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Preface

The H8/3006 and H8/3007 is a series of high-performance microcontrollers that integrate system
supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip supporting functions include RAM, 16-bit timers, 8-bit timers, a programmable
timing pattern controller (TPC), awatchdog timer (WDT), a serial communication interface (SCI),
an A/D converter, a D/A converter, 1/0 ports, and aDMA controller (DMAC).

The address space is divided into eight areas. The data bus width and access cycle length can be
selected independently in each area, simplifying the connection of different types of memory. Four
MCU operating modes (modes 1 to 4) are provided, offering a choice of data bus width initial
value and address space.

With these features, the H8/3006 and H8/3007 offers easy implementation of compact, high-
performance systems.

This manual describes the H8/3006 and H8/3007 Series hardware. For details of the instruction
set, refer to the H8/300H Series Programming Manual.
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Section1 Overview

11 Overview

The H8/3006 and H8/3007 are a series of microcontrollers (MCUSs) that integrate system
supporting functions together with an H8/300H CPU core having an original Hitachi architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functionsinclude RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, 1/0 ports, a direct memory access controller
(DMAC), and other facilities.

Four MCU operating modes offer a choice of bus width and address space size.
Table 1-1 summarizes the features of the H8/3006 and H8/3007.
Table1-1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

« Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers plus eight 16-bit registers, or as eight
32-bit registers)

High-speed operation

e Maximum clock rate: 20 MHz

e Add/subtract: 100 ns

e Multiply/divide: 700 ns

16-Mbyte address space

Instruction features

« 8/16/32-hit data transfer, arithmetic, and logic instructions

¢ Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)

« Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)

¢ Bit accumulator function

« Bit manipulation instructions with register-indirect specification of bit positions
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Feature Description
Memory H8/3007
*  RAM: 4 kbytes
H8/3006
* RAM: 2 kbytes
Interrupt + Seven external interrupt pins: NMI, IRQ, to IRQ;
controller » 36 internal interrupts

Three selectable interrupt priority levels

Bus controller

Address space can be partitioned into eight areas, with independent bus
specifications in each area

Chip select output available for areas 0 to 7

8-bit access or 16-bit access selectable for each area
Two-state or three-state access selectable for each area
Selection of two wait modes

Number of program wait states selectable for each area
Direct connection of burst ROM

Direct connection of up to 8-Mbyte DRAM (or DRAM interface can be used
as interval timer)

Bus arbitration function

DMA controller
(DMAC)

Short address mode

Maximum four channels available

Selection of /0 mode, idle mode, or repeat mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
transmit-data-empty and receive-data-full interrupts from the SCI, or external
requests

Full address mode

Maximum two channels available
Selection of normal mode or block transfer mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
external requests, or auto-request
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Feature

Description

16-bit timer,
3 channels

Three 16-bit timer channels, capable of processing up to six pulse outputs or
six pulse inputs

16-bit timer counter (channels 0 to 2)

Two multiplexed output compare/input capture pins (channels 0 to 2)
Operation can be synchronized (channels 0 to 2)

PWM mode available (channels 0 to 2)

Phase counting mode available (channel 2)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 2)

8-bit timer,
4 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two channels can be connected

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using 16-bit timer as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Output data can be transferred by DMAC

Watchdog » Internal reset signal can be generated by overflow
timer (WDT), + Reset signal can be output externally

1 channel + Usable as an interval timer

Serial e Selection of asynchronous or synchronous mode

communication
interface (SCI),
3 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be started by an external trigger or 8-bit timer compare-
match

DMAC can be activated by an A/D conversion end interrupt

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/O ports

35 input/output pins
12 input-only pins
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Feature Description

Operating Four MCU operating modes
modes Mode Address Space Address Pins Initial Bus Width Max. Bus Width
Mode 1 1 Mbyte A to A, 8 bits 16 bits
Mode 2 1 Mbyte A to A, 16 bits 16 bits
Mode 3 16 Mbytes A, to A, 8 bits 16 bits
Mode 4 16 Mbytes A, t0A, 16 bits 16 bits
Power-down « Sleep mode
state

» Software standby mode
* Hardware standby mode
* Module standby function

» Programmable system clock frequency division

Other features ~ «  On-chip clock pulse generator

Product lineup Product Name Model Package
H8/3007 5V +10% HD6413007F 100-pin QFP (FP-100B)
(5V) HD6413007TE 100-pin TQFP (TFP-100B)
HD6413007FP 100-pin QFP (FP-100A)
2.7t05.5V HD6413007VF 100-pin QFP (FP-100B)
(Low HD6413007VTE 100-pin TQFP (TFP-100B)
voltage) HD6413007VFP 100-pin QFP (FP-100A)
H8/3006 5V +10% HD6413006F 100-pin QFP (FP-100B)
(5V) HD6413006TE 100-pin TQFP (TFP-100B)
HD6413006FP 100-pin QFP (FP-100A)
2.7t05.5V HD6413006VF 100-pin QFP (FP-100B)
(Low HD6413006VTE 100-pin TQFP (TFP-100B)

voltage) HD6413006VFP 100-pin QFP (FP-100A)
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12 Internal Block Diagram

Figure 1-1 shows an internal block diagram.
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Figure1-1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3006, H8/3007 FP-100B and TFP-100B packagesis shown in
figure 1-2, and that of the FP-100A package in figure 1-3.
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Figure1-2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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132 Pin Functions
Table 1-2 summarizes the pin functions.

Table1-2 Pin Functions

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function
Power Vee 1,35,68 3,37,70 Input Power: For connection to the power supply.
Connect all V. pins to the system power
supply.
Vs 11, 22, 13,24, Input Ground: For connection to ground (0 V).
44, 57, 46, 59, Connect all V4 pins to the 0-V system power
65, 92 67,94 supply.
Clock XTAL 67 69 Input  For connection to a crystal resonator.

For examples of crystal resonator and external
clock input, see section 18, Clock Pulse
Generator.

EXTAL 66 68 Input  For connection to a crystal resonator or input
of an external clock signal. For examples of
crystal resonator and external clock input, see
section 18, Clock Pulse Generator.

(0} 61 63 Output System clock: Supplies the system clock to
external devices.

Operating MD, to 75t073 77to75 Input Mode 2to mode O: For setting the operating
mode MD, mode, as follows. Inputs at these pins must
control not be changed during operation.

MD, MD, MD, Operating Mode

Mode 1

Mode 2

Mode 3

Mode 4

P PP O|lOC|O|O
P P O|OC|FR|F,|O|O
P O, | Ok, |O|kFL|O
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Pin No.

FP-100B
Type Symbol TFP-100B FP-100A /O Name and Function
System  RES 63 65 Input  Reset input: When driven low, this pin resets
control the chip
RESO 10 12 Output Reset output: Outputs the reset signal
generated by the watchdog timer to external
devices
STBY 62 64 Input  Standby: When driven low, this pin forces
a transition to hardware standby mode
BREQ 59 61 Input  Bus request: Used by an external bus master
to request the bus right
BACK 60 62 Output Bus request acknowledge: Indicates that the
bus has been granted to an external bus
master
Interrupts  NMI 64 66 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
IRQ;to 17, 16, 19,18, Input Interrupt request 5 to 0: Maskable interrupt
IRQ, 90 to 87 92 to 89 request pins
Address A,;to A, 100to 97, 99, 100, Output Address bus: Outputs address signals
bus 56to 45, 1,2,
43t036 58to047,
45 to 38
Databus D, ;toD, 34to023, 36to25, Input/ Databus: Bidirectional data bus
21t018 23to 20 output
Bus §7 to 2t05, 4t07, Output Chip select: Select signals for areas 7 to 0
control CS, 88t091 901093
AS 69 71 Output Address strobe: Goes low to indicate valid
address output on the address bus
RD 70 72 Output Read: Goes low to indicate reading from the
external address space
HWR 71 73 Output High write: Goes low to indicate writing to the
external address space; indicates valid data
on the upper data bus (D, to Dy).
LWR 72 74 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data
on the lower data bus (D, to D).
WAIT 58 60 Input  Wait: Requests insertion of wait states in bus

cycles during access to the external address
space
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Pin No.

FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function
DRAM RFSH 87 89 Output Refresh: Indicates a refresh cycle
interface CS,to  89,88,5 91,90, Output Row address strobe RAS: Row address
CS, 4 7,6 strobe signal for DRAM
RD 70 72 Output Write enable WE: Write enable signal for
DRAM
HWR 71 73 Output Upper column address strobe UCAS:
UCAS 6 8 Column address strobe signal for DRAM
LWR 72 74 Output Lower column address strobe LCAS:
LCAS 7 9 Column address strobe signal for DRAM
DMA DREQ,, 5,3 7,5 Input DMA request 1 and 0: DMAC activation
controller DREQ, requests
(DMAC) TEND,, 94,93 96,95 Output Transfer end 1 and 0: These signals indicate
TEND, that the DMAC has ended a data transfer
16-bit TCLKDto 96t093 981095 Input Clock input D to A: External clock inputs
timer TCLKA
TIOCA,to 99, 97,95 1,99, 97 Input/ Input capture/output compare A2 to AO:
TIOCA, output GRAZ2 to GRAO output compare or input
capture, or PWM output
TIOCB,to 100,98, 2,100, Input/ Inputcapture/output compare B2 to BO:
TIOCB, 96 98 output GRB2 to GRBO output compare or input
capture, or PWM output
8-bit timer TMO,, 2,4 4,6 Output Compare match output: Compare match
T™MO, output pins
TMIO,, 3,5 57 Input/ Input capture input/compare match output:
TMIO, output Input capture input or compare match output
pins
TCLKDto 96t093 98t095 Input Counter external clock input: These pins

TCLKA

input an external clock to the counters.

10

HITACHI



Pin No.

FP-100B
Type Symbol TFP-100B FP-100A /O Name and Function
Program- TP to 9to 2, 11to 4, Output TPC output 15 to O: Pulse output
mable TP, 100t0 93 2,1,
timing 100 to
pattern 95
controller
(TPC)
Serial TxD, to 8,13,12 10,15, Output Transmit data (channels 0, 1, 2): SCI data
communi- TxD, 14 output
cation RxD,to  9,15,14 11,17, Input Receive data (channels 0, 1, 2): SCI data
gg;ace RxD, 16 input
SCK,to 7,17,16 9,19, 18 Input/ Serial clock (channels 0, 1, 2): SCI clock
SCK, output input/output
A/D AN, to 85t078 87t080 Input Analog 7to 0: Analog input pins
converter AN,
ADTRG 90 92 Input  A/D conversion external trigger input:
External trigger input for starting A/D
conversion
D/A DA,, DA, 85,84 87,86  Output Analog output: Analog output from the
converter D/A converter
A/Dand AV 76 78 Input  Power supply pin for the A/D and
D/A D/A converters. Connect to the system power
converters supply when not using the A/D and
D/A converters.
AV 86 88 Input  Ground pin for the A/D and D/A converters.
Connect to system ground (0 V).
Vier 77 79 Input  Reference voltage input pin for the A/D and

D/A converters. Connect to the system power
supply when not using the A/D and
D/A converters.

11
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Pin No.

FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function

I/O ports P4,to P4, 26 to 23, 28to 25, Input/ Port 4: Eight input/output pins. The direction
21t018 23to20 output of each pin can be selected in the port 4 data
direction register (P4DDR).

P6,, 61to58 63to60 Input/ Port 6: Four input/output pins. The direction of
P6, to P6, output each pin can be selected in the port 6 data
direction register (P6DDR).

P7,to P7,85t0 78 87to80 Input Port 7: Eight input pins

P8,to P8, 91t0 87 93to 89 Input/ Port 8: Five input/output pins. The direction of
output each pin can be selected in the port 8 data
direction register (P8DDR).

P9, to P9, 17to 12 19to 14 Input/ Port 9: Six input/output pins. The direction of
output each pin can be selected in the port 9 data
direction register (P9DDR).

PA, to 100t0 93 2,1, Input/  Port A: Eight input/output pins. The direction

PA, 100to  output of each pin can be selected in the port A data
95 direction register (PADDR).

PB, to 9to 2 11to4 Input/ Port B: Eight input/output pins. The direction

PB, output of each pin can be selected in the port B data

direction register (PBDDR).

12
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1.3.3 Pin Assignmentsin Each Mode

Table 1-3 lists the pin assignments in each mode.

Table1-3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A)

Pin No. Pin Name

FP-100B

TFP-100B  FP-100A Mode 1 Mode 2 Mode 3 Mode 4

1 3 Vcc Vcc Vcc Vcc

2 4 PB,/TP,/TMO/  PB/TP,/TMO/ PB/TP,/TMO/ PB/TP,/TMO/
CS, CS, CS, CS,

3 5 PB,/TP,/TMIO,/ PB,/TP,/TMIO,/ PB,/TP,/TMIO,/ PB,/TP,/TMIO,/
DREQ,/CS, DREQ,/CS, DREQ,/CS, DREQ,/CS,

4 6 PB,/TP,,/TMO,/ PB,/TP,/TMO,/ PB,/TP,/TMO,/ PB,/TP,/TMO,/
CS, CS, CS, CS,

5 7 PB,/TP,,/TMIO,/ PB,/TP,,/TMIO,/ PB,/TP,,/TMIO,/ PB,/TP,,/TMIO,/
DREQ,/CS, DREQ,/CS, DREQ,/CS, DREQ,/CS,
PB,/TP,,/UCAS PB,/TP,/UCAS PB,/TP,/UCAS PB,TP,,/UCAS
PB./TP,./LCAS/ PB/TP,/LCAS/ PB,/TP,/LCAS/ PB,/TP,/LCAS/
SCK, SCK, SCK, SCK,

8 10 PB,/TP,,/TXxD, PBJTP,/TxD, PB/TP,/TxD, PB/TP,/TxD,

9 11 PB,/TP,/RxD, PB,/TP/RxD, PB,/TP,/RxD, PB,/TP,/RxD,

10 12 RESO RESO RESO RESO

11 13 Vss Vs Ves Ves

12 14 P9,/TXD, P9,/TxD, P9,/TXD, P9,/TxD,

13 15 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

14 16 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD,

15 17 P9,/RXD, P9,/RXD, P9,/RXD, P9./RxD,

16 18 P9,/IRQ,/SCK, P9,/IRQ,/SCK, P9,/IRQ,/SCK, P9,/IRQ,/SCK,

17 19 P9./IRQ,/SCK, P9,/IRQ,/SCK, P9./IRQ,/SCK, P9,/IRQ,/SCK,

18 20 P4,/D,** P4,/D,*? P4,/Dy** P4,/Dy*?

19 21 P4,/D,* P4,/D,*? P4,/D,** P4,/D,*?

20 22 P4,/D,** P4,/D,** P4,/D,** P4,/D,*?

21 23 P4,/D,** P4,/D,*? P4,/D,* P4./D,*?

22 24 Vss Vss Vss Vss

23 25 P4,/D,* P4,/D,** P4,/D** P4,/D,*

HITACHI
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Pin Name

Pin No.

FP-100B
TFP-100B

24
25
26
27
28
29
30
31

Mode 2 Mode 3 Mode 4

Mode 1

FP-100A

26
27

P4,/Dg*? P4,/Dg** P4,/Dy*2

P4,/D *"

P4,/Dy* P4,/D** P4,/Dg*?

P4,/Dg*

P4,/D,*2 P4,/D* P4,/D,*2

P4,/D,*

28
29
30
31

DlD

DlO

DlO

DlO

Dll

Dll

Dll

Dll

32
33

D,

D,

D,

D,

D13

D13

D13

D13

34
35
36

32

D14

D14

D14

DlA

33
34
35
36
37

D15

D15

D15

D15
VCC

VCC

VCC

VCC

37

38
39
40

38
39
40

41

42

43

41

44
45

42

43

VSS

VSS

VSS

VSS

46

44
45

47

48

46

A].D

AlO

AlO

AlO

49

47

All

All

All

All

50

48

Ar,

A,

A,

A,

51

49

A13

A13

A13

A13

52

50
51

A14

A14

A14

AlA

53
54
55
56

AlS

AlS

A15

A15

52
53
54

A16

AlG

Alﬁ

AlG

A17

A17

A17

A17

14
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Pin No. Pin Name
FP-100B
TFP-100B  FP-100A Mode 1 Mode 2 Mode 3 Mode 4
55 57 A A A A
56 58 A A A, A
57 59 Vss Vss Vss Vss
58 60 P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT
59 61 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ
60 62 P6,/BACK P6,/BACK P6,/BACK P6,/BACK
61 63 P6,/¢ P6,/@ P6./@ P6./@
62 64 STBY STBY STBY STBY
63 65 RES RES RES RES
64 66 NMI NMI NMI NMI
65 67 Vss Vss Vss Vss
66 68 EXTAL EXTAL EXTAL EXTAL
67 69 XTAL XTAL XTAL XTAL
68 70 Vee Vee Vee Vee
69 71 AS AS AS AS
70 72 RD RD RD RD
71 73 HWR HWR HWR HWR
72 74 LWR LWR LWR LWR
73 75 MD, MD, MD, MD,
74 76 MD, MD, MD, MD,
75 77 MD, MD, MD, MD,
76 78 AV . AV . AV, AV,
77 79 Vier Vier Vier Vier
78 80 P7,/AN, P7,/AN, P7,/AN, P7,/AN,
79 81 P7,/AN, P7,/AN, P7,/AN, P7,/AN,
80 82 P7,/AN, P7,/AN, P7,/AN, P7,/AN,
81 83 P7,/AN, P7,/AN, P7,/AN, P7,/AN,
82 84 P7,/AN, P7,/AN, P7,/AN, P7,/AN,
83 85 P7,/AN, P7,/AN, P7,/AN, P7./AN,
84 86 P7,/AN./DA, P7,/AN./DA, P7,/AN,/DA, P7/AN,/DA,
85 87 P7,/AN,/DA, P7,/AN,/DA, P7,/AN,/DA, P7,/AN,/DA,

HITACHI
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Pin No. Pin Name
FP-100B
TFP-100B  FP-100A Mode 1 Mode 2 Mode 3 Mode 4
86 88 AV AV, AV, AV,
87 89 P8,/IRQ,/RFSH P8,/IRQ,/RFSH P8,/IRQ,/RFSH P8,/ IRQ,/RFSH
88 90 P8,/IRQ,/CS, P8/IRQ,/CS, P8,/IRQ,/CS, P8,/IRQ,/CS,
89 91 P8,/IRQ,/CS, P8,/IRQ,/CS, P8,/IRQ,/CS, P8,/IRQ,/CS,
90 92 P8,/IRQ,/CS,/ P8,/IRQ,/CS,/ P8,/IRQ,/CS,/ P8,IRQ,/CS,/
ADTRG ADTRG ADTRG ADTRG
91 93 P8,/CS, P8,/CS, P8,/CS, P8,/CS,
92 94 Vs Vs Vs Vs
93 95 PAJ/TP,/TCLKA/ PAJTPJ/TCLKA/ PA/TP/TCLKA/ PA,/TP,/TCLKA/
TEND, TEND, TEND, TEND,
94 96 PA,/TP,/TCLKB/ PA,/TP,/TCLKB/ PA,/TP,/TCLKB/ PA,/TP,/TCLKB/
TEND, TEND, TEND, TEND,
95 97 PA,/TP,ITIOCA,/ PA/TP,/TIOCA,/ PATP,/TIOCA,/ PATP,/TIOCA,/
TCLKC TCLKC TCLKC TCLKC
96 98 PA,/TP,/TIOCB,/ PA,TP,TIOCB,/ PA,TP,TIOCB, PA,TP,/TIOCB,/
TCLKD TCLKD TCLKD TCLKD
97 99 PA,/TP,TIOCA, PA,/TP,/TIOCA, PA,/TP,/TIOCA,/ PA,/TP,/TIOCA,/
A, A,
98 100 PAJ/TP,/TIOCB, PA/TP,/TIOCB, PA,TP,/TIOCB,/ PA,/TP,TIOCB,/
A, A,,
99 1 PAJ/TPTIOCA, PAJTPJTIOCA, PAJTP,JTIOCA,/ PAJTPJTIOCA,/
A, A,
100 2 PA./TP,/ITIOCB, PA,/TP,/TIOCB, A, A,
Notes: 1. In modes 1 and 3, the P4, to P4, functions of pins P4,/D, to P4,/D, are selected after a

16

reset, but they can be changed by software.

In modes 2 and 4, the D, to D, functions of pins P4,/D, to P4,/D, are selected after a
reset, but they can be changed by software.

HITACHI



Section2 CPU

2.1 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-hit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

211 Features

The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-hit registers)
Sixty-two basic instructions

0 8/16/32-hit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d:16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8, PC) or @(d:16, PC)]

Memory indirect [ @@aa:8]

16-Mbyte linear address space

OooOoOo0ooogooag
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« High-speed operation

O All frequently-used instructions execute in two to four states
0 Maximum clock frequency: 20 MHz

0 8/16/32-bit register-register add/subtract: 100 ns

0 8 x 8-hit register-register multiply: 700 ns

0 16 + 8-hit register-register divide: 700 ns

0 16 x 16-bit register-register multiply: 11lps

0 32+ 16-hit register-register divide: 11lpus

¢ Two CPU operating modes
0 Norma mode (not available in the H8/3006 and H8/3007)
0 Advanced mode

¢ Low-power mode
Transition to power-down state by SLEEP instruction

212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

e Moregeneral registers

Eight 16-bit registers have been added.
* Expanded address space

0 Advanced mode supports a maximum 16-M byte address space.

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
e Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

¢ Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
0 Signed multiply/divide instructions and other instructions have been added.

18
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes.

Normal mode*

CPU operating modes

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Note: * Normal mode is not available in the H8/3006 and H8/3007.

Figure2-1 CPU Operating M odes

HITACHI
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2.3 Address Space

Figure 2-2 shows a simple memory map for the H8/3006 and H8/3007. The H8/300H CPU can
address alinear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytes
in advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
Normal mode* Advanced mode

Note: * Normal mode is not available in the H8/3006 and H8/3007.

Figure2-2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

Ul:  User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzcZI

76543210
ccr [ 1|ulH|ulN|z]vIc]

Figure2-3 CPU Registers

HITACHI
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24.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ERY7).

The ER registers divide into 16-hit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers
» 32-bit registers » 16-bit registers « 8-bit registers

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2-4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the
stack.

/\/

Free area

SP (ER7) >

Stack area

/\/

Figure2-5 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructionsis 2 bytes (one word) or amultiple of 2 bytes, so
the least significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

Condition Code Register (CCR): This 8-bit register containsinternal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | hit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit of data, regarded as the
sign bit.

Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Setto 1 when acarry is generated by execution of an operation, and
cleared to 0 otherwise. Used by:

e Addinstructions, to indicate a carry

e Subtract instructions, to indicate a borrow

« Shift and rotate instructions

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul hits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR bits and the general registers are not initialized. In particular,
theinitia value of the stack pointer (ER7) is also undefined. The stack pointer (ER7) must
therefore be initialized by an MOV L instruction executed immediately after a reset.
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2.5 Data Formats
The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n=0, 1,

2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

251 General Register Data Formats

Figures 2-6 and 2-7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare
7 0

1-bit data RnL : Don't care En

7 43 0

4-bit BCD data RnH Don't care |

7 43 0

4-bit BCD data RnL : Don't care

7 o
Byte data RnH [:j Don't care E
MSB tse
________________ 7 0
Byte data RnL I Don’t care [:]
MSB LSB

Legend

RnH: General register RH
RnL: General register RL

Figure2-6 General Register Data For mats
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General

Data Type Register Data Format
15 0
Word data R L
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn | S L
MSB LSB

Legend

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure2-7 General Register Data Formats

252 Memory Data For mats

Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N

Address 2N + 1
Address 2N + 2
Address 2N + 3

Data Format

/X/

7 0

7]e6|s]al3|2]1]0

MSB LSB

L L
MSB‘ ‘
LSB
MSB‘
f
LSB

/X/

Figure2-8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word

size or longword size.

HITACHI
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2.6 Instruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 64 types of instructions, which are classified in table 2-1.

Table2-1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*', POP*!, MOVTPE**>, MOVFPE** 5

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bce*?, JMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 64 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. Not available in the H8/3006 and H8/3007.
3. Bcc is a generic branching instruction.
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2.6.2

Instructions and Addressing M odes

Table 2-2 indicates the instructions available in the H8/300H CPU.

Table2-2 Instructionsand Addressing M odes
Addressing Modes
@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xXx Rn @ERn ERn) ERn) @-ERn aa8 aa:16 aa:24 PC) PC) aa:8 —
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer

POP,PUSH  — — — - — — - - - - - — WL

MOVFPE, — — — — — — — — — — — — —

MOVTPE
Arithm_elic ADD, CMP BWL BWL — — — — — —_ — — — — —
operations

SuB WL BWL — — — — — — — — — — —

ADDX, SUBX B B — — — — — — — — — — —

ADDS, SUBS — L — — — — — — — — — — —

INC, DEC — BWL — — — — — — — — — — —

DAA, DAS - B —_ — — — — — — — — — —

MULXU, — BW — — — — — — — — — — —

MULXS,

DIVXU,

DIVXS

NEG — BWL — — — — — — — — — — —

EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR — BWL — — — — — — — — — — —
operations

NOT — BWL — — — — — — — — — — —
Shift instructions — BWL — — — — — — - — — — —
Bit manipulation — B B — — — B — — — — — _
Branch Bcc, BSR — — — — — — — — — — — — _

JMP, JSR — — O - — — — — — @) @) — _

RTS — — — — — — — — @) — — O —
System TRAPA — — — — — — — — — — — — O
control RTE _ _ _ _ _ _ _ _ — — — — o

SLEEP — — — — — — — — — — — — O

LDC B B w w w w — w w — — — O

STC — B w w w w — w w — — — —

ANDC, ORC, B — — — — — — — — — — — —

XORC

NOP — — — — — — — — — — — — @)
Block data transfer — — — — — — — — — — — _ BW

29
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26.3 Tables of Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR
4 Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O AND logical

d OR logical

O Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-hit registers (RO
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2-3 Data Transfer Instructions

Instruction Size*

Function

MOV B/W/L (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general register and
memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in this LSI.
MOVTPE B Rs - (EASs)
Cannot be used in this LSI.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH Wi/L Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @—-SP.

Note: * Size refers to
B: Byte
W: Word
L: Longword

the operand size.
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Table2-4  Arithmetic Operation Instructions

Instruction Size*

Function

ADD,SUB B/W/L Rd*Rs - Rd, Rd+#MM - Rd
Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data cannot
be subtracted from data in a general register. Use the SUBX or ADD
instruction.)

ADDX, B Rd+Rs+C - Rd,Rd+# MM+ C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general
registers, or on immediate data and data in a general register.

INC, BW/IL Rd+1 - Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA, B Rd decimal adjust - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.
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Instruction Size*

Function

DIVXU B/W

Rd+Rs - Rd

Performs unsigned division on data in two general registers: either 16 bits + 8
bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit quotient
and 16-bit remainder

DIVXS B/W

Rd +Rs - Rd

Performs signed division on data in two general registers: either 16 bits + 8
bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

CMP B/W/L Rd-Rs, Rd —#IMM
Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a general
register.

EXTS WI/L Rd (sign extension) —» Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by extending the sign bit.

EXTU W/L Rd (zero extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to
B: Byte
W: Word
L: Longword

the operand size.
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Table2-5 Logic Operation Instructions

Instruction Size*  Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another general
register or immediate data.

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another general
register or immediate data.

XOR B/W/L RdORs - Rd,Rd O #MM - Rd

Performs a logical exclusive OR operation on a general register and another
general register or immediate data.

NOT B/W/L -Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword

Table2-6 Shift Instructions

Instruction Size*  Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) -~ Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) - Rd

ROTR

Rotates general register contents.

ROTXL, B/MWI/L Rd (rotate) - Rd

ROTXR Rotates general register contents, including the carry bit.
Note: * Size refers to the operand size.

B: Byte

W: Word

L: Longword
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Table2-7 Bit Manipulation Instructions

Instruction Size*

Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BTST B = (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower 3 bits of a general register.

BAND B C 0 (<bhit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag. The bit number is specified by
3-bit immediate data.

BIAND B C O[~ (<bit-No.> of <EAd>)] - C

ANDs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
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Instruction Size*  Function

BOR B C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BIOR B C O[~ (<bit-No.> of <EAd>)] — C

ORs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) — C

Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BIXOR B C O [ (<bit-No.> of <EAd>)] — C

Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the carry
flag.
The bit number is specified by 3-bit immediate data.

BILD B - (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in a general register or
memory operand.
The bit number is specified by 3-bit immediate data.

BIST B C - - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.
B: Byte
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Table2-8 Branching Instructions

Instruction Size Function

Bcc — Branches to a specified address if address specified condition is met. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High coz=o0
BLS Low or same cuz=1
Bcc (BHS) Carry clear (high orsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2-9 System Control Instructions

Instruction Size*

Function

TRAPA —

Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2-10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # O then
repeat @ER5+ - @ER6+, R4L -1 - R4L
until R4L =0
else next;

EEPMOV.W — if R4 # 0 then
repeat @ER5+ -~ @ER6+, R4-1 - R4
until R4=0
else next;

Block transfer instruction. This instruction transfers the number of data bytes
specified by R4L or R4, starting from the address indicated by ERS5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2-9 shows examples of instruction formats.

39
HITACHI



Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

EA (disp)

MOV.B @(d:16, Rn), Rm

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2-9 Instruction Formats

265 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1: BCLR is executed to clear bit 0 in the port 4 data direction register (P4ADDR) under
the following conditions.

P4+, P4g: Input pins
P45 — P4y Output pins

The intended purpose of this BCLR instruction is to switch P4g from output to input.
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Befor e Execution of BCLR Instruction

P4, P4g P4g P4, P4, P4, P4, P4,
Input/output Input Input Output  Output  Output  Output Output  Output
DDR 0 0 1 1 1 1 1 1

Execution of BCLR Instruction
BCLR #0, @P4DDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4g P4g P4, P4, P4, P4, P4q
Input/output ~ Output  Output  Output  Output Output  Output Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR isawrite-only register, it isread as H'FF, even though itstrue value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writes this value (H'FE) back to PADDR to complete the BCLR instruction.

Asaresult, P4gDDR is cleared to 0, making P4g an input pin. In addition, P4;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flags in the on-chip registersto 0. In the case of the
IRQ statusregister (ISR), for example, aflag must be read as a condition for clearing it, but when
using the BCLR instruction, if it is known that aflag has been set to 1 in an interrupt-handling
routine, for instance, it is not necessary to read the flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit
number in the operand.

Table2-11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate H#XX:8/#xx:16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-hit
registers.

2 Register Indirect—@ERnN: Theregister field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—-ERnN:

* Register indirect with post-increment—@ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

« Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of a memory operand. The absolute address may be 8 bitslong (@aa:8), 16 bits long
(@aa:16), or 24 bhitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A
24-hit absolute address can access the entire address space. Table 2-12 indicates the accessible
address ranges.

Table2-12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFF0O0 to H'FFFFF H'FFFF00 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xx: 16, or #xx:32: The instruction code contains 8-hit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

Theinstruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying abit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to

+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand isignored, generating a 24-bit branch address. See figure 2-10. The
upper bits of the 8-hit absolute address are assumed to be 0 (H'0000), so the addressrangeis 0 to
255 (H'000000 to H'0000FF). Note that the first part of thisrange is also the exception vector area.
For further details see section 5, Interrupt Controller.

/X/

Specified by @aa:8 —= Reserved

Figure2-10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

272 Effective Address Calculation

Table 2-13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-hit effective address.
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing
states. Figure 2-13 indicates the state transitions.

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2-11 Processing States
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28.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2-14 Exception Handling Typesand Priority

Priority  Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling* the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

Figure 2-12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset
External interrupts

Exception
sources Interrupt
Internal interrupts (from on-chip supporting modules)
Trap instruction
Figure2-12 Classification of Exception Sources
Bus request
End of bus release
End of bus Program execution State)SLEEP
release ; -
instruction
Bus with SSBY =0
request / /N oG
Y Exception Y
handling source
Bus-released state Sleep mode
End of_ Interrupt source SI__EEP instruction
exception with SSBY =1
handling

NMI, IRQg, IRQ 1,
O\ orIRQ; interrupt

<Exception-handling statef

A

€ >

kSoftware standby mode

RES = High

C R . )JSTBY = High, RES = Low
eset state -

Gardware standby mode *3

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2-13 State Transitions
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284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset stateis
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
iscleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2-14 shows the stack after the exception-handling sequence.

\\\__,,/////’——\\\\ \\\_—’/////”——‘\\\

SP-4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) - Stack area SP+4 Even

| address

\_/\ f

Before exception » After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2-14 Stack Structure after Exception Handling
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2.85 Bus-Released State

In this state the bus is rel eased to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the DRAM interface, and an external
bus master. While the busiis released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.10, Bus Arbiter.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes. sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1 in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The I/O ports aso remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and all clocks halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 19, Power-Down State.
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29 Basic Operational Timing

291 Overview

The H8/300H CPU operates according to the system clock (@). The interval from onerise of the
system clock to the next riseisreferred to as a“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip

supporting modules, and the external address space. Access to the external address space can be

controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and

word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin

states.

Bus cycle

>

-«— T, state #Tz State —»

; B W e W o

Internal address bus >< Address ><

Internal read signal ‘ \ ‘ -/
Internal data bus : : :
(read access) :>—< Read data 1)

Internal write signal ‘ ‘\—/7

Internal data bus - ‘
(write access) > + _Write data >—

Figure2-15 On-Chip Memory Access Cycle

HITACHI

53




. B W U

Address bus >< Address ><

AS, RD, HWR

-
e

Dj5 to Dg

Figure2-16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the internal /O register being accessed. Figure 2-17 shows the on-chip supporting
modul e access timing. Figure 2-18 indicates the pin states.

Bus cycle

|
|
[ -
-
|
|

-«—T, state % T, state % T3 state —»=

Address bus >< Address X
Internal read signal \ /
Read ! : ‘ ;
access | datab 1 1
Internal data bus :>_< Read data :
Internal write signal | \\ ‘ / !
access ‘ : | |
Internal data bus :>—< Write data —
Figure2-17 Access Cyclefor On-Chip Supporting Modules
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Address bus >< Address X

AS, RD, HWR

-
)

High impedance
D5 to Do

Figure2-18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

The external address spaceis divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

The H8/3006 and H8/3007 have four operating modes (modes 1 to 4) that are selected by the
mode pins (MD, to MDy) asindicated in table 3-1. Theinput at these pins determines the size of
the address space and the initial bus mode.

Table3-1 Operating Mode Selection

Description
Operating Mode Pins Initial Bus On-Chip
Mode MD, MD, MDD, Address Space Mode** RAM
— 0 0 0 Setting prohibited Setting prohibited  Setting prohibited
Mode 1 0 0 1 1 Mbyte 8 bits Enabled*’
Mode 2 0 1 0 1 Mbyte 16 bits Enabled*?
Mode 3 0 1 1 16 Mbytes 8 bits Enabled*’
Mode 4 1 0 0 16 Mbytes 16 bits Enabled*’
— 1 0 1 — — —
— 1 1 0 — — —
— 1 1 1 — — —

Notes: 1. In modes 1 to 4, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see
section 6, Bus Controller.

2. If the RAME bitin SYSCR is cleared to 0, these addresses become external addresses.

For the address space size there are two choices: 1 Mbyte, or 16 Mbyte. The external databusis
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit accessis selected for all areas, 8-
bit bus mode is used. For details see section 6, Bus Controller.

Modes 1 and 2 support a maximum address space of 1 Mbyte. Modes 3 and 4 support a maximum
address space of 16 Mbytes.

The H8/3006 and H8/3007 can be used only in modes 1 to 4. The inputs at the mode pins must
select one of these four modes. The inputs at the mode pins must not be changed during operation.

When changing the mode, the chip must be placed in the reset state before the mode pin inputs are
changed.
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312 Register Configuration

The H8/3006 and H8/3007 have a mode control register (MDCR) that indicates the inputs at the
mode pins (MD, to MDg), and a system control register (SY SCR). Table 3-2 summarizes these
registers.

Table3-2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EE012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.

3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the
H8/3006 and H8/3007.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDg.

Bits 7 and 6—Reserved: These hits can not be modified and are alwaysread as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.

Bits 2 to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MD,, (the current operating mode). MDS2 to MDSO0 correspond to MD, to MD,. MDS2 to
MDSO are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when
MDCR isread.
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3.3 System Control Register (SYSCR)

SY SCRis an 8-hit register that controls the operation of the H8/3006 and H8/3007.

Bit 7 6 5 4 3 2 1
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable
Enables or
disables
on-chip RAM

Software standby output port enable
Selects the output state of the address bus
and bus control signals in software standby mode

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bitin CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 19, Power-Down State.)

When software standby mode is exited by an external interrupt and a transition is made to normal
operation, this bit remains set to 1. To clear this bit, write 0.

Bit 7
SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the length of time
the CPU and on-chip supporting modules wait for the internal clock oscillator to settle when
software standby mode is exited by an external interrupt.

When using a crystal oscillator, set these bits so that the waiting time will be at least 7 ms at the
system clock rate.

For further information about waiting time selection, see section 19.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

== =)
RrlRr|Oo|lO|R|RL|O
Rrlo|Rr|lO|R|O|R

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user hit (Initial value)

Bit 2—NM|I Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI
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Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and
bus control signals (CS, to CS,, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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34 Operating M ode Descriptions

34.1 Mode 1

A maximum 1-Mbyte address space can be accessed. Theinitial bus mode after areset is 8 bits,
with 8-hit accessto al areas. If at least one areais designated for 16-bit accessin ABWCR, the
bus mode switches to 16 bits.

34.2 Mode 2

A maximum 1-Mbyte address space can be accessed. Theinitial bus mode after areset is 16 hits,
with 16-bit accessto all areas. If all areas are designated for 8-bit accessin ABWCR, the bus
mode switches to 8 bits.

343 Mode 3

Part of port A function as address pins A, to A,,, permitting access to a maximum 16-Mbyte
address space. Theinitial bus mode after areset is 8 bits, with 8-bit accessto al areas. If at least
one areais designated for 16-bit accessin ABWCR, the bus mode switchesto 16 hits. A,; to A,
arevalid when O iswritten in bits 7 to 5 of the bus release control register (BRCR). (In this mode
A, isalways used for address output.)

344 Mode 4

Part of port A function as address pins A; to A, permitting access to a maximum 16-Mbyte
address space. Theinitial bus mode after areset is 16 bits, with 16-bit accessto all areas. If all
areas are designated for 8-bit accessin ABWCR, the bus mode switchesto 8 bits. A,;to A,, are
valid when O iswritten in bits 7 to 5 of BRCR. (In thismode A, is aways used for address
output.)
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35 Pin Functionsin Each Operating Mode

The pin functions of port 4 and port A vary depending on the operating mode. Table 3-3 indicates
their functions in each operating mode.

Table 3-3 Pin Functionsin Each M ode

Port Mode 1 Mode 2 Mode 3 Mode 4
Port 4 P4, to P4 D, to D** P4, to P4, D, to D,**
Port A PA, to PA, PA, to PA, PA, to PA,, A,** PA, to PA,, A,*

Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P4, to P4, in 8-bit bus mode, and as D, to D, in 16-bit bus mode.

2. Initial state. A,, is always an address output pin. PA, to PA, are switched over to A, to
A,, output by writing 0 in bits 7 to 5 of BRCR.

3.6 Memory Map in Each Operating Mode

Figure 3-1, 3-2 show a memory maps of the H8/3006 and H8/3007. The address space is divided
into eight areas.

Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address locations of the on-chip RAM and internal /O registers differ between the 1-Mbyte
modes (modes 1, 2), and the 16-Mbyte modes (modes 3, 4). The address range specifiable by the
CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa:16) also differs.

3.6.1 Note on Reserved Areas

The memory map of the H8/3006 and H8/3007 includes reserved areas to which read/write access
is prohibited. Note that normal operation is not guaranteed if the following reserved areas are
accessed.

Theinternal 1/O register space of the H8/3006 and H8/3007 includes a reserved areato which
access is prohibited. For details, see Appendix B, Internal I/0 Registers.
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Modes 1 and 2 Modes 3 and 4
(1 Mbyte) (16 Mbytes)
H'00000 ", ¥ | H000000 Y
Vector area ] % g Vector area ] § g
52 § » 52 Sn
HOOOFF [-----=-=----1 £33 |8 8| HO000FF |------------1 —£3 |82
é‘ © [ é ®© ©
S |88 5|52
S 237 S 237
§5|93 §5/93
HO7FFF| | =8y |HoO7FFF| | =8y
H'1FFFF Area 0 Area 0
H'20000 | T T A H1FFFFF| |
e R Areal | 4200000
H'60000 [Extcrmalaitioss | arans  |HOFFFFF| |
H7FFFF| ___space __|"7°9° H'400000
HAo000 | T T L T HSFFFFF| |
HBFFFF| | Areas | H600000 | Extemal
:gg(;('):(l): Area 6 address Area 3
HEOOOO |~~~ TTTTTT L H'7FFFFF space |
HEE000 Area 7 H'800000 | 77TTTTTTTTT
Inu_ernal 1/10 Area 4
Heeore| "egisters (1) WoFFFFF| |
External address H'A00000
space
H'F8000 [-----"=-=---1 """ - Area 5
, HBFFFFF|_ __ | _________
On-chip RAM* ] @
HEFFOO |------------1 E— = Area 6
< B HDFFFFF|___ | _________
H'EEF1F 3 : H'EO0000
HFFF20 e |2
Internal 1/O ] 3 H'FEE000 Area 7
isters (2) 2 @
regis <} a Internal I/O
H'FFFE9 & |s registers (1)
H'FFFEA| External S |3 |HFEEOFF
address ] Q External address
H'FFFFF space Rodn Al H'FF8000 |....SPac® | ________
H'FFEFLF
H'FFEF20
On-chip RAM* | qg
H'FFFFO0 ["== ===~ "1 Ta |2
(0] —
HFFFF1F 5 |38
H'FFFF20 T |©
Internal /O @ 2
registers (2) s |2
H'FFFFE9 2 |2
H'FFFFEA External ] e
address 3 g
H'FFFFFF space R A
Note: * External addresses can be accessed by disabling on-chip RAM.
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Modes 1 and 2
(1 Mbyte)

Modes 3 and 4
(16 Mbytes)

H'00000

H'000FF

H'O7FFF

H'LFFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EEO00

HEEOFF

H'F8000

HFF71F
HFF720
H'FFF00

H'FFFLF
H'FFF20

H'FFFE9
H'FFFEA

HFFFFF

Vector area

Internal 1/O
registers (1)

External address

On-chip RAM*

Internal 1/O
registers (2)

External
address

space

S .4 | HO000000
5h|e
g9 |5
"5% 20
£3 | 2 2| H0000FF
13| S
g‘_: =20
o Q5
EC o8
908 a9
=5 H'007FFF
Area 0
H'1FFFFF
Area 1 H'200000
Area 2
H'3FFFFF
Area 3 H'400000
Area 4
H'SFFFFF
Area s H'600000
Area 6
H'7FFFFF
Area H'800000
H'OFFFFF
H'A00000
. | HBFFFFF
2 | H'Co0000
g
1% bt
2 |S | HDFFFFF
-2 |® | HE00000
s |5
8 |5 | HFEE000
1] a
5 ]
2 |8 | HFEEOFF
s |8
3 H'FF8000
[oe)
HFFF7LF
H'FFF720
H'FFFF00
HFFFF1F
HFFFF20
HFFFFE9
H'FFFFEA
H'FFFFFF

Vector area

External
address

Internal 1/O
registers (1)

External address

On-chip RAM*

Internal I/0
registers (2)

External
address
space

Memory-indirect
branch addresses

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3-2 HB8/3006 Memory Map in Each Operating Mode
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, interrupt, or trap instruction.
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4-1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin
Interrupt Interrupt requests are handled when execution of the current

instruction or handling of the current exception is completed

Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask hit isset to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

Note: For areset exception, steps 2 and 3 above are carried out.
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413 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to
different exception sources. Table 4-2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ, to IRQg
Exception
sources L Interrupts
Internal interrupts: 36 interrupts from on-chip
« Trap instruction supporting modules

Figure4-1 Exception Sources
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Table4-2 Exception Vector Table

Exception Source

Vector Number

Vector Address*!

Advanced Mode

Normal Mode*?

Reset

H'0000 to H'0003

H'0000 to H'0001

Reserved for system use

H'0004 to H'0007

H'0002 to H'0003

H'0008 to H'000B

H'0004 to H'0005

H'000C to H'000F

H'0006 to H'0007

H'0010 to H'0013

H'0008 to H'0009

H'0014 to H'0017

H'000A to H'000B

H'0018 to H'001B

H'000C to H'000D

External interrupt (NMI)

H'001C to H'001F

H'000E to H'000F

Trap instruction (4 sources)

H'0020 to H'0023

H'0010 to H'0011

© |0 N|O ||| W|N|FL|O

H'0024 to H'0027

H'0012 to H'0013

=
o

H'0028 to H'002B

H'0014 to H'0015

11

H'002C to H'002F

H'0016 to H'0017

External interrupt IRQ,

12

H'0030 to H'0033

H'0018 to H'0019

External interrupt IRQ,

13

H'0034 to H'0037

H'001A to H'001B

External interrupt IRQ,

14

H'0038 to H'003B

H'001C to H'001D

External interrupt IRQ,

15

H'003C to H'003F

H'001E to H'001F

External interrupt IRQ,

16

H'0040 to H'0043

H'0020 to H'0021

External interrupt IRQ;

17

H'0044 to H'0047

H'0022 to H'0023

Reserved for system use

18

H'0048 to H'004B

H'0024 to H'0025

19

H'004C to H'004F

H'0026 to H'0027

Internal interrupts*?

20
to
63

H'0050 to H'0053
to
H'00FC to H'OOFF

H'0028 to H'0029
to
H'007E to H'007F

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
3. Normal mode is not available in the H8/3006 and H8/3007.
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4.2 Reset

4.2.1 Overview

A reset isthe highest-priority exception. When the RES pin goes low, all processing halts and the
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

4.2.2 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is properly reset, hold the RES pin low for at last 20 ms at power-up. To
reset the chip during operation, hold the RES pin low for at least 10 system clock (@) cycles. See
appendix D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows.

« Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

« The contents of the reset vector address (H'0000 to H'0003) are read, and program execution
starts from the address indicated in the vector address.

Figure 4-2 shows the reset sequence in modes 1 and 3. Figure 4-3 shows the reset sequencein

modes 2 and 4.
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Internal

Vector fetch processing Prefetch of first

program instruction

RES

Address bus ! o ® ©

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002

(2), (4) Start address (contents of reset exception handling vector address)
5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4-3 Reset Sequence (Modes 2 and 4)

4.2.3 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. The first instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV .L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQs), and
36 internal sourcesin the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT),
DRAM interface, 16-hit timer, 8-bit timer, DMA controller (DMAC), serial communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

NMI (1)

External interrupts { IRQ, (0 IRQ; (6)

Interrupts WDT ! (1)
DRAM interface*2 (1)
. 16-bit timer (9)
Internal interrupts 8-bit timer (8)
DMAC (4)
SCI (12)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt
request at every counter overflow.
2. When the DRAM interface is used as an interval timer, it generates an interrupt request
at compare match.

Figure4-4 Interrupt Sourcesand Number of Interrupts

4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE bitis0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, whichis
specified in the instruction code.
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4.5 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCe
SP-2 SP+2 PCH
SP-1 SP+3 PCL
SP (ER7) ~ Stack area SP+4 Even address

\/\\/\

Before exception handling ———  After exception handling
Pushed on stack

Legend

PCg: Bits 23 to 16 of program counter (PC)
PC,: Bits 15 to 8 of program counter (PC)
PC,: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Figure4-5 Stack after Completion of Exception Handling

4.6 Noteson Stack Usage

When accessing word data or longword data, the H8/3006 and H8/3007 regards the lowest address
bit as 0. The stack should always be accessed by word access or longword access, and the value of
the stack pointer (SP: ER7) should always be kept even.

Use the following instructions to save registers:
PUSHWRn  (MOV.W Rn, @-SP)
PUSH.L ERn (MOV.L ERn, @-SP)

Use the following instructions to restore registers:
POP.W Rn (MOV.W @SP+, Rn)

POP.L ERn (MOV.L @SP+, ERn)
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Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP valueis odd.

Sp—*

\_/\

TRAPA instruction executed
—_—

SP set to HFFFEFF

Legend

CCR:
PC:
R1L:
SP:

Note:

Condition code register

Program counter
General register R1L
Stack pointer

SPp—*

\_/\

CCR

PC

Data saved above SP

The diagram illustrates modes 3 and 4.

SP —*

\_/\

Ri1L

PC

MOV. B R1L, @-ER7

_—

CCR contents lost

HFFFEFA
HFFFEFB
HFFFEFC
HFFFEFD

HFFFEFF

Figure4-6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features
Theinterrupt controller has the following features:

* Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and |PRB).

* Three-level enable/disable state setting possible by means of the | and Ul bitsin the CPU's
condition code register (CCR) and the UE bit in the system control register (SY SCR)

e Seven external interrupt pins
NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQ, to IRQ;, sensing of the falling edge or level sensing can be selected
independently.
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512

Block Diagram

Figure 5-1 shows a block diagram of the interrupt controller.

NMI
input

IRQ input

OVF
TME

TEI :

TEIE

Legend

ISCR:
IER:
ISR:
IPRA:
IPRB:
SYSCR:

lIscR| | IER | | IPRA, IPRB
Y Y
IRQ input -
section ISR
Interrupt
- Priority request
decision logic
Vector
j:) > number

Interrupt controller

CPU

ul

IRQ sense control register
IRQ enable register

IRQ status register
Interrupt priority register A
Interrupt priority register B
System control register

m

SYSCR

CCR
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513 Pin Configuration
Table 5-1 lists the interrupt pins.
Table5-1 Interrupt Pins

Name Abbreviation 1/0 Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or
falling edge selectable

External interrupt request 5to 0 IRQ, to IRQ, Input Maskable interrupts, falling edge or level
sensing selectable

514 Register Configuration
Table 5-2 lists the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Address*'  Name Abbreviation R/W Initial Value
H'EE012 System control register SYSCR R/W H'09
H'EEO014 IRQ sense control register ISCR R/W H'00
H'EEQ015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR R/(W)*? H'00
H'EE018 Interrupt priority register A IPRA R/W H'00
H'EE019 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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52 Register Descriptions

521 System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Software standby
output port enable

Standby timer NMI edge select
select 2t0 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bitin CCR as a user bit or an

interrupt mask bit.
Bit 3
UE Description
0 Ul bit in CCR is used as interrupt mask bit
1 Ul bit in CCR is used as user bit (Initial value)
Bit 2—NM | Edge Select (NMIEG): Selectsthe NMI input edge.
Bit 2
NMIEG  Description
0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input
522 Interrupt Priority Registers A and B (IPRA, IPRB)
IPRA and IPRB are 8-hit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRA6 ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel O interrupt
requests

Priority level A3

Selects the priority level of WDT,
DRAM interface, and A/D converter
interrupt requests

Priority level A4

Selects the priority level of IRQ, and IRQ 5
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQj interrupt requests

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

0 IRQ, interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG6): Selectsthe priority level of IRQ, interrupt requests.

Bit 6

IPRAG Description

0 IRQ, interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ), interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAS): Selectsthe priority level of IRQ, and IRQ; interrupt requests.

Bit 5

IPRAS Description

0 IRQ, and IRQ; interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ, and IRQ; interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQ; interrupt requests.

Bit 4
IPRA4 Description
0 IRQ, and IRQ; interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ, and IRQ; interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, DRAM interface, and A/D
converter interrupt requests.

Bit 3
IPRA3 Description
0 WDT, DRAM interface, and A/D converter interrupt requests have priority level 0
(low priority) (Initial value)
1 WDT, DRAM interface, and A/D converter interrupt requests have priority level 1

(high priority)

Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

0 16-bit timer channel O interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel O interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRA1 Description

0 16-bit timer channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selectsthe priority level of 16-bit timer channel 2 interrupt
requests.

Bit 0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1

Selects the priority level
of SCI channel 2 interrupt
requests

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel 0 interrupt requests

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel 0, 1 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel O, 1 interrupt
requests.

Bit 7

IPRB7 Description

0 8-bit timer channel 0, 1 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 0, 1 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6

IPRB6 Description

0 8-bit timer channel 2, 3 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requests
(channels 0 and 1).

Bit5
IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (Initial value)
(low priority)

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel O interrupt requests.

Bit 3

IPRB3 Description

0 SCIO0 interrupt requests have priority level O (low priority) (Initial value)
1 SCIO interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

0 SCI1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of SCI channel 2 interrupt requests.

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 2 interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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523 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ, to IRQ; interrupt
requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(WY  R/(Wy R/(Wy R/(W)Yy RI(WY R/(W)F
| |
Reserved bits IRQ;5 to IRQ, flags

These bits indicate IRQ5 to IRQq
interrupt request status

Note: * Only O can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.

Bits5to 0—IRQs to IRQ, Flags (IRQ5F to IRQOF): These hits indicate the status of IRQ; to
IRQ, interrupt requests.

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
« 0is written in IRQNF after reading the IRQNF flag when IRQnF = 1.
¢ IRQnSC =0, IRQn input is high, and interrupt exception handling is carried

out.

¢ IRQnSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

¢ IRQNSC =0 and IRQn input is low.
* IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t00
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524  IRQ EnableRegister (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ, to IRQ; interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/IW R/W R/IW R/IW R/W R/IW
Reserved bits IRQ 5 to IRQ, enable

These bits enable or disable IRQ5 to IRQq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQsto IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable
IRQ; to IRQ, interrupts.

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQ; to IRQ, interrupts are disabled (Initial value)
1 IRQ; to IRQ, interrupts are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQ, to IRQ,,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ5to IRQq sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These hits can be written and read, but they do not select level or
falling-edge sensing.

Bits5to 0—IRQs to IRQ, Sense Control (IRQ5SC to IRQOSC): These bits select whether
interrupts IRQ; to IRQ, are requested by level sensing of pins IRQ, to IRQ,, or by falling-edge
sensing.

Bits5t0 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQ, to IRQ, inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,
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53 Interrupt Sources

Theinterrupt sources include external interrupts (NMI, IRQ, to IRQs) and 36 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI, and IRQ, to IRQ;. Of these, NMI, IRQ,, IRQ,, and
IRQ, can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the |
and Ul bitsin CCR. The NMIEG hit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQ, to IRQ; Interrupts: These interrupts are requested by input signals at pinsIRQ, to IRQs.
The IRQ, to IRQ; interrupts have the following features.

« ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQ, to IRQs, or by the falling edge.

¢ |ER settings can enable or disable the IRQ, to IRQ; interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

* The status of IRQ, to IRQ; interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5-2 shows a block diagram of interrupts IRQ, to IRQ:s.

IRQnSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
R
IRQn input f

Clear signal

Note: n=5t00

Figure5-2 Block Diagram of Interrupts IRQ,to IRQs
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQNF).

¢

IRQN
input pin

IRQNF

Note: n=51t00

Figure5-3 Timing of Setting of IRQNF

Interrupts IRQ, to IRQ; have vector numbers 12 to 17. These interrupts are detected regardl ess of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR hit to 0 and do not use the pin for chip select output, refresh output, SCI
input/output, or A/D external trigger input.

532 Internal Interrupts
Thirty-Six internal interrupts are requested from the on-chip supporting modul es.

« Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.
e Interrupt priority levels can be assigned in IPRA and |PRB.

e 16-hit timer, SCI, and A/D converter interrupt requests can activate the DMAC, in which case
no interrupt request is sent to the interrupt controller, and the | and Ul bits are disregarded.

533 Interrupt Vector Table

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown in table 5-3.
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Table5-3

Interrupt Sources, Vector Addresses, and Priority

Vector Address*

Interrupt Source Origin Vector Number Advanced Mode IPR Priority
NMI External 7 H'001C to H'001F — High
IRQ, pins 12 H'0030 to H'0033 IPRA7 A
IRQ, 13 H'0034 to HO037 IPRA6
IRQ, 14 H'0038 to H'003B IPRA5S
IRQ, 15 H'003C to H'003F
IRQ, 16 H'0040 to H'0043 IPRA4
IRQ; 17 H'0044 to H'0047
Reserved — 18 H'0048 to H'004B
19 H'004C to H'004F
WOVI Watchdog 20 H'0050 to H'0053 IPRA3
(interval timer) timer
CMI DRAM 21 H'0054 to H'0057
(compare match) interface
Reserved — 22 H'0058 to H'005B
ADI (A/D end) A/ID 23 H'005E to H'005F
IMIAO 16-bit timer 24 H'0060 to H'0063 IPRA2
(compare match/ channel 0
input capture AO)
IMIBO 25 H'0064 to H'0067
(compare match/
input capture BO)
OVIO (overflow 0) 26 H'0068 to H'006B
Reserved — 27 H'006C to H'006F
IMIAL 16-bit timer 28 H'0070 to H'0073 IPRA1
(compare match/ channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B
Reserved — 31 H'007C to H'007F Low
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Vector Address*

Interrupt Source Origin Vector Number Advanced Mode IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 IPRAO High
(compare match/ channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B
Reserved — 35 H'008C to H'008F
CMIAO 8-bit timer 36 H'0090 to H'0093 IPRB7
(compare match channel 0/1
A0)
CMIBO 37 H'0094 to H'0097
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B
(compare match
A1/B1)
TOVIO/TOVI1 39 H'009C to H'009F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00A0 to H'00A3 IPRB6
(compare match channel 2/3
A2)
CMIB2 41 H'00A4 to H'00A7
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'00AB
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00AF
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 IPRB5
DENDOB 45 H'00B4 to H'00B7
DEND1A 46 H'00B8 to H'00BB
DEND1B 47 H'00BC to H'00OBF
Reserved — 48 H'00CO0 to H'00C3 —
49 H'00C4 to H'00C7
50 H'00C8 to H'00CB
51 H'00CC to H'00CF Low
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Vector Address*

Interrupt Source Origin Vector Number Advanced Mode IPR Priority
ERIO SCI 52 H'00DO to H'00D3 IPRB3 High
(receive error 0) channel 0 A
RXI0 (receive 53 H'00D4 to H'00D7
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB
data empty 0)
TEIO 55 H'00DC to H'00DF
(transmit end 0)
ERI1 SCI 56 H'00EO to H'00E3 IPRB2
(receive error 1) channel 1
RXI1 (receive 57 H'00E4 to H'00E7
data full 1)
TXI1 (transmit 58 H'OOES8 to H'00EB
data empty 1)
TEI1 (transmit 59 H'00EC to H'00EF
end 1)
ERI2 SCI 60 H'00F0 to H'00F3 IPRB1
(receive error 2) channel 2
RXI2 (receive 61 H'00F4 to H'O0F7
data full 2)
TXI2 (transmit 62 H'00F8 to H'00FB
data empty 2)
TEI2 (transmit 63 H'00FC to H'0O0OFF
end 2) Low
Note: * Lower 16 bits of the address.
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54 Interrupt Operation

541 Interrupt Handling Process

The H8/3006 and H8/3007 handles interrupts differently depending on the setting of the UE hit.
When UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the
| and Ul bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the

UE, I, and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ interrupts
and interrupts from the on-chip supporting modul es have their own enable bits. Interrupt requests
are ignored when the enable bits are cleared to 0.

Table5-4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR
UE I ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
— No interrupts are accepted except NMI.
0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 0 NMI and interrupts with priority level 1 are accepted.
1 No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ, to IRQs and interrupts from the on-chip supporting modules can al be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit is set to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5-4 isaflowchart showing how interrupts are accepted when UE = 1.
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Program execution state

Y

Interrupt requested?

Y

5

No

No

S
Yes
@
_ | Yes

Y
| Save PC and CCR |
Y
| -1 |
]

| Read vector address |

v

Branch to interrupt
service routine

Figure5-4 ProcessUp toInterrupt Acceptancewhen UE =1

If an interrupt condition occurs and the corresponding interrupt enable bitisset to 1, an

interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
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priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If the | bitisset to 1, only NMI is accepted; other interrupt requests are held
pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed &fter the return from the
interrupt service routine.

Next thel bitisset to 1in CCR, masking al interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR bits enabl e three-level masking of
IRQ, to IRQ; interrupts and interrupts from the on-chip supporting modules.
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Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bitiscleared to O.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bitis cleared to O.

For example, if the interrupt enable bits of all interrupt requests are set to 1, IPRA isset to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ; interrupt requests priority over other
interrupts), interrupts are masked as follows:

a. If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ; >IRQ, ...).

b. If I =1and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.

c. IfI=1and Ul =1, al interrupts are masked except NMI.
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Figure 5-5 shows the transitions among the above states.

I <0
a. All interrupts are - | <1 Ul <0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl «1,Ul «1

Ul <0

c. Allinterrupts are
masked except NMI

Exception handling,
orUl <1

Figure5-5 Interrupt Masking State Transitions (Example)
Figure 5-6 is aflowchart showing how interrupts are accepted when UE = 0.

e If aninterrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

* When theinterrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

* Theinterrupt controller checksthel bit. If the | bit is cleared to O, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the | bit isset to 1 and
the Ul bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, interrupt
requests are held pending.

« When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

* Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

e Thel and Ul bitsare set to 1in CCR, masking all interrupts except NMI.

« The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure5-6 ProcessUp to Interrupt Acceptance when UE =0
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I nterrupt Sequence

542

Figure 5-7 shows the interrupt sequence in mode 2 when the program code and stack are in an

external memory area accessed in two states viaa 16-bit bus.
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Figure5-7 Interrupt Sequence
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543

Interrupt Response Time

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table5-5 Interrupt Response Time
External Memory
On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority i 2% 2+ 2+ 2+
decision
2 Maximum number 1to23 1to 27 1to 31* 1to 23 1 to 25*
of states until end of
current instruction
3 SavingPCand CCR 4 8 12% 4 6**
to stack
4 Vector fetch 4 8 12+ 4 6**
5 Instruction prefetch** 4 8 12+ 4 6**
6 Internal processing*® 4 4 4 4 4
Total 19to41  31to57 431073 19to 41 2510 49

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the
interrupt service routine.

3. Internal processing after the interrupt is accepted and internal processing after vector
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4. The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

551 Contention between Interrupt and Interrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOQV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt isignored.
This also appliesto the clearing of an interrupt flag to 0.

Figure 5-8 shows an example in which an IMIEA bit is cleared to 0 in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU IMIA exception handling

[ [
[l ——
| |

Internal | ‘
address bus >< TISRA address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt
signal

Figure5-8 Contention between Interrupt and I nterrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interruptsduring EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing atransfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing atransfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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Section 6 Bus Controller

6.1 Overview

The H8/3006 and H8/3007 have an on-chip bus controller (BSC) that manages the external
address space divided into eight areas. The bus specifications, such as bus width and number of
access states, can be set independently for each area, enabling multiple memories to be connected
easily.

The bus controller also has a bus arbitration function that controls the operation of the internal bus
masters-the CPU, DMA controller (DMAC), and DRAM interface and can release the busto an
external device.

6.1.1 Features
The features of the bus controller are listed below.

*  Manages external address space in area units

O Managesthe external space as eight areas (0 to 7) of 128 kbytesin 1M-byte modes, or 2
Mbytes in 16-Mbyte modes

0 Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set
e Basicbusinterface
Chip select (CS, to CS,) can be output for areas 0 to 7
8-bit access or 16-bit access can be selected for each area
Two-state access or three-state access can be selected for each area
Program wait states can be inserted for each area
Pin wait insertion capability is provided
* DRAM interface
DRAM interface can be set for areas 2to 5
Row address/column address multiplexed output (8/9/10 hits)
2-CAS byte access mode
Burst operation (fast page mode)
T, cycle insertion to secure RAS precharging time
Choice of CAS-before-RAS refreshing or self-refreshing
¢ Burst ROM interface
0 Burst ROM interface can be set for area 0
O Selection of two- or three-state burst access

Ooo0oood

Oo0Ooogogo
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¢ ldlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecycle can be inserted when an external read cycle isimmediately followed by an
external write cycle

¢ Busarbitration function

O A built-in bus arbiter grants the bus right to the CPU, DMAC, DRAM interface, or an
external bus master

e Other features
O Therefresh counter (refresh timer) can be used as an interval timer
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6.1.2 Block Diagram

Figure 6.1 shows ablock diagram of the bus controller.

CSoto CS7
ABWCR
ASTCR
BCR K
Internal address busy AAred CSCR
decoder - | .
Chip select 1 Bus mode control signal
control signals Bus control i
circuit
[%2]
al ¢
) g
o
©
©
- £
Wait state 5]
_ controller £
WAIT R
WCRH
T
WCRL B
------- Internal signals -------- .
| CPU bus request signal ! —A
! - ! BRCR
! DMAC bus request signal h
1 DRAM interface bus request signal .
| CPU bus acknowledge signal i Bus arbiter
 DMAC bus acknowledge signal i
1 DRAM interface bus acknowledge signal!
- P g 1
BACK
— BREQ
DRAM interface
L)
DRAM control DRCRA K
DRCRB
RTMCSR
RTCNT
Legend RTCOR

ABWCR : Bus width control register
ASTCR : Access state control register
WCRH  : Wait control register H

WCRL : Wait control register L

BRCR : Bus release control register
CSCR : Chip select control register
DRCRA : DRAM control register A
DRCRB : DRAM control register B
RTMCSR : Refresh timer control/status register
RTCNT : Refresh timer counter
RTCOR : Refresh time constant register
BCR : Bus control register

-~ Internal signals - - -

| Bus size control signal
1

—1 Access state control signal |
1 . .

—1 Wait request signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the input/output pins of the bus controller.

Table6.1 BusController Pins

Name Abbreviation I/0 Function

Chipselect0to7  CS,to CS, Output Strobe signals selecting areas 0 to 7

Address strobe AS Output Strobe signal indicating valid address output
on the address bus

Read RD Output Strobe signal indicating reading from the
external address space

High write HWR Output Strobe signal indicating writing to the external
address space, with valid data on the upper
data bus (D, to Dy)

Low write LWR Output Strobe signal indicating writing to the external
address space, with valid data on the lower
data bus (D, to D)

Wait WAIT Input Wait request signal for access to external
three-state access areas

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating release of the

bus to an external device
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6.1.4 Register Configuration

Table 6.2 summarizes the bus controller’ sregisters.

Table6.2 BusController Registers
Address*! Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EEO21 Access state control register ASTCR R/W H'FF
H'EE022 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W H'FF
H'EE013 Bus release control register BRCR R/W H'FE*®
H'EEO1F Chip select control register CSCR R/W H'OF
H'EE024 Bus control register BCR R/W H'C6
H'EE026 DRAM control register A DRCRA R/W H'10
H'EEQ27 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR R(W)** H'O7
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EE02A Refresh time constant register RTCOR R/W H'FF
Notes: 1. Lower 20 bits of the address in advanced mode.

2. In modes 2 and 4, the initial value is H'00.

3. In modes 3 and 4, the initial value is H'EE.

4. For Bit 7, only 0 can be written to clear the flag.
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6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

ABWCR is an 8-hit readable/writable register that selects 8-bit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0

\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABWS3 \ ABW2 \ ABW1 \ ABWO \
Modes {Initial value 1 1 1 1 1 1 1 1
land3 | pead/write RIW RW RW RW RW RW RW  RW
Modes {Initial value 0 0 0 0 0 0 0 0
zand4 | peadwrie RW ~ RW  RW  RW  RW  RW  RW  RW

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D5 to Dg) isvalid, and port 4 is an input/output port. When at least one
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D5 to
D). Inmodes 1 and 3, ABWCR isinitialized to H'FF by areset and in hardware standby mode.
In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware standby mode. Itis
not initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO): These bits select 8-bit access or
16-bit access for the corresponding areas.

Bits 7to O

ABW?7 to ABWO Description

0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to O are 8-bit access areas

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registersis fixed, and does not depend on ABWCR settings.
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6.2.2 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0
] AST7 ] AST6 \ AST5 \ AST4 \ AST3 \ AST2 \ AST1 \ ASTO ‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings.

When the corresponding areais designated as DRAM space by bits DRAS2 to DRASO in DRAM
control register A (DRCRA), the number of access states does not depend on the AST hit setting.
When an AST bit is cleared to O, programmable wait insertion is not performed.

6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

On-chip memory and registers are accessed in afixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL are initialized to H'FF by areset and in hardware standby mode. They are not
initialized in software standby mode.
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WCRH

Bit 7 6 5 4 3 2 1 0
‘ W71 ‘ W70 \ W61 \ W60 \ W51 \ W50 \ w41 \ W40 \
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These hits select the number of
program wait states when area 7 in external space is accessed while the AST7 bitin ASTCR is set
to L

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external spaceis accessed while the AST5 bit in ASTCR is set
to 1.
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Bit 3 Bit 2
W51 W50 Description

0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These hits select the number of
program wait states when area 4 in external space is accessed whilethe AST4 bitin ASTCR is set
to L.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
WCRL
Bit 7 6 5 4 3 2 1 0
| wal | W30 | w21 | w20 | Wil | W10 | WOl | W00 |
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These hits select the number of
program wait states when area 3 in external space is accessed while the AST3 bitin ASTCR is set
tol

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)
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Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external spaceis accessed whilethe AST2 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits 3and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed while the AST1 bitin ASTCR is set
to L

Bit 3 Bit 2
w11l W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These hits select the number of
program wait states when area 0 in external space is accessed while the ASTO bitin ASTCR is set
to 1.

Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area O is accessed

(Initial value)
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6.2.4 Bus Release Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables address output on bus lines A,; to A, and
enables or disables release of the bus to an external device.

Bit 7 6 5 4 3 2 1 0
\ A23E \ A22E \ A21E \ A20E \ — \ — \ — \ BRLE \
Modes {Initial value 1 1 1 1 1 1 1 0
1and 2 | Read/Write — — — — — — — R/IW
Modes {Initial value 1 1 1 0 1 1 1 0
3and4 | gead/Write RW ~ RW ~ RW  — — _ _ RIW

Reserved bits

Address 23 to 20 enable Bus release enable
These bits enable PA; to PA, to be Enables or disables
used for A,; to A,y address output release of the bus to

an external device

BRCRisinitialized to H'FE in modes 1 and 2, and to H'EE in modes 3 and 4, by areset and in
hardware standby mode. It is not initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A ,; address output pin.
Writing O in this bit enables A; output from PA,. In modes 1 and 2, this bit cannot be modified
and PA , hasiits ordinary port functions.

Bit 7

A23E Description

0 PA, is the A,; address output pin

1 PA, is an input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PA; to be used asthe A, address output pin.
Writing O in this bit enables A, output from PA;. In modes 1 and 2, this bit cannot be modified
and PA; hasits ordinary port functions.

Bit 6

A22E Description

0 PA; is the A,, address output pin

1 PA, is an input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PA; to be used asthe A,, address output pin.
Writing O in this bit enables A, output from PAg. 1n modes 1 and 2, this bit cannot be modified
and PA¢ hasits ordinary port functions.

Bit 5

A21E Description

0 PA, is the A,, address output pin

1 PA; is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Initial value of this bit varies depending on the mode. This
bit can not be modified.

Bit 4

A20E Description

0 PA, is the A,, address output pin (Initial value in mode 3 or 4)
1 PA, is an input/output pin (Initial value in mode 1 or 2)

Bits 3to 1—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external device.

Bit 0
BRLE Description
0 The bus cannot be released to an external device
BREQ and BACK can be used as input/output pins (Initial value)
1 The bus can be released to an external device

6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0

| ICIS1 | ICISO | BROME | BRSTS1| BRSTSO| — | RDEA | WAITE |
Initial value 1 1 0 0 0 1 1 0
ReadWrte RW  RW RW  RW  RW — RW  RW

BCR is an 8-hit readable/writable register that enables or disablesidle cycle insertion, selectsthe
areadivision unit, and enables or disables WAIT pin input.

BCRisinitialized to H'C6 by areset and in hardware standby mode. Itisnotinitialized in
software standby mode.
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Bit 7—Ildle CycleInsertion 1 (1CIS1): Selects whether oneidle cycle stateis to be inserted
between bus cyclesin case of consecutive external read cyclesfor different areas.

Bit 7

ICIS1 Description

0 No idle cycle inserted in case of consecutive external read cycles for different
areas

1 Idle cycle inserted in case of consecutive external read cycles for different
areas (Initial value)

Bit 6—Ildle CycleInsertion O (1CI1S0): Selects whether oneidle cycle stateis to be inserted
between bus cyclesin case of consecutive external read and write cycles.

Bit 6

ICISO Description

0 No idle cycle inserted in case of consecutive external read and write cycles
1 Idle cycle inserted in case of consecutive external read and write cycles

(Initial value)

Bit 5—Burst ROM Enable (BROME): Selects whether area O isaburst ROM interface area.

Bit 5

BROME Description

0 Area 0 is a basic bus interface area (Initial value)
1 Area 0 is a burst ROM interface area

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycle states for the burst
ROM interface.

Bit 4

BRSTS1 Description

0 Burst access cycle comprises 2 states (Initial value)
1 Burst access cycle comprises 3 states

Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.
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Bit 3

BRSTSO Description

0 Max. 4 words in burst access (burst access on match of address bits above A3)
(Initial value)

1 Max. 8 words in burst access (burst access on match of address bits above A4)

Bit 2—Reserved: Read-only bit, waysread as 1.

Bit 1—Area Division Unit Select (RDEA): Selects the memory map area division units. This bit
isvalid in modes 3 and 4, and isinvalid in modes 1 and 2.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 Mbytes Area 4: 1.93 Mbytes
Area 1: 2 Mbytes Area 5: 4 kbytes
Area 2: 8 Mbytes Area 6: 23.75 kbytes
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)

Bit 0—WAIT Pin Enable (WAITE): Enables or disables wait insertion by means of the WAIT
pin.

Bit 0

WAITE Description

0 WAIT pin wait input is disabled, and the WAIT pin can be used as an
input/output port (Initial value)

1 WAIT pin wait input is enabled

6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-bit readable/writable register that enables or disables output of chip select signals
(CS,t0CS,).

If output of achip select signal is enabled by a setting in this register, the corresponding pin
functions a chip select signal (CS, to CS,) output regardless of any other settings.
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Bit 7 6 5 4 3 2 1 0

| cs7e | cseE | cssE | csaE | — | — | — | — |
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — _

Chip select 7 to 4 enable Reserved bits
These bits enable or disable
chip select signal output

CSCRisinitialized to H'OF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Chip Select 7to 4 Enable (CS7E to CS4E): These bits enable or disable output of
the corresponding chip select signal.

Bit n

CSnE Description

0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

Note: n=7to4

Bits 3 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.

6.2.7 DRAM Control Register A (DRCRA)

Bit 7 6 5 4 3 2 1 0

| DRAS2 | DRAS1| DRASO | — | BE | RDM | SRFMD | RFSHE |
Initial value 0 0 0 1 0 0 0 0
ReadWrite ~ RW  RW  RMW — RW RW RW  RW

DRCRA is an 8-hit readable/writable register that selects the areas that have a DRAM interface
function, and the access mode, and enables or disables self-refreshing and refresh pin output.

DRCRA isinitialized to H'10 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7to 5—DRAM Area Select (DRAS2 to DRASD): These bits select which of areas2to 5 are
to function as DRAM interface areas (DRAM space), and at the same time select the RAS output
pin corresponding to each DRAM space.
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Description

Bit7 Bit6 Bit 5

DRAS2 DRAS1 DRASO Area5 Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal DRAM space
(CS,)
1 0 Normal Normal DRAM space DRAM space
(CS)) (CS))
Normal Normal DRAM space (CS,)*
1 0 0 Normal DRAM space DRAM space DRAM space
(CS) (CS)) (CS))
1 DRAM space DRAM space DRAM space DRAM space
(CS,) (CS.) (CS;) (CS,)
1 0 DRAM space (CS,)* DRAM space (CS,)*
1 DRAM space (CS,)*

Note: * A single CSn pin serves as a common RAS output pin for a number of areas. Unused CSn
pins can be used as input/output ports.

When any of bits DRAS2 to DRASO isset to 1, it is not possible to write to DRCRB, RTMCSR,
RTCNT, or RTCOR. However, 0 can be written to the CMF flag in RTMCSR to clear the flag.

When an arbitrary value has been set in DRAS2 to DRA SO, awrite of adifferent value other than
000 must not be performed.

Bit 4—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 3—Burst Access Enable (BE): Enables or disables burst accessto DRAM space. DRAM
space burst accessis performed in fast page mode.

Bit 3

BE Description

0 Burst disabled (always full access) (Initial value)
1 DRAM space access performed in fast page mode

Bit 2—RAS Down Mode (RDM): Selects whether to wait for the next DRAM access with the
RAS signal held low (RAS down mode), or to drive the RAS signal high again (RAS up mode),
when burst accessis enabled for DRAM space (BE = 1), and accessto DRAM is interrupted.

Caution is required when the HWR and LWR are used asthe UCAS and LCAS output pins. For
details, see RAS Down Mode and RAS Up Mode in section 6.5.10, Burst Operation.
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Bit 2

RDM Description
0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected

Bit 1—Self-Refresh Mode (SRFMD): Specifies DRAM self-refreshing in software standby
mode.

When any of areas 2 to 5 is designated as DRAM space, DRAM self-refreshing is possible when a
transition is made to software standby mode after the SRFMD hit has been set to 1.

The normal access state is restored when software standby mode is exited, regardless of the
SRFMD setting.

Bit 1

SRFMD Description

0 DRAM self-refreshing disabled in software standby mode (Initial value)
1 DRAM self-refreshing enabled in software standby mode

Bit 0—Refresh Pin Enable (RFSHE): Enables or disables RFSH pin refresh signal output. If
areas 2to 5 are not designated as DRAM space, this bit should not be set to 1.

Bit 0

RFSHE Description

0 RFSH pin refresh signal output disabled (Initial value)
(RFSH pin can be used as input/output port)

1 RFSH pin refresh signal output enabled

6.2.8 DRAM Control Register B (DRCRB)

Bit 7 6 5 4 3 2 1 0
| MXCL | MXCO | CSEL |RCYCE| — | TPC | RCW | RLW |

Initial value 0 0 0 0 1 0 0 0

ReadWrite =~ RW  RW  RW  RMW — RW  RW  RW

DRCRB is an 8-bit readable/writable register that selects the number of address multiplex column
address bits for the DRAM interface, the column address strobe output pin, enabling or disabling
of refresh cycle insertion, the number of precharge cycles, enabling or disabling of wait state
insertion between RAS and CAS, and enabling or disabling of wait state insertion in refresh
cycles.
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DRCRB isinitialized to H'08 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

The settingsin thisregister are invalid when bits DRAS2 to DRASO in DRCRA are dll 0.

Bits 7 and 6—Multiplex Control 1 and 0 (MXC1, MXCQ): These bits select the row
address/column address multiplexing method used on the DRAM interface. In burst operation, the
row address used for comparison is determined by the setting of these bits and the bus width of the
relevant area set in ABWCR.

Bit 7 Bit 6
MXC1 MXCO Description
0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space A, to Ay
16-bit access space A, to A,
Modes 3, 4 8-bit access space A, to Ag
16-bit access space A, to Ay
1 Column address: 9 bits
Compared address:
Modes 1, 2 8-bit access space A, t0 A,
16-bit access space A to A,
Modes 3, 4 8-bit access space A, 10 Ay
16-bit access space A, to A
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space A to A
16-bit access space A to A,
Modes 3, 4 8-bit access space A, to A
16-bit access space A, to A,
1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selectsthe UCAS and LCAS output pins when areas 2
to 5 are designated as DRAM space.

Bit 5

CSEL Description

0 PB4 and PB5 selected as UCAS and LCAS output pins (Initial value)
1 HWR and LWR selected as UCAS and LCAS output pins
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Bit 4—Refresh Cycle Enable (RCY CE): CAS-before-RAS enables or disables refresh cycle
insertion. When none of areas 2 to 5 has been designated as DRAM space, refresh cycles are not
inserted regardless of the setting of this bit.

Bit 4

RCYCE Description

0 Refresh cycles disabled (Initial value)
1 DRAM refresh cycles enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—TP Cycle Control (TPC): Selects whether a 1-state or two-state precharge cycle (Tp) isto
be used for DRAM read/write cycles and CAS-before-RAS refresh cycles. The setting of this bit
does not affect the self-refresh function.

Bit 2

TPC Description

0 1-state precharge cycle inserted (Initial value)
1 2-state precharge cycle inserted

Bit 1—RAS-CAS Wait (RCW): Controls wait state (Trw) insertion between T, and T, in DRAM
read/write cycles. The setting of this bit does not affect refresh cycles.

Bit 1

RCW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted

Bit 0—Refresh Cycle Wait Control (RLW): Controlswait state (Tgy,) insertion for CAS-before-
RAS refresh cycles. The setting of this bit does not affect DRAM read/write cycles.

Bit 0

RLW Description

0 Wait state (Tg,,) insertion disabled (Initial value)
1 One wait state (Tg,,) inserted
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6.2.9 Refresh Timer Control/Status Register (RTMCSR)

Bit 7 6 5 4 3 2 1 0
\ CMF \ CMIE’ CKS2 ] CKSl‘ CKS0 \ — \ — \ — \
Initial value 0 0 0 0 0 1 1 1

Read/Write R(W)* R/W R/W R/W R/W — — —

RTMCSR is an 8-bit readable/writable register that selects the refresh timer counter clock. When
the refresh timer is used as an interval timer, RTMCSR also enables or disables interrupt requests.
Bits 7 and 6 of RTMCSR areinitialized to 0 by areset and in the standby modes. Bits5to 3 are
initialized to 0 by areset and in hardware standby mode; they are not initialized in software
standby mode.

Note:  Only 0 can be written to clear the flag.

Bit 7—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

Bit 7
CMF Description
0 [Clearing conditions]
¢ When the chip is reset and in standby mode
¢ Read CMF when CMF = 1, then write 0 in CMF (Initial value)
1 [Setting condition]

When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt
requested when the CMF flag isset to 1 in RTMCSR. The CMIE bit isaways cleared to 0 when
any of areas 2 to 5 isdesignated as DRAM space.

Bit 6

CMIE Description

0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled

Bits 5 to 3—Refresh Counter Clock Select (CKS2 to CK S0): These bits select the clock to be
input to RTCNT from among 7 clocks obtained by dividing the system clock (¢). When the input
clock is selected with bits CKS2 to CKSO, RTCNT begins counting up.
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Bit5 Bit4 Bit3
CKS2 CKS1 CKSO0 Description

0 0 0 Count operation halted (Initial value)
1 @2 used as counter clock
1 0 /8 used as counter clock
1 /32 used as counter clock
1 0 0 @128 used as counter clock
1 @512 used as counter clock
1 0 /2048 used as counter clock
1 @/4096 used as counter clock

Bits 2 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.

6.2.10 Refresh Timer Counter (RTCNT)

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an 8-bit readable/writable up-counter.

RTCNT isincremented by an internal clock selected by bits CKS2 to CKS0in RTMCSR. When
RTCNT matches RTCOR (compare match), the CMF flag in RTMCSR is set to 1 and RTCNT is
cleared to H'00. If the RCYCE bit in DRCRB isset to 1 at thistime, arefresh cycleis started.
Also, if the CMIE bitin RTMCSR is set to 1, a compare match interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by areset and in standby mode.
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6.211  Refresh Time Constant Register (RTCOR)

Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RTCOR is an 8-bit readable/writable register that setsthe RTCNT compare-match interval.

RTCOR and RTCNT are constantly compared. When their values match, the CMF flagissetto 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Note: Only byte access should be used with this register.
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6.3 Operation

6.3.1 Area Division

The external address space is divided into areas 0to 7. Each area has a size of 128 kbytesin the 1-
Mbyte modes, or 2-Mbytes in the 16-Mbyte modes. Figure 6.2 shows a general view of the
memory map.

H' 00000 H' 000000

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H' 1FFFF H' 1IFFFFF
H' 20000 H' 200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H' 3FFFF H' 3FFFFF
H' 40000 H' 400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H' 5SFFFF H' 5FFFFF
H' 60000 H' 600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H' 7FFFF H' 7FFFFF
H' 80000 H' 800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H' OFFFF H' OFFFFF
H' A000O H' AO0000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H' BFFFF H' BFFFFF
H' C0000 H' C00000

Area 6 (128 kbytes) Area 6 (2 Mbytes)
H' DFFFF H' DFFFFF
H' E0000 Area 7 (128 Mbytes) H' E00000 Area 7 (2 Mbytes)
H' FFFFF H' FFFFFF
(a) 1-Mbyte modes (modes 1 and 2) (b) 16-Mbyte modes (modes 3 and 4)

Figure6.2 Access Area Map for Each Operating M ode

Chip select signals (CS, to CS;) can be output for areas 0 to 7. The bus specifications for each
area are selected in ABWCR, ASTCR, WCRH, and WCRL.

In 16-Mbyte mode, the area division units can be selected with the RDEA bit in BCR.

127
HITACHI




H'000000 2
Area 0 Area 0 B
2 Mbytes 2 Mbytes s
H'1FFFFF b
H'200000 2
Area 1 Area 1 _‘é
2 Mbytes 2 Mbytes s
H'3FFFFF b
H'400000 2
Area 2 _§'
2 Mbytes Area 2 s
i rea ~
H'5FFFFF 8 Mbytes o
H'600000 2
Area 3 g‘
2 Mbytes =
H'7FFFFF b
H'800000 "
Area 4 ‘q>3.
2 Mbytes §
H'9FFFFF ~
H'A00000 w
Q
Area 5 _‘g.
2 Mbytes =
H'BFFFFF o
H'C00000 o«
Area 6 Area 3 ‘g
2 Mbytes 2 Mbytes g
H'DFFFFF o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
On-chip registers (1) On-chip registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
TR ] - —
H'FF8000 Area 5
HFFSFFF| ] L 4 kbytes
H'FF9000
Area 7 Area 6 8
67.5 kbytes 23.75 kbytes g,
=
§2 o~
H'FFEF1F w2
= ©
H'FFEF20 54
3 4
oo
<3
On-chip RAM On-chip RAM K]
4 kbytes 4 kbytes*
HFFFEFF[ _ _ _ _ _ o ____ e ___ J I
H'FFFFO0 T
j2]
H'FFFF1F 2
H'FFFF20 £
On-chip registers (2) On-chip registers (2) =8
H'FFFFE9 § g
HFFFFEA Area 7 Area 7 b
HEEFEFE 22 bytes 22 bytes l

(a) Memory map when RDEA =1

Note: * Area 6 when the RAME bit is cleared.

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-M byte M ode (H8/3007)
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and registers are fixed, and are not
affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
busis selected functions as an 8-hit access space, and an area for which a 16-bit busis selected
functions as al6-hit access space.

If all areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-
bit access, 16-bit bus mode is set.

Number of Access States. Two or three access states can be selected with ASTCR. An areafor
which two-state access is selected functions as a two-state access space, and an areafor which
three-state access is selected functions as a three-state access space.

DRAM spaceis accessed in four states regardless of the ASTCR settings.
When two-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When three-state access space is designated in ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

When ASTCR iscleared to O for DRAM space, a program wait (T,-T, wait) is not inserted.
Also, no program wait isinserted in burst ROM space burst cycles.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn Wnl Wno Bus Width  Access States Program Wait States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
0 0 3 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H8/3006 and H8/3007 memory interfaces comprise a basic businterface that allows direct
connection of ROM, SRAM, and so on; a DRAM interface that allows direct connection of
DRAM:; and aburst ROM interface that allows direct connection of burst ROM. The interface can
be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an areafor
which the DRAM interface is designated functions as DRAM space, and area O for which the burst
ROM interface is designated functions as burst ROM space.

6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3006 and H8/3007 can output a chip select signal (CS, to CS;) that
goes low when the corresponding areaiis selected. Figure 6.4 shows the output timing of aCSn
signal.

Output of CS, to CS5: Output of CS, to CS, is enabled or disabled in the data direction register
(DDR) of the corresponding port.

A reset leaves pin CS, in the output state and pins CS, to CS; in the input state. To output chip
select signals CS; to CS,, the corresponding DDR bits must be set to 1. For details, see section 8,
1/O Ports.
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Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS, to CS, in the input state. To output chip select signals
CS, to CS,, the corresponding CSCR bits must be set to 1. For details, see section 8, 1/O Ports.

° | L

Address bus >< External address in area n ><

CSn

Figure6.4 CSn Signal Output Timing (n=0to7)

When the on-chip RAM and on-chip registers are accessed, CS, to CS, remain high. TheCS,,
signals are decoded from the address signals. They can be used as chip select signals for SRAM
and other devices.
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6.4 Basic BusInterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL
(seetable 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D45 to Dg) or lower data bus (D, to D) is used according to the bus specifications
for the area being accessed (8-bit access area or 16-bit access area) and the data size.

8-Bit Access Areas: Figure 6.5 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D45 to Dg) is always used for accesses. The amount of data
that can be accessed at one time is one byte: aword accessis performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
|D15 D8| D7 DQl

Byte size [0 ]

Word size 1st bus cycle |

| 2nd bus cycle |

[ 1st bus cycle

L dsi
ongword size 2nd bus cycle

3rd bus cycle

L 4th bus cycle

Figure6.5 Access Sizesand Data Alignment Control (8-Bit Access Area)

16-Bit Access Areas. Figure 6.6 illustrates data alignment control for 16-bit access areas. With
16-bit access areas, the upper data bus (D,5 to Dg) and lower data bus (D, to D) are used for
accesses. The amount of datathat can be accessed at one time is one byte or one word, and a
longword access is executed as two word accesses.
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In byte access, whether the upper or lower databusis used is determined by whether the addressis
even or odd. The upper databusisused for an even address, and the lower data bus for an odd

address.
Upper data bus Lower data bus
ID15 DBIDJ _____________ I?(ll
Byte size - Even address | |
Byte size - Odd address | |
Word size | — | — |

Longword size |:

1st bus cycle

2nd bus cycle

Figure6.6 Access Sizesand Data Alignment Control (16-Bit Access Area)

6.4.3 Valid Strobes

Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.

In aread, the RD signal isvalid for both the upper and the lower half of the data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the

lower half.
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Table6.4 DataBusesUsed and Valid Strobes

Area Access Read/Write Address Valid Strobe Upper Data Bus Lower Data Bus
Size (D, to Dy) (D, to D)
8-bit Byte Read — RD Valid Invalid
access
area
Write — HWR Undetermined
data
16-bit Byte Read Even RD Valid Invalid
access
area
Odd Invalid Valid
Write Even HWR Valid Undetermined
data
Odd LWR Undetermined Valid
data
Word Read — RD Valid Valid
Write — HWR, LWR  Valid Valid

Notes: 1. Undetermined data means that unpredictable data is output.
2. Invalid means that the bus is in the input state and the input is ignored.

6.4.4 Memory Areas

Theinitia state of each areais basic bus interface, three-state access space. The initial bus width
is selected according to the operating mode. The bus specifications described here cover basic
items only, and the following sections should be referred to for further details: 6.4, Basic Bus
Interface, 6.5, DRAM Interface, 6.8, Burst ROM Interface.

Area 0: When area 0 external space is accessed, the CS,, signal can be output.
Either basic businterface or burst ROM interface can be selected for area 0.
The size of area 0 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3 and 4.

Areas1and 6: When area 1 and 6 external space is accessed, the CS,; and CS; pin signals
respectively can be output.

Only the basic businterface can be used for areas 1 and 6.

Thesize of areas 1 and 6 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3 and 4.

Areas2to5: When area2 to 5 external space is accessed, signals CS, to CS; can be outpt.
Basic businterface or DRAM interface can be selected for areas 2to 5. With the DRAM
interface, signals CS, to CS; are used asRAS signals.

The size of areas 2to 5is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3 and 4.
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Area 7: Area7 includes the on-chip RAM and registers. The space excluding the on-chip RAM
and registersis external space. The on-chip RAM is enabled when the RAME bit in the system
control register (SYSCR) is set to 1; when the RAME bit is cleared to 0, the on-chip RAM is
disabled and the corresponding space becomes external space .

When area 7 external space is accessed, the CS, signal can be output.

Only the basic businterface can be used for the area 7 memory interface.

The size of area 7 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3 and 4.
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6.4.5 Basic Bus Control Signal Timing
8-Bit, Three-State-Access Areas

Figure 6.7 shows the timing of bus control signals for an 8-bit, three-state-access area. The upper
databus (D5 to Dy) isused in accessesto these areas. The LWR pinisawayshigh. Wait states
can beinserted.

I I
j«—— Buscycle —

T1 X T2 i T3

LI I

1
1
1
1
1
Address bus ::X Exte'rnal address in area n
1
1

‘“xn_n_

:

1
valid !

Read access { Disto Dg

ﬂ

"

HWR |
LWR High

Write access

D7to Do —'—( Undetermined data >—

1
I
I
I
|
Disto Dg —— ! Valid
I
1
I
|
i

Note: n=71t00

Figure6.7 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas

Figure 6.8 shows the timing of bus control signals for an 8-bit, two-state-access area. The upper
databus (D5 to Dy) isused in accessesto these areas. The LWR pinisawayshigh. Wait states
cannot beinserted.

«—— Buscycle —»
1

1

1

I

! T1 | T2 !

9 [ 1 L |

I I

| ! |

Address bus 'X. External address in area n EX

I I

I I

= ]
m [

1

1

1

1

|

1

1

1

1

1

1

1

1

1

1

|

:

: Invalid |

:

HWR | : |

1

1

1

1

1

1

1

|

|
d

i

Read access { Disto Dg

D7 to Do

High
Write access

1T

Valid

Disto Dg _'_<
1
1
1
1

D7to Do —'—< Undetermined data

Note: n=71t00

Figure6.8 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas

Figures 6.9 to 6.11 show the timing of bus control signals for a 16-bit, three-state-access area. In
these areas, the upper data bus (D5 to Dg) is used in accesses to even addresses and the lower data
bus (D, to D) in accesses to odd addresses. Wait states can be inserted.

Bus cycle
T1 | T2 i T3

L1

1
1
Address bus |>< Even ekternal address in' arean
1
1

R

i
i

Write access

1
1
1
Read access { Disto Ds . Valid
:
1
D7 to Do : Invalid

:

HWR '
i
1

LWR : High
1
1
1
1

Undetermined data

D7toDp ——

TT]

1
I
I
I
i
DistoDg —— ! Valid
I
1
I
|
i

Note: n=7t00

Figure6.9 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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«—— Buscycle ——— &
1 1
1
1

T1 X T2 X T3 !
SN e A e B s B
1

1
1
Odd external address in area n

Address bus

e

T

| |

1 1

1 1

1 1

i i

1 1

1 1

1 1

| i

1 1

RD | i

: 1 1

1 I 1
Read access { Disto Dg : E E Invalid |
! ! ! !
D7to Do : : : valid |
: ! ! 1
! ! ! !
HWR | High | i !
| l l |
1 ! ! 1

T 1
LWR | ! | |
1 1
Write access ! | ] !

Disto Ds —i—( i Undetermined data E)—

1 ! ! 1
1 ! ! 1

! . .

DrtoDp —— | valid | —

1 T T 1
' 1 1 '

Note: n=7t00

Figure6.10 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Accessto Odd Address)
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Address bus

1

1

1

|
External address in area n EX

1

1

|

1

1

|

1

|

|

1

1

—  Valid >—
|

:
1
1
1
1
|
1
1
|
1
|
1
|
1
i

Read access { Disto Dg

D7to Do

I

HWR | |

! i

|

LWR | |

I

Write access | !
Disto Dg ! Valid —

! 1

! 1
| D7to Do : Valid —

H 1

I '

Note: n=71t00

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas: Figures 6.12 to 6.14 show the timing of bus control signals for
a 16-bit, two-state-access area. In these areas, the upper data bus (D, to Dg) is used in accesses to
even addresses and the lower data bus (D, to D) in accesses to odd addresses. Wait states cannot
be inserted.

I I
«——— Buscycle ———»
I

1
! T1 | T2 !
¢ [ | I I
1 1
1 ! 1
Address bus 1XEven external address in area nEX
1 T
1

= ]
/|

Read access { Dis5to Dg

LWR
Write access

Disto Dg _'_<
I
I
I
1

D7to Do —'—( Undetermined data

|
1
1
|
1
1
|
1
1
1
1
1
1
|
HWR | : |
|
1
1
1
|
1
d
i

Note: n=71t00

Figure6.12 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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«—— Buscycle ——
1 1

! T1 | T2 !
N I S A .
I I
| ! |
Address bus 'X Odd external address in area n EX
I
I

|

Read access { Disto Dg

1

1
1
1
1
;
1
1
1
1
1
1
1
: 1
E Invalid |
1
1
1
1
1
1
:
1
1
1
1
1

Write access

Disto Dg —'_< Undetermined data >—
| |
I

DrtoDp —— !
I

D7to Do
1
o 1
HWR High |
|
1
LWR | ! | |
T |
1
1

valid —

Note: n=7t00

Figure6.13 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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¢

Address bus

Read access { Disto Dg

! T1 X

«——— Buscycle ——

T2

I

|
! External address in area n EX
I
I

Write access

Note: n=71t00

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)

6.4.6 Wait Control

(Word Access)

When accessing external space, the H8/3006 and H8/3007 can extend the bus cycle by inserting

one or more wait states (T,,). There are two ways of inserting wait states: (1) program wait

insertion and (2) pin wait insertion using the WAIT pin.

Program Wait Insertion: From O to 3 wait states can be inserted automatically between the T,
state and T, state on an individual area basis in three-state access space, according to the settings

of WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external spaceis accessed in this state, a program wait isfirst inserted. If the
WAIT pinislow at thefalling edge of @inthelast T, or T,, state, another T, state isinserted. If
the WAIT pinisheld low, T, states are inserted until it goes high.
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Thisis useful when inserting four or more T, states, or when changing the number of T,, statesfor
different external devices.

The WAITE hit setting appliesto all areas. Pin waits cannot be inserted in DRAM space.

Figure 6.15 shows an example of the timing for insertion of one program wait state in 3-state
space.

Inserted

by program wait Inserted by WAIT pin
T1 | T2 | Tw | Tw | Tw | T3

I | I I |

WAIT

Address bus

s | [
m | [
Read access
Data bus { Read data }-
| AWR, TWR | [
Write access
Data bus —( Write data )—

Note: y indicates the timing of WAIT pin sampling.

Figure6.15 Example of Wait State Insertion Timing
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6.5 DRAM Interface

6.5.1 Overview

The H8/3006 and H8/3007 are provided with a DRAM interface with functions for DRAM control
signa (RAS, UCAS, LCAS, WE) output, address multiplexing, and refreshing, that direct
connection of DRAM. In the expanded modes, external address space areas 2to 5 can be
designated as DRAM space accessed viathe DRAM interface. A data buswidth of 8 or 16 bits
can be selected for DRAM space by means of a setting in ABWCR. When a 16-bit data bus width
is selected, CAS is used for byte access control. Inthe case of x 16-bit organization DRAM,
therefore, the 2-CAS type can be connected. A fast page mode is supported in addition to the
normal read and write access modes.

6.5.2 DRAM Space and RAS Output Pin Settings

Designation of areas 2 to 5 as DRAM space, and selection of the RAS output pin for each area
designated as DRAM space, is performed by setting bits DRAS2 to DRASO in DRCRA. Table
6.5 shows the correspondence between the settings of bits DRAS2 to DRASO and the selected
DRAM space and RAS output pin.

When an arbitrary value has been set in DRAS2 to DRA SO, awrite of adifferent value other than
000 must not be performed.

Table6.5 Settingsof BitsDRAS2 to DRASO and Corresponding DRAM Space (RAS

Output Pin)

DRAS2 DRAS1 DRASO Areabs Area 4 Area 3 Area 2

0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
(CS)
1 0 Normal space Normal space DRAM space DRAM space
(CS;) (CS,)
Normal space  Normal space DRAM space (CS,)*
1 0 0 Normal space DRAM space DRAM space DRAM space
(CS,) (CS;) (CS,)
1 DRAM space DRAM space DRAM space DRAM space
(CS;) (CS) (CS)) (CS)
1 0 DRAM space (CS,)* DRAM space (CS,)*
1 DRAM space (CS,)*

Note: * Asingle CS, pin serves as a common RAS output pin for a number of areas. Unused
CS, pins can be used as input/output ports.
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6.5.3 Address Multiplexing

When DRAM spaceis accessed, the row address and column address are multiplexed. The
address multiplexing method is selected with bits MXC1 and MXCO0 in DRCRB according to the
number of bitsin the DRAM column address. Table 6.6 shows the correspondence between the
settings of MXC1 and MXCO and the address multiplexing method.

Table6.6  Settingsof BitsMXC1 and M XCO and Address Multiplexing M ethod

Column
DRCRB Address Address Pins
MXC1 MXCO Bits AjtoAL A, A, Ag A, A, AL AL AL A, A, A A A
Row 0 0 8 bits Ay to Ay A A Ag Air A Ais Ay Az A A Ay Ay A
address
l 9 blts A23 to AlS A12 AZO* A19 AIS A17 A16 A15 Al4 A13 A12 All AlO A9
1 0 10 bits A0 Az Ap A Ax* A Ag Air Ag Ais Ay A Ap Ap Ay
1 lllegal — _ - = - - = = = = = = = —
setting
Column — — - AptoAy Ap Ay A Ay As A A A AL A A A A
address

Note: * Row address bit A,, is not multiplexed in 1-Mbyte mode.

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areaiis
designated as 8-bit DRAM space; if the bit is cleared to 0, the areais designated as 16-bit DRAM
space. In 16-bit DRAM space, x 16-hit organization DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D5 to Dy, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D5 to D, are enabled.

Access sizes and data alignment are the same as for the basic businterface: see section 6.4.2, Data
Size and Data Alignment.

6.5.5 PinsUsed for DRAM Interface

Table 6.7 shows the pins used for DRAM interfacing and their functions.
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Table6.7

DRAM Interface Pins

With DRAM

Pin Designated Name le] Function

PB4 UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL =0 in DRCRB)

PB5 LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL = 0 in DRCRB)

HWR UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL =1 in DRCRB)

LWR LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL =1 in DRCRB)

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 2 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 3 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 4 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 5 access

RD WE Write enable Output  Write enable for DRAM space write access*

P80 RFSH Refresh Output  Goes low in refresh cycle

A,t0A, A,t0A, Address Output  Row address/column address multiplexed

output
D, ;to D, D, to D, Data Ie] Data input/output pins

Note: * Fixed high in a read access.

6.5.6

Basic Timing

Figure 6.16 shows the basic access timing for DRAM space. The basic DRAM accesstiming is
four states: one precharge cycle (T,) state, one row address output cycle (T,) state, and two column
address output cycle (T, T,,) states. Unlike the basic bus interface, the corresponding bitsin
ASTCR control only enabling or disabling of wait insertion between T, and T,, and do not affect
the number of access states. When the corresponding bit in ASTCR is cleared to O, wait states
cannot be inserted between T, and T, in the DRAM access cycle.

If aDRAM read/write cycleisfollowed by an access cycle for an external area other than DRAM
space when HWR and LWR are selected as the UCAS and LCAS output pins, an idle cycle (Ti) is
inserted unconditionally immediately after the DRAM access cycle. See section 6.9, Idle Cycle,

for details.
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Read access

Write access

CSn (RAS)

PB4 /PB5
(UCAS | LCAS)

D(WE)

D15 to Do

PB4 /PB5
(UCAS/LCAS)

RD(WE)

D15 to Do

Note:n=2to 5

e TV E VO
:X X Row X Columné .
E o E E
>
: ! ! : :
-

6.5.7

Figure6.16 Basic Access Timing (CSEL = 0in DRCRB)

Prechar ge State Control

In the H8/3006 and H8/3007, provision is made for the DRAM RAS precharge time by always
inserting one RAS precharge state (T,) when DRAM spaceis accessed. This can be changed to
two T, states by setting the TPC bit to 1 in DRCRB. The optimum number of T, cycles should be
set according to the DRAM connected and the operating frequency of the H8/3006 and H8/3007
chip. Figure 6.17 shows the timing when two T, states are inserted.

Whenthe TCP bitisset to 1, two T, states are also used for CAS-before-RAS refresh cycles.
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Read access

Write access

S

Aoz to Ao

AS

CSn (RAS)

PB4 /PB5
(UCAS /LCAS)

D(WE

—

L,LJ_I_LJI_I_I_LJJ_

D15 to Do

PB4 /PB5
(UCAS /LCAS)

D(WE)

D15 to Do

Note:n=2t05

Tr

Row

High

High

s s e B Eaaeee e L e e B e DO CE

6.5.8

Figure6.17 Timing with Two Precharge States (CSEL =0in DRCRB)

Wait Control

In aDRAM access cycle, wait states can be inserted (1) between the T, state and T, state, and (2)
between the T, state and T, state.

Insertion of T,, Wait State between T, and T,: One T, state can be inserted between T,and

T, by setting the RCW bit to 1in DRCRB.

Insertion of T, Wait State(s) between T, and T,: When the bit in ASTCR corresponding to an
area designated as DRAM space is set to 1, from 0 to 3 T,, states can be inserted between the T,

state and T, state by means of settingsin WCRH and WCRL.

Figure 6.18 shows an example of the timing for wait state insertion.
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The settings of the RCW bit in DRCRB and of ASTCR, WCRH, and WCRL do not affect refresh
cycles. Wait states cannot be inserted in a DRAM space access cycle by means of the WAIT pin.
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i i : | | | i i
PB4 /PB5 | | : i | | i '
S — 1 1 I 1 1 1
Read access (UCAS /LCAS) J. i i i i i i :l_
—_ 1 1 1
RD(WE) ; ; ; —
H|gh 1 1 1 1
| | | i i | ' '
D15 to Do : : : : : L{ Read data }—
| | i i | | | |
1 1 1 I I I 1 1
| | i i i | i i
PB4 /PB5 : : : : : : : |
o : : I I ]
(UCAS /LCAS) —! ! ! | i i —I_
Write access . X ) : i i i '
RD(WE) | | | | | | | i
J. i : i i i i i
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 I | | 1 1
1 1 1 ! [T K i
D15 to Do . . . : \ i Write data i i>—
1 1 1

Note:n=2to 5

Figure6.18 Example of Wait State Insertion Timing (CSEL = Q)

6.5.9 Byte Access Control and CAS Output Pin

When an access is made to DRAM space designated as a 16-bit-access areain ABWCR, column
address strobes (UCAS and LCAS) corresponding to the upper and lower halves of the external
databus are output. In the case of x 16-bit organization DRAM, the 2-CAS type can be
connected.

Either PB4 and PB5, or HWR and LWR, can be used asthe UCAS and LCAS output pins, the
selection being made with the CSEL bit in DRCRB. Table 6.8 shows the CSEL bit settings and
corresponding output pin selections.

150
HITACHI




When an access is made to DRAM space designated as an 8-bit-access areain ABWCR, only
UCAS isoutput. When the entire DRAM space is designated as 8-bit-access space and CSEL =0,
PB5 can be used as an input/output port.

Note that RAS down mode cannot be used when a device other than DRAM is connected to
external space and HWR and LWR are used as write strobes. In this case, aso, anidie cycle (Ti) is
awaysinserted when an external access to other than DRAM space occurs after aDRAM space
access. For details, see section 6.9, Idle Cycle.

Table6.8 CSEL Settingsand UCAS and LCAS Output Pins

CSEL UCAS LCAS
0 PB4 PB5
1 HWR LWR

Figure 6.19 shows the control timing.

Row Column

1
1
1
1
1
1
1
A2z to Ao Ix
1
1
1

CSn (RAS)

PB4(UCAS)
Byte control !
PB5(LCAS)

| |__ |___=;<-_ o

D(WE)

el LR EE e B R e

Note:n=2t05

Figure6.19 Control Timing (Upper-Byte Write Access When CSEL = Q)
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6.5.10 Burst Operation

With DRAM, in addition to full access (normal access) in which datais accessed by outputting a
row address for each access, afast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by simply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bit to 1 in DRCRA.

Burst Access (Fast Page Mode) Operation Timing: Figure 6.20 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the column address and
CAS signal output cycles (two states) continue as long as the row address is the same for
consecutive access cycles. In burst access, too, the bus cycle can be extended by inserting wait
states between T, and T.,. The wait state insertion method and timing are the same as for full
access. see section 6.5.8, Wait Control, for details.

The row address used for the comparison is determined by the bus width of the relevant area set in
bits MXC1 and MXCO in BRCRB, and in ABWCR. Table 6.9 shows the compared row addresses
corresponding to the various settings of bits MXC1 and MXCO0, and ABWCR.

i Tp ' T 0 Ta | T2 V:‘ Te1 V:‘ T2 |
l i i i i i i
S i e s O O o O
A2z to Ao:% X Row X Column 1 X Column 2 X:
i i i i i i i
AS | : : High : : :
1 1 1 1 1 1 1
1 1 1 1
CSn(FAS) _| L ! ! ! [
1 T T T T 1
PB4 /PB5 ' ! ! i I | '
(UCAS [LCAS) J. : : . | . I.—
Read access o : : ! ! ! ! !
RD(WE) _| : : High : : !
1 1 1 1 1 1 1
1 1 1 1 1 1 1
) e s N e G
1 1 1 1 1 1 1
! 1 1 1 1 I. 1
PB4 /PB5 J ; : |—,7
(UCASILCAS) ! ! . | ‘4!
1 1 1 1 1 1 1
1 1 1 1 1 1 1
Write access - T T | |
owe [0 T LT LT
1 1 1 | 1 | |
_I\ 1 1 / T T
DistoDo 1) ; —_ —_ -
1 1 1 1

Note:n=2to5

Figure6.20 Operation Timingin Fast Page M ode
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Table6.9 Correspondence between Settings of MXC1 and M XCO Bitsand ABWCR, and
Row Address Compared in Burst Access

DRCRB ABWCR
Operating Mode MXC1 MXCO ABWn Bus Width Compared Row Address
Modes 1 and 2 0 0 0 16 bits A19 to A9
(1-Mbyte) 1 8 bits A19 to A8
1 0 16 bits Al19 to A10
1 8 bits A19 to A9
1 0 0 16 bits Al9to All
1 8 bits A19 to A10
— — lllegal setting
Modes 3 and 4 0 0 0 16 bits A23 to A9
(16-Mbyte) 1 8 bits A23 to A8
1 0 16 bits A23 to A10
1 8 bits A23 to A9
1 0 0 16 bits A23 to All
1 8 bits A23 to A10
1 — — lllegal setting

Note: n=2to5

RAS Down Mode and RAS Up Mode: With DRAM provided with fast page mode, aslong as
accesses are to the same row address, burst operation can be continued without interruption even if
accesses are not consecutive by holding the RAS signal low.

« RASDown Mode
To select RAS down mode, set the BE and RDM bitsto 1 in DRCRA. If accessto DRAM
space isinterrupted and another space is accessed, the RAS signal is held low during the access
to the other space, and burst access is performed if the row address of the next DRAM space
access is the same as the row address of the previous DRAM space access. Figure 6.21 shows
an example of thetiming in RAS down mode.
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External space
DRAM access access DRAM access

] I I
LT Tr T , T | T1 T2 1 Ta |, Te
1 I 1

A2z to Ag

-t ]

CSn (RAS)

e B e

PB4/PB5
(UCAS/LCAS)

D15 to Do

—

N

e B e e TS

Note:n=2to5

Figure6.21 Example of Operation Timingin RAS Down Mode (CSEL = 0)

When RAS down mode is selected, the conditions for an asserted RASn signal to return to the
high level are as shown below. Thetiming in these casesis shown in figure 6.22.

O When DRAM space with adifferent row addressis accessed
O Immediately before a CAS-before-RAS refresh cycle

0 When the BE bit or RDM bit is cleared to 0 in DRCRA

O Immediately before release of the external bus
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! DRAM access cycle !
R
I I

o UL

RASn )

(a) Access to DRAM space with a different row address

., CBRrefreshcycle
|

- Uy L

RASH 1

(b) CAS-before-RAS refresh cycle

. DRCRA write cycle

- UL

RASN

(c) BE bit or RDM bit cleared to 0 in DRCRA

! ! External bus released !

I
I
s | i High-impedance S
I
I

(d) External bus released

Note:n=2t05

Figure6.22 RASnN Negation Timing when RAS Down Modeis Selected
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When RAS down mode is selected, the CAS-before-RAS refresh function provided with this
DRAM interface must always be used as the DRAM refreshing method. When arefresh
operation is performed, the RAS signal goes high immediately beforehand. The refresh
interval setting must be made so that the maximum DRAM RAS pulse width specification is
observed.
When the self-refresh function is used, the RDM bit must be cleared to 0, and RAS up mode
selected, before executing a SLEEP instruction in order to enter software standby mode.
Select RAS down mode again after exiting software standby mode.
Note that RAS down mode cannot be used when HWR and LWR are selected for UCAS and
LCAS, adevice other than DRAM is connected to external space, and HWR and LWR are
used as write strobes.

* RASUpMode
To select RAS up mode, clear the RDM bit to 0in DRCRA. Each time accessto DRAM space
isinterrupted and another space is accessed, the RAS signal returnsto the high level. Burst
operation isonly performed if DRAM space is continuous. Figure 6.23 shows an example of
thetiming in RAS up mode.

External space

, DRAM access ,__DRAM access | access ,
1 [l i 1
DT Tt Ta T ! Ta  Te 0T T2
1 1 1 1 1 1 1 1 1
o [ ] B
1 1
I | I I I
| I I I |
A3 to Ag :x X X X :x
I 1 I I I
| I I I |
1 1 1 1 1
1 I 1 I 1
1 1 1 I 1
T B —
P 1 1 1 I
AS ! : !
| 1 I |
1 1 1
1
1 1
1 1
1 1
1

CSn(RAS) |

e e S e e

PB4/PB5 _i i
(UCAS/LCAS) h i ! h
00 SR o S o G

Note:n=2to5

Figure6.23 Example of Operation Timing in RAS Up Mode
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6.5.11 Refresh Control

The H8/3006 and H8/3007 are provided with a CAS-before-RAS (CBR) function and self-refresh
function as DRAM refresh control functions.

CAS-Before-RAS (CBR) Refreshing: To select CBR refreshing, set the RCYCE bitto 1in
DRCRB.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
RTMCSR, and arefresh request is generated when the count matches the value set in RTCOR
(compare match). At the sametime, RTCNT isreset and starts counting up again from H'00.
Refreshing isthus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. A
refresh cycle is executed after this refresh request has been accepted and the DRAM interface has
acquired the bus. Set avaluein bits CKS2 to CKS0 in RTCOR that will meet the refresh interval
specification for the DRAM used. When RAS down mode is used, set the refresh interval so that
the maximum RAS pulse width specification is met.

RTCNT starts counting up when bits CKS2 to CKS0 are set. RTCNT and RTCOR settings should
therefore be completed before setting bits CKS2 to CKS0.

Also note that a repeat refresh request generated during a bus request, or a refresh request during
refresh cycle execution, will be ignored.

RTCNT operation is shown in figure 6.24, compare match timing in figure 6.25, and CBR refresh
timing in figures 6.26 and 6.27.

RTCNT

H'00

Refresh request I—I I—I I—I I—I I_I

Figure6.24 RTCNT Operation
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RTCNT N X H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure6.25 CompareMatch Timing

Trp Tr1 Tr2

1
1 1
Address bus i x Area 2 start address

I
[
I
1
1 1
1
T
1
1
1
1
1

| ™

1
|
CSn(RAS) |
—I 1 1
1 1 :
PB4/PB5 !
(UCAS/LCAS) __| !
i i i i
1 1 1 1
RD(WE) _I High i i
| | i i
1 ! 1 1
| ! 1
RFSH | ! !
i | !
X | X X
AS i High i i
1 1 1

Figure6.26 CBR Refresh Timing (CSEL =0, TPC =0, RLW =0)

The basic CBS refresh cycle timing comprises three states. one RAS precharge cycle (Tgp) State,
and two RAS output cycle (T, Try) States. Either one or two states can be selected for the RAS
precharge cycle. When the TPC bit is set to 1 in DRCRB, RAS signal output is delayed by one
cycle. Thisdoes not affect the timing of UCAS and LCAS output.

Use the RLW bit in DRCRB to adjust the RAS signal width. A single refresh wait state (Tg,y) can
be inserted between the Ty, state and Tx, State by setting the RLW bit to 1.
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The RLW bit setting is valid only for CBR refresh cycles, and does not affect DRAM read/write
cycles. The number of statesin the CBR refresh cycleis not affected by the settingsin ASTCR,
WCRH, or WCRL, or by the state of the WAIT pin.

Figure 6.27 shows the timing when the TPC bit and RLW bit are both set to 1.

Trp1 TrP2 Tr1 TrwW Tr2

Area 2 start address
1 1

Address bus ix
1

I Tt

1 1
1 1
CSu(RAS) i i
- i |
' | | I S
PB4/PB5 ! ! !
(UCAS/LCAS) — : : !
| | | | | |
RD(WE) | High | | i
— i ! i i i
| | ! | | |
: : ; ! ! !
RFSH — . : i .
1 1 1 1
: : ! : :
| | ! | | |
. 1 1 1 1 1
AS i i i i i
1 1 1 1 1
1 1 1 1 1

High
i

Figure6.27 CBR Refresh Timing (CSEL =0, TPC =1, RLW =1)

DRAM must be refreshed immediately after powering on in order to stabilize itsinternal state.
When using the H8/3006 and H8/3007 CA S-before-RAS refresh function, therefore, a DRAM
stabilization period should be provided by means of interrupts by another timer module, or by
counting the number of times bit 7 (CMF) of RTMCSR is set, for instance, immediately after bits
DRAS2 to DRASO have been set in DRCRA.

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as akind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the
DRAM. The H8/3006 and H8/3007 have a function that places the DRAM in self-refresh mode
when the chip enters software standby mode.

To use the self-refresh function, set the SRFMD bit to 1in DRCRA. When aSLEEP instruction is
subsequently executed in order to enter software standby mode, the CAS and RAS signalsare
output and the DRAM enters self-refresh mode, as shown in figure 6.28.

When the chip exits software standby mode, CAS and RAS outputs go high.
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The following conditions must be observed when the self-refresh function is used:

e When burst accessis selected, RAS up mode must be selected before executing a SLEEP
instruction in order to enter software standby mode. Therefore, if RAS down mode has been
selected, the RDM bit in DRCRA must be cleared to 0 and RAS up mode selected before
executing the SLEEP instruction. Select RAS down mode again after exiting software standby
mode.

e Theinstruction immediately following a SLEEP instruction must not be located in an area
designated as DRAM space.

The self-refresh function will not work properly unless the above conditions are observed.

Software standby  Oscillation stabilization

i mode i time
: !
igh-i S
Address bus D High-impedance : <
! 1
! 1
CSn(RAS) i |
: |
PB4(UCAS) | ! : —
! :
_ ! !
PB5(LCAS) B |
| | '
D(WE) I i i
! 1
1
RFSH | |
1

Figure6.28 Self-Refresh Timing (CSEL = 0)

Refresh Signal (RFSH): A refresh signal (RFSH) that transmits a refresh cycle off-chip can be
output by setting the RFSHE bit to 1 in DRCRA. RFSH output timing is shown in figures 6.26,
6.27, and 6.28.

6.5.12 Examplesof Use

Examples of DRAM connection and program setup procedures are shown below. When the
DRAM interface is used, check the DRAM device characteristics and choose the most appropriate
method of use for that device.
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Connection Examples

» Figure 6.29 shows typical interconnections when using two 2-CAStype 16-Mbit DRAMSs
using a x 16-hit organization, and the corresponding address map. The DRAMsused in this
example are of the 10-bit row address x 10-bit column address type. Up to four DRAMSs can
be connected by designating areas 2 to 5 as DRAM space.

2-CAS 16-Mbit DRAM

10-bit row address x 10-bit column address
H8/3006 and H8/3007 x16-bit organization
T RAS

CS2 (RAS2) 1
CS3 (RAS3)
PB4 (UCAS) UCAS
PB5(LCAS) LCAS
RD (WE) ] WE No.1
A10-Al | | | | | | A9-A0
D15-DO D15-DO
OE
RAS
UCAS
LCAS
WE No.2
A9-A0
D15-D0
OE
(a) Interconnections (example) HT
PB4 PB5
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 DRAM (No. 1) CS2 (RAS2)
H'SFFFFE
H'600000
Area 3 DRAM (No. 2) CS3 (RAS3)
H'7FFFFE
H'800000
Area 4 Normal Cs4
H'OFFFFE
H'A00000
Area 5 Normal CS5
H'BFFFFE

(b) Address map

Figure6.29 Interconnectionsand AddressMap for 2-CAS 16-Mbit DRAM s with x 16-Bit
Organization
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« Figure 6.30 shows typical interconnections when using two 16-Mbit DRAMs using a x 8-bit
organization, and the corresponding address map. The DRAMs used in this example are of the
11-bit row address x 10-bit column address type. The CS2 pin is used as acommon RAS
output pin for area 2 and area 3. When the DRAM address space spans a number of contiguous
areas, asin this example, the appropriate setting of bits DRAS2 to DRASO enables asingle CS
pin to be used as the common RAS output pin for anumber of areas, and makes it possible to
directly connect large-capacity DRAM with address space that spans a maximum of four areas.
Any unused CS pins (in this example, the CS3 pin) can be used as input/output ports.

2-CAS 16-Mbit DRAM
11-bit row address x 10-bit column address

H8/3006 and H8/3007 x8-bit organization

AAA
YVV

CS2 (RAS2) RAS
PB4 (UCAS) CAS
PB5 (LCAS)
RD (WE) l WE No.1
A21, A10-A1 | | | | | A10-A0
D15-D8 D7-DO
D7-DO
OE
RAS
CAS
WE No.2
A10-A0
D7-DO
OE
(a) Interconnections (example)
PB4 PB5
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 CS2(RAS2)
H'5FFEFE DRAM DRAM
H'600000 [ (No.1) T (No.2)T]
Area 3
H7FFFFE
H'800000
Area 4 Normal Cs4
H'OFFFFE
H'A00000
Area 5 Normal CS5
H'BFFFFE

16-Mbyte mode

(b) Address map

Figure6.30 Interconnectionsand AddressMap for 16-Mbit DRAMswith x 8-Bit
Organization
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» Figure 6.31 shows typical interconnections when using two 4-Mbit DRAMs, and the
corresponding address map. The DRAMSs used in this example are of the 9-bit row address x
9-bit column address type. In this example, upper address decoding allows multiple DRAMs
to be connected to asingle area. The RFSH pin is used in this case, since both DRAMs must
be refreshed simultaneously. However, note that RAS down mode cannot be used in this
interconnection example.

2-CAS 4-Mbit DRAM

9-bit row address x 9-bit column address
H8/3006 and H8/3007 % x16-bit organization
= B
CS2 (RAS2) :E_E > RAS
PB4 (UCAS) UCAS
PBS5 (LCAS) LCAS
RD (WE) WE Nod
RFSH
Al19
A
D15-DO D15-D0 OE
By Rile
UCAS
LCAS
WE No.2
A8-A0
D15-DO
OE
(a) Interconnections (example) 747_
PB4 PB5
(UCAS) (LCAS)
1 87 0
H'400000
DRAM (No.1)
H'47FFFE
H'480000
DRAM (No.2)
H'4FFFFE 5 RAES
Area 2 H'500000 CS2 (RAS2)
Not used
H'SFFFFE

16-Mbyte mode
(b) Address map

Figure6.31 Interconnectionsand AddressMap for 2-CAS 4-Mbit DRAMswith x 16-Bit
Organization
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Example of Program Setup Procedure: Figure 6.32 shows an example of the program setup
procedure.

Set ABWCR

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Set DRCRB

Set DRCRA

Wait for DRAM stabilization time

DRAM can be accessed

Figure6.32 Example of Setup Procedure when Using DRAM Interface

6.5.13 Usage Notes

Note the following points when using the DRAM refresh function.

Refresh cycles will not be executed when the external bus released state, software standby
mode, or abus cycle is extended by means of wait state insertion. Refreshing must therefore
be performed by other means in these cases.

If arefresh request is generated internally while the external busis released, the first request is
retained and a single refresh cycle will be executed after the bus-released stateis cleared.
Figure 6.33 shows the bus cycle in this case.

When abus cycleis extended by means of wait state insertion, the first request is retained in
the same way as when the external bus has been released.

In the event of contention with a bus request from an external bus master when atransitionis
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.34).
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When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.

Similar contention in atransition to self-refresh mode may prevent dependable strobe
waveform output. This can also be avoided by clearing the BRLW bit to 0in BRCR.
Immediately after self-refreshing is cleared, external bus release is possible during a given
period until the start of a CPU cycle. Attention must be paid to the RAS state to ensure that the
specification for the RAS precharge time immediately after self-refreshing is met.

External bus released . Refresh cycle . CPU cycle . Refresh cycle

o LU LU LML L e

£
JE— ))

RFSH i i ! |_
Refresh | | i i i
request J_I—&, : I |_| L
BACK ! ! !
5 s s s
Figure6.33 Bus-Released State and Refresh Cycles
i Software standby mode
: [ (
))
®
_____________________________________ .
BREQ |
BACK W

Address bus

N
W/
Strobe NW

Figure6.34 Bus-Released State and Softwar e Standby Mode
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Oscillation stabilization CPU internal cycle CPU cycle
time on exit from software  (period in which external
standby mode bus can be released)

]

’ LML L
X @sp

Address

N

i |

CAS |
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Figure6.35 Self-Refresh Clearing
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6.6 Interval Timer

6.6.1 Operation

When DRAM is not connected to the H8/3006 and H8/3007 chip, the refresh timer can be used as
an interval timer by clearing bits DRAS2 to DRASO in DRCRA to 0. After setting RTCOR,
selection a clock source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTMCSR is set to 1 by a compare match output when the RTCOR and RTCNT values match.
The compare match signal is generated in the last state in which the values match (when RTCNT
is updated from the matching value to a new value). Accordingly, when RTCNT and RTCOR
match, the compare match signal is not generated until the next counter clock pulse. Figure 6.36
shows the timing.

RTCNT N >< H'00

RTCOR N

Compare match

signal %

CMF

Figure6.36 Timing of CMF Flag Setting

Operation in Power-Down State: Theinterval timer operatesin sleep mode. It does not operate
in hardware standby mode. In software standby mode, RTCNT and RTMCSR bits 7 and 6 are
initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.

Contention between RTCNT Writeand Counter Clear: If acounter clear signal occursin the
T, state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See Figure 6.37.
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Address bus X RTCNT address ><

Internal write signal

Counter clear signal

RTCNT N >< H'00

Figure 6.37 Contention between RTCNT Write and Clear

Contention between RTCNT Writeand Increment: If an increment pulse occursin the T, state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See Figure 6.38.

T1 T2 T3

Address bus >< RTCNT address ><

Internal write signal

RTCNT input clock

RTCNT N >< 4 M

/

Counter write data

Figure6.38 Contention between RTCNT Write and I ncrement
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Contention between RTCOR Write and Compare Match: If acompare match occursinthe T,
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
See Figure 6.39.

Address bus >< RTCOR address ><

Internal write signal

RTCNT N >< N+1
RTCOR N >< M
o
RTCOR write data
| |
Compare match signal i | AN
Inhibited

Figure6.39 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Sour ce Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 6.10 shows the relation
between the time of the switchover (by writing to bits CKS2 to CK S0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of theinternal clock. If aswitchover is made from a high clock sourceto alow clock source, asin
case No. 3intable 6.10, the switchover will be regarded as afalling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table6.10

Internal Clock Switchover and RTCNT Operation

No. CKS2 to CKSO0 _
Write Timing RTCNT Operation
1 Low —Low ‘
switchover+! ;
Old clock source ! | | | |
I
i
i
New clock source '
I
1 \
i
RTCNT clock |_| ; |—|
!
i
i
RTCNT N X 3 N+1 ><
i
i
CKS bits rewritten
2 Low — High ‘
switchover*? !
Old clock source | | ! | |
I
i
New clock source !
1
I
| \
I
RTCNT clock |_| |_| 1 |—|
L
T
i
RTCNT N X N+1 Xi N+2 ><
i
i
CKS bits rewritten
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No.

CKS2 to CKSO

RTCNT Operation

Write Timing
3 High— Low |
switchover*3 i
Old clock source | | | ! | | |
I
I
I
i
New clock source i
1 \
*4
RTCNT clock |_| |_| |_|
|
v
RTCNT N X N+li X N+2 ><
T
i
CKS bits rewritten
4 High— High
switchover*

Old clock source | | | | |

New clock source

I
|
[l
I
I
I
I
I
|
I
I
I
I
|
I
RTCNT clock !
1
I
}

RTCNT N X N+1 >< N+«:2 ><
|
I

CKS bits rewritten

Notes: 1. Including switchovers from a low clock source to the halted state, and from the halted
state to a low clock source.

Including switchover from the halted state to a high clock source.
Including switchover from a high clock source to the halted state.
The switchover is regarded as a falling edge, causing RTCNT to increment.

ponN
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6.7 Interrupt Sources

Compare match interrupts (CMI) can be generated when the refresh timer is used as an interval
timer. Compare match interrupt requests are masked/unmasked with the CMIE bit in RTMCSR.

6.8 Burst ROM Interface

6.8.1 Overview

With the H8/3006 and H8/3007, external space area 0 can be designated as burst ROM space, and
burst ROM space interfacing can be performed. The burst ROM interface enables ROM with
burst access capability to be accessed at high speed. Area 0O isdesignated as burst ROM space by
means of the BROME bit in BCR.

Continuous burst access of a maximum or four or eight words can be performed on external space
area 0. Two or three states can be selected for burst access.

6.8.2 Basic Timing

The number of statesin the initial cycle (full access) and a burst cycle of the burst ROM interface
is determined by the setting of the ASTO bit in ASTCR. When the ASTO bit is set to 1, wait states
can also be inserted in theinitial cycle. Wait states cannot be inserted in a burst cycle.

Burst access of up to four words is performed when the BRSTSO bit is cleared to O in BCR, and
burst access of up to eight words when the BRSTSO hit isset to 1. The number of burst access
statesis two when the BRSTS1 bit is cleared to 0, and three when the BRSTS1 bit is set to 1.

The basic access timing for burst ROM space is shown in figure 6.40.
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Full access Burst access

. T . T2 T3 Tt . T2 | T2 T2
I I I
)
\/
Address bus X Only lower address changes X:
/\
CSo _l |_
E — p—
RD — |—

Data bus 4( Read data >—< Read data >—< Read data >—

Figure6.40 Exampleof Burst ROM Access Timing

6.8.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface.

Wait states cannot be inserted in a burst cycle.
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6.9 Idle Cycle

6.9.1 Operation

When the H8/3006 and H8/3007 chip accesses external space, it caninsert a 1-state idle cycle (T))
between bus cyclesin the following cases: (1) when read accesses between different areas occur
consecutively, (2) when awrite cycle occurs immediately after aread cycle, and (3) when external
address space other than DRAM space is accessed immediately after aDRAM space access. By
inserting an idle cycle it is possible, for example, to avoid data collisions between ROM, which
has along output floating time, and high-speed memory, 1/O interfaces, and so on.

The ICIS1 and ICISO bitsin BCR both have aninitia value of 1, so that an idle cycleisinserted in
theinitial state. If there are no data collisions, the ICIS bits can be cleared.

Consecutive Reads between Different Areas: If consecutive reads between different areas occur
whilethe ICIS1 bitissetto 1in BCR, anidle cycleisinserted at the start of the second read cycle.

Figure 6.41 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), anidle cycle isnot inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

1 T1 T T3, T1 To 1 T1 Tp T3, Ti T1 Ta,
o Mrihrr o fLrrifrrir
Address bus j Ix I[ Address bus j Ix I[

I I I I I I

| ] ] | ] I
RD 7 | 1 [ RD 1 | [ 1 [

1 1 H 1 1 1 1

I [ 1 I I I

-~
Long buffer-off time
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.41 Exampleof Idle Cycle Operation (1) (ICIS1=1)

Write after Read: If an externa write occurs after an external read while the ICISO bit isset to 1
in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.42 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle.

In (@), anidle cycleisnot inserted, and a collision occursin cycle B between the read data from
ROM and the CPU write data. In (b), anidle cycleisinserted, and adata collision is prevented.
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Bus cycle A Bus cycle B Bus cycle A Bus cycle B

\T1 T2 T3, T1 T2, ' T1 T2 T3, Ti T1 T2,

1 1 1 1 1 1

Address bus _X X C Address bus _X X X
L | : L | :

RD T —— RD T ——

| | |

HWR i i LI

| |
! LT HWR ™
Data bus _f——— L Y Databus ——— )
1
Data collision

1 i 1 i 1 1 1
Long buffer-off time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.42 Exampleof Idle Cycle Operation (2) (ICIS0=1)

External Address Space Access I mmediately after DRAM Space Access. If aDRAM space
accessis followed by anon-DRAM external access when HWR and LWR have been selected as
the UCAS and LCAS output pins by means of the CSEL bit in DRCRB, aTi cycleisinserted
regardless of the settings of bits ICIS0 and ICIS1 in BCR. Figure 6.43 shows an example of the
operation.

Thisis done to prevent simultaneous changing of the HWR and LWR signals used as UCAS and
LCAS in DRAM space and CSn for the space in the next cycle, and so avoid an erroneous write to
the external devicein the next cycle.

A T, cycleisnot inserted when PB4 and PB5 have been selected as the UCAS and LCAS output
pins.

In the case of consecutive DRAM space access precharge cycles (Tp), the ICISO and I CIS1 bit
settings areinvalid. In the case of consecutive reads between different areas, for example, if the
second accessisaDRAM access, only a T, cycleisinserted, and aT, cycleisnot. Thetimingin
this caseis shown in figure 6.44.
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Bus cycle A Bus cycle A

(DRAM access cycle) Bus cycle B (DRAM access cycle) Bus cycle B
-l - -
Ty T Ty Tl Ty Ty Ty T Ty Tl T Ty Tyl
) )
Addressbus T Y J_j_  Addressbus X | C

| | | | | |
- | | | - | | |

AWR/LWR ‘ ‘ AWR/LWR — ‘
(UCASILCAS) | L | (UCASILCAS) | L |
| | | | | |

CSn 7] CSn | |
| | | |
| | | |

Simultaneous change of
HWR/LWR and CSn

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.43 Exampleof Idle Cycle Operation (3) (HWR/LWR Used as UCAS/LCAS)

Externalread |, DRAM spaceread |
i S
| |
| |

Tl T2 T3 Tp Tr Tcl TcZ
(p | | |
| | |
Address bus :x M X X X:
| | |
RO |
| | |
| | |
UCAS/LCAS } }
| |
| | |
Address bus : { ‘,3 E—
| | |
| | |

Figure6.44 Example of Idle Cycle Operation (4) (Consecutive Precharge Cycles)

Usage Notes: When non-insertion of idle cyclesis set, the rise (negation) of RD and the fall
(assertion) of CSn may occur simultaneously. An example of the operation is shown in figure
6.45.

If consecutive reads between different external areas occur while the ICIS1 bit iscleared to 0 in
BCR, or if awrite cycle to adifferent external area occurs after an external read while the ICISO
bit is cleared to 0, the RD negation in the first read cycle and the CSn assertion in the following
bus cycle will occur simultaneously. Therefore, depending on the output delay time of each signal,
it is possible that the low-level output of RD in the preceding read cycle and the low-level output
of CSn in the following bus cycle will overlap.

A setting whereby idle cycleinsertion is not performed can be made only when RD and CSn do
not change simultaneously, or when it does not matter if they do.
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Bus cycle A Bus cycle B
l——p!

T, Ty

\Tl

T T, |

¢

|
Address bus ‘X
| | |
E— |
R L
| |
| |

—_ T
1 1 1

Simultaneous change of RD and CSn
Possibility of mutual overlap

(a) Idle cycle not inserted

Bus cycle A Buscycle B
l —— |
| T, T, T3 | i v T |
¢
| | |
Address bus :)( X X:

v

|
|
CSn |
|
|

(b) Idle cycle inserted

Figure6.45 Example of Idle Cycle Operation (5)

6.9.2 Pin Statesin Idle Cycle
Table 6.11 shows the pin statesin anidle cycle.

Table6.11 Pin Statesin Idle Cycle

Pins Pin State

A, t0 A, Next cycle address value
D, to D, High impedance

CS, High*

UCAS, LCAS High

AS High

RD High

HWR High

LWR High

Note: * Remains low in DRAM space RAS down mode.
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6.10 BusArhbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There
are four bus masters: the CPU, DMA controller (DMAC), DRAM interface, and an external bus
master. When a bus master has the busright it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the busright. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
the operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master. When two or more bus masters request the bus,
the highest-priority bus master receives an acknowledge signal. The bus master that receives an
acknowledge signal can continue to use the bus until the acknowledge signal is deactivated.

The bus master priority order is:
(High) External bus master > DRAM interface > DMAC > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

6.10.1 Operation

CPU: The CPU isthe lowest-priority bus master. If the DMAC, DRAM interface, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The bus right istransferred at the following times:

e Thebusright istransferred at the boundary of abus cycle. If word datais accessed by two
consecutive byte accesses, however, the busright is not transferred between the two byte
acCesses.

¢ |f another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the busright is transferred immediately. The CPU
continues its internal operations.

¢ |If another bus master reguests the bus while the CPU isin sleep mode, the busright is
transferred immediately.

DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC isbus master and the DRAM interface or an external bus master requests
the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. The busright istransferred at the following times.
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The busright is transferred when the DMAC finishes transferring one byte or one word. A
DMAC transfer cycle consists of aread cycle and awrite cycle. The busright is not transferred
between the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 7.4.9, Multiple-
Channel Operation.

DRAM Interface: The DRAM interface requests the bus right from the bus arbiter when arefresh
cyclerequest isissued, and releases the bus at the end of the refresh cycle. For details see section
6.5, DRAM Interface.

External Bus Master: When the BRLE bit isset to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter y driving the BREQ signal low. Once the external bus master acquires the bus, it
keeps the bus until the BREQ signal goes high. While the bus is released to an external bus
master, the H8/3006 and H8/3007 chip holds the address bus, data bus, bus control signals (AS,
RD, HWR, and LWR), and chip select signals (CSn: n = 7 to 0) in the high-impedance state, and
holds the BACK pin in the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (¢). If BREQ islow, the bus
is released to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK pinis driven high to end the
bus-release cycle.

Figure 6.46 shows the timing when the busright is requested by an external bus master during a
read cycle in atwo-state access area. Thereisaminimum interval of three states from when the
BREQ signal goes low until the busis released.
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| |

Minimum 3 cycles
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Figure6.46 Example of External Bus Master Operation

In the event of contention with a bus request from an external bus master when atransitionis
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.34).

When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.
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6.11 Register and Pin Input Timing

6.11.1 Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Datawritten to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.47 shows the timing
when an instruction fetched from area 0 changes area 0 from three-state access to two-state access.

T1 T2 T3 T T2 T3 T T2

L [ Iy

1

1
Address bus X EX ASTCR address EX EX
| |
——————
' 3-state accessto area 0 2-state access to area 0

Figure6.47 ASTCR Write Timing

DDR and CSCR Write Timing: Datawritten to DDR or CSCR for the port corresponding to the
CSn pin to switch between CSn output and generic input takes effect starting from the T, state of
the DDR write cycle. Figure 6.48 shows the timing when the CS, pin is changed from generic
input to CS, output.

T1 T2 T3

P8DDR address

S

L

Address bus

- K-

CS:

AH

-

High-impedance

Figure6.48 DDR Write Timing
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BRCR Write Timing: Datawritten to BRCR to switch between A,;, A,,, A,,, or A,, output and
generic input or output takes effect starting from the T, state of the BRCR write cycle. Figure
6.49 shows the timing when a pin is changed from generic input to A, A,,, Ay, OF A, output.

T1 T2 T3
v o L L1 L1 L
1 1 1
1 1 1
Address bus EX BRCR address i EX
1 1 1
1 1 1
PA7 to PA : /
(A23 t70toAzo) * High-impedance | i\_

Figure6.49 BRCR Write Timing

6.11.2 BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. If BREQ returnsto the high
level before BACK goes lows, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at least three states. |If
BREQ ishigh for too short an interval, the bus arbiter may operate incorrectly.
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Section 7 DMA Controller

7.1 Overview

The H8/3006 and H8/3007 have an on-chip DMA controller (DMAC) that can transfer data on up
to four channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 19.6, Module Standby Function.

711 Features

DMAC features are listed bel ow.

Selection of short address mode or full address mode
Short address mode

O 8-bit source address and 24-hit destination address, or vice versa
0 Maximum four channels available

O Selection of 1/0 mode, idle mode, or repeat mode
Full address mode

O 24-bit source and destination addresses

0 Maximum two channels available

O Selection of normal mode or block transfer mode
Directly addressable 16-Mbyte address space
Selection of byte or word transfer

Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)

0 16-bit integrated timer unit (ITU) compare match/input capture interrupts (x3)

0 Seria communication interface (SCI channel 0) transmit-data-empty/receive-data-full
interrupts

O Externa requests
Auto-request
0 A/D converter conversion-end interrupt

O
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712

Figure 7.1 showsa DMAC block diagram.

Block Diagram

Internal address bus

[

| )
Internal IMIAQ —» l Address buffer
interrupts IMIAL —»
IMIA2 —| »/ Arithmetic-logic unit\Q
ADI —*
TXIO —™
MAROA
RXI0 Channel IOAROA
0A
DREQ,—{ Control logic Channel ETCROA é
DREQ, — > 0 MAROB ©
TEND, = Channel g
TEND. = ol IOAROB ©
DTCROA| ETCROB 3
o
Interrupt DENDOA =— DTCROB| MAR1A =
signals DENDOB ~=—
9 DEND1A <] DTCRI1A Channel IOAR1A
DEND1B =—| 1A
DTCR1B Channel ETCR1A
1 MAR1B
Channel |0OAR1B
! 1B
Data buffer ETCR1B
Internal data bus
Legend
DTCR: Data transfer control register
MAR: Memory address register
IOAR: /O address register
ETCR: Execute transfer count register
Figure7.1 Block Diagram of DMAC
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7.13

Table 7.1 gives an overview of the DMAC functions.

Functional Overview

Table7.1 DMAC Functional Overview
Address
Reg. Length
Destina-
Transfer Mode Activation Source tion
Short 1/0 mode « Compare match/input 24 8
address . Transfers one byte or one word capture A interrupts from 16-
mode per request bit timer channels
Oto2
¢ Increments or decrements the memory .
address by 1 or 2 ‘ Trtansmlt}data-seg}ptz 1o
interrupt from channe
« Executes 1 to 65,536 transfers P
Idle mode « Conversion-end interrupt 8 24
« Transfers one byte or one word per from ND convertgr
request * Receive-data-full interrupt
¢ Holds the memory address fixed from SCI channel 0
« Executes 1 to 65,536 transfers « External request 24 8
Repeat mode
« Transfers one byte or one word per
request
« Increments or decrements the memory
address by 1 or 2
« Executes a specified number (1 to
255) of transfers, then returns to the
initial state and continues
Full Normal mode ¢ Auto-request 24 24
address . " « External request
p Auto-request q
mode 0 Retains the transfer request
internally
0 Executes a specified number(1 to
65,536) of transfers continuously
O Selection of burst mode or cycle-
steal mode
« External request
O Transfers one byte or one word
per request
O Executes 1 to 65,536 transfers
Block transfer « Compare match/ input 24 24

« Transfers one block of a specified size
per request

* Executes 1 to 65,536 transfers

« Allows either the source or destination
to be a fixed block area

« Block size can be 1 to 255 bytes or
words

capture A interrupts from 16-
bit timer channels 0 to 2

External request

Conversion-end interrupt
from A/D converter
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714 Pin Configuration
Table 7.2 liststhe DMAC pins.

Table7.2 DMAC Pins

Abbrevia-  Input/

Channel Name tion Output Function

0 DMA request 0 DREQ, Input External request for DMAC channel 0
Transfer end O TEND, Output Transfer end on DMAC channel 0

1 DMA requestl  DREQ, Input External request for DMAC channel 1
Transfer end 1 TEND, Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.

7.15 Register Configuration

Table 7.3 liststhe DMAC registers.
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Table7.3

DMAC Registers

Channel Address* Name Abbreviation R/W Initial Value

0 H'FFF20  Memory address register 0OAR MAROAR R/W  Undetermined
H'FFF21  Memory address register OAE MAROAE R/W  Undetermined
H'FFF22  Memory address register OAH MAROAH R/W  Undetermined
H'FFF23  Memory address register OAL MAROAL R/W  Undetermined
H'FFF26  1/O address register OA IOAROA R/W  Undetermined
H'FFF24  Execute transfer count register OAH ETCROAH R/W  Undetermined
H'FFF25  Execute transfer count register OAL ETCROAL R/W  Undetermined
H'FFF27  Data transfer control register OA DTCROA R/W  H'00
H'FFF28  Memory address register 0BR MAROBR R/W  Undetermined
H'FFF29  Memory address register OBE MAROBE R/W  Undetermined
H'FFF2A  Memory address register OBH MAROBH R/W  Undetermined
H'FFF2B  Memory address register OBL MAROBL R/W  Undetermined
H'FFF2E  1/O address register 0B IOAROB R/W  Undetermined
H'FFF2C  Execute transfer count register 0BH ETCROBH R/W  Undetermined
H'FFF2D  Execute transfer count register OBL ETCROBL R/W  Undetermined
H'FFF2F  Data transfer control register 0B DTCROB R/W  H'00

1 H'FFF30  Memory address register 1AR MAR1AR R/W  Undetermined
H'FFF31  Memory address register 1AE MAR1AE R/W  Undetermined
H'FFF32  Memory address register 1AH MAR1AH R/W  Undetermined
H'FFF33  Memory address register 1AL MAR1AL R/W  Undetermined
H'FFF36  1/O address register 1A IOAR1A R/W  Undetermined
H'FFF34  Execute transfer count register 1AH ETCR1AH R/W  Undetermined
H'FFF35  Execute transfer count register 1AL  ETCR1AL R/W  Undetermined
H'FFF37  Data transfer control register 1A DTCR1A R/W  H'00
H'FFF38  Memory address register 1BR MAR1BR R/W  Undetermined
H'FFF39  Memory address register 1BE MAR1BE R/W  Undetermined
H'FFF3A  Memory address register 1BH MAR1BH R/W  Undetermined
H'FFF3B  Memory address register 1BL MAR1BL R/W  Undetermined
H'FFF3E  1/O address register 1B IOAR1B R/W  Undetermined
H'FFF3C  Execute transfer count register 1BBH ETCRI1BH R/W  Undetermined
H'FFF3D  Execute transfer count register 1BL ETCRI1BL R/W  Undetermined
H'FFF3F  Data transfer control register 1B DTCR1B R/W  H'00

Note: * The lower 20 bits of the address are indicated.
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7.2 Register Descriptions (1) (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTSIA in data transfer control register A (DTCRA)
asindicated intable 7.4.

Table7.4 Selection of Short and Full Address M odes

Bit 2 Bit 1
Channel DTS2A DTS1A Description

0 1 1 DMAC channel 0 operates as one channel in full address mode

Other than above DMAC channels OA and OB operate as two independent channels
in short address mode

1 1 1 DMAC channel 1 operates as one channel in full address mode

Other than above DMAC channels 1A and 1B operate as two independent channels
in short address mode

721 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-hit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved; they cannot be modified and are always read as 1.

Bit 31 30 29 28 27 26 25 24 232221201918 1716151413121110 9 8 7 6 5 4 3 2 1 O

Initalvalue 1 1 1 1 1 1 1 1 Undetermined
Read/Writ¢ — — — — — — — — RIW RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW

MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by areceive-data-full interrupt from the
serial communication interface (SCI) (channel 0) or by a conversion-end interrupt from the A/D
converter, and as a source address register otherwise.

The MAR vaue isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.
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722  1/O AddressRegisters (IOAR)

An 1/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR valueis the lower 8 bits of the address. The upper 16 address bits
areal 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An IOAR functions as a source or destination address register depending on how the DMAC is
activated: as a source address register if activation is by areceive-data-full interrupt from the SCI
(channel 0) or by aconversion-end interrupt from the A/D converter, and as a destination address
register otherwise.

The IOAR valueis held fixed. It is not incremented or decremented when atransfer is executed.

The IOARs are not initialized by areset or in standby mode.

7.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. These registers function in one way in 1/0 mode and idle
mode, and another way in repeat mode.

¢ |/O mode and idle mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value ‘ ‘ ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ ‘ ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In 1/0 mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by
1 each time one transfer is executed. The transfer ends when the count reaches H'0000.
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¢ Repeat mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRH

Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRL
Initial count

In repeat mode, ETCRH functions as an 8-hit transfer counter and ETCRL holds the initial transfer
count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH reaches
H'00, the value in ETCRL is reloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by areset or in standby mode.
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724 Data Transfer Control Registers (DTCR)

A datatransfer control register (DTCR) is an 8-bit readable/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer

Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable

Selects repeat
mode

The DTCRs are initialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for atransfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTS0. When DTE is 0, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1.

Bit 7

DTE Description

0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to O  (Initial value)
when the specified number of transfers have been completed

1 Data transfer is enabled

If DTIEissetto 1, aCPU interrupt is requested when DTE is cleared to O.
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Bit 6—Data Transfer Size (DT SZ): Selects the data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a data transfer in 1/0 mode or repeat mode.

Bit 5
DTID Description

0 MAR is incremented after each data transfer
» IfDTSZ =0, MAR is incremented by 1 after each transfer
e IfDTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer
* IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain 1/0 mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 1/0 mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 7.4.2, 1/O Mode, 7.4.3, Idle Mode, and 7.4.4,
Repeat Mode.
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits 2to 0—Data Transfer Select (DTS2, DTS, DTS0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.*

Note: * See section 7.3.4, Data Transfer Control Registers (DTCR).

Bit 2 Bit 1 Bit 0
DTS2 DTS1 DTSO Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)
1 Compare match/input capture A interrupt from 16-bit timer channel 1
1 0 Compare match/input capture A interrupt from 16-bit timer channel 2
1 Conversion-end interrupt from A/D converter
1 0 0 Transmit-data-empty interrupt from SCI channel 0
1 Receive-data-full interrupt from SCI channel 0
1 0 Falling edge of DREQ input (channel B)

Transfer in full address mode (channel A)

1 Low level of DREQ input (channel B)
Transfer in full address mode (channel A)

The same internal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in apriority order, highest-priority channel first. For
the priority order, see section 7.4.9, Multiple-Channel Operation.

When achannel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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7.3 Register Descriptions (2) (Full Address Mode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 7.4.

731 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved; they cannot be modified and are alwaysread as 1. (Writeisinvalid.)

Bit 313029 28 27 26 2524 2322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

Initialvalue 1 1 1 1 1 1 1 1 Undetermined
Read/Writg — — — — — — — — RIW RIW R/W R/W R/W RIW RIW RIW RIW RIW RIW R/W R/W R/W RIW RIW RIW RIW RIW RIW R/W R/W R/W RIW

MARR MARE MARH MARL

Source or destination address

The MAR vaue isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

7.3.2 I/O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.
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7.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. The functions of these registers differ between normal mode
and block transfer mode.

* Norma mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

Transfer counter

ETCRB: Is not used in norma mode.

In norma mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB is
not used.
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* Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAL
Initial block size
ETCRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When
the count reaches H'00, ETCRAH isreloaded from ETCRAL. Blocks consisting of an arbitrary
number of bytes or words can be transferred repeatedly by setting the same initial block size value
in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches
H'0000.

The ETCRs are not initialized by areset or in standby mode.
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734 Data Transfer Control Registers (DTCR)

The datatransfer control registers (DTCRs) are 8-bit readable/writabl e registers that control the
operation of the DMAC channels. A channel operatesin full address mode when bits DTS2A and
DTSI1A areboth set to 1in DTCRA. DTCRA and DTCRB have different functionsin full address

mode.
DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer enable
Enables or disables
data transfer

Data transfer size
Selects byte or
word size

Data transfer

interrupt enable
Enables or disables the
CPU interrupt at the end

Data transfer
select OA

Selects block
transfer mode

of the transfer

Source address
increment/decrement

Source address increment/

decrement enable

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA isinitialized to H'00 by areset and in standby mode.
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Data transfer select
2A and 1A

These bits must both be
setto 1
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Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel is enabled. If auto-request is specified, data transfer beginsimmediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then
writing 1.

Bit 7

DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value)
of transfers have been completed)

1 Data transfer is enabled

If DTIE isset to 1, a CPU interrupt is requested when DTE is cleared to O.

Bit 6—Data Transfer Size (DT SZ): Selects the data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Sour ce Address Increment/Decrement (SAID) and,

Bit 4—Sour ce Address Increment/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) isincremented, decremented, or held fixed during the data
transfer.

Bit 5 Bit 4

SAID SAIDE Description

0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer

« IfDTSZ =0, MARA is incremented by 1 after each transfer
e IfDTSZ =1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

MARA is decremented after each data transfer
e IfDTSZ =0, MARA is decremented by 1 after each transfer
« IfDTSZ =1, MARA is decremented by 2 after each transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operatesin full
address mode when DTS2A and DTSIA are both set to 1.

Bit 0—Data Transfer Select OA (DTS0A): Selects normal mode or block transfer mode.

Bit 0

DTSOA  Description

0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 7.4.5, Norma Mode, and 7.4.6, Block
Transfer Mode.

199
HITACHI



DTCRB

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ T™MS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared Transfer mode select

to 0 by an interrupt Selects whether the
block area is the source
Reserved bit or destination in block
transfer mode
Destination address Data transfer select
increment/decrement 2B to OB
Destination address These bits select the data
increment/decrement enable transfer activation source

These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

DTCRB isinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 7.6.6, NMI Interrupts and Block
Transfer Mode.

DTME isset to 1 by reading the register while DTME = 0, then writing 1.

Bit 7

DTME Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt (Initial value)
occurs)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address Increment/Decr ement (DAID) and,

Bit 4—Destination Address Increment/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) isincremented, decremented, or held fixed during the
data transfer.

Bit 5 Bit 4
DAID DAIDE Description
0 0 MARSB is held fixed (Initial value)
1 MARB is incremented after each data transfer
e IfDTSZ =0, MARB is incremented by 1 after each data transfer
e IfDTSZ =1, MARB is incremented by 2 after each data transfer
1 0 MARSB is held fixed

MARB is decremented after each data transfer
- IfDTSZ =0, MARB is decremented by 1 after each data transfer
e IfDTSZ =1, MARB is decremented by 2 after each data transfer

Bit 3—Transfer Mode Select (TMYS): Selects whether the source or destination is the block area
in block transfer mode.

Bit 3

TMS Description

0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits 2 to 0—Data Transfer Select 2B to OB (DTS2B, DTS1B, DTS0B): These bits select the
data transfer activation source. The selectable activation sources differ between normal mode and
block transfer mode.

Normal mode
Bit 2 Bit 1 Bit O
DTS2B DTSI1B DTSOB  Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ

Block transfer mode

Bit2 Bitl Bit0
DTS2B DTS1B DTSOB Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)
1 Compare match/input capture A interrupt from 16-bit timer channel 1
1 0 Compare match/input capture A interrupt from 16-bit timer channel 2
1 Conversion-end interrupt from A/D converter
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in apriority order, highest priority first. For the priority order, see section 7.4.9,
Multiple-Channel Operation.
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74 Operation

7.4.1 Overview
Table 7.5 summarizes the DMAC modes.

Table7.5 DMAC Modes

Transfer Mode Activation Notes

Short address 1/0 mode Compare match/input » Up to four channels

mode Idle mode capture A interrupt from can operate

Repeat mode 16-bit timer channels 0 to 2 independently

Transmit-data-empty ¢ Only the B channels
and receive-data-full support external requests
interrupts from SCI
channel 0

Conversion-end interrupt
from A/D converter

External request

Full address Normal mode Auto-request ¢« A and B channels are
mode paired; up to two
channels are available

External request

Block transfer mode Compare match/input

Burst mode transfer or

capture A interrupt from cycle-steal mode transfer
ITU channels 0 to 2 can be selected for
autorequests.

Conversion-end interrupt
from A/D converter

External request

A summary of operationsin these modes follows.

/0 Mode: One byte or word istransferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of transfers.
One 24-bit address and one 8-bit address are specified. The transfer direction is determined
automatically from the activation source.

Idle Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. The
transfer direction is determined automatically from the activation source.
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Repeat M ode: One byte or word is transferred per request. A designated number of these transfers

are

executed. When the designated number of transfers are completed, the initial address and

counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.

Normal Mode

Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
O Cycle-stea mode
The busisreleased to another bus master after each byte or word is transferred.
O Burst mode
Unless requested by a higher-priority bus master, the busis not released until the
designated number of transfers have been completed.
External request
One byte or word is transferred per request. A designated number of these transfers are

executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer M ode: One block of a specified sizeis transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one addressiis restored
toitsinitial value. When the designated number of blocks have been transferred, a CPU interrupt

can
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7.4.2 /0 Mode
1/0 mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in 1/O mode. A designated number of these
transfers are executed. One address is specified in the memory address register (MAR), the other
in the 1/0O address register (IOAR). The direction of transfer is determined automatically from the
activation source. Thetransfer isfrom the address specified in IOAR to the address specified in
MAR if activated by an SCI channel 0 receive-data-full interrupt or an A/D converter conversion
end interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 7.6 indicates the register functionsin 1/0 mode.
Table7.6 Register Functionsin 1/0O Mode

Function

Activated by
SCI0 Receive-
Data-Full
Interrupt or
A/D Converter

Conversion Other
Register End Interrupt  Activation Initial Setting  Operation
23 0 Destination Source Destination or  Incremented or
‘ ! MAR | ‘ address address source address decremented
‘ ‘ register register once per
transfer
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
‘ transfer until
H'0000 is

reached and
transfer ends

Legend

MAR: Memory address register
IOAR: 1/O address register

ETCR: Execute transfer count register

MAR and |OAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which isincremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 bits of afixed address. The upper 16 bitsare al 1s. IOAR is not
incremented or decremented.
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Figure 7.2 illustrates how 1/O mode operates.

Address T—m= -— |OAR
1 byte or word is

transferred per request

Y

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T=L

Address B =L + (-1)PTID « (2DTSZ o N — 1)

Figure7.2 Operationin|/O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE hit is cleared and the transfer ends.
If the DTIE bitisset to 1, aCPU interrupt is requested at this time. The maximum transfer count is
65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).
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Figure 7.3 shows a sample setup procedure for 1/0 mode.

< I/O mode setup ) 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is

determined automatically from the activation

source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

Set transfer count 2 - Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.

 Clear the RPE bit to 0 to select I/O mode.

» Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

el N

Read DTCR 3 « Select byte size or word size with the DTSZ bit.
* Set the DTE bit to 1 to enable the transfer.
Set DTCR 4
I/0O mode

Figure7.3 1/0 Mode Setup Procedure (Example)

7.4.3 Idle Mode
Idle mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer isfrom the address specified in IOAR to the address
specified in MAR if activated by an SCI channel 0 receive-data-full interrupt or an A/D converter
conversion end interrupt, and from the address specified in MAR to the address specified in IOAR
otherwise.

Table 7.7 indicates the register functions in idle mode.
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Table 7.7 Register Functionsin Idle Mode

Function
Activated by
SCIO Receive-
Data-Full
Interrupt or
A/D Converter
Conversion Other
Register End Interrupt  Activation Initial Setting  Operation
23 0 Destination Source Destination or  Held fixed
‘ " MAR | ‘ address address source address
‘ ‘ register register
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of afixed address. The upper 16 bits are all
1s. MAR and IOAR are not incremented or decremented.

Figure 7.4 illustrates how idle mode operates.

MAR —

\/\

\/\

1 byte or word is
transferred per request

\/\

\/\

-+— |OAR
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The transfer count is specified as a 16-bit valuein ETCR. The ETCR valueis decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
aCPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to
H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).

Figure 7.5 shows a sample setup procedure for idle mode.

< Idle mode setup > 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is deter-

mined automatically from the activation source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

« Select the DMAC activation source with bits
DTS2 to DTSO.

» Set the DTIE and RPE bits to 1 to select idle mode.

Set transfer count 2 « Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

el

Read DTCR 3
Set DTCR 4
Idle mode

Figure7.5 Idle Mode Setup Procedure (Example)
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74.4 Repeat M ode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with 16-bit timer compare match.
Repeat mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, asin I/O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCRH arerestored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer isfrom the address
specified in IOAR to the address specified in MAR if activated by an SCI channel O receive-data-
full interrupt or an A/D converter conversion end interrupt, and from the address specified in
MAR to the address specified in IOAR otherwise.

Table 7.8 indicates the register functionsin repeat mode.
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Table7.8 Register Functionsin Repeat Mode

Function

Activated by

SCI0 Receive-
Data-Full

Interrupt or

A/D Converter
Conversion Other

Register End Interrupt  Activation Initial Setting Operation
Destination Source Transfer Incremented or
23 0 address address destination or  decremented at
: : register register transfer source each transfer until
‘ 1 MAR ‘ start address  ETCRH reaches

H'0000, then restored
to initial value

23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address  destination
register register address
Transfer counter Number of Decremented once
7 0 transfers per transfer until
H'0000 is reached,
then reloaded from
ETCRL
7 0 Initial transfer count Number of Held fixed

transfers
ETCRL
Legend

MAR: Memory address register
IOAR: /O address register
ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds theinitial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR isalso restored to itsinitial value, which is calculated from the DTSZ and DTID

bitsin DTCR. Specifically, MAR is restored as follows:
MAR « MAR —(=1)°™P . 2°T%2 . ETCRL

ETCRH and ETCRL should beinitially set to the same value.

In repeat mode transfers continue until the CPU clearsthe DTE bit to 0. After DTE iscleared to O,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No

CPU interrupt is requested.

HITACHI
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Asin 1/O mode, MAR and | OAR specify the source and destination addresses. MAR specifies a
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper
16 bitsare al 1s. IOAR is not incremented or decremented.

Figure 7.6 illustrates how repeat mode operates.

Address T — - 10AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

Address B — N = initial setting of ETCRH and ETCRL
Address T=L

\/\ Address B = L + (—1)PTIP« (20TSZ4 N _ 1)

Figure7.6 Operationin Repeat Mode

The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0O,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).

Figure 7.7 shows a sample setup procedure for repeat mode.
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Repeat mode

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

¢

Repeat mode

Pwbd

Set the source and destination addresses in MAR

and IOAR. The transfer direction is determined

automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

* Clear the DTIE bit to 0 and set the RPE bitto 1
to select repeat mode.

» Select MAR increment or decrement with the DTID bit.

* Select byte size or word size with the DTSZ bit.

» Set the DTE bit to 1 to enable the transfer.

Figure7.7 Repeat Mode Setup Procedur e (Example)
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7.45 Normal M ode

In normal mode, the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specifiedin MARA and
MARB. Table 7.9 indicates the register functionsin 1/0 mode.

Table7.9 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0 Source address Transfer source Incremented or

‘ ! MARA | ‘ register start address decremented once per
: : transfer, or held fixed

23 0 Destination Transfer destination Incremented or

‘ ' MARB ‘ address register start address decremented once per
‘ ‘ transfer, or held fixed
15 0 Transfer counter Number of Decremented once per
‘ ETCRA ‘ transfers transfer

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as data is transferred.

The transfer count is specified as a 16-bit valuein ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this time. The maximum transfer
count is 65,536, obtained by setting ETCRA to H'0000.
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Figure 7.8 illustrates how normal mode operates.

Address Tp—» --— Address Tg

] Y

Address By —® -4—— Address Bg

Legend

L, =initial setting of MARA
Lg = initial setting of MARB
N = initial setting of ETCRA

Ty =L,
Ba = Lp + SAIDE « (-1)SAID « (2DTSZ o N _ 1)
Tg =Lg

Bg = Lg + DAIDE « (—1)PAID « (2DTSZ & N — 1)

Figure7.8 Operationin Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-regquested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode, the DMAC
releases the bus temporarily after each transfer. In burst mode, the DMAC keeps the bus until the
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Figure 7.9 shows a sample setup procedure for normal mode.

Normal mode

Set initial source address

Set initial destination address

Set transfer count

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

'

Normal mode

PR

© ® N

Set the initial source address in MARA.

Set the initial destination address in MARB.

Set the transfer count in ETCRA.

Set the DTCRB bits as follows.

* Clear the DTME bit to 0.

« Set the DAID and DAIDE bits to select whether
MARSB is incremented, decremented, or held fixed.

» Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

¢ Clear the DTE bit to 0.

« Select byte or word size with the DTSZ bit.

* Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

* Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

¢ Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bitto 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

Set the DTE bit to 1 in DTCRA to enable the transfer.

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.
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7.4.6 Block Transfer Mode

In block transfer mode, the A and B channels are combined. One block of a specified sizeis
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 7.10 indicates the register functionsin block transfer mode.

Table7.10 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address Transfer source Incremented or
‘ MARA ‘ register start address decremented once per
transfer, or held fixed
23 0 Destination Transfer destination Incremented or
‘ MARB ‘ address register  start address decremented once per
transfer, or held fixed
7 0  Block size counter  Block size Decremented once per
ETCRAH transfer until H'00 is
reached, then reloaded
{} from ETCRL
7 o 0 Initial block size Block size Held fixed
ETCRAL
15 0 Block transfer Number of block Decremented once per
w counter transfers block transfer until H'0000
‘ ET(FRB ‘ is reached and the
transfer ends
Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred. One of these registers operates as a
block arearegister: even if it isincremented or decremented, it is restored to itsinitial value at the
end of each block transfer. The TMS bit in DTCRB selects whether the block areais the source or

destination.

HITACHI
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If M (1to 255) isthe size of the block transferred at each request and N (1 to 65,536) isthe
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initially be set to N.

Figure 7.10 illustrates how block transfer mode operates. In thisfigure, bit TMSis cleared to O,
meaning the block areais the destination.

Tp— —
— — - Address T

— Block 1 —

| | —  Block area i)
Ba—™

-«—— Address By

- _ \/\

— Block 2 —

- —1 M bytes or words are
transferred per request

— Block N ]

Legend

L o = initial setting of MARA

L g = initial setting of MARB

M =initial setting of ETCRAH and ETCRAL
N =initial setting of ETCRB

TA = LA

Ba =L+ SAIDE « (-1)SAP « (2PTSZ oy _ 1)
TB = LB

Bg = Lg+ DAIDE » (-1)PAP « (2PTSZ e M — 1)

Figure7.10 Operation in Block Transfer Mode
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When activated by atransfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore theinitial value. The
memory address register of the block areais also restored to itsinitial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should beinitially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE hit is
cleared to 0 and the transfer ends. If the DTIE bitisset to 1, a CPU interrupt is requested at this
time.

Figure 7.11 shows examples of ablock transfer with byte data size when the block areaisthe
destination. In (a), the block area addressis cycled. In (b), the block area addressis held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels O to 2, by a conversion-end interrupt from the A/D converter, and by external
reguest signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Start Start
(DTE =DTME = 1) (DTE =DTME = 1)

Get bus | Get bus |
Read from MARA address Read from MARA address
[ [
| MARA = MARA + 1 | MARA = MARA + 1 |
\ \
Write to MARB address Write to MARB address

\

| MARB = MARB + 1 |
\

| ETCRAH=ETCRAH-1 | ETCRAH = ETCRAH — 1

ETCRAH = H'00 ETCRAH = H'00

| Release bus | | Release bus |
\ \

ETCRAH = ETCRAL | ETCRAH = ETCRAL |
MARB = MARB — ETCRAL ‘

\
| ETCRB=ETCRB -1 | | ETCRB=ETCRB-1 |

ETCRB = H'0000 ETCRB = H'0000
Y Y

es es

(Clear DTE to 0 and end transfer> (Clear DTE to 0 and end transfer>

a. DTSZ=TMS =0 b. DTSZ=TMS =0
SAID = DAID =0 SAID =0
SAIDE = DAIDE =1 SAIDE=1
DAIDE =0

Figure7.11 Block Transfer Mode Flowcharts
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Figure 7.12 shows a sample setup procedure for block transfer mode.

< Block transfer mode > 1. Setthe source address in MARA.
2. Set the destination address in MARB.
3. Set the block transfer count in ETCRB.
4. Set the block size (number of bytes or words)
Set source address 1 in both ETCRAH and ETCRAL.
5. Set the DTCRB bits as follows.

¢ Clear the DTME bit to 0.
Set destination address 2 » Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.
 Set or clear the TMS bit to make the block area
the source or destination.
» Select the DMAC activation source with bits
DTS2B to DTSOB.
6. Setthe DTCRA bits as follows.
Set block size 4 ¢ Clear the DTE to O.
« Select byte size or word size with the DTSZ bit.
» Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.
¢ Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.
Set bits DTS2A to DTSO0A all to 1 to select
Set DTCRA (1) 6 block transfer mode.

Set block transfer count 3

Set DTCRB (1) 5

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1 in DTCRB.
9. Read DTCRA with DTE cleared to 0.
Read DTCRB 7 10. Setthe DTE bitto 1 in DTCRA to enable
the transfer.
Set DTCRB (2) 8
Read DTCRA 9
Set DTCRA (2) 10

'

Block transfer mode

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure7.12 Block Transfer Mode Setup Procedure (Example)
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747 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel asindicated in
table 7.11.

Table7.11 DMAC Activation Sources

Short Address Mode

Channels Channels Full Address Mode

Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO Yes Yes No Yes
interrupts a1 Yes Yes No Yes

IMIA2 Yes Yes No Yes

ADI Yes Yes No Yes

TXIO Yes Yes No No

RXIO Yes Yes No No
External Falling edge No Yes Yes Yes
requests of DREQ

Low input at No Yes Yes No

DREQ
Auto-request No No Yes No

Activation by Internal Interrupts: When an interrupt request is selected asa DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channelsin the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge isinput before the transfer is compl eted, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ islow, until the transfer
iscompleted. The busis released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during atransfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goes low during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
reguests are possible in block transfer mode. Each time a high-to-low transition of the DREQ

input is detected, ablock of the specified size is transferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: Thetransfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode, the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles dternate with CPU cycles.

In burst mode, the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If there is a higher-priority bus request, the busis released after the current
byte or word has been transferred.
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7.4.8 DMAC BusCycle

Figure 7.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (T,), it reads from the source address and
writes to the destination address. During these read and write operations the bus is not rel eased
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

CPU cycle

DMAC cycle (1 word transfer) | CPU cycle
=‘<

Ty T Ty Ty Ty Ty T Ty T T3 Ty T, T3 Ty T, Ty T,

| | | ' Source

: : : ' address ! Destination address ! !

e | I |

A U N O o iy

i N O O O O

w
Figure7.13 DMA Transfer Bus Timing (Example)
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Figure 7.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows aword-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pin is held low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle
T, T3 Tg Ta T To T, i T Tg T T T T, T1 T

Ty

DREQ 1 1 ! Source 'Destination’ ! ' Source fDestination;

1 1 . address jaddress | 1 . address jaddress |

Figure7.14 BusTiming of DMA Transfer Regquested by Low DREQ Input
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Figure 7.15 shows an auto-requested burst-mode transfer. This example shows a transfer of three
words from a 16-bit two-state access area to another 16-bit two-state access area.

DMAC cycle

To T2 Tg T2 T T T Ty T Ty T T T T T, Ti T

' Source |Destination; | | | |

» address iaddress

C|T
By

Figure7.15 Burst DMA BusTiming

When the DMAC is activated from a DREQ pin there isa minimum interval of four states from
when the transfer is requested until the DMAC starts operating*. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode and
normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the pin
is next sampled at the end of one block transfer.

Note: * The minimum response time is also four states when the DMAC is activated by an internal
module interrupt.
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Figure 7.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU
CPU cycle DMAC cycle cycle | DMAC cycle

T, Ty T Ty T Tg Ty T Ty T Ty T Tg T1 T2

= !
w S SR S D S

' ' '
- et

" Minimum 4 states " Next sampling point

Figure7.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode
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Figure 7.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.

CPU cycle DMAC cycle CPU cycle
-

To Ty T Tyg Tp Tg To T Ty To Ty T Ty To Ty

3
_
_
_
[

|

' | |

- -t
r

" Minimum 4 states | " Next sampling point

Figure7.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 7.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block

transfer mode.

DREQ

Address
bus

TEND

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle

T T Ty T T T Ty T Ty T Ty T Tg T 1o

| Next sampling

Minimum 4 states}

Figure7.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode
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7.4.9 Multiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.

Table 7.12 shows the complete priority order.

Table7.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1

Channel 1B Low

If transfers are requested on two or more channels simultaneoudly, or if atransfer on one channel
isrequested during atransfer on another channel, the DMAC operates as follows.

When atransfer is requested, the DMAC requests the bus right. When it gets the busright, it
starts atransfer on the highest-priority channel at that time.

Once atransfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

After each transfer in short address mode, and each externally-requested or cycle-steal transfer
in normal mode, the DMAC releases the bus and returns to step 1. After releasing the bus, if
there is atransfer request for another channel, the DMAC requests the bus again.

After completion of aburst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If thereis atransfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is atransfer request for another channel, the DMAC requests the bus

again.

Figure 7.19 shows the timing when channel OA is set up for I/O mode and channel 1 for burst
mode, and atransfer request for channel OA isreceived while channel 1 is active.
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DMAC cycle CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)

Ty T Ty T Tg Tg T Ty T T T Tg Ty T Tp T

™ N -

Figure7.19 Timing of Multiple-Channel Operations

7410 External BusRequests, DRAM Interface, and DMAC

During aDMAC transfer, if the busright is requested by an external bus request signal (BREQ) or
by the DRAM interface (refresh cycle), the DMAC releases the bus after completing the transfer
of the current byte or word. If thereis atransfer request at this point, the DMAC requests the bus
right again. Figure 7.20 shows an example of the timing of insertion of arefresh cycle during a
burst transfer on channel 0.

Refresh

DMAC cycle (channel 0) ‘ cycle ‘

- -

Ty To Ty T Ty T Ty To Ty T Tg Ty T Ty T Ty To

= e s s

DMAC cycle (channel 0)

Figure7.20 BusTiming of DRAM Interface, and DMAC
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7411 NMI Interruptsand DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during atransfer in full address mode, the DMAC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI
input clearsthe DTME bit to 0. After transferring the current byte or word, the DMAC releases the
bus to the CPU. In normal mode, the suspended transfer resumes when the CPU setsthe DTME

bit to 1 again. Check that the DTE bit is set to 1 and the DTME hit is cleared to 0 before setting
the DTME bit to 1.

Figure 7.21 shows the procedure for resuming a DMAC transfer in normal mode on channel 0
after the transfer was halted by NMI inpuit.

in normal mode

2. Read DTCRB while DTME =0,
then write 1 in the DTME bit.

( Resuming DMAC transfer ) 1. Check that DTE =1 and DTME = 0.

SetDTME to 1 2

#

DMA transfer continues End

Figure7.21 Procedurefor Resuminga DMAC Transfer Halted by NM| (Example)

For information about NMI interrupts in block transfer mode, see section 7.6.6, NMI Interrupts
and Block Transfer Mode.
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7412 Abortinga DMAC Transfer

When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit isset to 1. In full address mode,
the DTME bit can be used for the same purpose. Figure 7.22 shows the procedure for aborting a
DMAC transfer by software.

( DMAC transfer abort ] 1. Clear the DTE bitto 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMAC transfer aborted

Figure7.22 Procedurefor Abortinga DMAC Transfer
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7.4.13  Exiting Full Address Mode

Figure 7.23 shows the procedure for exiting full address mode and initializing the pair of channels.
To set the channels up in another mode after exiting full address mode, follow the setup procedure
for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

v

Initialized and halted

Figure7.23 Procedurefor Exiting Full Address Mode (Example)
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7414 DMAC Statesin Reset State, Standby Modes, and Sleep M ode

When the chip isreset or enters hardware standby mode or software standby mode, the DMAC is
initialized and halts.DM A C operations continue in sleep mode. Figure 7.24 shows the timing of a
cycle-steal transfer in sleep mode.

Sleep mode
CPU cycle ! DMAC cycle ‘ DMAC cycle ‘
-~
T, Tg Tp T, T4 T Tg To T Tp T Tq

s — T

o N N

Figure7.24 Timing of Cycle-Steal Transfer in Sleep Mode
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75 Interrupts
The DMAC generates only DMA-end interrupts. Table 7.13 lists the interrupts and their priority.

Table7.13 DMAC Interrupts

Description
Interrupt Short Address Mode Full Address Mode Interrupt Priority
DENDOA End of transfer on channel OA  End of transfer on channel 0  High
DENDOB End of transfer on channel 0B — A
DEND1A End of transfer on channel 1A End of transfer on channel 1
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

Theinterrupt priority order among channelsis channel 0 > channel 1 and channel A > channel B.

Figure 7.25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and
DTIE=1.

DTE

:O|:>—> DMA-end interrupt

DTIE

Figure7.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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7.6 Usage Notes

7.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O addressregisters (MAR and I0AR).

7.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during aDMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

7.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV.L #LBL, ERO
MOV.L ERO, @MARR

Four byte accesses are performed. Note that the CPU may release the bus between the second byte
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

7.6.4 Note on Full Address M ode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.
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7.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedure in figure 7.26.

[ Enabling of DMAC ) 1. While the DTE bit is cleared to 0,
interrupt requests are sent to the

CPU.
2. Clear the interrupt enable bit to O
1 in the interrupt-generating on-chip
supporting module.
Interrupt hand- 3. Enable the DMAC.
ling by CPU No 4. Enable the DMAC-activating
\ - interrupt.

Selected interrupt
requested?

Clear selected interrupt’s 2
enable bit to 0

Enable DMAC 3

Set selected interrupt’s 4
enable bitto 1

'

DMAC operates

Figure7.26 Procedurefor Enabling DMAC while On-Chip Supporting
Moduleis Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to O to allow CPU interrupts to be requested. To continue
DMAC operations, carry out steps 2 and 4 in figure 7.26 before and after setting the DTME hit
tol.
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When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before
the DMA transfer ends. If one 16-bit timer interrupt activates two or more channels, make sure the
next interrupt does not occur before the DMA transfers end on all the activated channels. If the
next interrupt occurs before atransfer ends, the channel or channels for which that interrupt was
selected may fail to accept further activation requests.

7.6.6 NMI Interruptsand Block Transfer Mode
If an NMI interrupt occursin block transfer mode, the DMAC operates as follows.

«  When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clearsthe DTME bit to 0 and halts. The halt may occur in the middle of ablock.

Itis possible to find whether atransfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have itsinitial value, the transfer was
halted in the middle of a block.

« |If thetransfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. The
activation request is not held pending.

e Whilethe DTE bitisset to 1 and the DTME bit is cleared to O, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occursin this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither isa
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME hit to 1, set the interrupt enable bit to 1 again. See
section 7.6.5, Note on Activating DMAC by Internal Interrupts.

« Whenthe DTME bitisset to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of ablock transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

7.6.7 Memory and 1/0O Address Register Values

Table 7.14 indicates the address ranges that can be specified in the memory and 1/O address
registers (MAR and |IOAR).
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Table7.14 Address Ranges Specifiablein MAR and |OAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFFO0 to H'FFFFF H'FFFFO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.

7.6.8 Bus Cyclewhen Transfer is Aborted

When atransfer is aborted by clearing the DTE bit or suspended by an NMI that clearsthe DTME
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead
cycle may occur. This dead cycle does not update the halted channel’ s address register or counter
value. Figure 7.27 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle

aessius ) S X

D | |
34—»3
! DTE bit is |
| cleared |

Figure7.27 BusTiming at Abort of DMA Transfer in Cycle-Steal Mode

7.6.9 Transfer Requests by A/D Converter

When the A/D converter is set to scan mode and conversion is performed on more than one
channel, the A/D converter generates a transfer request when all conversions are completed. The
converted datais stored in the appropriate ADDR registers. Block transfer mode and full address
mode should therefore be used to transfer all the conversion results at one time.
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Section 8 /0 Ports

8.1 Overview

The H8/3006 and H8/3007 have 6 input/output ports (ports 4, 6, 8, 9, A, and B) and one input-only
port (port 7). Table 8.1 summarizes the port functions. The pinsin each port are multiplexed as
shownintable 8.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, port 4 has an input pull-up control
register (PCR) for switching input pull-up transistors on and off.

Ports 4, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can drive
one TTL load and a 30-pF capacitive load. Ports 4, 6 and 8 to B can drive a darlington transistor
pair. Pins P8, to P8, PA, to PA , have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
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Table8.1

Port Functions

Port Description Pins Mode 1 Mode 2 Mode 3 Mode 4
Port4 . 8-bit I/O port P4, to P4,/ Data input/output (D, to D,) and 8-bit generic input/
* Built-in input D, 1o Do output
pull-up 8-bit bus mode: generic input/output16-bit bus
transistors mode: data input/output
Port6 « 4-bit /O port P6./@ Clock output (@) and generic input
P6,/BACK Bus control signal input/output (BACK, BREQ,
P6,/BREQ WAIT) and 3-bit generic input/output
P6,/WAIT
Port7 « 8-bit I/0 port P7,/AN,/DA, Analog input (AN,, AN,) to A/D converter, analog
P7,/AN,/DA, output (DA,, DA,) from D/A converter, and generic
input
P75 to P7,/ Analog input (AN to AN,) to A/D converter, and
AN; to AN, generic input
Port 8 « 5-hit I/O port P8,/CS, DDR = 0: generic input
. P8, to P8, have DDR =1 (reset value): CS, output
Schmitt inputs
P8./IRQ,/CS,/  IRQ, input, CS, output, external trigger input
ADTRG (ADTRG) to A/D converter, and generic input
DDR = 0 (reset value): generic input
DDR = 1: CS, output
P8,/IRQ,/CS, IRQ, and IRQ, input, CS, and CS, output, and
P8./IRQ,/CS, generic input
DDR = 0 (reset value): generic input
DDR = 1: CS, and CS, output
P8,/IRQ,/RFSH  IRQ, input, RFSH output, and generic input/output
Port9 « 6-hitl/Oport  P9/IRQ/SCK,  Inputand output (SCK,, SCK,, RXD,, RXD,, TxD,,
P9,/IRQ,/SCK, TxD,) for serial communication interfaces 1 and 0
P9./RxD, (SCI1/0), IRQ, and IRQ, input, and 6-bit generic
P9,/RxD, input/output
P9,/TxD,
P9,/TxD,
242

HITACHI



Port Description Pins Mode 1 Mode 2 Mode 3 Mode 4

Port A« 8-hit I/O port PA,/TP,/TIOCB,/ Output (TP,) from pro- Address output (A,,)
grammable timing

pattern controller (TPC),

input or output (TIOCB,)

for 16-bit timer and

generic input/output

PA/TPS/TIOCA,/ TPC output (TP, to TP,), TPC output (TP, to TP,),

e Schmitt inputs Az

A, 16-bit timer input and 16-bit timer input and
PA./TP./TIOCB,/ output (TIOCA,, TIOCB,, output (TIOCA,, TIOCB,,
A, TIOCA,), and generic TIOCA)), address output
PA,/TP,/TIOCA,/ input/output (A,; 10 A,,), and generic
A, input/output
PA,/TP,/TIOCB,/ TPC output (TP, to TP,), 16-bit timer input and
TCLKD output (TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB,
PA,/TP,/TIOCA,/ TCLKA), 8-bit timer input (TCLKD, TCLKC, TCLKB,
TCLKC TCLKA), output (TEND,, TEND,) from DMA
PA,/TP,/TCLKB/ controller (DMAC), and generic input/output
TEND,

PA,/TP,/TCLKA/

TEND,

PortB « 8-hit I/O port PB,/TP,,/RXD, TPC output (TP, to TP,,), SCI2 input and output
PB//TP,,/TXD, (SCK,, RxD,, TxD,), DRAM interface output (LCAS,
PB./TP,,/SCK,/ UCAS), and generic input/output
LCAS
PB,/TP,,/UCAS

PB,/TP,,/TMIO,/ TPC output (TP,, to TPy), 8-bit timer input and
DREQ,/CS, output (TMIO,, TMO,, TMIO,, TMO,), DMAC input
PB,/TP,,/TMO,/ (DREQ,, DREQ,), CS, to CS, output, and generic
CS, input/output

PB,/TP,/TMIO,/

DREQ,/CS,

PB,/TP,/TMO/

Cs,
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8.2 Port 4

821 Overview
Port 4 is an 8-bit input/output port with the pin configuration shown in figure 8.1.

When the bus width control register (ABWCR) designates areas 0 to 7 all as 8-bit-access areas, the
chip operates in 8-bit bus mode and port 4 is a generic input/output port. When at least one of
areas 0 to 7 is designated as a 16-bit-access area, the chip operatesin 16-bit bus mode and port 4
becomes part of the data bus.

Port 4 has software-programmabl e built-in pull-up transistors.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can aso drivea
darlington transistor pair.

Port 4 pins
~— P4,/D; P4 (input/output)/D- (input/output)
e P45/Dg P4 (input/output)/Dg (input/output)
= P45/Dg P45 (input/output)/Ds (input/output)
- P4,/D, P4, (input/output)/D, (input/output)
Port 4
— P45/D3 P45 (input/output)/D3 (input/output)
~— P4,/D, P4, (input/output)/D, (input/output)
~— P4,/D, P4, (input/output)/D, (input/output)
~— P44/Dg P4, (input/output)/Dg (input/output)

Figure8.1 Port 4 Pin Configuration
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8.2.2 Register Configuration
Table 8.2 summarizes the registers of port 4.

Table8.2 Port 4 Registers

Address* Name Abbreviation R/W Initial Value
H'EE003 Port 4 data direction register PADDR w H'00
H'FFFD3 Port 4 data register P4DR R/W H'00
H'EEO3E Port 4 input pull-up control register P4APCR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘P40DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w W w W W W W W

Port 4 data direction 7 to O
These bits select input or output for port 4 pins

When all areas are designated as 8-bit-access areas by the bus controller’ s bus width control
register (ABWCR), selecting 8-bit bus mode, port 4 functions as an input/output port. In this case,
apinin port 4 becomes an output port if the corresponding PADDR bit is set to 1, and an input
port if thishit is cleared to O.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus, regardless of the PADDR settings.

PADDR isinitialized to H'00 by areset and in hardware standby mode. |n software standby mode
it retains its previous setting.

ABWCR and P4ADDR are not initialized in software standby mode. When port 4 functions as a
generic input/output port, if a PADDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 4 Data Register (P4DR): PADR is an 8-bit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of this register is output. When a bit
in PADDR isset to 1, if port 4 isread the value of the corresponding PADR bit is returned. When a
bitin PADDR iscleared to O, if port 4 is read the corresponding pin level isread.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P45 ‘ P4, ‘ P4, ‘ P4 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data7to 0
These bits store data for port 4 pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up MOS Control Register (P4PCR): P4PCR is an 8-hit readable/writable
register that controls the MOS input pull-up transistorsin port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P4,PCR ‘ P40PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up control 7to 0
These bits control input pull-up transistors built into port 4

In 8-bit bus mode when a PADDR bit is cleared to O (selecting generic input), if the corresponding
PAPCR bit is set to 1, the input pull-up transistor is turned on.

PAPCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Table 8.3 summarizes the states of the input pull-ups in each operating mode.
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Table8.3 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
8-bit bus mode Off Off On/off On/off
16-bit bus mode Off Off

Legend
Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P4PCR = 1 and P4DDR = 0. Otherwise, it is off.

8.3 Port 6

8.3.1 Overview

Port 6 is an 4-bit input/output port that is also used for input and output of bus control signals
(BACK, BREQ, WAIT) and for clock (¢) output.

The port 6 pin configuration is shown in figure 8.2.

The pinin port 6 functions are P6, (generic input)/@, P6,/BACK, P6,/BREQ, and P6,/WAIT. See
table 8.5 for the selection of the pin functions.

See Section 19, Power-Down State, for clock output pin. See Section 6, Bus Controller, for bus
control 1/0 pin (BACK, BREQ and WAIT).

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can aso drivea
darlington transistor pair.

Port 6 pins

= P67/¢ P6- (input)/e(output)

pote [~ P62/BACK P6, (input/output)/BACK (output)
~— P6,/BREQ P6, (input/output)/BREQ (input)
> PG/WAIT P6 (input/output)/WAIT (input)

Figure8.2 Port 6 Pin Configuration
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8.3.2 Register Configuration
Table 8.4 summarizes the registers of port 6.

Table8.4 Port 6 Registers

Address* Name Abbreviation R/W Initial Value
H'EE005 Port 6 data direction register P6DDR W H'80
H'FFFD5 Port 6 data register P6DR R/W H'80

Note: * Lower 20 bits of the address in advanced mode.

Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select
input or output for each pinin port 6.

Bits 7 to 3 arereserved. Bit 7 isfixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63;DDR ‘ P6,DDR ‘ P6,DDR ‘ P6,DDR ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w W W w W W w
Reserved bit Port 6 data direction 2to 0

These bits select input or
output for port 6 pins

P6-, functions as the clock output pin (@) or aninput port. P8, isthe clock input pin (¢) if the
PSTOP bit in MSTCRH is cleared to O (initia value), and an input port if thisbit is set to 1.

When P6, to P§, function as input/output ports, the pin becomes an output port if the
corresponding PEBDDR bit is set to 1, and an input port if thisbit is cleared to 0.

P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode,
it retains its previous setting. When port 6 functions as a generic input/output port, if a PEDDR bit
is set to 1, the corresponding pin maintains its output state in software standby mode.
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Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of this register is output.

Bit 7 6 5 4 3 2 1 0

‘ P6-, ‘ P6g ‘ P6g ‘ P6,4 ‘ P63 ‘ P6, ‘ P6, ‘ P6q ‘
Initial value * 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Data for port 6 pins
Bits storing data for port 1 pins

Reserved bit

Note: * Determined by pin P6+.

Bit 7 returns 1 if read when the PSTOP bit in MSTCRH is 0, and returns the logic level of pin P6,
if read when the PSTOP bit is 1. This bit cannot be modified.

Bits 6 to 3 are reserved; they can be read and written to, but cannot be used as ports.

The P6DR valueisreturned if P6DR is read while the corresponding bit (P6,DDR to P6;DDR) in
PEDDR isset to 1, and an undefined valueis returned if P6DR is read while the corresponding bit
iscleared to 0.

For bits 2 to 0, the pin logic level isreturned if the bit is read while the corresponding bit in
PEDDR iscleared to 0, and the PEDR value is returned if the bit is read while the corresponding
bitin PB(DDRisset to 1.

P6DR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table85

Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6./@ Bit PSTOP in MSTCRH selects the pin function as follows.
PSTOP 0 1
Pin function @ output P6, input
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.
BRLE 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.
BRLE 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output BREQ input
P6,/WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.
WAITE 0 1
P6,DDR 0 1 0*
Pin function P6, input P6, output WAIT input
Note: * Do not set bit P6,DDR to 1.
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8.4 Port 7

8.4.1 Overview

Port 7 is an 8-bit input-only port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 8.3
shows the pin configuration of port 7.

See section 15, A/D Converter, for details of the A/D converter analog input pins, and section 16,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~—— P7 (input)/AN- (input)/DA ; (output)
~——= P74 (input)/ANg (input)/DA o (output)
~—— P75 (input)/AN5 (input)

—— P74 (input)/AN4 (input)

Port 7
~—— P75 (input)/AN 3 (input)
~—— P7, (input)/AN, (input)
~—— P7, (input)/AN (input)

~—— P74 (input)/AN (input)

Figure8.3 Port 7 Pin Configuration

251
HITACHI




8.4.2 Register Configuration

Table 8.6 summarizes the port 7 register. Port 7 is an input-only port, and so has no data direction
register.

Table8.6 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFFD6 Port 7 data register P7DR R Undetermined

Note: * Lower 20 bits of the address in advanced mode.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P7s ‘ P75 ‘ P7, ‘ P73 ‘ P7, ‘ P7, ‘ P7 ‘
Initial value —* —* —* —* _* —* _* _*
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7q.

When port 7 is read, the pin levels are aways read. P7DR cannot be modified.
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85 Port 8

85.1 Overview

Port 8 is a 5-bit input/output port that is also used for CS; to CS, output, RFSH output, IRQ, to
IRQ, input, and A/D converter ADTRG input. Figure 8.4 shows the pin configuration of port 8.

See table 8.8 for the selection of pin functions.
See section 15, A/D Converter, for a description of the A/D converter's ADTRG input pin.

The IRQ, to IRQ, functions are selected by |ER settings, regardless of whether the pin is used for
input or output. Caution istherefore required. For details see section 5, Interrupt Controller.

When DRAM is connected to areas 2 to 5, the CS, and CS, output pins function as RAS output
pinsfor each area. For details see section 6.5, DRAM Interface.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 4

= P8,/CS, P8, (input)/ CS, (output)
«—= P83/CS;/IRQ; /ADTRG P8 (input)/CS; (output)/IRQ3 (input) / ADTRG (input)

Port8 «— P8,/CS,/IRQ, P8, (input)/CS, (output)/IRQ, (input)
~— P8,/CS;/IRQ; P8, (input/output)/CS; (output)/IRQ; (input)
~——= P8,/RFSH/IRQ, P8, (input/output)/ RFSH (output)/IRQ|, (input)

Figure8.4 Port 8 Pin Configuration
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85.2 Register Configuration
Table 8.7 summarizes the registers of port 8.

Table8.7 Port 8 Registers

Initial Value
Address* Name Abbreviation R/W Mode 1to 4
H'EEOO07 Port 8 data direction P8DDR w H'FO
register
H'FFFD7 Port 8 data register P8DR R/W H'EO

Note: * Lower 20 bits of the address in advanced mode.

Port 8 Data Direction Register (PS8DDR): PSBDDR is an 8-bit write-only register that can select
input or output for each pinin port 8.

Bits 7 to 5 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — \ — \ — \ P84DDR‘ P8;DDR \ P8,DDR \ P81DDR‘ P80DDR‘
Modes | Initial value 1 1 1 1 0 0 0 0
1to4 | Read/Write  — — — W w W W w
Reserved bits Port 8 data direction 4to 0

These bits select input or
output for port 8 pins

When bitsin PSDDR bit are set to 1, P8, to P8, become CS,, to CS, output pins. When bitsin
P8DDR are cleared to 0, the corresponding pins become input ports. Following areset P8,
functions as the CS,, output, while the other three pins are input ports.

When the refresh enable bit (RFSHE) in DRCRA isset to 1, P8 is used for RFSH output. When
RFSHE is cleared to 0, P8, becomes an input/output port according to the PBDDR setting. For
details see table 8.8.

P8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
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P8DDR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
P8DDR retains its previous setting. Therefore, when port 8 functions as an input/output port, if a
transition is made to software standby mode while a PBDDR bit is set to 1, the corresponding pin
maintains its output state.

Port 8 Data Register (P8DR): P8DR is an 8-bit readable/writable register that stores output data
for port 8. When abit in PBDDRis set to 1, if port 8 is read the value of the corresponding PS8DR
bit isreturned. When abit in PBDDR iscleared to O, if port 8 is read the corresponding pin level
isread.

Bits 7 to 5 are reserved. They cannot be modified and always are read as 1.

Bit 7 6 5 4 3 2 1 0
. — | — | — | e8| Ps; | P8 | P8 | P8
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.8

Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,CS, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
P8/CS IRQ/ADTRG Bit P8,DDR selects the pin function as follows
P8.,DDR 0 1
Pin function P8, input CS, output
IRQ, input
ADTRG input
P8,/CS,/IRQ, The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, and bit P8,DDR, select the
pin function as follows.
DRAM interface
settings (1) in table below |(2) in table below
P8,DDR 0 1 —
Pin function P8, input CS, output CS, output*
IRQ, input
Note: * CS, is output as RAS,.
DRAM interface
setting 1) 2)
DRAS2 0 1
DRAS1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1
P8.,/CS,IRQ, The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, and bit P8 DDR, select the

pin function as follows.

DRAM interface (3) in table

settings (1) in table below (2) in table below below

P8,DDR 0 1 0 1 —

Pin function P8, input | CS,output | P8,input | P8, output | CS,output*
IRQ, input

Note: * CS, is output as RAS,

DRAM interface

setting 1) 3) ) (3) )

DRAS2 0 1

DRAS1 0 1 0 1

DRASO 0 1 0 1 0 1 0 1

P8/RFSHIRQ,

Bit RFSHE in DRCRA and bit P8 DDR select the pin function as follows. If areas 2 to 5 are not
designated as DRAM space, do not set bit RFSHE in DRCRA to 1.

RFSHE 0 1
P8,DDR 0 1 —
Pin function P8, input P8, output RFSH output

IRQ, input
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8.6 Port 9

8.6.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TXD,, TXD,, RxD,, RXD,,
SCK,, SCK,) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. See table 8.10 for the selection of pin functions.

TheIRQ; and IRQ, functions are selected by | ER settings, regardless of whether the pin is used
for input or output. Caution is therefore required. For details see section 5.3.1, External Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 8.5 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can aso drivea
darlington transistor pair.

Port 9 pins

— P9 (input/output)/SCK; (input/output)/IRQ;5 (input)
«—= P9, (input/output)/SCK (input/output)/IRQ, (input)
—— P9, (input/output)/RxD; (input)

Port 9
~——> P9, (input/output)/RxDgq (input)
~—— P9, (input/output)/TxD; (output)

~— P9, (input/output)/TxDq (output)

Figure8.5 Port 9 Pin Configuration
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8.6.2 Register Configuration
Table 8.9 summarizes the registers of port 9.

Table89 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'EE008 Port 9 data direction register PODDR W H'CO
H'FFFD8 Port 9 data register PODR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (PODDR): PODDR is an 8-hit write-only register that can select
input or output for each pinin port 9.

Bits 7 and 6 are reserved. They cannot be modified and always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR ‘ P9,DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W w W w
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

When apin in port 9 becomes an output port if the corresponding PODDR bit isset to 1, and an
input port if this bit is cleared to 0.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retains its previous setting. When transition is made to software standby mode while a PODDR
bit is set to 1, the corresponding pin maintains its output state.
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Port 9 Data Register (P9DR): PODR is an 8-bit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value o