'74,D0'75,D'76,
D'77,0'78,D'79,D’80,
D’81,D0'82,D’83,D’84,D'85,D'86,
D’87,0'88,D'89,D’90
D’'91,D0'92,D'93,D'94,0'95,D96,
D’97,0'98,D0'99,D’100

.END
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3.3 Sine Wave Output

MCU: H8/3042
Function: ITU, DMAC, D/A

331 Specifications

e Output of a waveform corresponding with a 100 bit binary digit string (1010111...) set in RAM
(see figure 3.13)

» 1-bit data set in RAM outputs a sine waveform with the following frequencies:
0: 2400 Hz full sine wave output
1: 1200 Hz half sine wave output

» Data set in RAM is output MSB first

» Applying this sample task allows MSK modem functions

5V
Sine /

waveform
output

oV
1200 Hz 1200 Hz
2400 Hz R (half wave) - (half wave) R 2400 Hz R
0 1 1 0

Figure 3.13 Example of Sine Waveform Output

Rev. 2.0, 06/00, page 218 of 297
HITACHI



3.3.2 Method

Sine Wave Output Operation: Figure 3.14 shows an example of sine waveform output employir
D/A converter output. The following is an overview of the operation.

Analog voltages are output using the D/A converter (see figure 3.10)

D/A converter data for one cycle of the sine wave corresponding with the output analog
voltages is stored in a ROM data table

D/A data stored in the data table is transferred to the D/A converter for each output cycle (T
and is converted to a step-form voltage wave

This stepped waveform is passed through filter circuitry to give the sine wave output indicate
by the dotted line in figure 3.14

5V

DAO

ov

—

Cycle t

Figure 3.14 Example of Sine Waveform Output

Data Format: Figure 3.15 shows an example of waveform output matched with a 0101 4-bit bit
pattern.

As shown in the figure, a 1 output becomes a 1200 Hz half-wave output. Consequently, the ne»
output waveform must be either a 2400 Hz waveform or a negative phase 1200 Hz waveform.

Sine /\
waveform
output \—/

2400 Hz 1200 Hz 2400 Hz 1200 Hz
(positive phase) (positive phase) (negative phase) | (negative phase)
) 0 g 1 i 0 ) 1 -
Positive phase output Negative phase output

Figure 3.15 “0101” 4-Bit Data Output Example
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1200 Hz and 2400 Hz Positive/Negative Waveform Output Methodfigure 3.16 shows a
waveform data table used for each waveform output. The table stores 1200 Hz positive half-wav
1200 Hz negative half-wave and 2400 Hz full-wave data.

Table 3.12 gives output waveforms and methods of using the waveform data table. As shown in
the table, waveforms are output by judging the waveform data table’s start address and address
increment and decrement.

Sine waveform
data table Address
ROM

S12USTADR (1200-Hz positive phase

1200-Hz half-wave data table first address)
half-wave data

(positive phase)

S12LSTADR (1200-Hz negative phase

1200-Hz half-wave data table first address)
half-wave data

(negative phase)

S24STADR (2400-Hz data table first address)

2400-Hz
full-wave data

S24EDADR (2400-Hz data table last address)

Figure 3.16 Correlation of Sine Waveform Data Table and Output Waveform
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Table 3.12 Output Waveforms and Methods of Using Waveform Data Tables

Waveform Start Increment/
Designation ~ Output Waveform Address Decrement Content
1 output S12USTADR Increment Increment from data table

SVf,f —LH_LL S12USTADR to

S12LSTADR-1 address
oV and output of data

1 output 5V S12LSTADR Increment Increment from data table
S12L STADR to

_L\_‘_‘_‘— HH_,_.J' S24STADR-1 address and
oV = - output of data

S24STADR Increment Increment from data table
S24STADR to S24EDADR
and output of data

0 output

S24EDADR Decrement  Decrement from data table
S24EDADR to S24STADR
and output of data

0 output
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3.3.3 Description of Functions Used

Figure 3.17 shows the H8/3042 on-chip functions used in this sample task. The following H8/30¢
functions are used for sine wave output.

Sine Wave Data Table:Sets sine wave data table in ROM for D/A conversion.
ITU: Clears timer counter each time compare/match A occurs. Also starts up DMACOA.

DMACOA: Starts up by ITU compare/match A, and transfers output data from sine wave data
table to D/A converter's DADR.

D/A: Converts sine wave data table digital input to analog output. Can also set analog voltage
range using AVCC as reference voltage.

Sine waveform data table

ROM:-vovversssoveeeeeens : B
1200-Hz half-wave | : D/A data register
data (positive phase) | | - (DADRO)
1200-Hz half-wave | i : i
data (negative phase) | 5 5
(neg p ) ) — AV
2400-Hz full-wave | : ; > 8-bit D/A —» DAO
data § § <+ AVgg
. : i | (Control of D/A converter):
_______ R, § D/A control ;
(Enable/disable interrupt | | | register (DACR)
request generation) ; i
Timer status Control circuit
: control register ; : :
: (TSTR) g
i | 16-bit counter i i
: Compare/ 4

Interrupt

? match A
i [ Comparator control | 1OCALT pyacoa
: circuit g

Output compare *output
register A (GRA) level setting):
Timer 1/0O 5
control register
(TIOR)

Figure 3.17 Block Diagram of Sine Wave Output Circuit
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Table 3.13 shows the H8/3042 function allocation for sine wave output with this sample task.

Table 3.13 H8/3042 Function Allocation

H8/3042 Function Function
ITU (ch0) TCNTO 16-bit counter generating compare/match with constant cycle
GRAO Output compare register
TCRO Selects counter clock and counter clear factor
TIORO Sets GRA to output compare register
TSRO Indicates compare/match and overflow status
TIERO Selects enable/disable interrupts
TSTR Enables/disables timer counter operation
DMACOA DTCROA Controls DMACOA operation
MAROA Sets start address of data table corresponding with sine wave

IOAROA Sets DADR address
ETCROA Sets number of transfers

D/A DADR Stores data for conversion
DACR Controls D/A converter operation
AV Analog block power supply and reference voltage
AV Analog block ground and reference voltage
DAO Analog output

Rev. 2.0, 06/00, page 223 of 297
HITACHI



3.34 Description of Operations

Figure 3.18 shows the principle of operation. Sine waveforms are output due to H8/3042 hardwa
and software processing.

TCNT value

GRA

H'OOOO[ ------- [ ------- [ ....... [ ....... [ ....... [ ------- [ ------ ‘ ------- ‘ ....... A

»Time
DMAC (sine wave i~
data - DADRO) M

DAO

N Y

4 Hardware processing ™ /  Hardware processing

ITU: Generate DMA transfer end
a. Generate GRA compare/match interrupt

DMAC: -

a. Startup DMAC Software processing

b. Transfer sine wave data to DADR DMAC:

DIA: ) a. Set transfer start address

a. Output sine wave from DAO after and number of transfer bytes

D/A conversion in DMACOA
Software processing . /
None
- /

Figure 3.18 Principle of Sine Wave Output Operation (1)
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Figure 18 Principle of Sine Wave Output Operation (2)
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3.35 Description of Software
The software for sine wave output is described below.

Table 3.14 Description of Modules

Module Name  Label Name Function

Main routine SINMN Initial setting of stack pointer, 16-bit timer (ITU), DMAC and
D/A converter

DMAC start SINWAVEA Startup by DMACOA transfer end interrupt, and performs

DMACOA resetting and reactivation

Table 3.15 Description of Internal Registers

On-Chip Register

Function Name Function

ITU GRAO Sets data output cycle
TIERO Enables IMFA interrupts
TCRO Sets ITU as follows:

» Clear counter with GRA compare/match
e Count up with internal clock @

TIORO Sets GRA to output compare register and prohibits pin output

TSTRO Enables TCNT counting operation

DMACOA DTCROA Sets DMACOA as follows:
« Data size to byte size
* MAR to increment or decrement (differs depending on the module)
» Data transfer to /O mode
« Transfer enable or disable (differs depending on the module)
e Startup factor to ITU chO compare/match A

MAROA Sets sine waveform data table’s transfer source address

IOAROA Sets DADR address (transfer destination)

ETCROA Sets number of transfers

DI/IA DADR Stores data for D/A conversion (sine waveform data table)

DACR Sets D/A converter as follows:
« Enable D/A converter channel O
* Enable analog output DAO
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Table 3.16 Description of Arguments

Label Name, Data Module

Register Name Function Length Name I/0

SIN_MOD Flag indicating waveform type currently 1 byte Main routine  Output
being output. SINWAVE /0

H'01: “1” output (positive phase)
H'02: “1” output (negative phase)
H'04: “0” output (positive phase)
H'08: “0” output (negative phase)

SIN_LWCOUN Up counter counting up each time a DMA 1 byte Main routine  1/0

interrupt occurs. Processing of sine SINWAVE e
waveform data after counting 32 times.

SIN_FCOUNT Up counter counting up each time a DMA 1 byte Main routine  Input

interrupt occurs. Peripheral functions SINWAVE /O
stopped after counting 100 times.

SIN_ADR Indicates address of next modulation data to 1 long Main routine  Input

be used. word SINWAVE /0
SINADR increments when SINLWDAT

reads modulation data, and indicates next

modulation data address.

SIN_DAT Stores current modulation data. llong Mainroutine /O

1 bit shift and fetch modulation data. word  gINWAVE /O

After fetching all 32 bits of modulation data,
modulation data is read in from the address
indicated by SINADR.

Table 3.17 Description of RAM

Label Name Function Data Length ~ Module Name

OUT_DAT Sets modulation data (1010111...) in RAM 100 bit SINWAVEA

Table 3.18 Description of Data Tables

Table Name Function Data Length  Data Volume
S12USTADR Sets sine waveform data for D/A Byte 60 bytes
S12LSTADR conversion

S24STADR

S24EDADR

Description of General RegistersFigure 3.19 describes the general registers.
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31 ERnN RnH RnL

0 Used as work register during data setting in all routines

A

Used as work register during
interrupt processing

N o o~ WN

Figure 3.19 Description of General Registers
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3.3.6

Flowcharts

Main routine

Set stack pointer

to HFFFEFC
I

Set modulation data

in RAM (SINDAT)
I

Set number of
DMACOA
transfers to 20

Read DTCROA

Is next
output waveform
1?

Set transfer source
address to start
address of 1200-Hz
half-wave (positive
phase) output in sine
waveform data table

Set transfer source
address to start
address of 2400-Hz
full-wave (positive
phase) output in sine
waveform data table

[

Set DTCROA
as follows:
« Data size to byte size
* MAR to increment
« Data transfer to I/O mode
« Startup factor to ITU
chO compare/match A
« Enable transfer
request
« Enable transfer end
interrupt

Set ITU chO as follows:

« Clear counter with GRA
compare/match

« Count up with internal
clock @

Enable IMFA interrupt
with TIER

Set first compare/match
cycle in GRA

Set D/A converter
as follows:
 Enable channel 0
D/A conversion
« Enable analog output

‘ Start timer counter O

Clear | flag to
enable interrupts

)

Figure 3.20 Main Routine Flowchart
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( DMACOA-S )

Save registers

[
Set number of
DMACOA transfer to 20

current output
waveform a 1200-Hz
positive phase?

No

current output
waveform a 1200-Hz
negative phase?

Is next output

waveform 1?

Is next output
waveform 1?

Figure 3.21 DMAC Start Flowchart (1)
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current output
waveform a 2400-Hz
positive phase?

Is next output
waveform 1?

Yes : :

No

(s)—

Is next output
waveform 17?

Yes

(2)—»

Set SINCMPF

Set SINCMPF
(indicating output
waveform type)
to H'01

Set SINCMPF
(indicating output
waveform type)
to H'04

Set SINCMPF

(indicating output
waveform type)

to H'02

(indicating output
waveform type)
to H'08
I

[

Set transfer source

address to 1200-Hz

half-wave (positive

phase) output first
address in sine

waveform data table

Set transfer source
address to 2400-Hz
full-wave output first
address in sine
waveform data
table

Set transfer source
address to 1200-Hz
half-wave (negative
phase) output first
address in sine
waveform data table

Set transfer
source address to
2400-Hz
full-wave output
last address in sine
waveform data table
[

[
Set DTCROA as
follows:
* MAR to increment
* Enable transfer

Set DTCROA as
follows:

* MAR to increment

* Enable transfer

end interrupt

end interrupt

Set DTCROA as

follows:

* MAR to increment
« Enable transfer

end interrupt

Set DTCROA as
follows:
* MAR to decrement
« Enable transfer
end interrupt

-
-«

@

Figure 3.21 DMAC Start Flowchart (2)
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Count up COUNT32

No

Yes

Clear COUNT32

SINADR + 4

[
Read next modulation
data to SINLWDAT

P—

Count up COUNT100

Is
COUNT100
100?

Stop peripheral
functions

|47

Restore registers

C

Figure 3.21 DMAC Start Flowchart (3)
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3.3.7

© 0 N O g b~ W N B

A A D D DWW WWWWWWWWNNDNDNDNDNDNDDNDNDNDNERRRRRRRPRRP R
A W N RFP O O 0N O G &~ WNEP O O OONOOOG A WOWNMRPRO O 0WNO OGO M WDNPRFPLP O

Program list

000000

000000

0oo01C
0ooo1C

000030
000030
000034
000038
00003C
000040
000044

000050
000050
000054

000060
000060
000064
000068

000070
000070
000074
000078

000080
000080
000084
000088

000090
000090
000094

00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

VECT,CODE,LOCATE=H"000000

1
2
3 VECTOR ADDRESS
4
5
6 ;
7 .CPU 300HA
8 .SECTION
9
10 RES .DATA.L SINMN
1
12 .ORG H00001C
13 NMI .DATA.L SINMN
14
15 .ORG H'000030
16 IRQO .DATA.L SINMN
17 IRQ1 .DATA.L SINMN
18 IRQ2 .DATA.L SINMN
19 IRQ3 .DATA.L SINMN
20 IRQ4 .DATA.L SINMN
21 IRQ5 .DATA.L SINMN
22
23 .ORG H'000050
24 Wovi .DATA.L SINMN
25 CMI .DATA.L SINMN
26 ;
27 .ORG H'000060
28 TGAIO .DATA.L SINMN
29 TGBBO .DATA.L SINMN
30 TOVIO .DATA.L SINMN
31
32 .ORG H'000070
33 TGAI1 .DATA.L SINMN
34 TGBI1 .DATA.L SINMN
35 TOVIl .DATA.L SINMN
36 ;
37 .ORG H'000080
38 TGAI2 .DATA.L SINMN
39 TGBI2 .DATA.L SINMN
40 TOVI2 .DATA.L SINMN
41
42 .ORG H'000090
43 TGAI3 .DATA.L SINMN
44 TGBI3 .DATA.L SINMN

HITACHI
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45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

000098

0000A0
0000A0
0000A4
0000A8

0000B0O
0000B0O
0000B4
0000B8
0000BC

0000D0
0000D0
0000D4
0000D8
0000DC
0000EO
0000E4
0000E8
0000EC
0000FO0

FFFEFC

FFFEFC
FFFF00
FFFF04
FFFFO5
FFFF06

FFFFO7

00010000

00010000
00010000
00010000

000100AC
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000004
00000004
00000001
00000001
00000001

0000000D

45 TOVI3 .DATA.L SINMN
46
47 .ORG H’0000A0
48 TGAIl4 .DATA.L SINMN
49 TGBl4 .DATA.L SINMN
50 TOVI4 .DATA.L SINMN
51
52 .ORG H’0000B0O
53 DENDO .DATA.L SINWAVE
54 DEND1 .DATA.L SINMN
55 DEND2 .DATA.L SINMN
56 DEND3 .DATA.L SINMN
57
58 .ORG H’0000D0
59 ERIO .DATA.L SINMN
60 RXIO .DATA.L SINMN
61 TXIO .DATA.L SINMN
62 TENDO .DATA.L SINMN
63 ERI1 .DATA.L SINMN
64 RXI1 .DATA.L SINMN
65 TXI1 .DATA.L SINMN
66 TEND1 .DATA.L SINMN
67 ADI .DATA.L SINMN
68 ;
69
70 *
71 RAM ALLOCATION
72 *
73
74
75 .SECTION
76
77 SIN_ADR .RES.L 1
78 SIN_DAT .RES.L 1
79 SIN_MOD .RES.B 1

80 SIN_LWCOUN .RESB 1
81 SIN_FCOUNT .RESB 1
82

83 OUT_DAT
84 ;

.RES.B D13

RAM,DATA,LOCATE=HFFFEFC

;Address of outupt data
;Next data buff

;Sin wave type

;Count of 1 long ward data
;Count of 100 bits data

;Output data buff

85
86 *
87 *
88 *

SYMBOL DEFINITIONS

89
90

91 jFewxmkmxxmkkxs DMACOA
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92
93
94
95

96
97
98
99
100
101
102
103
104

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

010000

010000

010006
010008
01000A
01000C
01000E
010010
010012
010014
010016
010018
01001A
01001C
01001E
010020

00FFFF20
00FFFF24
00FFFF26
00FFFF27

00000007

O00FFFF60

00FFFF64
00FFFF65
00FFFF66

00FFFF67
00FFFF68
00FFFF6A

OOFFFFDE

00010000
7A0700FFFEFC

F8FO
3807
F8FO
3808
F8FO
3809
F8FO
380A
F8FO
380B
F8FO
380C
F8FO
380D

92
93
94
95

96
97
98
99

100
101
102
103
104

105
106
107
108
109
110

122
123
124

125
126
127
128
129
130
131
132
133
134
135
136

MAROAR: .EQU H'FFFF20  ;Memory address register
ETCROAH: .EQU H'FFFF24  ;Transmit cunt register
IOAROA:  .EQU H'FFFF26  ;1/O address register
DTCROA: .EQU H'FFFF27  ;Data transfer control
;register
DTE: .EQU 7 ;Data transfer enable bit
; ITU
TSTR: .EQU H'FFFF60  ;Timer start register
; ITU chO
TCRO: .EQU H'FFFF64  ;timer control register
TIORO: .EQU H'FFFF65  ;timer I/O control register
TIERO: .EQU H'FFFF66  ;timer interrupt enable
;register

TSRO: .EQU H'FFFF67  ;timer status register
TCNTO: .EQU H'FFFF68  ;timer counter register
GRAOH: .EQU H'FFFF6A  ;General register
; D/A
DACR: .EQU H'FFFFDE  ;D/A control register
. :
* MAIN PROGRAM : SINMN *
o *
.

.SECTION PROG,CODE,LOCATE=H'010000
SINMN: .EQU $

MOV.L #H'FFFEFC,SP ;Initialize stack pointer

MOV.B #H'FO,ROL ;Initialize RAM data

MOV.B ROL,@OUT_DAT

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+1

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+2

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+3

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+4

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+5

MOV.B #H'FO,ROL

MOV.B ROL,@OUT_DAT+6

HITACHI

Rev. 2.0, 06/00, page 235 of 297



137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

165
166
167
168
169

170
171
172
173
174
175
176
177
178
179

010022
010024
010026
010028
01002A
01002C
01002E
010030
010032
010034
010036
010038

01003A
01003C
01003E
010040
010042
010046
01004A

01004E
010050

010052

010058
01005E
010062
010064
01006A

01006E
010074
010076

01007A
010080

010082
010088

F8FO
380E
F8FO
380F
F8FO
3810
F8FO
3811
F8FO
3812
F8FO
3813

F820
3864
F801
3866
7900FF00
6B8OFFGA
7F677200

F840
38DE

7A0000FFFFO7

01006B8OFFFC
01006901

1031
01006B81FF00
5840000C

7A000001019A
FAO1
58000008

7A00000101C2
FAQ4

01006B80FF20
3A04

180 01008A F8DC
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137
138
139
140
141
142
143
144
145
146
147
148
149 ;

MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B

#H'FO,ROL
ROL,@OUT_DAT+7
#H'FO,ROL
ROL,@OUT_DAT+8
#H'FO,ROL
ROL,@OUT_DAT+9
#H'FO,ROL
ROL,@OUT_DAT+10
#H'FO,ROL
ROL,@OUT_DAT+11
#H'FO,ROL
ROL,@OUT_DAT+12

150 kmkkekkkk |N|TIALIZE [TU *rkkkkrtskikiortkkihkiss

151
152
153
154
155
156
157
158 ;

MOV.B
MOV.B
MOV.B
MOV.B
MOV.W
MOV.W
BCLR

#H'20,ROL

ROL,@TCRO ;Set non overlap time
#H'01,ROL

ROL,@TIERO ;Initialize TIERO(1->IMIEA)
#H'FFOO,RO
RO,@GRAOH

#0,@TSRO

;Initialize TCRO(1->CCLR1)

159 ;wewxxmknxx |N|TIALIZE DJA #rsssssissintsidntsins

160
161
162

MOV.B
MOV.B

#H'40,ROL

ROL,@DACR ;Initialize D/AC

163 ;rwxxmknxx |N|TIALIZE DMAGC **xsibtsitiontioktk

164

165
166

167
168

169

170 ;

171

172

173

174

175 SINMNO1:
176

177

178 SINMNO2:
179

180

HITACHI

MOV.L

MOV.L
MOV.L
SHLL.L
MOV.L
BCC

MOV.L
MOV.B
BRA

MOV.L
MOV.B

MOV.L
MOV.B

MOV.B

#OUT_DAT,ERO ;Set address of
;transmit data

ERO,@SIN_ADR

@ERO0,ER1 ;load next data bit
ER1

ER1,@SIN_DAT

SINMNO1 ;Branch next data =

o

#S12USTADR,ERO
#H'01,R2L
SINMNO2

;Output wave is 1200Hz

#S24STADR,ERO
#H'04,R2L

;Output wave is 2400Hz

ERO,@MAROAR
R2L,@SIN_MOD ;Store next wave type
;to SIN_MOD

#H'DC,ROL



181
182
183

184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

218
219
220
221
222
223
224
225

01008C
01008E
010092

010096
010098
01009A
01009C

0100A0
0100A2
0100A4

0100A6
0100A8

0100AA

0100AC
0100B0O

0100B4

0100B8
0100BC
0100CO

0100C2
0100C8
0100CA

3826
79000014
6B8OFF24

2827
F808
3827
7F277070

F801
3805
3806

3860
0700

40FE

000100AC
01006DFO
01006DF1

7F677200

79000014
6B80FF24
2827

01006BOOFFO00
1030
01006B80FF00

181
182
183

184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

217

218
219
220
221
222
223
224
225

MOV.B ROL,@IOAROA ;Set IOAROA
MOV.W #H'0014,R0
MOV.W RO,@ETCROAH ;Store transfer
;counter

MOV.B @DTCROA,ROL ;Load DTCROA
MOV.B #H'08,ROL
MOV.B ROL,@DTCROA ;init. DTCROA
BSET #DTE,@DTCROA ;Start DMAC ch0 A
MOV.B #H'01,ROL ;Initialize counter
MOV.B ROL,@SIN_LWCOUN
MOV.B ROL,@SIN_FCOUNT
MOV.B ROL,@TSTR ;Timer start
LDC.B #0,CCR ;1 flag clr

SINMN99: BRA SINMN99

-k

* NAME : SINWAVE(Set next data of sin wave DMAC) *

-k

-k

;* ENTRY : SIN_ADR (Address of output data)

;* ENTRY : SIN_DAT (Next data buff)

;* ENTRY : SIN_MOD (Sin wave type)

;* ENTRY : SIN_LWCOUN (Count of 1 long ward data)

;* ENTRY : SIN_FCOUNT (Count of 100 bits data)

;* RETURNS : NOTHING

SINWAVE:

.EQU $

PUSH.L ERO ;Escape register
PUSH.L ER1
BCLR.B #0,@TSRO ;Clear time comparemech

flag

MOV.W #H'0014,R0 ;Set transfer data inning
MOV.W RO,@ETCROAH

MOV.B @DTCROA,ROL

MOV.L @SIN_DAT,ERO ;Load next data bit
SHLL.L ERO

MOV.L ERO,@SIN_DAT
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226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

0100D0

0100D2
0100D4
0100D6
0100DA
0100DC
0100E0

0100E4
0100E6
0100EA
0100EC
0100FO0

0100F4
0100F6
0100FA
0100FC
010100

010104
010106
01010A

01010E
010114
010116
010118

01011C
010122
010124
010126

01012A
010130
010132
010134

010138
01013E
010140

010142
010144
01014A

6701

2904
A901
5860000A
7301
5870003C
5800002A

A902
5860000A
7301
58700048
58000036

A904
5860000A
7301
58700038
58000026

7301
58700012
58000000

7A00000101AE
Fo08

F102

58000026

7A00000101D5
F928

F108

58000018

7A000001019A
F908

F101
5800000A

7A00000101C2
F908
F104

3104
01006B80FF20
3927

226 BST
227 ;

228 MOV.B
229 CMP.B
230 BNE
231 BTST
232 BEQ
233 BRA
234 ;

235 SINWAVEOL: CMP.B
236 BNE
237 BTST
238 BEQ
239 BRA
240 ;

241 SINWAVEO2: CMP.B
242 BNE
243 BTST
244 BEQ
245 BRA
246 ;

247 SINWAVEO3: BTST
248 BEQ
249 BRA
250 ;

251 SINWAVEO4: MOV.L
252 MOV.B
253 MOV.B
254 BRA
255 ;

256 SINWAVEO5: MOV.L
257 MOV.B
258 MOV.B
259 BRA
260 ;

261 SINWAVEO6: MOV.L
262 MOV.B
263 MOV.B
264 BRA
265 ;

266 SINWAVEO7: MOV.L
267 MOV.B
268 MOV.B
269 ;

270 SINWAVEOS: MOV.B
271 MOV.L
272 MOV.B
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#0,R1H

@SIN_MOD,R1L

#H'01,R1L
SINWAVEO1
#0,R1H
SINWAVEO05
SINWAVEO04

#H02,R1L
SINWAVEO02
#0,R1H
SINWAVEOQ7

SINWAVEO06

#H'04,R1L
SINWAVEO03
#0,R1H
SINWAVEOQ7

SINWAVEO06

#0,R1H
SINWAVEO05
SINWAVE04

#S12LSTADR,ERO

#H'08,R1L
#H'02,R1H
SINWAVEO08

#S24EDADR,ERO
#H'28,R1L
#H'08,R1H
SINWAVEO08

#S12USTADR,ERO

#H'08,R1L
#H'01,R1H
SINWAVEO08

#S24STADR,ERO
#H'08,R1L
#H'04,R1H

R1H,@SIN_MOD
ERO,@MAROAR
R1L,@DTCROA

;SIN_MOD =1"?
;No
;Next data = ‘1’ ?
;Yes
;No

:SIN_MOD =2’ ?

;No
;Next data = ‘1" ?
;Yes

;No

;SIN_MOD ='4"?

;No
;Next data = ‘1" ?
;No

;Yes

;Next data = ‘1" ?
;No
;Yes

;Set MAROAR
;Set DTCROA
;Set SIN_MOD

;Set MAROAR
;Set DTCRO
;Set SIN_MOD

;Set MAROAR
;Set DTCROA
;Set SIN_MOD

;Set MAROAR
;Set DTCROA
;Set SIN_MOD



273 01014C 7F667000 273 BSET.B #0,@TIERO

274 010150 7F277070 274 BSET.B #DTE,@DTCROA

275 275

276 010154 2805 276 MOV.B @SIN_LWCOUN,ROL ;Increment counter
277 010156 0A08 277 INC.B ROL

278 010158 3805 278 MOV.B ROL,@SIN_LWCOUN

279 279

280 01015A A820 280 CMP.B #32,ROL ;32bit out end ?
281 01015C 58600020 281 BNE SINWAVEO09 ;No

282 010160 F800 282 MOV.B #0,ROL ;Clear counter

283 010162 3805 283 MOV.B ROL,@SIN_LWCOUN

284 284

285 010164 01006BOOFFFC 285 MOV.L @SIN_ADR,ERO ;Set next data address
286 01016A 7A1000000004 286 ADD.L #4,ERO

287 010170 01006B8OFEFC 287 MOV.L ERO,@SIN_ADR

288 288 ;

289 010176 01006900 289 MOV.L @ERO0,ERO ;Set next data
290 01017A 01006B8OFF00 290 MOV.L ERO,@SIN_DAT

291 291

292 010180 2806 292 SINWAVE09: MOV.B @SIN_FCOUNT,ROL ;Increment counter
293 010182 0A08 293 INC.B ROL

294 010184 3806 294 MOV.B ROL,@SIN_FCOUNT

295 295

296 010186 A864 296 CMP.B #100,ROL ;100bit out end ?
297 010188 58600004 297 BNE SINWAVE99 ;No

298 298 ;

299 01018C F800 299 MOV.B #0,ROL ;Yes,Stop timer
300 01018E 3860 300 MOV.B ROL,@TSTR

301 301 ;

302 010190 01006D71 302 SINWAVE99: POP.L ER1

303 010194 01006D70 303 POP.L ERO

304 010198 5670 304 RTE

305 305 ;

306 306 ;

307 307 * *
308 308 ;* DATA TABLE (OUTPUT DATA TAB) *
309 309 * *
310 310 ;

311 311

312 01019A 8093A7B9CA 312 S12USTADR .DATA.B H’'80,H'93,H'A7,H'B9,H’'CA
313 01019F DAE7F1F9FD 313 .DATA.B H'DA,H'E7 H'F1,H'F9,H'FD
314 0101A4 FFFDF9F1E7 314 .DATA.B H'FF,H'FD,H'F9,H'F1,H'E7
315 0101A9 DACAB9A793 315 .DATA.B H'DA,H'CA,H'B9,H’'A7,H'93
316 0101AE 806C584635 316 S12LSTADR .DATA.B H'80,H'6C,H’'58,H'46,H’35
317 0101B3 25180E0602 317 .DATA.B H'25,H'18,H’0E,H’'06,H'02

318 0101B8 0002060E18 318 .DATA.B H'00,H'02,H'06,H'0E,H'18

319 0101BD 253546586C 319 .DATA.B H'25,H'35,H'46,H'58,H'6C
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320
321
322
323
324
325
326

****TOTAL ERRORS
**TOTAL WARNINGS

0101C2
0101C7
0101CC
0101D1
0101D5

80A7CAET7F9
FFFOE7CAA7
8058351806
00061835

58

0

320 S24STADR
321
322
323
324 S24EDADR
325
326 .END
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.DATA.B H'80,H'A7,H'CA,HE7 ,H'F9
.DATA.B HFF,H'F9,H'E7,H'CA H'A7
.DATA.B H'80,H’58,H'35,H'18,H'06
.DATA.B H'00,H’'06,H'18,H'35
.DATA.B H'58



3.4 Four-Phase Stepping Motor Application Example

MCU: H8/3003
Function: ITU, TPC, DMAC

34.1 Specifications

e Control of 4-phase stepping motor using H8/3003 on-chip functions of ITU, TPC and DMAC
(see figure 3.22)

» Stepping motor control by 2-phase drive system

e This sample task repeats the operations “stop -> forward -> stop -> reverse -> stop”

» This sample task does not require software intervention to conduct slue-up and slue-down
processing

« A through-current prevention interval is introduced to protect the motor driver

H8/3003 Motor driver 4 phase

Phase A stepping motor

Phase B

Figure 3.22 4-Phase Stepping Motor Control Circuit
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3.4.2 Method

Example of Stepping Motor Operation: Figure 3.23 shows how 2-phase drive is employed to
operate a 4-phase stepping motor. The following is an overview of operations:

As shown in figure 3.23, when the pulse is high, the corresponding phase is driven.

In (1), phase A and phase D undergo simultaneous drive. At this time the rotor is at an
intermediate position between phase D and phase A.

In (2), phase A and phase B undergo simultaneous drive. At this time the rotor is between
phase A and phase B. The 2-phase drive system then excites the neighboring two phases in
sequence to turn the rotor (A-D -> A-B -> B-C -> C-D).

In reverse operation, the sequence of excitation is reverse (D-C -> C-B -> B-A -> A-D).
Stopping the motor is achieved by excitation for a constant period at the last phase of forware
or reverse rotation.

Phase A
Phase B I_
Phase C : : -
Phase D I_
DOap @as | BC | cD
i phase drive : phase drive : phase drive : phase drive :
| ; i | —
I
A A A A
N N L] L]

D B D B D B D B
z |: :| z :| pd pd |:
[ [ [N] N
C C C C
A N 2N %

Figure 3.23 Example of Stepping Motor Operation
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Non-Overlap Time: As shown in figure 3.24, a through-current prevention period (n) or non-
overlap time is inserted during output pattern switching. Owing to turn-off lag during a drive
phase switch, there is a danger of the driver being destroyed. Non-overlap time provides a time
delay to counter this.

masen 1

Phase B

Phase C
Phase D _| I

Figure 3.24 Example of Non-Overlap Time Output
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Slue-Up and Slue-Down OperationsAs shown in figure 3.25, acceleration/deceleration-

controlled pulses are output. Conducting slue-up and slue-down operation in this way prevents
step-out of the motor.

When the motor is running, if there is a sudden output of short pulses, the motor may be unable
take up the load and fail to rotate. Slue-up and slue-down operation is a means of preventing thi

The principle is as follows:

1. Gradual shortening of pulse cycle and set amount of pulse output (slue-up)
2. Preset amount of pulse output with a constant pulse cycle (constant speed)
3. Gradual lengthening of pulse cycle and set amount of pulse output (slue-down)

Speed
A : :
Slue-up : ) i Slue-down
operation Constant operation operation
: : : Time
- ————p!
‘Acceleration time’ ‘Deceleration time

Prase A [ [T AN L1
Phase 8[| TR L1
Phase ¢ [ MU
Prase D[RRI 11—

Figure 3.25 Slue-Up and Slue-Down Operation
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3.4.3 Description of Functions Used
Figure 3.26 shows the H8/3003 on-chip functions used in this sample task.

Two DMAC channels are used, and a 4-phase output pattern is subjected to timing pattern con
(TPC) to give a 4-phase pulse output. Also, the pulse cycle is transferred to the ITU’'s GRB to
control 4-phase pulse output timing control.

Cycle Data Table: Table for altering the step cycle (ITU timer values) set in ROM.
Output Pattern Data Table: Output pattern set in ROM for 4-phase pulse output.

DMACOA: Starts up by ITU compare/match A. Transfers output pattern from output pattern dat
table to the TPC’s NDR.

DMACOB: Starts up by ITU compare/match A. Transfers cycle data from cycle data table to the
ITU's GRB.

ITU:

e Compare/match A: Starts up DMACOA, DMACOB and TPC
» Compare/match B: Clears timer counter and starts up TPC

TPC: Uses the DMAC to effect data output without CPU intervention. Although a maximum of
16-bit data can be output, this sample task outputs 4 bit data. Enables output of pulses with nor
overlap time.

« Compare/match B: Outputs pulses changing from high to low. Output changing from low to
high is held.

» Compare/match A: Conducts output of pulse held by compare/match B (L -> H pulse).
(Delayed by GRA set value.)
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Transfer of cycle data to GRB

DMACOB [*

Cycle data table
---ROM
Up (Slue-up)
Down
(Slue-down) ;
Constant
(Constant speed) | :

Step cycle storage

Output pattern table
:--ROM
. [110010000
11000000

(Enable/disable generation

Output compare
register B
(GRB)

match B
g Comparator B
i | 16-bit counter

Iy

Output compare
register A
(GRA)

Compare/

Compare/
match A

of interrupt request) :

Timer status
control register
(TSCR)

Y

Interrupt | TIOCB

control

circuit

TIOCA

* (Output

level setting):

Timer /O
control register
(TIOR)

v

Transfer of :
output pattern
data to NDR

—| Control logic

Next data

01100000 i

00110000
‘Waveform data
storage for stepping

motor control

Update output pattern
using DMACOA and conduct
waveform output each time

an ITU compare/match

is generated

register (NDR)

v

Port B data

>| register (PBDR)

Figure 3.26 Block Diagram of 4-Phase Stepping Motor Control
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Table 3.19 shows the function allocation for this sample task. H8/3003 functions are allocated t
generate 2-phase drive stepping motor output waveforms.

Table 3.19 H8/3003 Function Allocation

H8/3003 Function

Function

ITU (ch0) TCNTO 16-hit counter
GRAO Output compare register A
GRBO Output compare register B
TCRO Selects count clock and sets counter clear factor
TIORO Sets GRA and GRB to output compare registers
TIERO Controls interrupt request enable/disable
TSRO Compare/match and overflow status register
TSTR Enables/disables TCNT counting operation
DMACOA/B DTCROA, B Controls operation of each DMAC channel
MAROA, B Sets transfer source address
IORAOA, B Sets transfer destination address
ETCROA, B Sets number of transfers
TPC PBDDR Sets TPC output pins
PBDR Stores TPC output B data
TPMR Sets TPC output non-overlap mode
TPCR Sets TPC output trigger signal
NDERB Enables/disables TPC output B
NDRB Stores next TPC output B data
TP15 - TP12 Generates 4-phase stepping motor output waveforms
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3.4.4 Description of Operations

4-phase pulse output (with non-overlap time) (figure 3.27).

ITU (cho)

Output pattern data
table —~ NDR (DMACO0A)

Cycle data table —~ GRB
(DMACOB)

i
W
N o
L) ,

Interrupt request to CPU
(DMACOB transfer end

interrupt) Non-oglerla:ptime

-«—>

TP15
TP14 L
P13 :
P12 :

TPC output

P P g
/7~ Hardware Y7 Hardware %Hardware N Hardware N\

processing processing processing processing
ITU: ITU: DMACOB: Generate DMACOB
1. Generate GRBO| | 1. Generate GRAO 1. Start up transfer end interrupt
compare/match compare/match DMACOB after
2. Clear TCNTO 2. Start up DMACOA, end of Softwa_re
3. Start up TPC DMACOB, and TPC DMACOA processing
TPC: TPC: transfer Software proces-
Non-overlap 1. Transfer NDR data 2. Transfer cycle sing for each
output(H - L to PBDR data to GRB operation of step-
pulse output, 2.OutputH - L Software ping motor:
L - H pulse pulse processing i. Forward slue-up
output held) DMACOA: None ii. Forward constant
Software Transfer output A\ speed
processing pattern to NDR iii. Forward slue-
None DMACOB: ‘ . down
\ ) Hold until DMACOA iv. Stop
transfer has ended v. Reverse slue-up
Software vi. Reverse
processing constant speed
vii. Reverse slue-
(e ) e

Figure 3.27 Stepping Motor Timing Description
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3.4.5 Description of Software
The software for the four-phase stepping motor application example is described below.

Table 3.20 Description of Modules

Module Name Label Name Function

Main routine STP4MN ITU, TPC and DMACOA/DMACOB initial settings, and forward
slue-up operation

Motor control STP41 Motor operations (forward constant speed, stop etc.) control
* Sets DMACOA/B and conducts forward slue-up operation

» Sets DMACOB and conducts forward constant speed
operation

¢ Sets DMACOA/B and conducts forward slue-down
operation

e Sets DMACOA/B and conducts stopping operation
* Sets DMACOA/B and conducts reverse slue-up operation

e Sets DMACOB and conducts reverse constant speed
operation

* Sets DMACOA/B and conducts reverse slue-down
operation

» Sets DMACOA/B and conducts stopping operation
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Table 3.21 Description of Internal Registers

Onchip Register
Function Name Function
ITU GRAO Sets non-overlap time
GRBO Sets timer cycle
TIERO Enables IMFA interrupts
TCRO Sets ITU as follows:
* Clear counter with GRB compare/match
e Count by internal clock @
TIORO Sets GRA and GRB to output compare registers, and prohibits pin
output
TSTR Enables TCNTO counting operation

DMACOA DTCROA

Sets DMACOA as follows:

« Data size to byte size

¢ MAR to increment

« Data transfer to repeat mode

« Transfer enable or disable selection (differs depending on the
module)

e Startup factor to ITU chO compare/match A

MAROA

Sets output pattern data table transfer source address

IOAROA

Sets NDRB address (transfer destination)

ETCROA

Sets number of transfers

DMACO0B DTCROB

Sets DMACOB as follows
* Data size to word size

* MAR to increment or decrement (differs depending on processing
contents)

» Data transfer to /O mode (may be set to idle mode depending on
processing contents)

« Enable transfer
* Enable interrupt requests (DEND)
e Startup factor to ITU chO compare/match A

MAROB

Sets cycle data table transfer source address

IOAROB

Sets GRB address (transfer destination)

ETCROB

Sets number of transfers
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Table 3.21 Description of Internal Registers (cont)

Onchip Register
Function Name Function
TPC PBDDR Enables TP15- TP12 TPC output
PBDR Stores output pattern data
TPMR Sets TP15- TP12 to non-overlap output
TPCR Sets TP15- TP12 output trigger to ITU chO compare/match
NDERB Enables TP15- TP12 TPC output
NDRB Stores next output pattern data

Description of Arguments: Arguments are not used in this sample task.

Table 3.22 Description of RAM

Label Name  Function Data Length  Module Name
CTRLMD Indicates operation mode of 4-phase stepping 1 byte Motor control
motor.

H'01: forward slue-up operation end

H'02: forward constant speed operation end
H'03: forward slue-down operation end
H'00: forward stop operation end

H'80: reverse stop operation end

H'81: reverse slue-up operation end

H'82: reverse constant speed operation end
H'83: reverse slue-down operation end

Table 3.23 Description of Data Tables

Table Name  Function Data Length  Data Volume
PATTBL Sets pattern for 4-phase pulse output Byte 4 bytes
UPTBL Sets data for changing step cycle Word 121 words
DOWNTBL

CNSTBL
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Description of General RegistersFigure 3.28 describes the general registers.

31 ERnN RnH RnL

Used as work register during data setting in all routines

~N OO o~ WN B O

Figure 3.28 Description of General Registers
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3.4.6

Flowcharts

( Main routine )

Set stack pointer to
H'FFFEFE

Set PATTBL'’s second output
pattern address as the transfer

Set motor control mode
initial value

source address in MAROA
[

Set NDR address as transfer
destination address in IOAROA

Set TPMR to TPC
non-overlap output

Set first number of transfers
(3) in ETCROAH

Set first output data
in PBDR

Set number of transfers (4)
in ETCROAL

Set pins PB7—PB4 to
output

Read DTCROB

Set NDERB output bit
tol

Set TPCR for TPC output
trigger to ITU ch0

Set next TPC output data
in NDRB

Read DTCROA

[
Set DTCROB as follows:

» Data size to word size
* MAR to increment
» Data transfer to I/O mode
» Enable transfer
 Enable interrupt request

(DEND)
« Startup factor to ITU

compare/match A

Set DTCROA as follows:
« Data size to byte size
* MAR to increment
« Data transfer to repeat mode
» Enable transfer
« Startup factor to ITU
compare/match A

Set UPTBL first address as
transfer source address
in MAROB

Set GRB address as transfer
destination address in IOAROB

Set number of transfers (60)
in ETCROB

®

Figure 3.29 Main Routine Flowchart (1)
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Set TCR as follows:
« Clear counter with
GRB compare/match
« Count with internal
clock /8
[
Enable interrupt with
IMFA flag
[
Set non-overlap
time in GRAO
[
Clear | flag to enable
interrupts
[

Initialize motor

Start timer counter

]

Figure 3.29 Main Routine Flowchart (2)
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( Motor control )

Save registers

Forward
slue-up
ended?

Forward
constant speed
ended?

No

Set to idle mode with
DTCROB
|
Set DMACOB number
of transfers to 3000
|
Set DMACOB transfer
source address to
constant speed data

Forward
slue-down
ended?

Decrement transfer
source address every
transfer by DTCROB
I Prohibit DMACOA
Set DMACOB number data transfer
of transfers to 120 I

I Set to idle mode

address Set DTCROB transfer with DTCROB

S tCTI;LMDt source address to last I

fofward constar?t address in cycle Set DMACOB number
. data table of transfers to 1000
speed (H'02) T :
|
Set CTRLMD to Set DMACOB transfer
Start up DMACOB forward slue-down

) source address to
(H IO 3) constant speed
data address
I

Start up DMACOB

Set CTRLMD to stop
at forward end (H'00)
I

Start up DMACOB

< v v @

Restore registers

= )

Figure 3.30 Motor Control Flowchart (1)
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Forward
stop ended?

Reverse
slue-up
ended?

Increment transfer
source address every
transfer with DTCROB

[ Set to idle mode
Set DMACOB number with DTCROB

of transfers to 120 I
[ Set DMACOB number

Reverse
constant speed
ended?

No

Decrement transfer
source address every

Return NDRB value to of transfers to 3000 transfer with DTCROB
transfer ended pattern I I
in PBDR Set DTCROB transfer
I source address to Set DMACOB number
Reset number of last address in cycle of transfelrs to 120
transfer when decre- I
menting by DTCROA data table Set DTCROB transfer
| Set CTRLMD to reverse source address to last
Decrement transfer constant speed (H'82) address in cycle
source address every I data Itable
transfer by DTCROA
)|/ Start up DMACOB Set CTRLMD to reverse
Set DTCROB transfer slue-down (H'83)
source address to first |
address in cycle Start up DMACOB
data table

I
Set CTRLMD to
reverse slue-up
(H'81)
I
Start up DMACOA
and DMACOB

<
«

©

Figure 3.30 Motor Control Flowchart (2)
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Reverse

No

slue-down
ended?

Yes

Prohibit DMACOA
data transfer
|
Set to idle mode
with DTCROB
|
Set DMACOB number
of transfers to 1000
|
Set DMACOB transfer
source address to
constant speed

data address
I

Set CTRLMD to
reverse end stop (H'80)
I

Start up DMACOB

<

Increment transfer
source address every
transfer by DTCROB

Set DMACOB number
of transfers to 120

Reset NDRB value to
transfer ended pattern
in PBDR

Reset number of trans-
fers when incrementing
by DTCROA
I

Increment transfer
source address every

transfer by DTCROA
I

Set DTCROB transfer
source address to first
address in cycle
data table

Set CTRLMD to
forward slue-up
(H'01)

Start up DMACOA and
DMACOB

«

©

Figure 3.30 Motor Control Flowchart (3)
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3.4.7 Program List

000000

© © N o O » W N P

000000

PR
=S

00001C

=
N

00001C

=
w

000020

[
i

000024

=
(5]

000028

=
o

00002C

2R
o N

000030

=
©

000030

Ny
o

000034

N
[y

000038

N3
N

00003C

N
W

000040

N}
X

000044

N
(5]

000048

N
o

00004C

N
I\

000050

N
e}

000054

8 B

000060

w
=

000060

W
N

000064

w
@

000068

8 R

000070

W
<}

000070

w
X

000074

8

000078

5 8

000080

N
ey

000080

N
N

000084

N
w

000088
44
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00010000

00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

1 *
2 *
3 VECTOR ADDRESS
4 *
5 - *
6 ;

7 .SECTION VECT,CODE,LOCATE=H'000000
8

9 RES .DATAL STPAMN
10 ;

11 .ORG H00001C

12 NMI .DATALL STPAMN

13 TRAPAO .DATALL STP4AMN

14 TRAPA1 .DATALL STP4AMN

15 TRAPA2 .DATALL STP4AMN

16 TRAPA3 .DATALL STP4AMN
17
18 ORG H000030

19 IRQO .DATALL STP4AMN

20 IRQ1 .DATALL STP4AMN

21 IRQ2 .DATALL STP4AMN

22 IRQ3 .DATAL STPAMN

23 IRQ4 .DATALL STP4AMN

24 IRQ5 .DATALL STP4AMN

25 IRQ6 .DATALL STP4AMN

26 IRQ7 .DATAL STPAMN

27 WOVIO .DATAL STPAMN

28 CMI .DATAL STPAMN
29 ;

30 ORG H000060

31 IMIAO .DATALL STP4AMN

32 IMIBO .DATALL STP4AMN

33 OvIo .DATALL STPAMN
34
35 ORG H000070

36 IMIAL .DATALL STP4AMN

37 IMIB1 .DATALL STP4AMN

38 Ovii .DATALL STPAMN
39 ;

40 ORG H000080

41 IMIA2 .DATALL STP4AMN

42 IMIB2 .DATALL STP4AMN

43 OVI2 .DATALL STPAMN
4
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46
a7

49

51
52
53

56
57

59

61
62
63

66
67

69
70
71
72
73
74
75
76
v
78
79

81

82
83

86

87

89

91

000090
000090
000094
000098

0000A0
0000A0
0000A4
0000A8

0000BO
0000BO
0000B4
0000B8

0000BC
0000CO
0000C4
0000C8
00oocC
0000D0
0000D4
0000D8
0000DC
0000EO
0000E4
0000E8

0000EC
0000F0

FFFF00

FFFF00

00010000
00010000
00010000

00010000
00010000
00010000

00010000
0001007C
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000001

a5
26
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
%0
a1

RAM,DATA LOCATE=HFFFF00

.ORG H'000090
IMIA3 DATALL STPAMN
IMIB3 DATALL STPAMN
ovi3 .DATA.L STPAMN
.ORG H'0000A0
IMIA4 .DATA.L STPAMN
IMIB4 .DATA.L STPAMN
ovia .DATA.L STPAMN
.ORG H0000BO
DENDOA DATALL STPAMN
DENDOB DATALL STP41
DEND1A DATALL STP4AMN
DEND1B DATALL STPAMN
DEND2A .DATA.L STPAMN
DEND2B .DATA.L STPAMN
DEND3A .DATA.L STPAMN
DEND3B .DATAL STPAMN
ERIO .DATA.L STPAMN
RXIO .DATA.L STPAMN
TXIO .DATA.L STPAMN
TEIO DATA.L STPAMN
ERI1 DATALL STP4AMN
RXI1 DATALL STP4AMN
TXI1 .DATAL STPAMN
TEIL .DATA.L STPAMN
ADI DATA.L STPAMN
*
* RAM ALLOCATION
e
.SECTION
CTRLMD .RES.B 1
*
* SYMBOL DEFINITIONS
-
y DMACOA

HITACHI

*

;Motor control mode
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92
93

95
9%

97

99
100
101

102
103

104
105
106
107
108
109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127
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00FFFF21
O00FFFF24

00FFFF25

O00FFFF26
O00FFFF27

O00FFFF29
00FFFF2C

00FFFF2E
O00FFFF2F

O00FFFF60
O0FFFF64
O0FFFF66

OOFFFF6A
0000006A
O00FFFF6C
0000006C

O00FFFFAQ
O00FFFFAL
OOFFFFA2
000000A4
OOFFFFA4

00FFFFD6
O00FFFFD4

92
93

95
96

97
98

100
101

102
103

104
105
106
107
108
109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127

MAROA EQU HFFFF21
ETCROAH EQU HFFFF24
ETCROAL EQU HFFFF25
IOAROA EQU HFFFF26
DTCROA EQU HFFFF27
; DMACOB

MAROB EQU HFFFF29
ETCROB EQU HFFFF2C
IOAROB EQU HFFFF2E
DTCROB EQU HFFFF2F
; ITU cho *
TSTR EQU HFFFF60
TCRO EQU HFFFF64
TIERO EQU HFFFF66
GRAD EQU HFFFF6A
GRAOL EQU H6A
GRBO EQU HFFFF6C
GRBOL EQU H6C

; TPC

TPMR EQU HFFFFAO
TPCR EQU HFFFFAL
NDERB EQU HFFFFA2
NDRBL EQU HA4
NDRB EQU HEFFFA4
; PORT B

PBDR EQU HFFFFD6
PBDDR EQU HFFFFD4

HITACHI

;Memory address register 0A

;Execute transfer control
;register OAH

;Execute transfer control
;register OAL

;//O address register 0A
;Data transfer control
;register OA

;Memory address register 0B

;Execute transfer control
;register OB
;/O address register 0B
;Data transfer control

;register

;Timer start register
;Timer control register0
;Timer interrupt enable
register0

;General register AO

;General register BO

;TPC output mode register
;TPC output control register

;Next data enable register B

;Next data register B

;PortB data register
;PortB data direction
;register



128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

145
146
147
148

149

150
151

152
153
154
155
156
157
158

159
160
161
162
163

164
165
166
167
168

010000

010000
010006
010008

01000A
01000C

01000E
010010
010012
010014

010016

010018
01001A

01001C
01001E

010020
010022

010024
01002A
010030
010032
010034

010036
010038
01003A

00010000
7AQ700FFFEFE
F801
3800

F8F8
38A0

F890
38D6
F8F0
38D4

38A2

F83F
38A1

F090
30A4

2827
3027

7A000001035B
01006B80FF21
FOA4
3026
F803

3824
F804
3825

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

145
146
147
148

149

150
151

155

156
157
158

159
160
161
162
163

164

165

166
167
168

* MAIN PROGRAM : STP4MN *
.SECTION PROG,CODE,LOCATE=H'010000
STP4MN EQU $
MOV.L #H'FFFEFE,SP ;Initialize stack pointer
MOV.B #H01,ROL ;Initialize mdoe counter
MOV.B ROL,@CTRLMD
Jiewskiakiok INITIALIZE TPC *
MOV.B #B'11111000,ROL
MOV.B ROL,@TPMR Initialize TPMR
;(TP15-12 nonoverlap)
MOV.B #B'10010000,ROL
MOV.B ROL,@PBDR Initialize PBDR
MOV.B #B'11110000,ROL
MOV.B ROL,@PBDDR Initialize PBDDR
;(B4-B7 output)
MOV.B ROL,@NDERB Initialize NDERB
;(TP15-12 enable)
MOV.B #B'00111111,ROL
MOV.B ROL,@TPCR ;Initialize TPCR
;(Select ITUO trigger)
MOV.B #B'10010000,ROH
MOV.B ROH,@NDRB ;Initialize NDRB
iskioksiaetions INITIALIZE DMACOA *
MOV.B @DTCROA,ROL ;Dummy read
MOV.B ROH,@DTCROA ;Initialize DTCROA
;(repeat mode)
MOV.L #PATTBL+1,ERO;Initialize MAROA
MOV.L ERO,@MAROA
MOV.B #NDRBL,ROH Initialize IOAROA
MOV.B ROH,@IOAR0A
MOV.B #H03,ROL ;Store first transfer
;count
MOV.B ROL,@ETCROAH
MOV.B #04,ROL ;Store transfer count
MOV.B ROL,@ETCROAL
vtk INITIALIZE DMACORB ikt
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169
170
171

172
173
174
175
176
177
178
179
180
181
182
183

184
185

186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

01003C
01003E

010040
010042
010048
01004E
010050
010052
010056

01005A
01005C

01005E
010060

010062
010066

01006A

01006C
010072
010074
010076
010078
01007A

202F
FOC8

302F
7A0000010268
01006B80FF29
F86C

382E
7900003C
6B8OFF2C

F8C3
3864

FOF9
3066

‘7900000A
6BBOFF6A

0700

7A0000145855
1B70

46FC

F8E1

3860

40FE

169
170
171

172
173
174

175

176
177

178

179
180
181
182
183

184
185

186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
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MOV.B @DTCROB,ROH
MOV.B #B'11001000,R0H
MOV.B ROH,@DTCROB
MOV.L #UPTBL,ERO
MOV.L ERO,@MAROB
MOV.B #GRBOL,ROL
MOV.B ROL,@IOAROB
MOV.W #D'60,R0
MOV.W R0,@ETCROB
amwekekkrkekks INTIALIZE ITU *
MOV.B #B'11000011,ROL
MOV.B ROL,@TCRO
MOV.B @B'11111001,R0H
MOV.B ROH,@TIERO
MOV.W #D'10,R0
MOV.W RO,@GRAQ
amwkrkekkrkrkos ENABLE INTERRUPT *
LDC.B #B'00000000,CCR
T AR LT —
MOV.L #H'145855,ER0
STPAMN1 DEC.L #1,ERO
BNE STPAMN1
MOV.B #B'11100001,R0L
MOV.B ROL,@TSTR
STPAMNGY  BRA STP4MN99

NAME : STP41(MOTOR CONTROL)

ENTRY :
RETURNS :

NOTHING
NOTHING

HITACHI

;Dummy read

;Initialize DTCROB

;(VO mode)

Initialize MAROB

Initialize IOAROB

;Store transfer count

;Initialize TCRO (GRB
;timer clear0)

Initialize TIERO
;(Interport enamie)

;Initialize GRAO

;Initialize motor

;Set TCNTO start flag



213 0001007C 213 STP41 .EQU $

214 01007C 01006DFO 214 PUSH.L ERO
215 010080 2800 215 MOV.B @CTRLMD,ROL
216 216 ;
217 010082 A801 217 CMP.B #H'01,ROL ;Branch if slue up(CW)
;completed
218 010084 5870002A 218 BEQ NEXT_C_CW
219 219
220 010088 A802 220 CMP.B #H02,ROL ;Branch if constant(CW)
;completed
221 01008A 58700048 221 BEQ NEXT_D_CW
222 222
223 01008E A803 223 CMP.B #H03,ROL ;Branch if slue down(CW)
;completed
224 010090 58700066 224 BEQ NEXT_S CW
225 225
226 010094 A800 226 CMP.B #H'0,ROL ;Branch if stop completed
227 010096 58700088 227 BEQ NEXT_U_CCW
228 228
229 01009A A881 229 CMP.B #H'81,ROL ;Branch if slue up(CCW)
;completed
230 01009C 587000EA 230 BEQ NEXT_C_CCW
231 231 ;
232 0100A0 A882 232 CMP.B #H'82,ROL ;Branch if constant(CCW)
;completed
233  0100A2 58700108 233 BEQ NEXT_D_CCW
234 234 ;
235 0100A6 A883 235 CMP.B #H'83,ROL ;Branch if slue down(CCW)
;completed
236 0100A8 58700126 236 BEQ NEXT_S_CCW
237 237 ;
238 0100AC AB80 238 CMP.B #H'00,ROL ;Branch if stop completed
239 0100AE 58700148 239 BEQ NEXT_U_CW
240 240 ;
241 241 ;wekeikieeoek NEXT CONSTANT CW *
242 242
243 0100B2 F858 243 NEXT_C CW MOV.B #B'01011000,ROL
244 0100B4 382F 244 MOV.B ROL,@DTCROB ;Store report mode data
;to DTCROB
245 0100B6 79000BB8 245 MOV.W #D’'3000,RO ;Store transfer count to
;ETCROB
246 0100BA 6B8OFF2C 246 MOV.W RO,0ETCROB
247 0100BE 7A0000010358 247 MOV.L #CNSTBL,ERO ;Store data address to
;MAROB
248 0100C4 01006B60FF29 248 MOV.L ERO,@MAROB
249 0100CA F802 249 MOV.B #02,ROL ;Set mode flag
250 0100CC 3800 250 MOV.B ROL,@CTRLMD

Rev. 2.0, 06/00, page 263 of 297
HITACHI



251 0100CE 7F2F7070 251
252 0100D2 5800018C 252
253 253
254 254
255 255
256 0100D6 F868 256
257 010008 382F 257
258 0100DA 79000078 258
259 0100DE 6B8OFF2C 259
260 0100E2 7A0000010356 260
261 0100E8 01006B80FF29 261
262 0100EE F803 262
263 0100F0 3800 263
264 0100F2 7F2F7070 264
265 0100F6 58000168 265
266 266
267 267
268 268
269 0100FA 7F277270 269
270 0100FE F858 270
271 010100 382F 271
272 010102 790003E8 272
273 010106 6B8OFF2C 273
274 01010A 7A0000010358 274
275 010110 01006B80FF29 275
276 010116 F808 276
277 010118 3800 277
278 01011A 7F2F7070 278
279 01011E 58000140 279
280 280
281 281
282 282
283 010122 F848 283
284 010124 382F 284
285 010126 7900007B 285
286 01012A 6B8OFF2C 286
287 01012E TEAAT370 287
288 010132 58600010 288
289 010136 TEAAT360 289
290 01013A 58600020 290
291 01013E F860 291
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BSET #7,@DTCROB
BRA EXIT
itk NEXT SLUE DOWN CW *
NEXT_D_CW  MOV.B #B/01101000,R0L
MOV.B ROL,@DTCROB
MOV.W #D'120,R0
MOV.W RO,@ETCROB
MOV.L #DOWNTBL,ERO
MOV.L ER0,@MAROB
MOV.B #H03,ROL
MOV.B ROL,@CTRLMD
BSET #7,@DTCROB
BRA EXIT
ormmessnss NEXT STOP .
NEXT_S_CW BCLR #7,@DTCROA
MOV.B #B,01011000,ROL
MOV.B ROL,@DTCROB
MOV.W #D'1000,R0
MOV.W RO,@ETCROB
MOV.L #CNSTBL,ERO
MOV.L ERO0,@MAROB
MOV.B #H00,ROL
MOV.B ROL,@CTRLMD
BSET #1,@DTCROB
BRA EXIT
otttk NEXT SLUE UP COW Sttt &
NEXT_U_CCW MOV.B #B/01001000,ROL
MOV.B ROL,@DTCROB
MOV.W #D'120,R0
MOV.W RO,@ETCROB
BTST #7,@NDRB
BNE PTRN1_2CCW
BTST #6,@NDRB
BNE PTRN3CCW
MOV.B #H'60,ROL

HITACHI

;DMAC channel 1 start

;Set MAROB decrement

;Store transfer count
;to ETCROB

;Store data address to
;MAROB

;Set mode flag

:DMACI start

;Stop DMAC channel0
;Store repest mode

,data to DTCROB

;Store transfer count
;to ETCROB

;Store data address to
:MAROB

;Set mode flag

;DMAC channell start

;Set MAROB increment

;Store Transfer count
;to ETCROB

;Set NDRB



292
293
294
295
296
297
298
299
300

302
303

305
306

308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

324
325

326
327

010140
010142

010146
01014A
01014E
010150
010152

010156
010158
01015A

01015E
010160
010162
010164
010166
010168
01016A
01016C
01016E
010174
01017A
01017C
01017E
010182
010186

01018A

01018C
01018E

010192
010196

01019C
0101A2
0101A4
0101A6
0101AA

38A4
5800001C

TEAAT360
58600008
F830
38A4
5800000C

F890
38A4
58000004

F8C0

38A4

F8B0

3827

2024

F805

1808

3824
7A000001026B
01006B80FF29
F881

3800
7F2F7070
7F277070
58000008

F858

382F
79000BB8

6B8OFF2C
7A0000010358

01006B80FF29
F882

3800
7F2F7070
58000084

292
293
294

MOV.B
BRA

295 PTRN1_2CCW BTST

296
297
298
299

300

301
302

303

304
305

306
307
308
309
310
311
312

313

314
315
316
317

318

319

320

321

322
323

324
325

326
327

328
329
330
331
332
333

BNE
MOV.B
MOV.B
BRA

PTRN2CCW MOV.B

MOV.B
BRA

PTRN3CCW MOV.B

MOV.B

NEXTCCW MOV.B

kbt NEXT CONSTANT CCW

MOV.B
MOV.B
MOV.B
SUB.B
MOV.B
MOV.L
MOV.L
MOV.B
MOV.B
BSET
BSET
BRA

NEXT_C_CCW MOV.B

MOV.B
MOV.W

MOV.W
MOV.L

MOV.L
MOV.B
MOV.B
BSET
BRA

ROL,@NDRB
NEXTCCW

#6,@NDRB
PTRN2CCW
#H'30.ROL
ROL,@NDRB
NEXTCCW

#H90,ROL
ROL,@NDRB
NEXTCCW

#H'CO,ROL
ROL,@NDRB
#B'10110000,ROL ;MAROA decrement
ROL,@DTCROA
@ETCROAH,ROH
#D'5,ROL
ROH,ROL
ROL,@ETCROAH
#UPTBL,ERO ;Set data address
ERO,@MAROB
#H'81,ROL ;Set mode flag
ROL,@CTRLMD
#17,@DTCROB ;DMAC channell start
#7,@DTCROA ;DTCROA start
EXIT

*

#B'01011000,ROL ;Store repeat mode
;data to DTCROB
ROL,@DTCROB
#D'3000,R0O ;Store transfer count
;to ETCROB
RO,@ETCROB
#CNSTBL,ERO ;Store data address to
;MAROB
ERO,@MAROB
#H82,ROL ;Set mode flag
ROL,@CTRLMD
#7,@DTCROB ;DMAC channell start
EXIT

334 eemwrtioiek NEXT SLUE DOWN CCW #rchik

335

HITACHI
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336
337
338

339

366
367
368
369
370
371
372
373
374
375
376

0101AE
0101BO
0101B2

0101B6
0101BA

0101C0
0101C6
0101C8
0101CA
0101CE

0101D2
0101D6

0101D8
0101DA

0101DE
0101E2

0101E8
0101EE
0101F0
0101F2
0101F6

0101FA
0101FC
0101FE

010202
010206
01020A
01020E
010212
010216
010218
01021A

01021E
010222

F868
382F
79000078

6B8OFF2C
7A0000010356

01006B80FF29
F883

3800
7F2F7070
58000090

7277270
F858

382F
790003E8

6B8OFF2C
7A0000010358

01006B80FF29
F880

3800
7F2F7070
58000058

F848
382F
79000078

6B8OFF2C
TEAAT370
58600010
TEAA7360
58600020
F890
38A4
5800001C

TEAA7360
58600008

336
337
338

339
340

341
342

345
346
347
348

349

350

351
352

353
354

355
356
357
358
359
360

362
363
364

365

366
367
368

369
370
371
372
373

374

375

376
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NEXT_D_CCW MOV.B
MOV.B
MOV.W

MOV.W
MOV.L

MOV.L
MOV.B
MOV.B
BSET
BRA EXIT

skl NEXT STOP

NEXT_S_CCW BCLR
MOV.B

MOvV.B
MOV.W

MOV.W
MOV.L

MOV.L
MOV.B
MOV.B
BSET
BRA

ks NEXT SLUE UP CW

NEXT_U_CW  MOV.B

MOV.B
MOV.W

MOV.W
BTST
BNE
BTST
BNE
MOV.B
MOV.B
BRA
PTRN1_2CW  BTST
BNE

HITACHI

#B'01101000,ROL
ROL,@DTCROB
#D'120,R0

RO,@ETCROB
#DOWNTBL,ERO

ERO,@MAROB
#H83,ROL
ROL,@CTRLMD
#7,@DTCROB

*

#1,@DTCROA
#B01011000,ROL

ROL,@DTCROB
#D'1000,R0

RO,@ETCROB
#CNSTBL,ERO

ERO,@VAROB
#H'80,ROL
ROL,@CTRLMD
#7,@DTCROB
EXIT

#B01001000,ROL
ROL,@DTCROB
#D'120,RO

RO,@ETCROB
#1,@NDRB
PTRN1_2CW
#6,@NDRB
PTRN3CW
#H'90,ROL
ROL,@NDRB
NEXTCW

#6,@NDRB
PTRN2CW

;Set MAROB decrement

;Store transfer count
;to ETCROB

;Store data address to
;MAROB

;Set mode flag

;DMAC channell start

;Stop DMAC channel0
;Store repeat mode

,data to DTCROB

;Store transfer count
;to ETCROB

;Store data address to
:MAROB

;Set mode flag

;DMAC channell start

;Set MAROB increment

;Store transfer count
;to ETCROB

;Set NDRB



377
378
379
380

382
383
384
385
386

388
389
390
391
392
393

394
395
396
397
398
399
400

402
403

405
406

408
409
410
411
412
413
414

415
416

417
418

419

010226
010228
01022A

01022E
010230
010232

010236
010238
01023A
01023C
01023E
010240
010242
010244
010246

01024C
010252
010254
010256
01025A
01025E

010262
010266

010268
010270
010278
010280
010288
010290
010298
0102A0
0102A8
0102B0

F8C0
38A4
5800000C

F860
38A4
58000004

F830
38A4
F890
3827
2024
F805
1808
3824
7A0000010268

01006B80FF29
F801

3800

7F2F7070
7F277070
58000000

01006D70
5670

00010268
F424B1646EA361D2
55014E5A47B34371
3F2F3C29392236D7
348C32BB30EA2F6E
2DF22CB42B752A66
2956286B277F26B1
25E226BB247423D1
232D22992205217F

20F9207F20041F94
1F241EBD1ES51DF5

377 MOV.B #HCO,ROL
378 MOV.B ROL,@NDRB
379 BRA NEXTCW
380 ;
381 PTRN2CW MOV.B #H'60,ROL
382 MOV.B ROL,@NDRB
383 BRA NEXTCW
384 ;
385 PTRN3CW MOV.B #H'30,ROL
386 MOV.B ROL,@NDRB
387 NEXTCW MOV.B #B'10010000,ROL
388 MOV.B ROL,@DTCROA
389 MOV.B @ETCROAH,ROH
390 MOV.B #D'5,ROL
391 SUB.B ROH,ROL
392 MOV.B ROL,@ETCROAH
393 MOV.L #UPTBL,ERO
394 MOV.L ERO,@MAROB
395 MOV.B #H'01,ROL
396 MOV.B ROL,@CTRLMD
397 BSET #7,@DTCROB
398 BSET #7,@DTCROA
399 BRA EXIT
400 ;
401 EXIT POP.L ERO
402 RTE
403 ;
404 ;
405 *
406 DATA TABLE (TIMER PERIOD)
407 ¢
408 ;
409 ;

410 rwrseskedeensk G| UE UP & DOWN DATA ki

a1 ;
412 UPTBL
23

24 +

415
416 +

417
418 +

419

EQU
DATAW

DATAW

DATAW

DATAW

HITACHI

$

;MARQ increment

;Store data address to
;MAROB

;Set mode flag

;DMAC channell start
;DMAC channelO start

D'62500,0'45412,0'28323,0'25042,D0'21761,D'20058,

D'18355,0'17265,0'16175,0'15401,D0'14626,D0'14039

D'13452,0'12987,0'12522,0'12142,0'11762,0'11444,

D'11125,0'10854,0'10582,0'10347,0'10111,D'9905

D'9698,0'9915,D'9332,0'9169,D0'9005,D0'8857,

D'8709,D'8575,D0'8441,0'8319,D0'8196,D'8084

D'7972,0'7869,D'7765,D'7669,D'7573,D0'7484,
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420 012088  1D951D3CICE31C90
0102CO  1C3DIBEF1BA11B58

421 0102C8  1BOF1ACB1AS61A46

422 010200  1A0519C8198B1951
0102d8  191718e018a91875

423 0102E0  1841181017DE17AF

424 0102E8  177F1752172416F9
0102F0  16CE16A5167B1654

425 0102F8  162C160615E01588

426 010300  159615731551152E
010308  150C14EC14CB14AC

427 010310  148CI146E144F1432

428 010318  141413F813DC13C1
010320  13A513BA136F1356

429 010328  133C1323130A12F2

430 010330  12D912C212AA1294
010338  127D126712501238

431 010340  1225121011FB11E7

432 010348  110211BE11AA1197
010350 11831171115

433

434 00010356

435 010356  115E

436

437

438

439 00010358

440 010358  115E

an

442

443

444

a5

446

a47

a48 0001035A

449 01035A  603090CO

450

451

e TOTAL ERRORS 0

e TOTAL WARNINGS 0

420 + D'7395,D0'7312,0'7229,D0'7151,D'7073,D'7000
421 DATAW D'6927,0'6859,D0'6790,D'6726,D'6661,D'6600,
422 + D'6539,D'6481,D0'6423,D0'6368,0'6313,0'6261
423 DATAW D'6209,D0'6160,D0'6110,D0'6063,D0'6015,D'5970,
24 + D'5924,D0'5881,D0'5838,D0'5797,0'5755,D'5716
425 DATAW D'5676,D0'5638,D0'5600,D0'5563,D0'5526,D0'5491,
426 + D'5456,D'5422,0'5388,D0'5356,D0'5323,0'5292
427 .DATAW D'5260,0'5230,0'5199,D0'5170,D0'5140,D0'5112,
428 + D'5084,D'5057,0'5029,D'5002,D0'4975,0'4950
429 .DATAW D'4924,0'4899,D'4874,D'4850,D0'4825,D0'4802,
430 + D'4778,0'4756,0'4733,0'4711,D'4688,D0'4667
431 .DATAW D'4645,D'4624,D0'4603,D0'4583,D0'4562,D0'4542,
432 + D'4522,0'4503,0'4483,D'4465,D'4446

433

434 DOWNTBL EQU $

435 .DATAW D'4446

436 ;

437 CONSTANT *

438 ;

439 CNSTBL EQU $

440 .DATAW D'4446

441

42 ;

443 * *

444 > DATA TABLE (OUTPUT PATTERN) *

a5 * *

446 ;

447

448 PATTBL EQU $

449 .DATAB H'60,H'30,H'90,H'CO

450

451 .END
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3.5 Five-Phase Stepping Motor Application Example

351 Specifications

e Control of 5-phase stepping motor using H8/3003 on-chip functions of the ITU, TPC and
DMAC (see figure 3.31)

» Stepping motor control by 2-phase drive system

e This sample task repeats the operations “stop -> forward -> stop -> reverse -> stop”

» This sample task does not require software intervention to conduct slue-up and slue-down
processing

« A through-current prevention interval is introduced to protect the motor driver

H8/3003 Motor driver 5-phase

stepping motor

Phase A

Phase E

Figure 3.31 5-Phase Stepping Motor Control Circuit Diagram
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3.5.2 Method

Example of Stepping Motor Operation: Figure 3.32 shows how 2-phase drive is employed to
operate a 5-phase stepping motor. The following is an overview of operations:

* When the pulse is high, the corresponding phase undergoes excitation

* In (1), phase E and phase A undergo simultaneous drive. At this time the rotor is at an
intermediate position between phase E and phase A

* In (2), phase A and phase B undergo simultaneous drive. At this time the rotor is between
phase A and phase B. The 2-phase drive system then excites the neighboring two phases in
sequence to turn the rotor (E-A -> A-B -> B-C -> C-D -> D-E)

« In reverse operation, the sequence of excitation is reversed (E-D -> D-C -> C-B -> B-A -> A-
E)

» Stopping the motor is achieved by excitation for a constant period at the last phase of forwarc
or reverse rotation

Phase A
Phase B
Phase C
Phase D
Phase E :
A, E phase A, B phase B, C phase C, D phase D, E phase
: drive : drive : drive : drive : drive :
: : : , :
A A A A A
E. LS BllE LS Blle . L, Blle . L)  Blle. L] B
2 </ Q $ Q @ Q </ <2 </
4 4 @
D/> (\CD/> <\CD/> CD® CD® C

Figure 3.32 Example of Stepping Motor Operation
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Non-Overlap Time: As shown in figure 3.33, a through-current prevention period (n) or non-
overlap time is inserted during output pattern switching. Because of a turn-off lag created durin
drive phase switch, there is a danger of the driver being destroyed. Non-overlap time provides
time delay to counter this.

Phase A ,7

Phase B

Phase C -

Phase D SE S S S

Phase E B L -

Figure 3.33 Example of Non-Overlap Time Output
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Slue-Up and Slue-Down OperationAs shown in figure 3.34, acceleration/deceleration
controlled pulses are output. Conducting slue-up and slue-down operation in this way prevents
step-out of the motor.

When starting the motor, if there is a sudden output of short pulses, the motor may be unable to
take up the load and fail to rotate. Slue-up and slue-down operation is a means of preventing thi:

The operating principle is as follows:

1. Gradual shortening of the pulse cycle before outputting the set amount of pulses. (Slue-up
operation)
2. Output of set amount of pulses at a constant pulse cycle. (Constant speed operation)

3. Gradual lengthening of the pulse cycle before outputting the set amount of pulses. (Slue-dow
operation)

Speed
4 H H
Slue-up Constant speed operation Slue-down
operation \_ Operation
: ; —» Time
Acceleration m

time ' : time
PhaseA [ |1 Ui e
PphaseB | [ [T U2 1
PhaseCc — | [ | T UHIIUIHUIHIuuuuu -
Phase D _ [~ [ [ ILUILUUUUUUUUUUUUUUUUUUUUUUU L L™
PhaseE [ || | JUIHUIUIHUIUUIUIiLIr e e

Figure 3.34 Slue-Up and Slue-Down Operation
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3.5.3 Description of Functions Used
Figure 3.35 shows the H8/3003 on-chip functions used in this sample task.

Two DMAC channels are used, and a 5-phase output pattern is subjected to timing pattern con
(TPC) to give a 5-phase pulse output. Also, the pulse cycle is transferred to the ITU’'s GRB to
control 5-phase pulse output timing control.

Cycle Data Table: Table for altering the step cycle (ITU timer values) set in ROM.
Output Pattern Data Table: Output pattern set in ROM for 5-phase pulse output.

DMACOA: Starts up by ITU compare/match A. Transfers output pattern from output pattern dat
table to the TPC’s NDR.

DMACOB: Starts up by ITU compare/match A. Transfers cycle data from cycle data table to the
ITU's GRB.

ITU:

e Compare/match A: Starts up DMACOA, DMACOB and TPC
» Compare/match B: Clears timer counter and starts up TPC

TPC: Uses the DMAC so data is output without CPU intervention. Although a maximum of 16-
bit data can be output, this sample task outputs 5 bit data. Enables output of pulses with non-
overlap time.

« Compare/match B: Outputs pulses changing from high to low. Output changing from low to
high is held

» Compare/match A: Conducts output of pulse held by compare/match B (L -> H pulse)
(delayed by GRA set value)
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Transfer of cycle data to GRB

DMACOB [*
Cycle data table : (Enable/disable generation
0 =T |V [P : of interrupt request) ;
Up (Slue-up) | | i [output compare Timer status | :
register B control register
Down
(Slue-down) (GRB) Compare/ (TSCR)
Constant Comparator B match & 4
(Constant speed) Interrupt TIOCB
------------------------------------- control :
Step cycle storage circuit [10ca |
A :
(Output :
L} Compare/ level setting):
Output compare | Mmatch A . 5
- Timer /O
register A | :
(GRA) control register
(TIOR)
Output pattern table

Low - High High - Low
DMACOA o TPC oo :

: Transfer of :
10001000 output pattern —| Control logic
11000000 | datato NDR
01100000 | : reg;\ilset)étr?;tSR)
00110000 | : “Update output pattern § :
using DMACOA and conduct
00011000 _____ . Wavgeform output each time ,| PortBdata T
Waveform data an ITU compare/match register (PBDR) [+ 1514

is generated o

storage for stepping
motor control

Figure 3.35 Block Diagram of 5-Phase Stepping Motor Control
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Table 3.24 shows the function allocation in this sample task. H8/3003 functions are allocated tc

generate 2-phase drive stepping motor output waveforms.

Table 3.24 H8/3003 Function Allocation

H8/3003 Function

Function

ITU (ch0) TCNTO 16-hit counter
GRAO Output compare register A
GRBO Output compare register B
TCRO Selects count clock and sets counter clear factor
TIORO Sets GRA and GRB to output compare registers
TIERO Controls interrupt request enable/disable
TSRO Compare/match and overflow status register
TSTR Enables/disables TCNT counting operation
DMACOA, B DTCROA, B Controls operation of each DMAC channel
MAROA, B Sets transfer source address
IORAOA, B Sets transfer destination address
ETCROA, B Sets number of transfers
TPC PBDDR Sets TPC output pins
PBDR Stores TPC output B data
TPMR Sets TPC output non-overlap mode
TPCR Sets TPC output trigger signal
NDERB Enables/disables TPC output B
NDRB Stores next TPC output B data
TP15 -TP11 Generates 5-phase stepping motor output waveforms
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3.54 Description of Operations

5-phase pulse output (with non-overlap time) (figure 3.36).

ITU (chO)

Output pattern data
table -~ NDR (DMACO0A)

Cycle data table -~ GRB
(DMACOB)

Interrupt request to CPU
(DMACOB transfer end
interrupt)

TP15

TP14
TP13

TPC output

TP12

TP11 i | P
/ H %: :\ : : 7/ : iz
/~ Hardware /7~ Hardware Hardware ™\ /“Hardware processing

processing processing processing
ITU: ITU: DMACOB: Generate DMACOB
1. Generate GRBO| | 1. Generate GRAQO 1. Start up transfer end interrupt
compare/match compare/match DMACO0B Software processing
2. Clear TCNTO 2. Start up DMACOA, after end of
3. Start up TPC DMACOB and TPC DMACOA Software proces-
TPC: TPC: transfer sing for each
Non-overlap 1. Transfer NDR data | | 2. Transfer cycle operation of step-
output (High - to PBDR data to GRB ping motor:
Low pulse 2. Output High - Low Software i. Forward slue-up
output, Low — pulse processing ii. Forward constant
High pulse DMACOA: None speed
output held) Transfer output — iii. Forward slue-
Software pattern to NDR down
processing DMACOB: iv. Stop
None Hold until DMACOA v. Reverse slue-up
) transfer has ended vi. Reverse constant
Software speed
processing vii. Reverse slue-
Qone ) \_ down Y,

Figure 3.36 Stepping Motor Timing Description
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3.55 Description of Software
The software for the five-phase stepping motor application example is described below.

Table 3.25 Description of Modules

Module Name Label Name Function

Main routine ST5MIN ITU, TPC and DMACOA/DMACOB initial settings, and forward
slue-up operation

Motor control DENDINT Motor operations (forward constant speed, stop etc.) control
* Sets DMACOA/B and conducts forward slue-up operation

» Sets DMACOB and conducts forward constant speed
operation

¢ Sets DMACOA/B and conducts forward slue-down
operation

e Sets DMACOA/B and conducts stopping operation
* Sets DMACOA/B and conducts reverse slue-up operation

e Sets DMACOB and conducts reverse constant speed
operation

* Sets DMACOA/B and conducts reverse slue-down
operation

» Sets DMACOA/B and conducts stopping operation
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Table 3.26 Description of Internal Registers

Onchip Register
Function Name Function
ITU GRAO Sets non-overlap time
GRBO Sets timer cycle
TIERO Enables IMFA interrupts
TCRO Sets ITU as follows:
* Clear counter with GRB compare/match
e Count by internal clock @
TIORO Sets GRA and GRB to output compare registers, and prohibits pin
output
TSTR Enables TCNTO counting operation

DMACOA DTCROA

Sets DMACOA as follows:

« Data size to byte size

¢ MAR to increment

« Data transfer to repeat mode

« Transfer enable or disable selection (differs depending on the
module)

e Startup factor to ITU chO compare/match A

MAROA

Sets output pattern data table transfer source address

IOAROA

Sets NDRB address (transfer destination)

ETCROA

Sets number of transfers

DMACO0B DTCROB

Sets DMACOB as follows:
« Data size to word size

* MAR to increment or decrement (differs depending on processing
contents)

» Data transfer to /O mode (may be set to idle mode depending on
processing contents)

« Enable transfer
* Enable interrupt requests (DEND)
e Startup factor to ITU chO compare/match A

MAROB

Sets cycle data table transfer source address

IOAROB

Sets GRB address (transfer destination)

ETCROB

Sets number of transfers
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Table 3.26 Description of Internal Registers (cont)

Onchip Register
Function Name Function
TPC PBDDR Enables TP15 — TP11 TPC output
PBDR Stores output pattern data
TPMR Sets TP15 — TP11 to non-overlap output
TPCR Sets TP15 — TP11 output trigger to ITU chO compare/match
NDERB Enables TP15 — TP11 TPC output
NDRB Stores next output pattern data

Description of Arguments: Arguments are not used in this sample task.

Table 3.27 Description of RAM

Label Name Function Data Length Module Name

PDAT_F Flag indicating operation mode of the 5-phase 1 byte Motor control
stepping motor.

H'01: indicates forward slue-up operation end

H'02: indicates forward constant speed
operation end

H'04: indicates forward slue-down operation
end

H'08: indicates forward stop operation end
H'10: indicates reverse slue-up operation end

H'20: indicates reverse constant speed
operation end

H'40: indicates reverse slue-down operation
end

H'80: indicates reverse stop operation end

Table 3.28 Description of Data Tables

Table Name Function Data Length Data Volume
TBL Sets pattern for 5-phase pulse output Byte 5 bytes
UP, DOWN, Sets data for changing step cycle 2540 bytes
CONSTANT
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Description of General RegistersFigure 3.37 describes the general registers.

31 ERnN RnH RnL

Used as work register during data setting in all routines

~N OO o~ WN B O

Figure 3.37 Description of General Registers
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3.5.6

Flowcharts

< Main routine >

Set stack pointer to
H'FFFEFE

Set non-overlap time in GRA

Enable IMFA interrupt
with TIER

Set TCR as follows:
¢ Clear counter with GRB
compare/match
¢ Count with internal clock g

Set transfer source address
(MAROA) to output pattern
table’s second data address

Set transfer destination
address (IOAROA) to
NDR address

Set ETCROAH number

of transfers (4)
|

Set number of transfers (5)
in ETCROAL

Read DTCROA

Set DTCROA as follows:
« Data size to byte size
¢ MAR to increment
« Data transfer to repeat mode
 Enable transfer
« Start up factor to ITU
compare/match A

[
Set transfer source address
(MAROB) to forward

slew-up second data address

©

HITACHI

Figure 3.38 Main Routine Flowchart (1)
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O,

Set transfer destination address
(IOAROB) to GRB address
I

Set number of transfers (120)

in ETCROB
I

Read DTCROB

|
Set DTCROB as follows:
» Data size to word size
* MAR to increment
 Data transfer to I/O mode
* Enable transfer
« Enable interrupt request
(DEND)
« Startup factor to ITU
compare/matcp A

Set first output data in PBDR

Set pins PB7—PB3 to output

|
Set NDERB output bit to 1

Set TPC to non-overlap output

I
Set TPC output trigger to

ITU chO
I

Set1in PDAT_F

Start timer counter

Clear | flag to enable interrupts

]

Figure 3.38 Main Routine Flowchart (2)
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( Motor control )

Forward
slue-up
ended?

Forward
constand speed
ended?

No

Set constant speed
data address in
MAROB
I Set slue-down
Set DMACOB number address in MAROB
of transfers to 2000 '

Forward
slue-down
ended?

No

I Set DMACOB number ﬁigfuer?sbgﬁ;
of transfers to 120
Seﬁ(ﬁg"ﬁggf to : ETCROAL, ETCROAH
| Set DTCROB as follows: '
o « Decrement MAROB Set constant speed
SstDi-(l?zFln every transfer data address in MAROB

| « DMACOB to I/O mode '
I Set DMACOB number

Start up DMACOB
up Set H'04 in PDAT_F of transfelrs to 1000
I Set DMACOB to
idle mode
I

Set H'08 in PDAT_F

Start up DMACOB

I
Start up DMACOB

< v \d @
< RTE >

Figure 3.39 Motor Control Flowchart (1)
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Set slue-up
address in MAROB

Reverse
slue-up
ended?

Set DMACOB number
of transfers to 120

Set constant speed
data address in MAROB

Reverse
constant speed
ended?

Decrement MAROB
every transfer

Set DMACOB number
of transfers to 3000

Set slue-down
address in MAROB

Conduct arithmetic
operation on output
pattern, and set output
pattern and number
of transfers

Set DMACOB to
idle mode

Set DMACOB number
of transfers to 120

No

Set PDAT_F to H'20

Decrement MAROB
every transfer

Set MAROA of
DMACOA to decrement

Start up DMACOB

Set H'10 in PDAT_F

Start up DMACOA
and DMACOB

Set H'40 in PDAT_F

Start up DMACOB

A

O,
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Reverse
slue-down
ended?

No

Set number of
transfers (1) in
ETCROAL, ETCROAH
|
Set constant speed
data address in MAROB
|
Set DMACOB number
of transfers to 1000
|
Set DMACOB to
idle mode
[

Set H'80 in PDAT_F

Start up DMACOB

Set slue-up
address in MAROB

Set DMACOB number
of transfers t0120

Increment MAROB of
DMACOB every transfer

Conduct arithmetic
operation on output
pattern, and set output
pattern and number
of transfers

Set MAROA of
DMACOA to increment

Set H'01 in PDAT_F

Start up DMACOA and
DMACO0B

O

Figure 3.39 Motor Control Flowchart (3)

Rev. 2.0, 06/00, page 285 of 297

HITACHI




3.5.7 Program List

000000

© © N o O » W N P

=
o

000000

=
N P

00001C

=
w

00001C

& &

000030

=
o

000030

[
]

000034

=
e}

000038

=
©

00003C

Ny
o

000040

N
[y

000044

N3
N

000048

N
W

00004C

N}
X

000050

N
(5]

000054

NN
N o

000060

N
e}

000060

N
©

000064

8

000068

W W
N P

000070

w
@

000070

®

000074

&

000078

W W
N o

000080

8

000080

w
©

000084

5

000088

BB
N P

000090

N
w

000090
44 000094
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00010000

00010000

00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000
00010000

00010000
00010000

1 *
2 *
3 VECTOR ADDRESS
4 *
5 - *
6
7 CPU 300HA
8 .SECTION VECT,CODE,LOCATE=H'000000
9
10 RES .DATALL STP5MN
11
12 ORG H00001C
13 NMI .DATALL STP5MN
14
15 ORG H000030
16 IRQO .DATALL STP5MN
17 IRQ1 .DATALL STP5MN
18 IRQ2 .DATALL STP5MN
19 IRQ3 .DATAL STP5MN
20 IRQ4 .DATALL STP5MN
21 IRQ5 .DATALL STP5MN
22 IRQ6 .DATALL STP5MN
23 IRQ7 .DATAL STP5MN
24 WOVIO .DATAL STP5MN
25 CMmI .DATAL STP5MN
26 ;
27 ORG H000060
28 IMIAO .DATALL STP5MN
29 IMIBO .DATALL STP5MN
30 OvIo .DATALL STP5MN
31 ;
32 ORG H000070
33 IMIAL .DATALL STP5MN
34 IMIB1 .DATALL STP5MN
35 Ovii .DATALL STP5MN
36 ;
37 ORG H000000
38 IMIA2 .DATALL STP5MN
39 IMIB2 .DATALL STP5MN
40 OvVI2 .DATALL STP5MN
41
42 ORG H000090
43 IMIA3 .DATALL STP5MN
44 IMIB3 .DATALL STP5MN
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46
a7

49

51
52
53

56
57

59

61
62
63

66
67

69
70
71
72
73
74
75
76
v
78
79

81

82
83

86

87

89

91

000098

0000A0
0000A0
0000A4
0000A8

0000BO
0000BO
0000B4
0000B8

0000BC
0000CO
0000C4
0000C8
00oocC
0000D0
0000D4
0000D8
0000DC
0000EO
0000E4
0000E8

0000EC
0000F0

FFFF00

FFFF00

00010000

00010000
00010000
00010000

00010000
00010080
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000
00010000

00000001

00FFFF21
00FFFF24
00FFFF25

45
46
47

48

49

50
51
52

53

54

55

56
57
58
59
60
61
62
63
64

65

66

67

68

69
70
71
72
73
74
75
76
7
78

79
80
8l
82
83
84
85
86
87
83
89
90
91

ovi3 .DATA.L STP5MN

ORG H0000A0
IMIA4 .DATALL STP5MN
IMIB4 .DATALL STP5MN
ovia .DATALL STP5MN
ORG H0000B0
DENDOA .DATALL STP5MN
DENDOB .DATALL DENDINT
DEND1A .DATALL STP5MN
DEND1B .DATALL STP5MN
DEND2A .DATAL STP5MN
DEND2B .DATAL STP5MN
DEND3A .DATAL STP5MN
DEND3B .DATAL STP5MN
ERIO .DATAL STP5MN
RXIO .DATAL STP5MN
TXIO .DATALL STP5MN
TEIO .DATALL STP5MN
ERI1 .DATALL STP5MN
RXI1 .DATALL STP5MN
TXI1 .DATAL STP5MN
TEIL .DATAL STP5MN
ADI .DATALL STP5MN
* *
* RAM ALLOCATION *
* *
.SECTION RAM,DATA,LOCATE=HFFFF00
PDAT_F .RES.B 1 ;Mod data
* *
> SYMBOL DEFINITIONS *
* *
DMACOA *
MAROAE: .EQU HFFFF21 ;Memory address register
ETCROOAH:  .EQU HFFFF24 ;Transmit cunt register ‘H’
ETCROAL: .EQU HFFFF25 ;Transmit cunt register ‘L’
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92
93

95
9%
97

9
100

101
102
103
104
105
106
107
108
109

110
111
112
113
114
115

116

117
118

119
120
121
122
123
124
125
126
127
128
129
130
131
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010000

010000

00FFFF26
00FFFF27

00000007

O00FFFF28
00FFFF2C
O00FFFF2E
O00FFFF2F

00000007

O00FFFF60

O0OFFFF64
O00FFFF65
O00FFFF66

O00FFFF67
O00FFFF6A

00FFFFAQ
00FFFFAL

O00FFFFA2

OOFFFFA4
O00FFFFD4

00FFFFD6

00010000
7AQ700FFFEFE

92
93

101
102
103
104
105
106
107
108
109

110
111
112
113
114
115

116

117
118

119
120
121
122
123
124
125
126
127
128
129
130
131

;//O address register
;Data transfer control
;register

;Data transfer enable bit

;Memory address register
;Transmit cunt register

;//O address register

;Data transfer control
;register

;Ddata transfer enable bit

;Timer start registre

stimer control register
;timer 1/O control register
;timer interrupt enable
;register
;timer status register

;General register

;TPC output mod register

;TPC output control
;register

:Next data enable register

B

;Next data register B
;Port B data direction
;register

;Port B data register

PROG.CODE,LOCATE=H'010000

IOAROA: EQU HFFFF26
DTCROA: EQU HFFFF27
DTEOA: EQU 7

; DMACOB

MAROBE: EQU HFFFF28

ETCROBH:  .EQU HFFFF2C
IOAROB: EQU HFFFF2E
DTCROB: EQU HFFFF2F
DTEOB: EQU 7

; ITU *
TSTR: EQU HFFFF60

; ITU cho *
TCRO: EQU HFFFF64
TIORO: EQU HFFFF65
TIERO: EQU HFFFF66
TSRO EQU HFFFF67
GRAOH: EQU HFFFF6A
; TPC

TPMR: EQU HFFFFAO
TPCR: EQU HFFFFAL
NDERB: EQU HFFFFA2
NDRB: EQU HEFFFA4
PBDDR: EQU HFFFFD4
PBDR: EQU HFFFFD6
* MAIN PROGRAM : STPSMN

SECTION
STP5MN EQU $
MOV.L

HITACHI

#H'FFFEFE,SP ;Initialize stack pointer



*

132 132 btk IN| TIALIZE ITU

133 010006 7900000A 133 MOV.W #H'000A,RO

134 01000A 6BOOFF6A 134 MOV.W RO,@GRAOH ;Set non overiap time

135 01000E F801 135 MOV.B #H'01,ROL

136 010010 3866 136 MOV.B ROL,@TIERO sinitialize TIERO(1->IMIEA)

137 010012 F843 137 MOV.B #H'43,ROL

138 010014 3864 138 MOV.B ROL,@TCRO initialize TCRO(1->CCLR1)

139 139 ;

140 140 ; INITIALIZE DMACOA *

141 010016 7A00000103D2 141 MOV.L #TBL,ERO

142 01001C 0B70 142 INC.L #1,ERO

143 01001E 01006B80FF21 143 MOV.L ERO,@MAROAE ;SET MAROA

144 010024 F8A4 144 MOV.B #H'A4,ROL

145 010026 3826 145 MOV.B ROL,@IOAROA ;SET IOAROA

146 010028 F804 146 MOV.B #H'04,ROL

147 01002A 3824 147 MOV.B ROL,@ETCROAH ;STORE FIRST TRANSFER
;COUNT

148 01002C F805 148 MOV.B #H05,ROL

149 01002E 3825 149 MOV.B ROL,@ETCROAL ;STORE TRANSFER COUNT

150 010030 2827 150 MOV.B @DTCROA,ROL ;READ DTCROA

151 010032 F810 151 MOV.B #H'10,ROL

152 010034 3827 152 MOV.B ROL,@DTCROA JINITIALZE DTCROA

153 010036 7F277070 153 BSET #DTEOA,@DTCROA ;START DMACOA

154 154 ;

155 155 ; INITIALIZE DMACOQB *¥rtkiciaick

156 01003A 7A00000102E0 156 MOV.L #UP,ERO

157 010040 0B70 157 INC.L #1,ERO

158 010042 01006B80FF28 158 MOV.L ERO,@MAROBE ;SET MAROB

159 010048 F86C 159 MOV.B #H6C,ROL

160 01004A 382E 160 MOV.B ROL,@I0AROB ;SET IOAROB

161 01004C 79000078 161 MOV.W #D'120,R0

162 010050 6B80FF2C 162 MOV.W RO,@ETCROBH ;STORE TRANSFER COUNT

163 010054 282F 163 MOV.B @DTCROB,ROL ;READ DTCROB

164 010056 F848 164 MOV.B #H'48,ROL

165 010058 382F 165 MOV.B ROL,@DTCROB ;INITIALZE DTCROB

166 01005A 7F2F7070 166 BSET #DTEOB,@DTCROB ;START DMACOB

167 167 ;

168 168 ; wemkiskiackiknk |\ T|ALIZE TPC *

169 01005E F888 169 MOV.B #H'88,ROL

170 010060 38D6 170 MOV.B ROL,@PBDR ;SET FIRST OUTPUT DATA

171 010062 F8F8 171 MOV.B #H'F8,ROL

172 010064 38D4 172 MOV.B ROL,@PBDDR

173 010066 38A2 173 MOV.B ROL,@NDERB ;SET OUTPUT TPC

174 010068 F8FC 174 MOV.B #H'FC,ROL

175 01006A 38A0 175 MOV.B ROL,@TPMR ;SET OUTPUT NON
;OVERLAP

176 01006C F80F 176 MOV.B #H'OF,ROL
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177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

01006E

010070
010072
010074
010076
010078

01007A
01007C
01007E

010080
010084
010086
010088

01008C
01008E

010092
010094

010098
01009A

01009E
0100A0

0100A4
0100A6

0100AA
0100AC

0100B0

38A1

F801
3800
F8E1
3860
0700

0000
0000
40FA

01006DFO
2800
A880
587001B6

A801
58700024

A802
58700044

AB04
58700064

A808
5870008A

A810
58700120

A820
58700140

A840

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
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MOV.B ROL,@TPCR JINITIALZE TPCR
MOV.B #H'01,ROL
MOV.B ROL,@PDAT_F ;SET PDAT_F(01)
MOV.B #H'E1,ROL
MOV.B ROL,@TSTR ;START ITU chO
LOCB #0,CCR ;Enable interrupt
LOOP: NOP
NOP
BRA LOOP
* *
* DENDINT : (DMACOB END INTERRUPT PROGRAM)  *
* *
* *
* ENTRY : NOTHING *
* RETURN : NOTHING *
* *
DENDINT: PUSH,L ERO
MOV.B @PDAT_F,ROL
CMP.B #H'80,ROL
BEQ DENDINT13
CMP.B #H01,ROL
BEQ DENDINTO1
CMP.B #H'02,ROL
BEQ DENDINTO02
CMP.B #H'04,ROL
BEQ DENDINTO3
CMP.B #H'08,ROL
BEQ DENDINTO04
CMP.B #H'10,ROL
BEQ DENDINT10
CMP.B #H'20,ROL
BEQ DENDINT11
CMP.B #H'40,ROL
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224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250
251
252
253
254
255
256
257
258
259

261
262

264
265

267

268

010082

0100B6
0100BC
0100C2
0100C6
0100CA
0100CC
0100CE
0100D0
0100D2
0100D4
010008

0100DC
0100E2
0100E8
0100EC
0100F0
0100F2
0100F4

0100F6
0100F8
0100FA

0100FE

010102
010104
010105

010108
01010E
010114
010118
01011C
01011E
010120

010122

58700160

7A00000103D0
01006B80FF28
790007D0
6B8OFF2C
282F

F818

382F

F802

3800
7F2F7070
580001FE

7A00000103CE
01006B80FF28
79000078
6B8OFF2C
282F

F868
382F

F804
3800
7F2F7070

580001D8

F801
3825
3824

7A00000103D0
01006B80FF28
790003E8
6B8OFF2C
282F

F818

382F

F808

224
225
226
227

288

229
230
231
232
233
234
235
236
237
238
239
240
241
242

243

244
245

246

247

248

249
250
251
252
253
254
255
256
25

~

258
259
260
261
262
263
264
265
266
267

268

BEQ DENDINT12
NEXT CONSTANT CW *
DENDINTO1: MOV.L #CONSTANT,ERO
MOV.L ERO,@MAROBE
MOV.W #D'2000,R0
MOV.W RO,@ETCROBH
MOV.B @DTCROB,ROL
MOV.B #H'18,ROL
MOV.B ROL,@DTCROB
MOV.B #H02,ROL
MOV.B ROL,@PDAT_F
BSET #DTEOB,@DTCROB
BRA DENDINT99
; NEXT SLUE DOWN CW *
DENDINTO2: MOV.L #DOWN,ERO
MOV.L ER0,@MAROBE
MOV.W #D'120,R0
MOV.W RO,@ETCROBH
MOV.B @DTCROB,ROL
MOV.B #H'68,ROL
MOV.B ROL,@DTCROB
MOV.B #H04,ROL
MOV.B ROL,@PDAT_F
BSET #DTEOB,@DTCROB
BRA DENDINT99

+ ik \[EXT STOPP ik

DENDINTO03: MOV.B #H01,ROL
MOV.B ROL,@ETCROAL
MOV.B ROL,@ETCROAH
MOV.L #CONSTANT,ERO
MOV.L ERO,@MAROBE
MOV.W #D’'1000,RO
MOV.W RO,@ETCROBH
MOV.B @DTCROB,ROL
MOV.B #H18,ROL
MOV.B ROL,@DTCROB
MOV.B #H08,ROL

;SET DATA ADDRESS

;STORE TRANSFER COUNT
;READ DTCROB

;DMACO08 IDOL MODE

:SET PDAT_F(02)
‘START DMACOB

;Set data address

;Store transfer count

;READ DTCROB

:Set DTCROB
{(DTID->1,DTIE->1)

:Set PDAT_F(04)

;STORE FIRST TRANSFER COUNT
;STORE TRANSFER COUNT
;Stop DMACOA

;Set data address

;Store transfer count

;Read DTCROB

;Set DTCROB
(RPE->1,DTIE->1)
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269 010124
270 010126
271 01012A

275 01012E
276 010134
277 01013A
278 01013E
279 010142
280 010144
281 010146

283 010148
284 01014C
285 010150
286 010154
287 010158
288 01015A
289 01015C
290 01015E
291 010160
292 010162
293 010164

295 010168
296 01016C
297 010170
298 010172
299 010174
300 010176
301 010178
302 01017A
303 01017C

305 010180
306 010184
307 010188
308 01018A
309 01018C
310 01018E
311 010190
312 010192
313 010194

315 010198

3800
7F2F7070
580001AC

7A00000102E0
01006B80FF28
79000078
6B8OFF2C
282F

F848

382F

TEAAT370
58600018
TEAAT360
58700028
F860
38A4
F803
3824
F805
3825
5800004C

TEAA7350
58700028
F8C0
38A4
F802
3824
F805
3825
58000034

TEAA7350
58700020
F830
38A4
F804
3824
F805
3825
5800001C

F888

269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
204
295
296
297
208
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
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MOV.B ROL,@PDAT_F
BSET #DTEOB,@DTCROB
BRA DENDINT99
H NEXT SLUE UP CCW *rtirtiiaek *
DENDINTO4: MOV.L #UP,ERO
MOV.L ERO,@VMAROBE
MOV.W #D'120,R0
MOV.W RO,@ETCROBH
MOV.B @DTCROB,ROL
MOV.B #H48, ROL
MOV.B ROL,@DTCROB
BTST #7,@NDRB
BNE DENDINTO05
BTST #6,@NDRB
BEQ DENDINTO6
MOV.B #H'60,ROL
MOV.B ROL,@NDRB
MOV.B #H'03,ROL
MOV.B ROL,@ETCROAH
MOV.B #H05,ROL
MOV.B ROL,@ETCROAL
BRA DENDINTO09
DENDINTO5: BTST #6,@NDRB
BEQ DENDINTO7
MOV.B #H'CO,ROL
MOV.B ROL,@NDRB
MOV.B #H02ROL
MOV.B ROL,@ETCROAH
MOV.B #H05,ROL
MOV.B ROL,@ETCROAL
BRA DENDINTO09
DENDINTO6: BTST #5,@NDRB
BEQ DENDINTO8
MOV.B #H'30,ROL
MOV.B ROL,@NDRB
MOV.B #H'04,ROL
MOV.B ROL,@ETCROAH
MOV.B #H05,ROL
MOV.B ROL,@ETCROAL
BRA DENDINTO09
DENDINTO7: MOV.B #H'88,ROL

HITACHI

:Set PDAT_F(08)
:Start DMACOB

;Set data address

;STORE TRANSFER COUNT
;Read DTCROB

:Set DTCROB(DTIE->1)

;Set NDRB



316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

01019A
01019C
01019E
0101A0
0101A2
0101A4

0101A8
0101AA
0101AC
0101AE
0101B0
0101B2

0101B4
0101B6
0101B8

0101BA
0101BC

0101BE
0101C2

0101C6

0101CA
0101D0
0101D6
0101DA
0101DE
0101E0
0101E2
0101E4
0101E6
0101E8
0101EC

0101F0
0101F6
0101FC

38A4
F801
3824
F805
3825
5800000C

F818
38A4
F805
3824
F805
3825

2827
F830
3827

F810
3800

7F2F7070
7F277070

58000110

7A00000103D0
01006B80FF28
79000BB8
6B8OFF2C
282F

F818

382F

F820

3800
7F2F7070
580000EA

7A00000103CE
01006B80FF28
79000078

316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

332

333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BRA

DENDINTO08: MOV.B

MOV.B
MOV.B
MOV.B
MOV.B
MOV.B

DENDINT09: MOV.B

MOV.B
MOV.B

MOV.B
MOV.B

BSET
BSET

BRA

ROL,@NDRB
#01,ROL
ROL,@ETCROAH
#H05,ROL
ROL,@ETCROAL
DENDINT09

#H18,ROL
ROL,@NDRB
#05,ROL
ROL,@ETCROAH
#H05,ROL
ROL,@ETCROAL

@DTCROAROL

#H'30,ROL
ROL,@DTCROA

#H'10,ROL
ROL,@PDAT_F

#DTEOB,@DTCROB
#DTEOA,@DTCROA

DENDINT99

 kkbkieetk NEXT CONSTANT COW s+

DENDINT10: MOV.L
MOV.L

MOV.W
MOV.W
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BSET
BRA

#CONSTANT,ERO
ERO,@MAROBE
#D'3000,RO
RO,@ETCROBH
@DTCROB,ROL
#H18,ROL
ROL,@DTCROB
#H20,ROL
ROL,@PDAT_F
#DTEOB,@DTCROB
DENDINT99

 kkkkeets NEXT SLUE DOWN CCW *iens %

DENDINT11: MOV.L
MOV.L

MOV.W

HITACHI

#DOWN,ERO
ERO,@MAROBE
#D'120,R0
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;Read DTCROA

;Set DTCROA

{(DTID->1,RPE->1)
:Start DMACOA

‘Set PDAT_F(10)

;Start DMACOB
;Start DMACOA

;SET DATA ADDRESS

;STORE TRANSFER COUNT

;READ DTCROB

;DMACOB IDOL MODE

'SET PTAT_F(20)

;START DMACOB

;Set data address



362
363
364
365

366
367
368
369
370
371
372
373
374

375
376
377
378
379
380

382
383

384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

010200
010204
010206
010208

01029A
01020C
01020E
010212

010216
010218

01021A

01021C
010222
010228
01022C
010230
010232
010234

010236
010238
01023A
01023E

010242
010248

01024E
010252

010256
010258
01025A

01025C
010260
010264
010268
01026C

6B8OFF2C
282F
F868
382F

F840
3800
7F2F7070
580000C4

F801
3825

3824

7A00000103D0
01006B80FF28
790003E8
6B8OFF2C
282F

F818

382F

F880
3800
7F2F7070
58000098

7A00000102E0
01006B80FF28

79000078
6B8OFF2C

282F
F848
382F

TEAA47370
58600018
TEA47360
58700028
F860

362
363
364
365

366
367
368
369
370 ;

MOV.W
MOV.B
MOV.B
MOV.B

MOV.B
MOV.B
BSET
BRA

RO,@ETCROBH
@DTCROB,ROL
#H'68,ROL
ROL,@DTCROB

#H'40,ROL
ROL,@PDAT_F
#DTEOB,@DTCROB
DENDINT99

371 ; wemkikiekok NEXT STOJP ikt *

372 ;

373 DENDINT12: MOV.B

374

375
376
377
378
379
380
381
382
383

384
385
386
387
388 ;

MOV.B

MOV.B

MOV.L
MOV.L
MOV.W
MOV.W
MOV.B
MOV.B
MOV.B

MOV.B
MOV.B
BSET
BRA

#H01,ROL
ROL,@ETCROAL

ROL,@ETCROAH

#CONSTANT,ERO
ERO,@MAROBE
#D'1000,R0
R0,@ETCROBH
@DTCROB,ROL
#H'18 ROL
ROL,@DTCROB

#H'80,ROL
ROL,@PDAT_F
#DTEOB,@DTCROB
DENDINT99

389 Wk NEXT SLUE UP GV i

390

391 DENDINT13: MOV.L

392
393
394
395
3% ;
397
398
399
400 ;
401
402
403
404
405
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MOV.L

MOV.W
MOV.W

MOV.B
MOV.B
MOV.B

BTST
BNE
BTST
BEQ
MOV.B

HITACHI

#UP,ERO
ERO,@MAROBE

#D'120,R0
RO,@ETCROBH

@DTCROB,ROL
#H'48 ROL
ROL,@DTCROB

#1,@NDRB
DENDINT14
#6,@NDRB
DENDINT15

#H'60,ROL

;Store transfer count

;READ DTCROB

:Set DTCROB
{(DTID->1,DTIE->1)

:Set PTAT_F(40)
:Start DMACOB

;STORE FIRST TRANSFER

;COUNT

;STORE TRANSFER COUNT
;DMACOA Stop

;Set data address

;Store transfer count
;Read DTCROB

;Set DTCROB
(RPE->1,DTIE->1)

:Set PDAT_F(80)
:Start DMACOB

;Set data address

;Store transfer count

;Read DTCROB

:Set DTCROB(DTIE->1)

;Set NDRB



01026E
010270
010272
010274
010276
010278

01027C
010280
010284
010286
010288
01028A
01028C
01028E
010290

010294
010298
01029C
01029E
0102A0
0102A2
0102A4
0102A6
0102A8

0102AC
0102AE
0102B0
0102B2
0102B4
0102B6
0102B8

0102BC
0102BE
0102C0
0102C2
0102C4
0102C6

0102C8
0102CA
0102CC

38A4
F803
3824
F805
3825
5800004C

TEAAT360
58700028
F8C0
38A4

F804

3824

F805
3825
58000034

TEAA7350
58700020
F830
38A4
F802
3824
F805
3825
5800001C

F888
38A4
F805
3824
F805
3825
5800000C

F818
38A4
F801
3824
F805
3825

2827
F810
3827

406
407
408
409
410
a1

212
213

414

415
416
a7
418
419
420

1

422

423
24

425
426
427
428
429

MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BRA
DENDINT14: BTST
BEQ
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BRA
DENDINT15: BTST
BEQ
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BRA
DENDINT16: MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
BRA
DENDINT17: MOV.B
MOV.B
MOV.B
MOV.B
MOV.B
MOV.B

DENDINT18: MOV.B
MOV.B
MOV.B

HITACHI

ROL,@NDRB
#H03,ROL
ROL,@ETCROAH
#H05,ROL
ROL,@ETCROAL
DENDINT18

#6,@NDRB
DENDINT16
#H'CO,ROL
ROL,@NDRB
#H04,ROL
ROL,@ETCROAH
#H'05,ROL
ROL,@ETCROAL
DENDINT18

#5,@NDRB
DENDINT17
#H'30,ROL
ROL,@NDRB
#H02,ROL
ROL,@ETCROAH
#H05,ROL
ROL,@ETCROAL
DENDINT18

#H'88,ROL
ROL,@NDRB
#H05,ROL
ROL,@ETCROAH
#H05,ROL
ROL,@ETCROAL
DENDINT18

#H18,ROL
ROL,@NDRB
#01,ROL
ROL,@ETCROAH
#H'05,ROL
ROL,@ETCROAL

@DTCROA,ROL ;READ DTCROA
#H'10,ROL
ROL,@DTCROA :Set DTCROA(RPE->1)
;Start DMACOA
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453 453

454 0102CE F801 454 MOV.B #H'01,ROL

455 0102D0 3800 455 MOV.B ROL,@PDAT_F :Set PDAT_F(01)

456 456

457 0102D2 7F2F7070 457 BSET #DTEOB,@DTCROB ;Start DMACOB

458 0102D6 7F277070 458 BSET #DTEOA,@DTCROA ;Start DMACOA

459 459

460 0102DA 01006D70 460 DENDINT99: POP,L ERO

461 0102DE 5670 461 RTE

462 462

463 463 ;

464 464 * *

465 465 * DATA TABLE (TIMER PERIOD) *

466 466 ¢ *

467 467

468 468 ;

469 0102E0 F424B1646EA361D2 469 UP DATAW D'62500,D0'45412,D0'28323,D'25042,D0'21761,0'20058,

470 0102E8 55014E5A47B34371 470 + D'18355,D0'17265,0'16175,0'15401,0'14626,0'14039
0102F0 3F2F3C29392236D7

471 0102F8 348C32BB30EA2F6E 471 .DATAW D'13452,0'12987,0'12522,0'12142,0'11762,D'11444,

472 010300 2DF22CB42B752A66 472 + D'11125,0'10854,0'10582,0'10347,0'10111,D'9905
010308 2956286B277F26B1

473 010310 25E226BB247423D1 473 DATAW D'9698,0'9915,0'9332,0'9169,0'9005,D'8857,

474 010318 232D22992205217F 474 + D'8709,D0'8575,D0'8441,0'8319,0'8196,D'8084
010320 20F9207F20041F94

475 010328 1F241EBD1ES51DF5 475 .DATAW D'7972,0'7869,D'7765,D0'7669,D'7573,D'7484,

476 012330 1D951D3C1CE31C90 476 + D'7395,D0'7312,0'7229,0'7151,D'7073,D'7000
010338 1C3D1BEF1BA11B58

477 010340 1BOF1ACB1A861A46 477 .DATAW D'6927,0'6859,D'6790,D'6726,D'6661,D'6600,

478 010348 1A0519C8198B1951 478 + D'6539,D'6481,D'6423,D0'6368,D'6313,D'6261
010350 191718E018A91875

479 010358 1841181017DE17AF 479 .DATAW D'6209,D'6160,D'6110,D'6063,D0'6015,D'5970,

480 010360 177F1752172416F9 480 + D'5924,0'5881,D'5838,0'5797,D'5755,0'5716
010368 16CE16A5167B1654

481 010370 162C160615E015BB 481 DATAW D'5676,D0'5638,D0'5600,D0'5563,D0'5526,D0'5491,

482 010378 159615731550152E 482 + D'5456,D'5422,0'5388,D0'5356,D0'5323,0'5292
010380 150C14EC14CB14AC

483 010388 148C146E144F1432 483 .DATAW D'5260,D0'5230,0'5199,D0'5170,0'5140,D0'5112,

484 010390 141413F813DC13C1 484 + D'5084,D'5057,0'5029,D'5002,D0'4975,0'4950
010398 13A5138A136F1356

485 0103A0 133C1323130A12F2 485 .DATAW D'4924,0'4899,D'4874,D0'4850,D0'4825,0'4802,

486 0103A8 12D912C212AA1294 486 + D'4778,0'4756,0'4733,0'4711,D'4688,D0'4667
0103B0 127D12671250123B

487 0103B8 1225121011FB11E7 487 .DATAW D'4645,D0'4624,D0'4603,D0'4583,D0'4562,D'4542,

488 0103C0 11D211BE11AA1197 488 + D'4522,0'4503,D0'4483,D0'4465,D'4446
0103CB 11831171115

489 0103CE 115 489 DOWN .DATAW D'4446
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490

491

492

493 010300  115€
494

495

49

497

498

499

500

501

502 0103D2  603090CO
503

504

e TOTAL ERRORS
e TOTAL WARNINGS

490
491
492

*

*

CONSTANT ##iik

493 CONSTANT .DATAW D'4446

494
495
496
497
498
499
500
501
502

503
504

*

DATA TABLE (OUTPUT PATTERN) *

.DATAB H'60,H30,H'90,H'CO

.END
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