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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in
the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.

Rev.5.00 Sep. 12,2007 Page iii of xxviii
REJ09B0396-0500
RENESAS



Rev.5.00 Sep. 12,2007 Page iv of xxviii
REJ09B0396-0500

RENESAS



Preface

The H8/3006 and H8/3007 are 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-bit 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.

The on-chip supporting functions include RAM, 16-bit timers, 8-bit timers, a programmable
timing pattern controller (TPC), a watchdog timer (WDT), a serial communication interface (SCI),
an A/D converter, a D/A converter, I/O ports, and a DMA 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 offer easy implementation of compact, high-
performance systems.

This manual describes the H8/3006 and H8/3007 Group hardware. For details of the instruction
set, refer to the H8/300H Series Software Manual.
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)
All — Company name and brand names amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
5.4.2 |Interrupt 102 Figure amended
Sequence D, toD,
Figure 5.7 Interrupt
Sequence
8.7.2 Register 274 Description and note amended

Configuration

Table 8.14 Port A Pin
Functions (Modes 1 to
4)
PA/TP/TIOCB/TCLKD

Bit PWMO in TMDR, bits IOB2 to I0B0 in TIORO, bits TPSC2 to

TPSCO in 16TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to

CKSO0 in 8TCR2 of the 8-bit timer, bit NDER3 in NDERA, and

bit PA,DDR select the pin function as follows.

Notes: 2. TCLKD input when TPSC2 = TPSC1 =TPSC0 =1 in
any of 16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in
8TCR2 are as shown in (3) in the table below.

PA/TP/TIOCA /TCLKC 275

Table amended

Pin Pin Functions and Selection Method
PA/TP/ Bit PWMO in TMDR, bits IOA2 to IOAO in TIORO, bits TPSC2 to TPSCO in 16TCR2

TIOCA/ to 16TCRO of the 16-bit timer, bits CKS2 to CKS0 in 8TCRO of the 8-bit timer, bit
TCLKC NDER2 in NDERA, and bit PA,DDR select the pin function as follows.

16-bit timer
channel 0 (1) in table below (2) in table below
settings
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA, PA, TP,
input output output
TIOCA, input*'
TCLKC input**

Notes: 1. TIOCAQ input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of
16TCR2 to 16TCRO, or bits CKS2 to CKS0 in 8TCRO are as shown in
(3) in the table below.

16-bit timer
channel 0 (2) (1) 2) (1)
settings

PWMO 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —

8-bit timer
channel 0 (4) (3)
settings

CKS2 0 1
CKS1 — 0 1
CKS0 — 0 1 —
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Item Page Revision (See Manual for Details)

8.7.2 Register 276 Table amended
Configuration Pin

Pin Functions and Selection Method

Table 8.14 Port A Pin PA/TP/  Bit MDF in TMDR, bits TPSC2 to TPSCO in 16TCR2 to 16TCRO of the 16-bit timer,
. TCLKB/ bits CKS2 to CKSO0 in 8TCR3 of the 8-bit timer, bit NDER1 in NDERA, and bit
Functions (MOdeS 1to TEND, PA DDR select the pin function as follows.
4) PA,DDR 0 1 1
TEND NDER1 — 0 1
PA /TP /TCLKB/TEND,
Pin function PA, input PA, output TP, output
TCLKB input*'
TEND, output*®
Notes: 1. TCLKB input when MDF = 1 in TMDR, or TPSC2 = 1, TPSC1 = 0, and
TPSCO = 1 in any of 16TCR2 to 16TCRO, or bits CKS2 to CKSO0 in
8TCR83 are as shown in (1) in the table below.
2. When an external request is specified as a DMAC activation source,
TEND, output regardless of bits PA\DDR and NDER1.
8-bit timer
channel 3 2) (1)
settings
CKS2 0 1
CKS1 — 0 1
CKS0 — 1 —
PA/TP/TCLKA/TEND, 277 Table amended
Pin Pin Functions and Selection Method
PA/TP/  Bit MDF in TMDR, bits TPSC2 to TPSCO0 in 16TCR2 to 16TCRO of the 16-bit timer,
TCLKA/ bits CKS2 to CKS0 in 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit
TEND, PA DDR select the pin function as follows.
PA,DDR 0
NDERO — 0 1
Pin function PA, input PA, output TP, output
TCLKA input*’
TEND, output**

Notes: 1. TCLKA input when MDF = 1 in TMDR, or TPSC2 = 1, TPSC1 =0 and
TPSCO = 0 in any of 16TCR2 to 16TCRO, or bits CKS2 to CKSO0 in
8TCRO are as shown in (1) in the table below.

2. When an external request is specified as a DMAC activation source,
TEND, output regardless of bits PA DDR and NDERO.

8-bit timer
channel 1
settings

Q)

CKS2

CKS1

CKS0
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Item Page

Revision (See Manual for Details)

8.8.2 Register 281
Configuration

Port B Data Register
(PBDR):

Table 8.16 Port B Pin
Functions

PB/TP, /TMIO,/DREQ/

CS

Description amended

The DRAM interface settings by bits DRAS2 to DRASO in
DRCRA, bits OIS3/2 and OS1/0 in 8TCSR3, bits CCLR1 and
CCLRO in 8TCRS, bit CS4E in CSCR, bit NDER11 in NDERB,
and bit PB,DDR select the pin function as follows.

PB,/TP,/TMO,/CS, 282

PB,/TP,/TMIO /DREQ,/
cs

6

Table amended

Pin Pin Functions and Selection Method

PB/TP,/  The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and
TMO,/CS, 0S1/0 in 8TCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and bit PB,DDR
select the pin function as follows.

DRAM interface (1) in table below (2)in
settings table
below
0I83/2 and All0 Not all 0 -
0s1/0
CS5E 0 1 — —
PB,DDR 0 1 1 — — —
NDER10 — 0 1 — — —
Pin function PB, PB, TP, CS, TMO, CS,
input output output output output | output*

Description amended

Bits OIS3/2 and OS1/0 in 8TCSR1, bits CCLR1 and CCLRO in
8TCRO, bit CS6E in CSCR, bit NDER9 in NDERB, and bit
PB,DDR select the pin function as follows.

PB,/TP/TMO,/CS, 283

Description amended

Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit
NDERS in NDERB, and bit PB DDR select the pin function as
follows.

9.1.4 Reqgister 291
Configuration

Table 9.3 16-bit timer
Registers

Table amended

Abbre- Initial
Channel  Address*' Name viation R/W Value
Common  H'FFF64 Timer interrupt status register A TISRA R/(W)** H'88
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Item Page

Revision (See Manual for Details)

9.4.6 Setting Initial 333
Value of 16-Bit Timer

Output

Figure 9.32 Example of
Timing for Setting Initial
Value of 16-Bit Timer

Figure amended

Address bus >< TOLR address ><

Output by Writing to
TOLR
TOLR >< N
N
16-bit timer output pin >< N
10.2.3 Time Constant 357 Note added

Registers B (TCORB)

Note: * When channel 1 and channel 3 are designated for
TCORB input capture, the CMFB flag is not set by a
channel 0 or channel 2 compare match B.

10.2.4 Timer Control 359
Register (8TCR)

Bits 4 and 3—Counter
Clear 1 and 0 (CCLR1,

Bits 2 to 0—Clock
Select 2 to 0 (CSK2 to
CSKO0):

Note added

Note: When input capture B is set as the 8TCNT1 and
8TCNTS3 counter clear source, STCNTO and 8STCNT2
are not cleared by compare match B.

Description replaced

10.2.5 Timer 362
Control/Status Registers
(8TCSR)

Bit 7—Compare
Match/Input Capture
Flag B (CMFB):

Bit 6—Compare Match
Flag A (CMFA):

Note added

Note: * When bit ICE is set to 1 in 8TCSR1 and 8TCSR3, the
CMFB flag is not set when 8TCNTO = TCORBO or
8TCNT2 = TCORB?2.

Description amended

Status flag that indicates the occurrence of a TCORA compare
match

Bit 4—Reserved (In 363
8TCSR1):

Bit 4—Input Capture

Enable (ICE) (In
8TCSR1 and 8TCSR3):

Description replaced
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ltem Page Revision (See Manual for Details)
10.4.5 Operation with 373 Description amended
Cascaded Connection ...In this case, the timer operates as below. Similarly, if bits
CKS2 to CKSO are set to (100) in either 8TCR2 or 8TCRS3, the
8-bit timers of channels 2 and 3 are cascaded. ...
375 Description amended
* The OVF flag is set to 1 in 8TCSR3 when the 8-bit counter
(8TCNT3) overflows (from H'FF to H'00).
10.4.6 Input Capture 376 Note added
Setting Note: When TCORB1 in channel 1 is used for input capture,
TCORBO in channel 0 cannot be used as a compare
match register.
Similarly, when TCORB3 in channel 3 is used for input
capture, TCORB2 in channel 2 cannot be used as a
compare match register.
11.3.3 Normal TPC 406 Description amended
Output 4. Enable the IMFA interrupt in TISRA.
Figure 11.4 Setup The DMAC can also be set up to transfer data to the next
Procedure for Normal data register.
TPC Output (Example)
Figure 11.5 Normal 407 Description amended
TPC Output Example * The 16-bit timer channel to be used as the output trigger
(Five-Phase Pulse channel is set up so that GRA is an output compare register
Output) and the counter will be cleared by compare match A. The
trigger period is set in GRA.
The IMIEA bit is set to 1 in TISRA to enable the compare
match A interrupt.
13.1 Overview 425 Description amended
The H8/3006 and H8/3007 have a serial communication
interface (SCI) with three independent channels. All three
channels have identical functions. The SCI can communicate in
both asynchronous and synchronous mode. It also has a
multiprocessor communication function for serial
communication among two or more processors.
13.2.3 Transmit Shift 431 Description amended
Register (TSR) .. If the TDRE flag is set to 1 in SSR, however, the SCI does
not load the TDR contents into TSR. The CPU cannot read or
write TSR directly.
13.3.4 Synchronous 478 Description amended

Operation

* The SCI synchronizes with the serial clock input or output and
performs receive operation.
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Iltem Page Revision (See Manual for Details)

14.3.4 Register 499 Description amended

Settings With the direct convention type, the logic 1 level corresponds to
Smart Card Mode state Z and the logic 0 level to state A, and transfer is

Register (SCMR) performed in LSB-first order. In the example above, the first
Settings: character data is H'3B. The parity bit is 1, following the even

parity rule designated for smart cards.

14.4 Usage Notes 511

Note on Block Transfer
Mode Support:

Description added

The smart card interface installed in the H8/3006 and H8/3007
support an IC card (smart card) interface with provision for
ISO/IEC7816-3 T=0 (character transmission). Therefore, block
transfer operations are not supported (error signal transmission,
detection, and automatic data retransmission are not
performed).

15.1 Overview 513 Description amended
When the A/D converter is not used, it can be halted
independently to conserve power. For details see section 19.6,
Module Standby Function.
The H8/3006 and H8/3007 support 70/134-state conversion as
a high-speed conversion mode. Note that it differs in this
respect from the H8/3048 Group, which supports 134/266-state
conversion.

15.2.1 A/D Data 517 Description amended

Registers A to D The CPU can always read  the A/D data registers.

(ADDRA to ADDRD)

16.1.3 Pin 536 Table amended

Configuration

Pin Name Abbreviation 1/0 Function

Table 16.1 D/A

Converter Pins Analog ppwer AV, Input Analog power supply and
supply pin reference voltage

20.2.2 AC 581 Table amended

Characteristics ltem Symbol !

Table 20.7 Control NMIL RG pulse widih . T |

9 9 (in recovery from software standby mode)
20.3.6 Timer 603 Description amended
Input/Output Timing The timings of 16-bit and 8-bit timer are shown as follows:

A.3 Number of States 633
Required for Execution
Table A.4 Number of
Cycles per Instruction

Notes amended
Notes: 1. Not available in the H8/3006 and H8/3007.

2. nis the value set in register R4L or R4. The source
and destination are accessed n + 1 times each.
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C.3 Port 7 Block 724
Diagrams

Figure C.3 (b) Port7
Block Diagram (Pins P7,
and P7))

Figure amended

P7 n

V

C.7 Port B Block 742
Diagrams

Figure C.7 (e) PortB
Block Diagram (Pin PB,)

PBs

Figure C.7 (f) PortB 743
Block Diagram (Pin PB,)
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Revision (See Manual for Details)

Appendix H 759
Comparison of H8/300H
Series Product
Specifications

H.1 Differences

between H8/3067 and
H8/3062 Group,

H8/3048 Group,

H8/3006 and H8/3007,

and H8/3002

Table amended

H8/3067, H8/3062 H8/3048
Item Group Group H8/3006, H8/3007 H8/3002
9 AD Conversion start External trigger/8-bit External External trigger/8-bit External
converter trigger input timer compare match trigger timer compare match trigger
Conversion 70/134 134/266 70/134 134/266

states

All trademarks and registered trademarks are the property of their respective owners.
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1. Overview

Section 1 Overview

1.1 Overview

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

The H8/300H CPU has a 32-bit 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. Its instruction 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 functions include RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, I/O 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.
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1. Overview

Table 1.1  Features
Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
e 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
e 8/16/32-bit data transfer, arithmetic, and logic instructions
¢ Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
e Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
e Bit accumulator function
o Bit manipulation instructions with register-indirect specification of bit positions
Memory H8/3007
o RAM: 4 kbytes
H8/3006
o RAM: 2 kbytes
Interrupt e Seven external interrupt pins: NMI, IRQ, to IRQ,
controller

e 36 internal interrupts
o Three selectable interrupt priority levels
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1. Overview

Feature

Description

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

Short address mode

(DMAC) e Maximum four channels available
e Selection of /0 mode, idle mode, or repeat mode
e 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
e Maximum two channels available
e Selection of normal mode or block transfer mode
e 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
16-bit timer, e Three 16-bit timer channels, capable of processing up to six pulse outputs or
3 channels

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)
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1. Overview

Feature Description
8-bit timer, e 8-bit up-counter (external event count capability)
4 channels

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 o Internal reset signal can be generated by overflow
timer (WDT), e Reset signal can be output externally
1 channel
e 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

I/O ports

35 input/output pins
12 input-only pins
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1. Overview

Feature Description
Operating Four MCU operating modes
modes Mode Address Space Address Pins Initial Bus Width Max. Bus Width
Mode 1 1 Mbyte A, 0 A 8 bits 16 bits
Mode 2 1 Mbyte A, to A, 16 bits 16 bits
Mode 3 16 Mbytes A, oA, 8 bits 16 bits
Mode 4 16 Mbytes A, 0 A 16 bits 16 bits
Power-down e Sleep mode
state

e Software standby mode
e Hardware standby mode
e Module standby function

e Programmable system clock frequency division

Other features

e On-chip clock pulse generator

Product lineup

Part No. Model Package
H8/3007 5V +10% HD6413007F 100-pin QFP (FP-100B)
(V) HD6413007TE 100-pin TQFP (TFP-100B)
HD6413007FP 100-pin QFP (FP-100A)
271055V  HD6413007VF 100-pin QFP (FP-100B)
(Low voltage) - "ine413007VTE 100-pin TQFP (TFP-100B)
HD6413007VFP 100-pin QFP (FP-100A)
H8/3006 5V +10% HD6413006F 100-pin QFP (FP-100B)
(V) HD6413006TE 100-pin TQFP (TFP-100B)
HD6413006FP 100-pin QFP (FP-100A)
271055V  HD6413006VF 100-pin QFP (FP-100B)
(Low voltage)  in6413006VTE 100-pin TQFP (TFP-100B)
HD6413006VFP 100-pin QFP (FP-100A)
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1. Overview

1.2 Internal Block Diagram

Figure 1.1 shows an internal block diagram.
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Figure 1.1 Block Diagram
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1. Overview

1.3 Pin Description

1.3.1 Pin Arrangement

The pin arrangement of the H8/3006, H8/3007 FP-100B and TFP-100B packages is shown in
figure 1.2, and that of the FP-100A package in figure 1.3.
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Figure 1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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Figure 1.3 Pin Arrangement (FP-100A, Top View)
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1. Overview

1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions

Type Symbol

Pin No.

FP-100B

TFP-100B FP-100A 1/0

Name and Function

Power Ve

1,35,68 3,37,70 Input

Power: For connection to the power supply.
Connect all V pins to the system power
supply.

SS

11, 22, 13,24
44, 57, 46, 59
65, 92 67, 94

, Input

Ground: For connection to ground (0 V).
Connect all V pins to the 0-V system power

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.

61 63

Output

System clock: Supplies the system clock to
external devices.

Operating MD, to
mode MD,
control

75t073 77t0o75 Input

Mode 2 to mode 0: For setting the operating
mode, as follows. Inputs at these pins must
not be changed during operation.

MD, MD, MD, Operating Mode
0 0 0 —

0 0 1 Mode 1

0 1 0 Mode 2

0 1 1 Mode 3

1 0 0 Mode 4

1 0 1 —

1 1 0 —

1 1 1 —
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1. Overview

Type Symbol

Pin No.

FP-100B

TFP-100B FP-100A 1/0

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, 90to 87 92to 89 request pins

Address A,to A, 100to 97, 99,100, Output Address bus: Outputs address signals
bus 56to 45, 1,2,

431036 581047,

45 to 38

Databus D, toD, 34t023, 36to25, Input/ Data bus: Bidirectional data bus

21t018 23t0o20 output
Bus 37 to 2 to 5, 4107, Output Chip select: Select signals for areas 7to 0
control S, 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 D,).

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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1. Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/0 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 961093 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 GRA2 to GRAO output compare or input
capture, or PWM output
TIOCB,to 100,98, 2,100, Input/ Input capture/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
TMO, output pins
TMIO,, 3,5 57 Input/  Input capture input/compare match output:
TMIO, output Input capture input or compare match output

pins

TCLKD to 961093 981095 Input

TCLKA

Counter external clock input: These pins
input an external clock to the counters.
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1. Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A /O Name and Function
Program- TP, to 9to 2, 11to4, Output TPC output 15 to 0: 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
caion  ‘myp to 9,15,14 11,17, Input Receive data (channels 0, 1, 2): SCI data
interface :
(SCl) 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 871080 Input Analog 7 to 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).
V 77 79 Input  Reference voltage input pin for the A/D and

REF

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

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
I/O ports P4, to P4, 26t0 23, 28to 25, Input/ Port 4: Eight-bit input/output pins. The
211018 23t020 output direction of each-bit pin can be selected in the
port 4 data direction register (P4DDR).
P6,, 61t058 631060 Input/ Port6: Four-bit input/output pins. The
P6, to P6, output direction of each-bit pin can be selected in the
port 6 data direction register (P6DDR).
P7,to P7, 85t0 78 871080 Input Port7: Eight-bit input pins
P8,to P8, 91t0 87 93to89 Input/ Port 8: Five-bit input/output pins. The direction
output of each-bit pin can be selected in the port 8
data direction register (P8DDR).
P9,to P9, 17t012 19to 14 Input/ Port 9: Six-bit input/output pins. The direction
output of each-bit pin can be selected in the port 9
data direction register (PO9DDR).
PA, to 100t0 93 2,1, Input/ Port A: Eight-bit input/output pins. The
PA, 100to  output direction of each-bit pin can be selected in the
95 port A data direction register (PADDR).
PB, to 9to2 11to4 Input/ Port B: Eight-bit input/output pins. The
PB, output direction of each-bit pin can be selected in the

port B data direction register (PBDDR).
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1. Overview

1.3.3

Pin Assignments in Each Mode

Table 1.3 lists the pin assignments in each mode.

Table 1.3  Pin Assignments in 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/

X X 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 JUCAS 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,/TxD,  PB/TP/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 Vg Vg Vg Vg

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,/D,*' P4,/D,**

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 Vg Vg Vg Vg

23 25 P4,/D,*' P4,/D,** P4,/D,*' P4,/D,**
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1. Overview

Pin No. Pin Name
FP-100B
TFP-100B FP-100A  Mode 1 Mode 2 Mode 3 Mode 4
24 26 P4,/D*' P4./D_** P4/D_*" P4/D_**
25 27 P4,/D,*' P4/D ** P4,/D,*' P4,/D,
26 28 P4,/D*' P4./D, P4,/D,* P4,/D,**
27 29 D, D, D, D,
28 30 D, D, D, D,
29 31 D,, D, D, D,
30 32 D,, D,, D, D,
31 33 D, D, D, D,
32 34 D, D, D, D,
33 35 D, D, D, D,
34 36 D, D, D, D,
35 37 VCC VCC VCC VCC
36 38 A, A, A, A,
37 39 A, A, A, A,
38 40 A, A, A, A,
39 41 A, A, A, A,
40 42 A, A, A, A,
41 43 A, A, A, A,
42 44 A, A, A, A,
43 45 A, A, A, A,
44 46 Vg Vg Vg Vg
45 47 A, A, A, A,
46 48 A, A, A, A,
47 49 A, A, A, A,
48 50 A, A, A, A,
49 51 A, A, A, A,
50 52 A, A, A, A,
51 53 A, A, A, A,
52 54 A, A, A, A,
53 55 A, A, A, A,
54 56 A A A A

N
N
N
N

Rev.5.00 Sep. 12,2007 Page 15 of 764
REJ09B0396-0500

RENESAS



1. Overview

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 Vg Vg Vg Vg
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./0 P6./0
62 64 STBY STBY STBY STBY
63 65 RES RES RES RES
64 66 NMI NMI NMI NMI
65 67 Vg Vg Vg Vg
66 68 EXTAL EXTAL EXTAL EXTAL
67 69 XTAL XTAL XTAL XTAL
68 70 VCC VCC VCC VCC
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 V. Vo Vieer Ve
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.JAN,/DA,
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1. Overview

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 Ve Ve Vo Vo
93 95 PA/TP/TCLKA/ PA/TP/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/TIOCA/ PA/TP,/TIOCA/ PA/TP/TIOCA/ PA/TP/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 PA,/TP/TIOCB, PA/TP/TIOCB, PA/TP/TIOCB/ PA/TP/TIOCB,/
A, A,
99 1 PA/TP/TIOCA, PA/TP/TIOCA, PA/TP/TIOCA,/ PA/TP/TIOCA,/
A, A,
100 2 PA/TP/TIOCB, 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

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.
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2. CPU

Section 2 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-bit general
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control.

2.1.1 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-bit registers)
Sixty-two basic instructions

— 8/16/32-bit data transfer, arithmetic and logic instructions

— Multiply and divide instructions

— 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 @—ERn]
— 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
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High-speed operation

— All frequently-used instructions execute in two to four states

— Maximum clock frequency: 20 MHz
— 8/16/32-bit register-register add/subtract: 100 ns
— 8 x 8-bit register-register multiply: 700 ns
— 16 + 8-bit register-register divide: 700 ns
— 16 x 16-bit register-register multiply: 1.1 ps
— 32 + 16-bit register-register divide: 1.1us
Two CPU operating modes

— Normal mode (not available in the H8/3006 and H8/3007)
— Advanced mode
Low-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differences from H8/300 CPU

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

More general registers

Eight 16-bit registers have been added.

Expanded address space

— Advanced mode supports a maximum 16-Mbyte address space.

— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Enhanced addressing

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

Enhanced instructions
— Data transfer, arithmetic, and logic instructions can operate on 32-bit data.

— Signed multiply/divide instructions and other instructions have been added.
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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.

Maximum 64 kbytes, program
and data areas combined

Normal mode*

CPU operating modes

Maximum 16 Mbytes, program
and data areas combined

Advanced mode

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

Figure 2.1 CPU Operating Modes

Rev.5.00 Sep. 12,2007 Page 21 of 764
REJ09B0396-0500

RENESAS
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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 a linear 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 modei
Normal mode* Advanced mode

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

Figure 2.2 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 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 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

OsSNzcZxT

76543210
ccR | 1]ulH[ulN|z]v]c]

Figure 2.3 CPU Registers
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2.4.2 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 ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers 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). These registers 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.

e Address registers

e 32-bit registers e 16-bit registers o 8-bit registers
E registers
— (extended registers)
EOto E7
ER registers | ] RH registers
ERO to ER7 ROH to R7H
L R registers |
RO to R7

RL registers
ROL to R7L

Figure 2.4 Usage of General Registers
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2. CPU

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

/\_/

Figure 2.5 Stack
2.4.3 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 instructions is 2 bytes (one word) or a multiple of 2 bytes, so
the least significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

Condition Code Register (CCR): This 8-bit register contains internal CPU status information,
including the interrupt mask bit (I) 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 I bit setting. The I bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (UI): 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.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to O otherwise.
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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): Stores the 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 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times.

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

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

e 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 I and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC is initialized to a value loaded from the vector table, and the I bit
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular,
the initial 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.

Rev.5.00 Sep. 12, 2007 Page 26 of 764
REJ09B0396-0500

RENESAS
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2.5 Data Formats

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (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.

2.5.1 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 7/6/5]4/3]2/1]0] Dontcare
7 0

1-bit data RnL ' Don't care EE

7 43 o

4-bit BCD data RnH Don't care

7 43 0

4-bit BCD data RnL . Don't care

7 o
Byte data RnH I::j Don't care '
MSB s
________________ 7 0
Byte data RnL Don't care E::I
MSB LSB

Legend:

RnH: General register RH
RnL: General register RL

Figure 2.6 General Register Data Formats (1)
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General
Data Type Register = Data Format
15 0
Worddata  n L
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn | e
MSB LSB

Legend:

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

Figure 2.7 General Register Data Formats (2)
2.5.2 Memory Data Formats

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 address is regarded as 0, so the access starts at the preceding address. This
also applies to 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

/\/

7 0

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

MSB\ Il Il Il Il Il Il
LsB
MSB
LSB

/\/

Figure 2.8 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.
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2.6 Instruction Set
2.6.1 Instruction Set Overview
The H8/300H CPU has 64 types of instructions, which are classified in table 2.1.

Table 2.1 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 Bec*’, 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 Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table 2.2  Instructions and Addressing Modes
Addressing Modes
@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

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

POP, PUSH — — — — — — — — — — — — WL

MOVFPE, — — — — — — — — — — — — _

MOVTPE
Arithmetic ~ ADD, CMP BWL BwWL — — — — — — — — — — _
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 Bce, BSR — — — — — — — — — _ — _ _

JMP, JSR — — o — — — — — — o o — —

RTS — — — — — — — — o — — o —
System TRAPA — — — — — — — — — _ _ _ o
control RTE — — — — — — — — — — — — 5

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 — — — — — — — — — — o
Block data transfer — — — — — — — — — — — _ BW
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2.6.3 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

\Y 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

A AND logical

v OR logical

@ 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-bit registers (RO
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table 2.3

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 — (EAs)
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 the operand size.
B: Byte
W: Word
L: Longword
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Table 2.4  Arithmetic Operation Instructions

Instruction Size*

Function

ADD,SUB B/W/L

Rd £ Rs — Rd, Rd + #IMM — 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 +RRs + C — Rd, Rd + #lIMM + 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, B/W/L 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 x Rs - 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 x Rs - 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.

Rev.5.00 Sep. 12,2007 Page 34 of 764

REJ09B0396-0500

RENESAS



2. CPU

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 W/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 the operand size.

B: Byte
W: Word
L: Longword
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Table 2.5 Logic Operation Instructions

Instruction Size*

Function

AND B/W/L

Rd A Rs — Rd, Rd A #IMM — Rd

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

OR B/W/L

Rd v Rs - Rd, Rd v #IMM — Rd

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

XOR B/W/L

Rd © Rs — Rd, Rd @ #IMM — 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

Table 2.6  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/W/L
ROTXR

Rd (rotate) —» Rd
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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Table 2.7  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 A (<bit-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 A [ (<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 v (<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 v [ (<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 @ (<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 ® [ (<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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Table 2.8

Instruction Size

Branching Instructions

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 CvZ=0
BLS Low or same CvZ=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
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(NeV)=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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Table 2.9

Instruction Size*

System Control Instructions

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 A #IMM —» CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR v #IMM —» CCR
Logically ORs the condition code register with immediate data.

XORC B CCR @ #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

Rev.5.00 Sep. 12, 2007 Page 40 of 764

REJ09B0396-0500

RENESAS



2. CPU

Table 2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L = 0 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 (OP field), a register 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 a general 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 data in which the
first 8 bits are 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ rn ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc \ EA (disp) BRA d:8

Figure 2.9 Instruction Formats
2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit 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 O in the port 4 data direction register (PADDR) under
the following conditions.

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

The intended purpose of this BCLR instruction is to switch P4 from output to input.
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Before Execution of BCLR Instruction

P4, P4g P4y 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 ; Execute BCLR instruction on DDR

After Execution of BCLR Instruction

P4, P4g P4y P4, P4, P4, P4, P4,
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
P4DDR is a write-only register, it is read as HFF, even though its true value is H'3F.

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

As a result, P4oDDR is cleared to 0, making P4 an input pin. In addition, P47DDR and P4¢DDR
are set to 1, making P4, and P44 output pins.

The BCLR instruction can be used to clear flags in the on-chip registers to 0. In the case of the
IRQ status register (ISR), for example, a flag must be read as a condition for clearing it, but when
using the BCLR instruction, if it is known that a flag 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
2,71 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.

Table 2.11 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 @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #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: The register 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-bit
registers.

2 Register Indirect—@ERn: The register 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-bit
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 a memory 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 @-ERn:

e Register indirect with post-increment—@ERn+

The register 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.

e Register indirect with pre-decrement—@—ERn

The value 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. The result 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 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bits long (@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-bit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table 2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO0 to H'FFFFF H'FFFFOO0 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-bit (#xx:8), 16-bit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit 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): This mode is 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 JMP 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 is ignored, generating a 24-bit branch address. See figure 2.10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is O to
255 (H'000000 to H'O000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure 2.10 Memory-Indirect Branch Address Specification

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

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is 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-bit effective address.
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Table 2.13 Effective Address Calculation
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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-released 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 |

Figure 2.11 Processing States
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2.8.2 Program Execution State

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

2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to a reset, 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 times in the program execution state.

Table 2.14 Exception Handling Types and 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
Figure 2.12 Classification of Exception Sources
Bus request
End of bus release
End of bus Program execution State)SLEEP
release Bus instruction
with SSBY =0
request /' /N oo ‘
¥ Exception A
handling source
Bus-released state Sleep mode
End of Interrupf source SLEEP instruction
exception with SSBY =1

handling NMI, IRQq, IRQ 5,

O\ orIRQ; interrupt

<Exception-hand|ing state/~ 5Software standby mode >

|

ES = High

STBY = High, RES = Low .
< Reset state *1 \‘ g ‘ /Hardware standby mode 3

7 N

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.

Figure 2.13 State Transitions
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2.84 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
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 sets the I bit in the condition code register to 1. If the UE bit
is cleared to 0, the CPU sets both the I bit and the UI 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

n B | address

\/—\ \/—\

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.

Figure 2.14 Stack Structure after Exception Handling
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2.8.5 Bus-Released State

In this state the bus is released 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 bus is 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 I
bit in the condition code register is set to 1 by a reset. 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 a watchdog 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 bit is cleared to O in the system control register (SYSCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit is set 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 a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The I/O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. As in 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

2.9.1 Overview

Basic Operational Timing

The H8/300H CPU operates according to the system clock (¢). The interval from one rise of the
system clock to the next rise is referred 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.

2.9.2

On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data bus is 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.

Internal address bus

Internal read signal

Internal data bus
(read access)

Internal write signal

Internal data bus
(write access)

Bus cycle

|
L I

-— T, state %Tg state —»

e e Wl o

X Address X

3

N

Write data >—

Read data

O
——

Figure 2.15 On-Chip Memory Access Cycle
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Address bus X Add‘ress ><

AS, RD, HWR, LWR

High imbedance

D15 to Do ‘

Figure 2.16 Pin States during On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide,
depending on the internal I/O register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

|
|
[

Bus cycle

P

e
1

|
|
I
T
|
|
|
|
|

-«— T, state —»r—T,state —»<—T; state —»

!

Address bus >< Address X
Internal read signal \ /
Read ! ‘ s 1
access | | data b | !
nternal data bus :>_< Read data :
Internal write signal | ‘ ‘ / ‘
Write ‘ 1\ 1 |
access ‘ : 3 ‘
Internal data bus :>—< Write data —

Figure 2.17 Access Cycle for On-Chip Supporting Modules
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Address bus >< Address X:

AS, RD, HWR, L

py]

High impedance
D15 to Dg

Figure 2.18 Pin States during Access to On-Chip Supporting Modules
294 Access to External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area is 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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3. MCU Operating Modes

Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8/3006 and H8/3007 have four operating modes (modes 1 to 4) that are selected by the
mode pins (MD, to MD,) as indicated in table 3.1. The input at these pins determines the size of

the address space and the initial bus mode.

Table 3.1 Operating Mode Selection

Description
Operating Mode Pins Initial Bus On-Chip
Mode MD, MD, MD, 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 bit in 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 data bus is
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is 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.
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3. MCU Operating Modes

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

3.1.2 Register Configuration

The H8/3006 and H8/3007 have a mode control register (MDCR) that indicates the inputs at the
mode pins (MD, to MD,), and a system control register (SYSCR). Table 3.2 summarizes these
registers.

Table 3.2  Registers

Address* Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO012 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-bit 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
" [ — [ — ] — ] — [wos2 wost | woso
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 bits can not be modified and are always read as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.

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

SYSCR is an 8-bit register that controls the operation of the H8/3006 and H8/3007.

Bit 7 6 5 4 3 2 1 0
| SSBY | sSTs2 | STSt | STS0 | UE |NMIEG | SSOE | RAME |
Initial value 0 0 0 0 1 0 0 i

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 bit in CCR
as a user bit or an interrupt mask bit

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

Software standby
Enables transition to software standby mode

Bit 7—Software 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.

Bit7

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 2 to 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

—_
o
—_ Ol =] O| = O| —

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register as a
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 bit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the 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—Software 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 —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)

34 Operating Mode Descriptions
34.1 Mode 1

A maximum 1-Mbyte address space can be accessed. The initial bus mode after a reset is 8 bits,
with 8-bit access to all areas. If at least one area is designated for 16-bit access in ABWCR, the
bus mode switches to 16 bits.

34.2 Mode 2

A maximum 1-Mbyte address space can be accessed. The initial bus mode after a reset is 16 bits,
with 16-bit access to all areas. If all areas are designated for 8-bit access in ABWCR, the bus
mode switches to 8 bits.
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343 Mode 3

Part of port A function as address pins A, to A,, permitting access to a maximum 16-Mbyte
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. A to A,
are valid when O is written in bits 7 to 5 of the bus release control register (BRCR). (In this mode
A, is always used for address output.)

3.4.4 Mode 4

Part of port A function as address pins A, to A, permitting access to a maximum 16-Mbyte
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits. A, to A, are
valid when 0 is written in bits 7 to 5 of BRCR. (In this mode A, is always used for address
output.)

3.5 Pin Functions in 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 Functions in Each Mode

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,, AZO*2 PA, to PA,, AZO*2

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.
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3. MCU Operating Modes

3.6 Memory Map in Each Operating Mode

Figures 3.1 and 3.2 show a memory maps of the H8/3006 and H8/3007. The address space is
divided into eight areas.

The initial 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 I/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.

The internal I/O register space of the H8/3006 and H8/3007 includes a reserved area to which
access is prohibited. For details, see Appendix B, Internal I/O Registers.
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Modes 1 and 2
(1 Mbyte)

Modes 3 and 4
(16 Mbytes)

H'00000

H'000FF

HO7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EE000

HEEOFF

H'F8000

H'FEF1F
H'FEF20

HFFF00
HFFF1F
H'FFF20

H'FFFEQ
HFFFEA

H'FFFFF

Vector area

Internal 1/0O
registers (1)

External address

Internal /0
registers (2)

External
address
space

", | Hoo0000
=@ | g
33 |5
=2 |3
YS5 |2y
£% |8 8| HooooFF
>
22|28
g2 |83
28 |- ®
=8y | HOO7FFF
Area 0
””””” H'1FFFFF
Areal | Ho00000
Area 2
””””” H'3FFFFF
Area3 | 11400000
Area 4
””””” H'5FFFFF
Area5 | 11600000
Area 6
””””” H7FFFFF
Area 7 H'800000
H'OFFFFF
H'A00000
., |HBFFFFF
, |8 |HC00000
2 |8
® |S | HDFFFFF
g | | HE00000
o |3
3 |§ |HFEE000
8 o)
a8 |5
S |5 |HFEEOFF
2 &
® ¥ __ | HFF8000
H'FFEF1F
H'FFEF20
H'FFFF00
HFFFF1F
H'FFFF20
H'FFFFEQ
H'FFFFEA
H'FFFFFF

(%]
Vector area ‘g % %
55| Q a0
------------- 8|83
LS | © B
£2 =%
S |25
EC |6
28 |- ®
=0
Area 0
Area 1
Area 2
External
address Area 3
space
Area 4
Area 5
Area 6
Area 7
Internal 1/0
registers (1)
External address
space
On-chip RAM*| & 2
Q 17
------------- 4+ 2 7]
: |g
2 %
©
Internal 1/0O @ 2
registers (2) =] 2
2 |3
2 ©
External © -
address 5 el
space ® ©

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

Figure 3.1 HS8/3007 Memory Map in Each Operating Mode
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H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EE000

H'EEOFF

H'F8000

HFF71F
HFF720
H'FFF00

H'FFF1F
H'FFF20

H'FFFEQ
HFFFEA

H'FFFFF

Modes 1 and 2 Modes 3 and 4
(1 Mbyte) (16 Mbytes)
", 77 | H000000
Vector area g % 2 Vector area
25188y
------------- £33 | 3 8| HO000FF |------------1
s8i=8
s5 |82
E2|e8
o E ~ @©
| =S8y |HOoOTFFF| |
Area O
"""""""""""" H'1FFFFF
______________ Areat 11200000 [T
Area 2
“External address | ., H'3FFFFF
| _space | Area3 | hp400000 [TTTTTTTTTTT
Area 4
"""""""""""" H'5FFFFF
Area 5 BANn0n T T
_______________________ H'600000 External
Area 6 address
T Aroas | H7ZFFFFF| __Pace |
rea H'800000
Internal I/O
registers (1) HOFFFFF| |
External address H'A00000
.. Space | .
HBFFFFF|____ . _]
@ | H'C00000
&
@ o
2 3 HDFFFFF|____________|]
------------- T3 |® | HE00000
On-chipRAM* |1 £ | @
>
® |5 | HFEE00O
Internal /O 2 Q Internal /O
registers (2) 2 |3 registers (1)
2 o H'FEEOFF
External © © External address
address 3 H'FF8000 |- 5Pa%® ___|
space @® y
HFFF71F
H'FFF720
H'FFFFOO [-----------"1
On-chip RAM*
HFFFFIF| " 0P
H'FFFF20
Internal I/O
registers (2)
H'FFFFE9
H'FFFFEA External
address
space
H'FFFFFF

Memory-indirect
branch addresses

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

Figure 3.2 H8/3006 Memory Map in Each Operating Mode
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4. Exception Handling

Section 4 Exception Handling

4.1 Overview
4.1.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, 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 times in the program execution state.

Table 4.1 Exception Types and 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
Trap instruction Started by execution of a trap instruction (TRAPA)
Low (TRAPA)

4.1.2 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 bitis setto 1.

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

Note: For a reset exception, steps 2 and 3 above are carried out.

Rev.5.00 Sep. 12,2007 Page 69 of 764
REJ09B0396-0500
RENESAS



4. Exception Handling

4.1.3 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 ° Interrupts
Internal interrupts: 36 interrupts from on-chip
* Trap instruction supporting modules

Figure 4.1 Exception Sources
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address*'

Advanced Mode

Normal Mode**

Reset 0 H'0000 to H'0003 H'0000 to H'0001
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'000B H'0004 to H'0005
3 H'000C to H'000F H'0006 to H'0007
4 H'0010 to H'0013 H'0008 to H'0009
5 H'0014 to H'0017 H'000A to H'000B
6 H'0018 to H'001B H'000C to H'000D
External interrupt (NMI) 7 H'001C to H'001F H'000E to H'000F
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011
9 H'0024 to H'0027 H'0012 to H'0013
10 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 H'0050 to H'0053 H'0028 to H'0029
to to to
63 H'00FC to H'0OFF 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 is the 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 pins in 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.

e The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the I bit is set to 1 in CCR.

e 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 sequence in
modes 2 and 4.
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Figure 4.2 Reset Sequence (Modes 1 and 3)

Rev.5.00 Sep. 12,2007 Page 73 of 764

REJ09B0396-0500

RENESAS



4. Exception Handling

Internal

Vector fetch processing Prefetch of first

program instruction

JuiuyiviuiyivriryrirriUiyuuy e

<

RES / | | §

Address bus

X(S)X

b l [1 [ [

X X @

D5 to Dy (4)

HWR, LWR . High i

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

4) Start address (contents of reset exception handling vector address)
Start address
First instruction of program

—~ e~~~
vvv:v
—_—~

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

Figure 4.3 Reset Sequence (Modes 2 and 4)

4.2.3 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, 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 a reset. 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 IRQ,), and
36 internal sources in 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-bit timer, 8-bit timer, DMA controller (DMAC), serial communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NMI is the 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, to IRQ; (6)

Interrupts WDT*' (1)
DRAM interface*? (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.

Figure 4.4 Interrupt Sources and Number of Interrupts
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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 (SYSCR), the exception handling sequence sets the I bit to 1
in CCR. If the UE bit is 0, the I and UI 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, which is
specified in the instruction code.

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

\_/\J\

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.

Figure 4.5 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3006 and H8/3007 regard 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:

PUSH.W Rn (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)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

CCR sp— RIL HFFFEFA

sp— HFFFEFB

PC PC HFFFEFC

HFFFEFD

SP—> HFFFEFF

TRAPA instruction executed MOV. B R1L, @-ER7
e E— R E—
SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend:

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure 4.6 Operation when SP Value Is Odd
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5. Interrupt Controller

Section 5 Interrupt Controller

5.1 Overview
5.1.1 Features
The interrupt controller has the following features:

e 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 IPRB).

e Three-level enable/disable state setting possible by means of the I and Ul bits in the CPU's
condition code register (CCR) and the UE bit in the system control register (SYSCR)

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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5. Interrupt Controller

5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

liscR| [ IER | | IPRA,IPRB |
NMI R
input
Y Y
. IRQ input |
IRQ input section ISR
Interrupt
OVF | Priority | request
TME decision logic

Vector
) > number

TEI :

CPU

ul

TEIE i -
Interrupt controller ( lo
UE
SYSCR

Legend:

ISCR: IRQ sense control register

IER: IRQ enable register

ISR: IRQ status register

IPRA:  Interrupt priority register A
IPRB: Interrupt priority register B
SYSCR: System control register

CCR

Figure 5.1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration
Table 5.1 lists the interrupt pins.

Table 5.1 Interrupt Pins

Name Abbreviation /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

5.14 Register Configuration
Table 5.2 lists the registers of the interrupt controller.

Table 5.2  Interrupt Controller Registers

Address*'  Name Abbreviation R/W Initial Value
H'EEO012 System control register SYSCR R/W H'09
H'EEO14 IRQ sense control register ISCR R/W H'00
H'EEO15 IRQ enable register IER R/wW H'00
H'EEO16 IRQ status register ISR R/(W)** H'00
H'EEO018 Interrupt priority register A IPRA R/W H'00
H'EEO19 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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5.2 Register Descriptions

5.21 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).

SYSCR is initialized to H'09 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
\ SSBY \ STS?2 \ STST \ 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
select2to 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

Bit 3—User Bit Enable (UE): Selects whether to use the UI bit in 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)
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5. Interrupt Controller

Bit 2—NMI Edge Select (NMIEG): Selects the 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

5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.

Rev.5.00 Sep. 12,2007 Page 83 of 764
REJ09B0396-0500
RENESAS
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Interrupt Priority Register A (IPRA): IPRA is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG ‘ IPRA5 ‘ 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 A1
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel 0 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 IRQ4 interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

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

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

Bit 6

IPRAG6 Description

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

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

Bit 5

IPRA5 Description

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

Bit 4—Priority Level A4 (IPRA4): Selects the 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)

Bit 3—Priority Level A3 (IPRA3): Selects the 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)
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Bit 2—Priority Level A2 (IPRA2): Selects the priority level of 16-bit timer channel 0 interrupt

requests.

Bit 2

IPRA2 Description

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

Bit 1—Priority Level A1 (IPRA1): Selects the 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 A0 (IPRAO0): Selects the priority level of 16-bit timer channel 2 interrupt

requests.

Bit0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level O (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 0O 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 is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of 8-bit timer channel 0, 1 interrupt
requests.

Bit7

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

Bit 5—Priority Level BS (IPRBS): Selects the priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5

IPRB5 Description

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

Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel O interrupt requests.

Bit 3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level B2 (IPRB2): Selects the priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

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

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

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level 0 (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.

5.2.3 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
. — | — | IRsF | IRQ4F | IRQSF | IRQ2F | IRQIF | IRQOF |
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(Wy<  R/(W):  R/(W)<  R/(WYy  R/(WY:  R/(W)*
| |
Reserved bits IRQj to IRQ, flags

These bits indicate IRQ5 to IRQ
interrupt request status

Note: * Only 0 can be written, to clear flags.

ISR is initialized to H'00 by a reset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.
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Bits 5 to 0—IRQ, to IRQ, Flags (IRQSF to IRQOF): These bits indicate the status of IRQ, to
IRQ, interrupt requests.

Bits 5to 0
IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
e 0is written in IRQNF after reading the IRQNF flag when IRQNF = 1.

e |RQNSC =0, IRQnN input is high, and interrupt exception handling is carried
out.

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

1 [Setting conditions]
¢ |RQNSC =0 and IRQn input is low.
¢ |RQNSC =1 and IRQn input changes from high to low.

Note: n=5t00

5.2.4 IRQ Enable Register (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/wW R/W R/W R/wW R/W R/W

Reserved bits IRQ; to IRQ, enable
These bits enable or disable IRQ 5 to IRQ interrupts

IER is initialized to H'0O by a reset 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.

Bits 5 to 0—IRQ, to IRQ, Enable (IRQSE 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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5.2.5 IRQ Sense Control Register (ISCR)

ISCR is an 8-bit 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
. — | — |IRassC|IRQ4SC|IRQ3SC | IRQ2SC|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 IRQ; to IRQ, sense control
These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCR is initialized to H'00 by a reset and in hardware standby mode.

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

Bits 5 to —IRQ, 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.

Bits 5to 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 mo
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5.3 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQ,) and 36 internal interrupts.

5.3.1 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 is the highest-priority interrupt and is always accepted, regardless of the states of the I
and Ul bits in CCR. The NMIEG bit in SYSCR 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 pins IRQ, to IRQ..
The IRQ, to IRQ, interrupts have the following features.

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

e IER settings can enable or disable the IRQ, to IRQ;, interrupts. Interrupt priority levels can be
assigned by four bits in IPRA (IPRA7 to IPRA4).

e The status of IRQ, to IRQ; interrupt requests is indicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ..

IRQNSC IRQNE
i IRQNF
Edge/level - s Q IRQn interrupt
sense circuit request
S R
IRQn input f
Clear signal

Note: n=51t00

Figure 5.2 Block Diagram of Interrupts IRQ, to IRQ

5
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Figure 5.3 shows the timing of the setting of the interrupt flags IRQnF).

IRQN
input pin

IRQNF

Note: n=5t00

Figure 5.3 Timing of Setting of IRQnF

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

53.2 Internal Interrupts
Thirty-Six internal interrupts are requested from the on-chip supporting modules.

e 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 IPRB.

e 16-bit 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 I 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 a reset is the default order
shown in table 5.3.
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Table 5.3  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/D 23 H'005E to H'005F
IMIAO 16-bit timer 24 H'0060 to H'0063 IPRA2
(compare match/ channel 0
input capture A0)
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
IMIA1 16-bit timer 28 H'0070 to H'0073 IPRA1
(compare match/ channel 1
inputcapture A1)
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/TOVIH 39 H'009C to H'009F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00AO0 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'0O0AB
(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'00BF
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'00DO0 to H'00D3 IPRB3 High
(receive error 0) channel 0 A
RXIO (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'O0ES3 IPRB2
(receive error 1) channel 1

RXI1 (receive 57 H'00E4 to H'00E7

data full 1)

TXI1 (transmit 58 H'00ES8 to H'0O0EB

data empty 1)

TEN (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'00F7

data full 2)

TXI2 (transmit 62 H'00F8 to H'00FB

data empty 2)

TEI2 (transmit 63 H'00FC to H'O0FF

end 2) Low

Note: *

Lower 16 bits of the address.

Rev.5.00 Sep. 12,2007 Page 96 of 764

REJ09B0396-0500

RENESAS



5. Interrupt Controller

54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3006 and H8/3007 handle interrupts differently depending on the setting of the UE bit.
When UE = 1, interrupts are controlled by the I bit. When UE = 0, interrupts are controlled by the
I and UI bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the
UE, I, and UI bits.

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

Table 5.4  UE, I, and UI Bit Settings and Interrupt Handling

SYSCR CCR
UE | ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 — 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 IRQ, and interrupts from the on-chip supporting modules can all be
masked by the I bit in the CPU's CCR. Interrupts are masked when the I bit is set to 1, and
unmasked when the I bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5.4 is a flowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

"y

No
Interrupt requested?

Pending

Yes N o Yes N o
@ Y @

Yes
Yes
No
I=0
| Yes

Y
Save PC and CCR
| : |
| = |
]

| Read vector address |

Y

Branch to interrupt
service routine

Figure 5.4 Process Up to Interrupt Acceptance when UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit is set 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-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt request
is accepted. If the I bit is set 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 completed.

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 after the return from the
interrupt service routine.

Next the I bit is set to 1 in CCR, masking all interrupts except NML

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: The I and UI bits in the CPU's CCR and the IPR bits enable three-level masking of
IRQ, to IRQ, interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level O are masked when the I bit is set to 1, and are unmasked
when the I bit is cleared to 0.

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

For example, if the interrupt enable bits of all interrupt requests are set to 1, IPRA is set 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. IfI=0, all interrupts are unmasked (priority order: NMI > IRQ, > IRQ, >IRQ), ...).
b. If I=1 and UI =0, only NMI, IRQ,, and IRQ, are unmasked.
c. If I=1and Ul =1, all interrupts are masked except NMI.
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Figure 5.5 shows the transitions among the above states.

<0
a. All interrupts are - b. Only NMI, IRQ,, and
< unmasked > <1, U0 - C IRQ3 are unmasked

Exception handling,
orl<1,Ul <1

Ul<0

c. Allinterrupts are
masked except NMI

Exception handling,
or Ul <1

Figure 5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 is a flowchart showing how interrupts are accepted when UE = 0.

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

e When the interrupt 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 IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

e The interrupt controller checks the I bit. If the I bit is cleared to O, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the UI bit. If the I bit is set to 1 and
the UI 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 I bit and UI bit are both set to 1, interrupt
requests are held pending.

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

e 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 after the return from the
interrupt service routine.

e The I and UI bits are set to 1 in CCR, masking all interrupts except NMI.

e 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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Figure 5.6 Process Up to Interrupt Acceptance when UE = 0
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5.

Interrupt Sequence

54.2

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 via a 16-bit bus.
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Figure 5.7 Interrupt Sequence
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5. Interrupt Controller

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.

Table 5.5 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 2! 2% 2! 2! 2!
decision
2 Maximum number 1to23 1to27 1 to 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 8 123 4 6+
6 Internal processing*® 4 4 4 4 4
Total 19 to 41 31to57 43t0 73 19 to 41 25 to 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
fetch.

4. The number of states increases if wait states are inserted in external memory access.
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5. Interrupt Controller

5.5 Usage Notes

5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction

When an instruction clears an interrupt enable bit to O to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs while a BCLR,
MOV, or other instruction is being executed to clear its interrupt 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 is ignored.
This also applies to the clearing of an interrupt flag to 0.

Figure 5.8 shows an example in which an IMIEA bit is cleared to O in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU, IMIA exception handling

Internal | !
address bus >< TISRA address >< ><

Internal
write signal

IMIEA

-

IMFA interrupt
signal

Figure 5.8 Contention between Interrupt and Interrupt-Disabling Instruction

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag is cleared to 0.
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5. Interrupt Controller

5.5.2 Instructions that 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.

553 Interrupts during EEPMOYV Instruction Execution
The EEPMOV.B and EEPMOV. W instructions differ in their reaction to interrupt requests.

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

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
a transfer 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 L1l
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6. Bus Controller

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 bus to an
external device.

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

e Manages external address space in area units

— Manages the external space as eight areas (0 to 7) of 128 kbytes in 1M-byte modes, or 2
Mbytes in 16-Mbyte modes

— Bus specifications can be set independently for each area
— DRAM/burst ROM interfaces can be set
¢ Basic bus interface
— 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
e DRAM interface
— DRAM interface can be set for areas 2 to 5
— Row address/column address multiplexed output (8/9/10 bits)
— 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
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6. Bus Controller

e Burst ROM interface
— Burst ROM interface can be set for area 0
— Selection of two- or three-state burst access
e Idle cycle insertion
— An idle cycle can be inserted in case of an external read cycle between different areas

— An idle cycle can be inserted when an external read cycle is immediately followed by an
external write cycle

e Bus arbitration function

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

e Other features

— The refresh counter (refresh timer) can be used as an interval timer

6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.
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CSoto CS7 A
ABWCR
ASTCR
BCR K
[Internal address bus dArez CSCR --- Internal signals ---,
ecoder
Chip select —>i Bus mode control signali
trol signal
OO Slonas Buii(r:g&ttrol —»i Bus size control signal i
—! Access state control signal|
@ |1 Wait request signal |
Keo) e e
— g
] 3
©
£
Wait state o
N controller k=
WAIT JEN
WCRH
T
WCRL _
- Internal signals -------- '
i CPU bus request signal i BRCR k—
i DMAC bus request signal L c
1 DRAM interface bus request signal . )
| CPU bus acknowledge signal | Bus arbiter
' DMAC. bus acknowledge signal . '
| DRAM interface bus acknowledge signal ,
ACK
— BREQ
DRAM interface
L
DRAM control < DRCRA [K___ )|
DRCRB A4
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

Figure 6.1 Block Diagram of Bus Controller
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6. Bus Controller

6.1.3 Pin Configuration

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

Table 6.1 Bus Controller Pins

Name Abbreviation /0 Function

Chip select0to7  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 D,)

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. Bus Controller

6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table 6.2  Bus Controller Registers

Address*'  Name Abbreviation  R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*2
H'EEO021 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'EEO013 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'EE027 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR R/(W)**  H'07
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EEQ2A 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 Bus Width Control Register (ABWCR)

ABWCR is an 8-bit 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 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
Modes {Initial value 1 1 1 1 1 1 ] ]
1and3 |peagwrte RW RW RW RW RW RW RW  RW
Modes {Initial value 0 0 0 0 0 0 0 0
2and4 | peagwrite RW ~ RW RW RW RW RW RW  RW

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operates in 8-bit bus
mode: the upper data bus (D, to D,) is valid, 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 (D, to
D,). In modes 1 and 3, ABWCR is initialized to HFF by a reset and in hardware standby mode. In
modes 2 and 4, ABWCR is initialized to H'00 by a reset and in hardware standby mode. It is not
initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select 8-bit access
or 16-bit access for the corresponding areas.

Bits 7to 0

ABW7 to ABWO Description

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

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

ASTCR is an 8-bit readable/writable register that selects whether each area is 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 RW RW RIW RIW R/W RIW RIW RIW

Bits selecting number of states for access to each area
ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is 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 states in which external areas are accessed. On-chip memory and
registers are accessed in a fixed number of states that does not depend on ASTCR settings.

When the corresponding area is 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 bit setting.
When an AST bit is cleared to 0, programmable wait insertion is not performed.

6.2.3 Wait Control Registers H 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 a fixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL are initialized to H'FF by a reset 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 bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is set
to 1.

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)

Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits 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
wé1 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)
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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 space is accessed while the ASTS bit in ASTCR is set
to 1.

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 bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set
to 1.

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
| wat | wso | w21 | w20 | Wit | w10 | wot | woo |

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

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)

Bits 5 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 space is accessed while the 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 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w11 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)
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Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 Woo 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 0 is accessed

(Initial value)

6.2.4 Bus Release Control Register (BRCR)

BRCR is an 8-bit 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
1and2 | Read/Write — — — — — — — R/W
Modes {Initialvalue 1 1 1 0 1 1 1 0
3and4 | Read/Write RW ~ RW  RW  — — — — RW

Reserved bits

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

an external device

BRCR is initialized to H'FE in modes 1 and 2, and to H'EE in modes 3 and 4, by a reset and in
hardware standby mode. It is not initialized in software standby mode.
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Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A, address output pin. Writing
0 in this bit enables A,, output from PA,. In modes 1 and 2, this bit cannot be modified and PA,
has its ordinary port functions.

Bit7

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 as the A,, address output pin. Writing
0 in this bit enables A,, output from PA.. In modes 1 and 2, this bit cannot be modified and PA,
has its ordinary port functions.

Bit 6

A22E Description

0 PA, is the A,, address output pin

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

Bit 5—Address 21 Enable (A21E): Enables PA, to be used as the A,, address output pin. Writing
0 in this bit enables A, output from PA . In modes 1 and 2, this bit cannot be modified and PA
has its 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 3 to 1—Reserved: These bits cannot be modified and are always read as 1.

Rev.5.00 Sep. 12,2007 Page 118 of 764
REJ09B0396-0500

RENESAS



6. Bus Controller

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

Read/Write RW RW R/W R/W R/W — R/W R/W

BCR is an 8-bit readable/writable register that enables or disables idle cycle insertion, selects the
area division unit, and enables or disables WAIT pin input.

BCR is initialized to H'C6 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Idle Cycle Insertion 1 (ICIS1): Selects whether one idle cycle state is to be inserted
between bus cycles in case of consecutive external read cycles for different areas.

Bit7

ICIST 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—Idle Cycle Insertion 0 (ICIS0): Selects whether one idle cycle state is to be inserted
between bus cycles in 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)
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Bit 5—Burst ROM Enable (BROME): Selects whether area 0 is a burst 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 (BRSTS1): 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 (BRSTS0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO0 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, always read as 1.

Bit 1—Area Division Unit Select (RDEA): Selects the memory map area division units. This bit
is valid in modes 3 and 4, and is invalid 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)
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Bit —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, to CS).

If output of a chip select signal is enabled by a setting in this register, the corresponding pin
functions a chip select signal (@7 to @) output regardless of any other settings.

Bit 7 6 5 4 3 2 1 0
| os7E | cseE | cssE | cs4E | — | — | — | — |
Initial value 0 0 0 0 1 1 1 1

Read/Write R/wW R/W R/W R/W — — — —

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

CSCR is initialized to H'OF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Chip Select 7 to 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 —Reserved: These bits cannot be modified and are always read as 1.
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6.2.7 DRAM Control Register A (DRCRA)

Bit 7 6 5 4 3 2 1 0

| DRAS?2 | DRAS1 \ DRASO \ — \ BE \ RDM \ SRFMD \ RFSHE |
Initial value 0 0 0 1 0 0 0 0
Read/Write RIW RIW R/W — R/W R/W R/W R/W

DRCRA is an 8-bit 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 is initialized to H'10 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 5—DRAM Area Select (DRAS2 to DRASO0): These bits select which of areas 2 to 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.

Description
Bit7 Bit6 Bit5
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
(CSs) (CS,) (CS,)
1 DRAM space DRAM space DRAM space DRAM space
(CS,) (CS,) (CS,) (CS,)
1 0 DRAM space (CS,)* DRAM space (CS,)*

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 is set 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.
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6. Bus Controller

When an arbitrary value has been set in DRAS2 to DRASQ, a write of a different value other than
000 must not be performed.

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

Bit 3—Burst Access Enable (BE): Enables or disables burst access to DRAM space. DRAM
space burst access is 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 access is enabled for DRAM space (BE = 1), and access to DRAM is interrupted.

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

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 bit 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
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6. Bus Controller

Bit 0—Refresh Pin Enable (RFSHE): Enables or disables RFSH pin refresh signal output. If
areas 2 to 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

| MXC1 | MXCO \ CSEL ‘RCYCE‘ — \ TPC \ RCW \ RLW |
Initial value 0 0 0 0 1 0 0 0
Read/Write R/W R/W R/W R/W — R/W R/W R/W

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.

DRCRSB is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

The settings in this register are invalid when bits DRAS2 to DRASO in DRCRA are all 0.

Rev.5.00 Sep. 12,2007 Page 124 of 764
REJ09B0396-0500

RENESAS



6. Bus Controller

Bits 7 and 6—Maultiplex Control 1 and 0 (MXC1, MXCO0): 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.

Bit7 Bit6
MXC1 MXCO Description
0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space A to A,
16-bit access space A oA,
Modes 3, 4 8-bit access space A, to A,
16-bit access space A, 10 A,
1 Column address: 9 bits
Compared address:
Modes 1, 2 8-bit access space A oA,
16-bit access space A to A
Modes 3, 4 8-bit access space A, oA,
16-bit access space A to A
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space A t0A,
16-bit access space A, to A,
Modes 3, 4 8-bit access space A, t0A,
16-bit access space A to A,
1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selects the 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 (RCYCE): 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) is to
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

RCWwW Description

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

Bit 0—Refresh Cycle Wait Control (RLW): Controls wait state (T,,,) 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 (T,,) insertion disabled (Initial value)
1 One wait state (T,,,) inserted
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6.2.9 Refresh Timer Control/Status Register (RTMCSR)

Bit 7 6 5 4 3 2 1 0

| cMF | oMIE | cks2 | cKkst [ ckso | — | — | —
Initial value 0 0 0 0 0 1 1 1
ReadWrite  RA(W)* RW  RW  RW  RW — — —

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 are initialized to O by a reset and in the standby modes. Bits 5 to 3 are
initialized to O by a reset and in hardware standby mode; they are not initialized in software
standby mode.

Note: Only O 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]
e When the chip is reset and in standby mode
e 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 is set to 1 in RTMCSR. The CMIE bit is always cleared to 0 when
any of areas 2 to 5 is designated 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
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6. Bus Controller

Bits 5 to 3—Refresh Counter Clock Select (CKS2 to CKSO0): 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 CKS0, RTCNT begins counting up.

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 —Reserved: These bits cannot be modified and are always read 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 is incremented by an internal clock selected by bits CKS2 to CKS0O in 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 is set to 1 at this time, a refresh cycle is started.
Also, if the CMIE bit in RTMCSR is set to 1, a compare match interrupt (CMI) is generated.

RTCNT is initialized to H'0O by a reset and in standby mode.
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6.2.11 Refresh Time Constant Register (RTCOR)

Bit 7 6 5 4 3 2 1 0
L | | | | |

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 sets the RTCNT compare-match interval.

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

RTCOR is initialized to H'FF by a reset and in hardware standby mode. It is not 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 0 to 7. Each area has a size of 128 kbytes in 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'1FFFFF
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'5FFFF 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'9FFFF H'9FFFFF
H'A0000 H'A00000

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)

Figure 6.2 Access Area Map for Each Operating Mode

Chip select signals (@0 to @7) 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.

Rev.5.00 Sep. 12,2007 Page 130 of 764
REJ09B0396-0500

RENESAS



6. Bus Controller

H'000000 2
Area 0 Area 0 2
2 Mbytes 2 Mbytes =
H1FFFFF o
H'200000 @
Area 1 Area 1 _‘%
2 Mbytes 2 Mbytes S
H'3FFFFF o
H'400000 ®
Area 2 _‘%
2 Mbytes =
y Area 2 ~
H'5FFFFF 8 Mbytes &
H'600000 2
Area 3 B
2 Mbytes =
H7FFFFF o
H'800000 »
Area 4 ‘3
2 Mbytes =
HOFFFFF o
H'A00000 "
Q
Area 5 _%‘
2 Mbytes =
HBFFFFF o
H'C00000 "
Area 6 Area 3 %
2 Mbytes 2 Mbytes §
H'DFFFFF o
H'E00000 Area7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
Internal I/O registers (1) Internal I/O registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
A ] —_
H'FF8000 Area 5
WFFSFFF| 4 kbytes
H'FF9000
Area 7 Area 6 2
67.5 kbytes 23.75 kbytes _‘C;’
=
2 o
HFFEF1F 02
= ©
H'FFEF20 2%
o 0
o 0
Qoo
<35
On-chip RAM On-chip RAM T
4 kbytes 4 kbytes*
HFFFEFF| _ _ | _____ 4.
HFFFFO0 T
HFFFF1F 2
HFFFF20 Lo
Internal I/O registers (2) Internal I/O registers (2) ° 2
HFFFFEQ s
HFFFFEA Area 7 Area 7 3
S 22 bytes 22 bytes 1

(a) Memory map when RDEA = 1

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

(b) Memory map when RDEA =0

Figure 6.3 Memory Map in 16-Mbyte Mode (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.

Bus Width: A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is 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 area for
which two-state access is selected functions as a two-state access space, and an area for which
three-state access is selected functions as a three-state access space.

DRAM space is 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 is cleared to O for DRAM space, a program wait (T —T_, wait) is not inserted. Also,
no program wait is inserted in burst ROM space burst cycles.

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

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

ABWn ASTn Wn1 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 0
0 0 0

1 1

1 0 2

1 3

6.3.3 Memory Interfaces

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

An area for which the basic bus interface is designated functions as normal space, an area for
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 (@0 to @7) that
goes low when the corresponding area is selected. Figure 6.4 shows the output timing of a CSn
signal.

Output of CS, to CS,: 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§,
1/0 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 @4 to @7 in the input state. To output chip select signals @4
to @7, the corresponding CSCR bits must be set to 1. For details, see section 8, I/O Ports.

o L

Address bus >< External address in area n ><

CSn

Figure 6.4 CSn Signal Output Timing (n = 0 to 7)

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

6.4 Basic Bus Interface

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
(see table 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 (D, to D,) 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.
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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 (D, to D,) is always used for accesses. The amount of data that
can be accessed at one time is one byte: a word access is performed as two byte accesses, and a
longword access, as four byte accesses.

Upper data bus Lower data bus

Bytesize |IIIIIII|

[ 1st bus cycle |

Word size

| 2nd bus cycle |

[ 1st bus cycle

Longword size

3rd bus cycle

N
2nd bus cycle |::::::
L.
L.

L 4th bus cycle

Figure 6.5 Access Sizes and 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, to D,) and lower data bus (D, to D,) are used for
accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword access is executed as two word accesses.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
|D15 D8ID_7 _____________ I;)QI
Byte size - Even address | : : : : : : : |
Byte size - Odd address | |
Word size | — T | — T |

Longword size |:1stbuscycle | : : : : : : : : : : : : : :

2nd bus cycle |

Figure 6.6 Access Sizes and Data Alignment Control (16-Bit Access Area)
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6.4.3 Valid Strobes
Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.
In a read, the RD signal is valid for both the upper and the lower half of the data bus.

In a write, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table 6.4 Data Buses Used and Valid Strobes

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

The initial state of each area is 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 bus interface or burst ROM interface can be selected for area 0.
The size of area 0 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3 and 4.

Areas 1 and 6: When area 1 and 6 external space is accessed, the CS, and CS, pin signals
respectively can be output.
Only the basic bus interface can be used for areas 1 and 6.
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The size of areas 1 and 6 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3 and 4.

Areas 2 to 5: When area 2 to 5 external space is accessed, signals CS, to CS, can be output.

Basic bus interface or DRAM interface can be selected for areas 2 to 5. With the DRAM interface,
signals CS, to CS, are used as RAS signals.

The size of areas 2 to 5 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3 and 4.

Area 7: Area 7 includes the on-chip RAM and registers. The space excluding the on-chip RAM
and registers is 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 bus interface can be used for the area 7 memory interface.

The size of area 7 is 128 kbytes in 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 data bus (D, to D) is used in accesses to these areas. The LWR
pin is always high. Wait states can be inserted.

I I
j«———— Buscycle ——

T4 ! T2 | Ts

S e B e B

Address bus X Exte'rnal address in area n
1
1
cs, _l

AS |

|“>_<“_“_

i
1
1
1
! i
! | 1
! 1
i i
1 r—
RD | :
1
1 ! 1
1 1
Read access { D1sto Ds : : Valid |
1
: ! 1
1 1
1
D7to Do ! . Invalid |
: ! 1
1 1
HWR | | | !
1 L 1
1 ! ! 1
| ! ! |
LWR i High ! ! i
1 ! ! 1
Write access ! | | |
DistoDsg —+— | Valid ! N—
| | | |
! .
| D7to Do —:—( i Undetermined data !
' .
' 1

Note: n=7100

Figure 6.7 Bus Control 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 data bus (D, to D,) is used in accesses to these areas. The LWR
pin is always high. Wait states cannot be inserted.

l«——— Buscycle ——»
1

I

! T1 | T2 !

¢ [ 1 L

I I

1 ! !

Address bus 'X.External address in area n EX

I I

I I

= ]
ﬁ:|

1

1

1

1

i

1

1

1

1

1

1

1

1

1

1

1

:

1

; Invalid

:

e _I_l_i_,_‘_

1

1

1

1

1

1

1

|

:
d

i

Read access { Disto Dg

D7to Do

LWR High

Write access

1T

Valid

Disto Dg ——
1
1
1
1

| D7to Do —‘—( Undetermined data

Note: n=7100

Figure 6.8 Bus Control 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 (D, to D) 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.

I I
j«————— Buscycle ——

1
' T ' T3
1

S s

|“>_<“_“_

1
1
Address bus X Even external address in area n
I I T
| 1 1
1 1
CSh | | |
1 T T
1 ! ! 1
1 1
s T L S
1 T T 1
1 ! ! 1
1 1 r—
RD | | | |
! : : '
Read access { Disto Dg i E E @—
! ! ! !
: ! ! 1
[l | 1
[ 1
HWR i ! [ |
| ! . |
| ! ! |
LWR i High 1 | |
1 ! ! 1
Write access ! | | |
DistoDg —— | Valid_! —
1 ! ! 1
1 ! ! 1
! .
| D7to Do —:—( i Undetermined data D—
' .
' 1

Note: n=7t00

Figure 6.9 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Access to Even Address)
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Read access

Write access

<«———— Buscycle ——————»

Undetermined data

Ti ' Te ' Ts X
N I |
1 I | ! | 1
1 1 1 1
Address bus X Odd external address in area n EX
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Note: n=7t0 0

Figure 6.10 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Access to Odd Address)
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Figure 6.11 Bus Control 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 D,) 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.

l«——— Buscycle ——»
1

! T1 ' T2

¢ [ | |

1

1

1

1 1

1 ! |
Address bus X Even external address in area nEX
1 ! 1
1

= ]
ﬁ:|

Read access { DistoDsg

AWR | |

D7to Do

1
1
LWR | High
I
Write access X
Disto Dg ——— Valid —
I I
1 ! 1
! .
| D7to Do ' Undetermined data D—
I ' [

Note: n=7100

Figure 6.12 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Access to Even Address)
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l«——— Buscycle ——»
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1
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|
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1
:
HWR High i
|
1
LWR | | |
i
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L D7to Do

|
il

Note: n=7100

Figure 6.13 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Access to Odd Address)
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Wait Control

Figure 6.14 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3)

(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.
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Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external space is accessed in this state, a program wait is first inserted. If the
WAIT pin is low at the falling edge of ¢ in the last T, or T, state, another T, state is inserted. If
the WAIT pin is held low, T, states are inserted until it goes high.

This is useful when inserting four or more T,, states, or when changing the number of T, states for
different external devices.

The WAITE bit setting applies to 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
T4 | T2 | Tw | Tw | Tw | T3
I

WAIT

%é

Address bus

s | [
m | [
Read access
Data bus { Read data }-
[ FwR, TWR | [
Write access
Data bus —— Write data >

Note: ¥ indicates the timing of WAIT pin sampling.

Figure 6.15 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
signal (RAS, UCAS, LCAS, W) output, address multiplexing, and refreshing, that direct
connection of DRAM. In the expanded modes, external address space areas 2 to 5 can be
designated as DRAM space accessed via the DRAM interface. A data bus width 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. In the 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 DRASO, a write of a different value other than
000 must not be performed.

Table 6.5  Settings of Bits DRAS2 to DRASO and Corresponding DRAM Space
(RAS Output Pin)

DRAS2 DRAS1 DRASO Area5 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 (@2)*
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: * A single 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 space is accessed, the row address and column address are multiplexed. The address
multiplexing method is selected with bits MXC1 and MXCO in DRCRB according to the number
of bits in the DRAM column address. Table 6.6 shows the correspondence between the settings of
MXCI1 and MXCO and the address multiplexing method.

Table 6.6  Settings of Bits MXC1 and MXCO0 and Address Multiplexing Method

Column
DRCRB Address Address Pins
MXC1 MXCO Bits A oA, A, A, A, A, A, AL A A A A A A A,
Row 0 0 8 bits A oA, A*A, A, A, A, A, A, A, A, A, A, A, A,
address 1 9bits  A,toA, A, AjA, A, A, A, A, A, A, A, A, A, A,
1 0 10bits A toA, A, A, A*A, A, A, A, A, A, A, A, A, A,
1 lllegal _ = = = = = = = — = = — — —
setting
Column — — @ — A oA, A, A, A, A, A, AL A A A 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 space is set to 1, that area is
designated as 8-bit DRAM space; if the bit is cleared to 0, the area is designated as 16-bit DRAM
space. In 16-bit DRAM space, x 16-bit organization DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D to D,, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D, to D, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.4.2, Data
Size and Data Alignment.
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6.5.5 Pins Used for DRAM Interface
Table 6.7 shows the pins used for DRAM interfacing and their functions.

Table 6.7 DRAM Interface Pins

With DRAM

Pin Desighated Name /10 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 access
strobe 2

CS, RAS, Row address Output  Row address strobe for DRAM space access
strobe 3

CS, RAS, Row address Output  Row address strobe for DRAM space access
strobe 4

CS, RAS, Row address Output  Row address strobe for DRAM space access
strobe 5

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,toD, D, toD, Data 1/0 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 access timing 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 bits in
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 0, wait states
cannot be inserted between T, and T , in the DRAM access cycle.
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If a DRAM read/write cycle is followed 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.

Row

High

CSn (RAS)

PB4 /PB5
(UCAS / LCAS)

Read access .

D(WE) High

Disto Do

PB4 /PB5
(UCAS / LCAS)

Write access

L W

e R B e e ERnGEt EEEEEES EERTERE ERE S

Note:n=21t05

Figure 6.16 Basic Access Timing (CSEL = 0 in DRCRB)
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6.5.7 Precharge 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 space is 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.

When the TCP bit is set to 1, two Tp states are also used for CAS-before-RAS refresh cycles.

\ 1 1 1 1 1
L Tp P T Tr i Ta | T2
' i i i i i
s O
| 1 1 | 1 1
) 1 I I 1
Aoz to Ao .x ! X Row A Column [ ,x
! | | | i A
A i e i :
1 1 1 1 1 i
I : : i i _—
CSn (RAS) i i | |
- | | i i i
1 1 1 1
PB4 /PB5 T : : ! —
(UCAS /LCAS) i i i l—;i
' | | | i i
Read access RD(WE) i i High i i i
— 1 1 1 1 1
I I R
1
D15 to Do i T T T i :
— : : : . .
PB4 /PB5 ; ; ; . I‘ l_
(UCAS /LCAS) _I i i i i i
! | | | i i
! | | | i i
Write access RD(WE) _l : : ! E i
1
A | | | i |
— i i i : 1
D15t Do ! } T i ( i 9_
— ; ; L |

Note:n=2t05

Figure 6.17 Timing with Two Precharge States (CSEL = 0 in DRCRB)
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6.5.8 Wait Control

In a DRAM 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 1 in 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 O to 3 T_ states can be inserted between the T,
state and T, state by means of settings in WCRH and WCRL.

Figure 6.18 shows an example of the timing for wait state insertion.

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.

DT 0 Tr U Tw  Te 0 Tw i Twl Te

%
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>
8
g
>
o
S<--

1 1 1 1
1 1 1 1
1 1 1 1
1 L | 1
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1 1 1 1 1 1 1
1 1 1 1 1 1 1
. T T LE— T T T T
AS P pHigh &b
i i i i | | i
1 1 1 1 1
CSn(RAS) :l i i : : ' '
i i ' i i v v i
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
PB4 /PB5 f 7 y 7 i i i 'I—
—_— 1 1 1 1 1 1
Read access { (UCAS/LCAS) _! i | E E E E !
e — 1 1 1
et R N R T A N N
1 1 1
D15 to Do : : : E E E { Read data :}—
i 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 1 1 1 1 1
1 1 1 1 1 1 1 1
PB4 /PB5 ' 5 5 ' ' ' ' |
1 1 1
e T R N
Write access ! ! ! ! 1 1 1 !
RD(WE) H H i i i H H
| i i i 7 v v i
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
i i i L . T '
D15 to Do * * * ! \ E Wri:te data E :>—
1 1 1
Note:n=2to 5

Figure 6.18 Example of Wait State Insertion Timing (CSEL = 0)
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6.5.9 Byte Access Control and CAS Output Pin

When an access is made to DRAM space designated as a 16-bit-access area in ABWCR, column
address strobes (UCAS and LCAS) corresponding to the upper and lower halves of the external
data bus 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 as the 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.

When an access is made to DRAM space designated as an 8-bit-access area in ABWCR, only
UCAS is output. When the entire DRAM space is designated as 8-bit-access space and CSEL = 0,
PBS5 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, also, an idle cycle (Ti) is
always inserted when an external access to other than DRAM space occurs after a DRAM space
access. For details, see section 6.9, Idle Cycle.

Table 6.8  CSEL Settings and UCAS and LCAS Output Pins

CSEL UCAS LCAS
0 PB4 PB5
1 HWR LWR

Figure 6.19 shows the control timing.

Rev.5.00 Sep. 12,2007 Page 153 of 764
REJ09B0396-0500

RENESAS



6. Bus Controller

1 1 1 1 1

| To | Tr | Tet | Teo |

1 1 1 1 1

1 1 1 1 1
! 1 [—

¢ J
' : : : :
Aoz to Ao :x X Row X Column i X

i i i i i

1 1 1 1 1
1 1 1 pr——

—_— —— 1 1 1
CSn (RAS) ! | ! i
_. i i i i
1 1 1 1 I
PB4(UCAS) | ' '

Byte control : i i i i

PB5(LCAS) : : : !

. | | | |

o 1 1 1 1 1
RD(WE) : | | —

1 1 1 1

1 1 1 1

— 1 1 T 1

! ! ! ! !

Note:n=2t0 5

Figure 6.19 Control Timing (Upper-Byte Write Access When CSEL = 0)
6.5.10  Burst Operation

With DRAM, in addition to full access (normal access) in which data is accessed by outputting a
row address for each access, a fast 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.
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Figure 6.20 Operation Timing in Fast Page Mode
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Table 6.9  Correspondence between Settings of MXC1 and MXCO Bits and 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 10 A8
1 0 16 bits A19 to A10
1 8 bits A19 to A9
1 0 0 16 bits A19 to A1
1 8 bits A191to A10
1 — — 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 A1
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, as long 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.

e RAS Down Mode
To select RAS down mode, set the BE and RDM bits to 1 in DRCRA. If access to DRAM
space is interrupted 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 the timing in RAS down mode.
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Figure 6.21 Example of Operation Timing in 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. The timing in these cases is shown in figure 6.22.

— When DRAM space with a different row address is accessed
— Immediately before a CAS-before-RAS refresh cycle
— When the BE bit or RDM bit is cleared to 0 in DRCRA

— Immediately before release of the external bus
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I DRAM access cycle !
1 1

o T LML L

RASH A

(a) Access to DRAM space with a different row address

, CBR refresh cycle

Uy UL

RASN A

(b) CAS-before-RAS refresh cycle

,  DRCRA write cycle

RASN

(c) BE bit or RDM bit cleared to 0 in DRCRA

I I External bus released I

I
1
RASn A i High-impedance S
I
1

(d) External bus released

Note:n=21t05

Figure 6.22 RASn Negation Timing when RAS Down Mode Is 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 a refresh
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
ﬁ, a device other than DRAM is connected to external space, and HWR and LWR are
used as write strobes.

RAS Up Mode

To select RAS up mode, clear the RDM bit to 0 in DRCRA. Each time access to DRAM space
is interrupted and another space is accessed, the RAS signal returns to the high level. Burst
operation is only performed if DRAM space is continuous. Figure 6.23 shows an example of
the timing in RAS up mode.

External space
DRAM access DRAM access access

I I
Tp Tr T | T | T Te o Ty T2
1 1

e B

1 L
Az to Ao :EX X

CSn(RAS)

R S e

1
D15 to Do 1)

1

1

1

PB4/PB5 _l !
(UCAS/LCAS) !
i

1

1

L

N

Note:n=2to 5

Figure 6.23 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 bit to 1 in
DRCRB.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKSO in
RTMCSR, and a refresh request is generated when the count matches the value set in RTCOR
(compare match). At the same time, RTCNT is reset and starts counting up again from H'00.
Refreshing is thus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKSO0. A
refresh cycle is executed after this refresh request has been accepted and the DRAM interface has
acquired the bus. Set a value in 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 CKSO are set. RTCNT and RTCOR settings should
therefore be completed before setting bits CKS2 to CKSO.

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
RTCOR  ------ C ————————————————————————————————————————————————
H'00
Refresh request |_| |_| |_| |_| |_|

Figure 6.24 RTCNT Operation
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: L

RTCNT N X H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure 6.25 Compare Match Timing

Trp Tr1 Tr2

Arlea 2 start address

Address bus

R

1
1 1
1 1
1 1
CSh(RAS) ! !
—I : 1
1 1 1
PB4/PB5
(UCAS/LCAS) __
| | |
1 1 :
RD(WE) _l High :
| | |
1 ! 1
I ! 1
RFSH | | |
| | !
. | . .
AS i High i i
1 ! 1 1

Figure 6.26 CBR Refresh Timing (CSEL =0, TPC =0, RLW =0)

The basic CBS refresh cycle timing comprises three states: one RAS precharge cycle (T,,) state,
and two RAS output cycle (T,,, T,,) 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. This does not affect the timing of UCAS and LCAS output.

Rev.5.00 Sep. 12,2007 Page 161 of 764
REJ09B0396-0500

RENESAS
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Use the RLW bit in DRCRB to adjust the RAS signal width. A single refresh wait state (T,,,) can
be inserted between the T, state and T,, state by setting the RLW bit to 1.

The RLW bit setting is valid only for CBR refresh cycles, and does not affect DRAM read/write
cycles. The number of states in the CBR refresh cycle is not affected by the settings in 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 TrRw Tre

Area 2 start address
1

Address bus

I T

1
: |
CSq(RAS) i i
— | |
' i i A S
PB4/PB5 ! ! !
(UCAS/LCAS) — ! ! !
= ; ; ; ; ;
RD(WE) | High | i |
] 1 1 1 1
| : | | |
1 1 | 1 1 1
1 1 | : : 1
RFSH : : \ ! !
1 1 : | |
: : ! : :
_ 1 1 1 1
AS | | | |
1 1 1 1
1 1 1 1

High
i

Figure 6.27 CBR Refresh Timing (CSEL =0, TPC =1, RLW =1)

DRAM must be refreshed immediately after powering on in order to stabilize its internal state.
When using the H8/3006 and H8/3007 CAS-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
DRAS?2 to DRASO have been set in DRCRA.

Rev.5.00 Sep. 12,2007 Page 162 of 764
REJ09B0396-0500

RENESAS




6. Bus Controller

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as a kind 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 1 in DRCRA. When a SLEEP instruction is
subsequently executed in order to enter software standby mode, the CAS and RAS signals are
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.
The following conditions must be observed when the self-refresh function is used:

e When burst access is 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 The instruction 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
mode time

! I I

1
1
1
o LT L ’ | T L LT
i !
Address bus D High-impedance : T
! 1
! 1
CSn(RAS) | |
| |
PB4(UCAS) | | —
PB5(LCAS) | i i
RD(WE) I i i
! 1
RFSH : |
1

Figure 6.28 Self-Refresh Timing (CSEL = 0)
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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 Examples of 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

e Figure 6.29 shows typical interconnections when using two 2-CAS type 16-Mbit DRAMs
using a x 16-bit organization, and the corresponding address map. The DRAMs used in this
example are of the 10-bit row address x 10-bit column address type. Up to four DRAMs 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 U U x 16-bit organization
==
= = <
CS2 (RAS2) RAS
CS3 (RAS3)
PB4 (UCAS) UCAS
PB5(LCAS) LCAS
RD (WE) ] WE No.1
A10-A1 | | | | | | A9-A0
D15-DO D15-DO
OE
—— RAS
UCAS
LCAS
WE No.2
A9-A0
D15-DO
OE
(a) Interconnections (example) HT
PB4 PB5
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 DRAM (No. 1) CS2 (RAS2)
H'5FFFFE
H'600000
Area 3 DRAM (No. 2) CS3 (RAS3)
H'7FFFFE
H'800000
Area 4 Normal CS4
H'9FFFFE
H'A00000
Area 5 Normal CS5
H'BFFFFE

(b) Address map

Figure 6.29 Interconnections and Address Map for 2-CAS 16-Mbit DRAMs with x 16-Bit
Organization
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e 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 a common RAS
output pin for area 2 and area 3. When the DRAM address space spans a number of contiguous
areas, as in this example, the appropriate setting of bits DRAS2 to DRASO enables a single CS
pin to be used as the common RAS output pin for a number 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 x 8-bit organization
% ==
CS2 (RAS2) RAS
PB4 (UCAS) CAS
PBS5 (LCAS)
RD (WE) ] 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)
87 0
H'400000
Area 2 CS2(RAS2)
H'5FFFFE DRAM DRAM
H'600000 | (No.1) T (No.2)7
Area 3
H'7FFFFE
H'800000
Area 4 Normal Cs4
HOFFFFE
H'A00000
Area 5 Normal CS5
HBFFFFE

16-Mbyte mode

(b) Address map

Figure 6.30 Interconnections and Address Map for 16-Mbit DRAMs with 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 DRAMs 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 a single 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 1 X 16-bit organization
=3 _D:EE
— > = —_—
CS2 (RAS2) RAS
PB4 (UCAS) UCAS
PB5 (LCAS) LCAS
RD (WE) WE No.1
RFSH
A19
B R
D15-DO D15-D0O OE
i B
UCAS
LCAS
WE No.2
A8-A0
D15-D0O
OE
(a) Interconnections (example) HT
PB4 PB5
(UCAS) (LCAS)
15 87 0
H'400000 T
DRAM (No.1)
H'47FFFE )
H'480000 )
DRAM (No.2)
H'4FFFFE ) R —
Area 2 H'500000 CS2 (RAS2)
Not used
H'5FFFFE

16-Mbyte mode
(b) Address map

Figure 6.31 Interconnections and Address Map for 2-CAS 4-Mbit DRAMs with 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

Figure 6.32 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 a bus cycle is extended by means of wait state insertion. Refreshing must therefore be
performed by other means in these cases.

If a refresh request is generated internally while the external bus is released, the first request is
retained and a single refresh cycle will be executed after the bus-released state is cleared.
Figure 6.33 shows the bus cycle in this case.

When a bus cycle is 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 a transition is
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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Similar contention in a transition to self-refresh mode may prevent dependable strobe
waveform output. This can also be avoided by clearing the BRLW bit to 0 in 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.

RFSH

Refresh
request

BACK

External bus released

Refresh cycle . CPU cycle . Refresh cycle

@
))

L)

gy
[

-

(4

Figure 6.33

Bus-Released State and Refresh Cycles

Software standby mode

BACK

Address bus

Strobe

Figure 6.34 Bus-Released State and Software 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)

Address bus { X @SP
RAS |

CAS |

D
w

Figure 6.35 Self-Refresh Clearing
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 CKS0O 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.
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RTCNT N >< H'00

RTCOR N

signal

CMF

Compare match | |

Figure 6.36 Timing of CMF Flag Setting

Operation in Power-Down State: The interval timer operates in 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 Write and Counter Clear: If a counter clear signal occurs in the
T, state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See figure 6.37.

Address bus X RTCNT address ><
Internal write signal | |

Counter clear signal

RTCNT N >< H'00

Figure 6.37 Contention between RTCNT Write and Clear
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Contention between RTCNT Write and Increment: If an increment pulse occurs in the T, state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 6.38.

T4 To T3

Address bus >< RTCNT address ><

Internal write signal

RTCNT input clock

RTCNT N >< 4 M

Counter write data

Figure 6.38 Contention between RTCNT Write and Increment

Contention between RTCOR Write and Compare Match: If a compare match occurs in the T,
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
See figure 6.39.
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Address bus X RTCOR address ><

Internal write signal

RTCNT N X N+1
RTCOR N X -
/
RTCOR write data
[ A
Compare match signal | i AN
Inhibited

Figure 6.39 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Source 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 CKS0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in
case No. 3 in table 6.10, the switchover will be regarded as a falling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table 6.10 Internal Clock Switchover and RTCNT Operation

No.

CKS2 to CKS0

Write Timing RTCNT Operation

1 Low —Low .
switchover! |
Old clock source i
1
1
:
New clock source i
1
|
1
RTCNT clock !
!
1
i

RTCNT N Xi Ne1
i
1

CKS bits rewritten
2 Low — High
switchover2

Old clock source | | |

New clock source

RTCNT clock |_|

RTCNT N X N+

Y

1
CKS bits rewritten
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No. | CKs2to CKSO .
Write Timing RTCNT Operation
3 High— Low
4 ")
switchover Old clock source
New clock source
RTCNT clock
RTCNT
4 High— High |
switchover« 7
Old clock source | | | ! |
New clock source i
1\
RTCNT clock |_| |_| ; |_|
:
RTCNT N X N-+1 X N+2 ><
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.
2. Including switchover from the halted state to a high clock source.
3. Including switchover from a high clock source to the halted state.
4. The switchover is regarded as a falling edge, causing RTCNT to increment.
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.
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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 O is designated 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 states in 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 the initial 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 bit is set to 1. The number of burst access
states is 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 T1 | T2 T1 | T2
I I I |
¢
\/
Address bus X Only lower address changes
/\

2
|_|
RS

RD — |—
Data bus 4( Read data >—< Read data >—< Read data >—

Figure 6.40 Example of Burst ROM Access Timing

6.8.3 Wait Control

As with 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 can insert a 1-state idle cycle (T,)
between bus cycles in the following cases: (1) when read accesses between different areas occur
consecutively, (2) when a write cycle occurs immediately after a read cycle, and (3) when external
address space other than DRAM space is accessed immediately after a DRAM space access. By
inserting an idle cycle it is possible, for example, to avoid data collisions between ROM, which
has a long output floating time, and high-speed memory, I/O interfaces, and so on.

The ICIS1 and ICISO bits in BCR both have an initial value of 1, so that an idle cycle is inserted in
the initial 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
while the ICIS1 bit is set to 1 in BCR, an idle cycle is inserted at the start of the second read cycle.

Figure 6.41 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs in
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

1 T1 T2 T3, T1 T P T T2 T3, Ti T4 To)
o o

Address bus j Address bus j
1 1

-
-k

1
A
1
1 1 1
RD 7 | 11 RD 1 |
1 1 \ 1
Data bus | (TN ) Data bus j—(::)—(:b—
1

1
-~ Data collision

Long buffer-off time
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.41 Example of Idle Cycle Operation (1) ICIS1 =1)

Write after Read: If an external write occurs after an external read while the ICISO bit is set to 1
in BCR, an idle cycle is inserted at the start of the write cycle.

Figure 6.42 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle.
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In (a), an idle cycle is not inserted, and a collision occurs in cycle B between the read data from
ROM and the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T1 To T3, T1_To VT T2 T3, Ti Ty To

o L o FLrorLfrers

Address bus j IK IX: Address bus j IX IX:
AWR LT FWR LI

Data bus C N Databus _}——— ¥
1 [ | 1 1 1
~ Data collision

I
Long buffer-off time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.42 Example of Idle Cycle Operation (2) (ICIS0 =1)

External Address Space Access Immediately after DRAM Space Access: If a DRAM space
access is followed by a non-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, a Ti cycle is inserted
regardless of the settings of bits ICISO and ICIS1 in BCR. Figure 6.43 shows an example of the
operation.

This is 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 device in the next cycle.

AT, cycle is not 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 ICIS1 bit
settings are invalid. In the case of consecutive reads between different areas, for example, if the
second access is a DRAM access, only a T, cycle is inserted, and a T, cycle is not. The timing in
this case is 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
> ——>! >«
T Tr Teq Tl Ty Ty Ty Tr T Tl Ty Ty Tl
¢ ¢
Addressbus T Y j_j_  Addressbus X | C
| | | | | |
R — | | | N — | | |
HWR/LWR f HWR/LWR — f .
(UCAS/LCAS) | L | (UCASILCAS) | L |
| | | | | |
CSn | CSn | |
| | | | | |
I / I I I I
Simultaneous change of
HWR/LWR and CSn
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.43 Example of Idle Cycle Operation (3) (HWR/LWR Used as UCAS/LCAS)

. Externalread |, DRAM space read
| L e E— ]
Ty T Ty T, T Ty T

0

Address bus | lX X X X:

=

UCAS/LCAS

Address bus ( ),

LT

Figure 6.44 Example of Idle Cycle Operation (4) (Consecutive Precharge Cycles)

Usage Notes: When non-insertion of idle cycles is 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 is cleared to 0 in
BCR, or if a write cycle to a different 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.
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A setting whereby idle cycle insertion is not performed can be made only when RD and CSn do
not change simultaneously, or when it does not matter if they do.

Bus cycle A Bus cycle B Bus cycle A Buscycle B
I ! I ol
| | | | | |
P Ty T Tyl Ty To LTy T Tyl T Ty T
(o ¢
| | | | | |
Address bus :)( X ! Address bus :)( X X:

S S

s S
| 7 | | |

|
Simultaneous change of RD and CSn
Possibility of mutual overlap

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.45 Example of Idle Cycle Operation (5)
6.9.2 Pin States in Idle Cycle

Table 6.11 shows the pin states in an idle cycle.

Table 6.11 Pin States in Idle Cycle

Pins Pin State

A, to 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 Bus Arbiter

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 bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the bus right. 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 is the 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 is transferred at the following times:

e The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

e If another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the bus right is transferred immediately. The CPU
continues its internal operations.

e If another bus master requests the bus while the CPU is in sleep mode, the bus right is
transferred immediately.
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6. Bus Controller

DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC is bus 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 bus right is transferred at the following times.

The bus right is transferred when the DMAC finishes transferring one byte or one word. A DMAC
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between
the read cycle and the write cycle.

There is a priority 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 a refresh
cycle request is issued, 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 is set 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 (A_S,
RD, HWR, and m), and chip select signals (@n: 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 is low, 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 pin is driven high to end the
bus-release cycle.

Figure 6.46 shows the timing when the bus right is requested by an external bus master during a
read cycle in a two-state access area. There is a minimum interval of three states from when the
BREQ signal goes low until the bus is released.
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Figure 6.46 Example of External Bus Master Operation

In the event of contention with a bus request from an external bus master when a transition is
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 O 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: Data written 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 O from three-state access to two-state access.

L N A I I
Address bus :EX EX ASTCR address EX EX

1 1 1 1

1 1 1 1

~ =1 I < >

' 3-state accesstoarea 0 - 2-state access to area 0

Figure 6.47 ASTCR Write Timing

DDR and CSCR Write Timing: Data written 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 @1 pin is changed from generic
input to @1 output.

T4 T2 T3

¢ I e e e B

I I I

| | |

Address bus X P8DDR address! X
[} ] ]
1 1 ]
__ I 4 \\
es High-impedance | i

Figure 6.48 DDR Write Timing
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6. Bus Controller

BRCR Write Timing: Data written 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,,, A,, or A, output.
T4 T2 T3
AR I S N S S N S R

I I I
| | |

Address bus X BRCRaddress ! X
I I I
I I I
I I

PA7 to PA4 : 4 h
(A23 to A20) High-impedance | E\_

Figure 6.49 BRCR Write Timing
6.11.2 BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to 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 is high for too short an interval, the bus arbiter may operate incorrectly.
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7. DMA Controller

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.

7.1.1 Features
DMAC features are listed below.

e Selection of short address mode or full address mode
Short address mode
— 8-bit source address and 24-bit destination address, or vice versa
— Maximum four channels available
— Selection of I/O mode, idle mode, or repeat mode
Full address mode
— 24-bit source and destination addresses
— Maximum two channels available
— Selection of normal mode or block transfer mode
e Directly addressable 16-Mbyte address space
e Selection of byte or word transfer
e Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)
— 16-bit integrated timer unit (ITU) compare match/input capture interrupts (x3)
— Serial communication interface (SCI channel 0) transmit-data-empty/receive-data-full
interrupts
— External requests
— Auto-request

— A/D converter conversion-end interrupt
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7.1.2

Figure 7.1 shows a DMAC block diagram.

Block Diagram

Internal
interrupts

Interrupt
signals

Legend:

Internal address bus

Address buffer }CA

IMIAQ —
IMIA1 ——
IMIA2 —» Arithmetic-logic unit\Q
ADI —*
gi:g MAROA
Channel
0A IOAROA
DREQ,— Control logic Channel ETCROA
DREQ, —* 0 MAROB
TEND, <
TEND. ~—| Chgg”e' IOAROB
DTCROA| ETCROB
BE“BSQ - DTCROB MAR1A
DEND1A < DTCR1A Channel I0AR1A
DEND1B =— DTCR1B 1A ETCR1A
Channel
1 MAR1B
Channel I0AR1B
1B
Data buffer ETCR1B

<

Internal data bus

DTCR: Data transfer control register

MAR:
I0AR:
ETCR:

Memory address register
I/O address register
Execute transfer count register

Module data bus

7.1.3

Figure 7.1 Block Diagram of DMAC

Functional Overview

Table 7.1 gives an overview of the DMAC functions.
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Table 7.1 DMAC Functional Overview
Address
Reg. Length
Destina-
Transfer Mode Activation Source tion
Short 1/0 mode e Compare match/input 24 8
address o Transfers one byte or one word capture A interrupts from
mode per request 16-bit timer channels 0 to 2
e Increments or decrements the memory Transmit-data-empty
address by 1 or 2 interrupt from SCI channel 0
e Executes 1 to 65,536 transfers
Idle mode e Conversion-end interrupt 8 24
e Transfers one byte or one word per from A/D converter
request ¢ Receive-data-full interrupt
e Holds the memory address fixed from SCI channel 0
e Executes 1 to 65,536 transfers o External request 24 8
Repeat mode
e Transfers one byte or one word per
request
e Increments or decrements the memory
address by 1 or 2
e Executes a specified number (1 to 255)
of transfers, then returns to the initial
state and continues
Full Normal mode e Auto-request 24 24
address o  Auto-request e External request
mode — Retains the transfer request
internally
— Executes a specified number(1 to
65,536) of transfers continuously
— Selection of burst mode or cycle-
steal mode
e External request
— Transfers one byte or one word per
request
— Executes 1 to 65,536 transfers
Block transfer e Compare match/ input 24 24

e Transfers one block of a specified size
per request

e Executes 1 to 65,536 transfers
o Allows either the source or destination to *
be a fixed block area
e 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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7.14 Pin Configuration
Table 7.2 lists the DMAC pins.

Table 7.2 DMAC Pins

Abbrevia-  Input/

Channel Name tion Output Function

0 DMA request 0 DREQ, Input External request for DMAC channel 0
Transfer end 0 TEND, Output Transfer end on DMAC channel 0

1 DMA request1  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.

7.1.5 Register Configuration
Table 7.3 lists the DMAC registers.

Table 7.3 DMAC Registers

Channel Address* Name Abbreviation R/W Initial Value

0 H'FFF20  Memory address register OAR MAROAR R/W  Undetermined
H'FFF21 Memory address register OAE MAROAE R/W  Undetermined
H'FFF22  Memory address register 0AH 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 0BE MAROBE R/W  Undetermined
H'FFF2A  Memory address register 0BH MAROBH R/W  Undetermined
H'FFF2B  Memory address register 0BL 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
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Channel Address* Name Abbreviation R/W Initial Value

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 1BH ETCR1BH R/W  Undetermined
H'FFF3D  Execute transfer count register 1BL ETCR1BL 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.

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 DTS1A in data transfer control register A (DTCRA)
as indicated in table 7.4.

Table 7.4  Selection of Short and Full Address Modes

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 0A 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
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7.2.1 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-bit 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 2322212019 181716 151413121110 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Writ¢ — — — — — — — — RW R/W R/W R/W R/W R/W R/W RIW RIW RW R/W R/W R/W R/W R/W R/W RIW RW R/W R/W R/W R/W R/W R/W
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 a receive-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 value is incremented 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 MARSs are not initialized by a reset or in standby mode.
7.2.2 I/O Address Registers (I0AR)

An I/0 address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
are all 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 a receive-data-full interrupt from the SCI
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(channel 0) or by a conversion-end interrupt from the A/D converter, and as a destination address
register otherwise.

The IOAR value is held fixed. It is not incremented or decremented when a transfer is executed.
The IOARSs are not initialized by a reset 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 I/O mode and idle
mode, and another way in repeat mode.

I/0 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 I/O 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
N J
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
N J
ETCRL
|
Initial count

In repeat mode, ETCRH functions as an 8-bit 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 a reset or in standby mode.
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7.2.4 Data Transfer Control Registers (DTCR)

A data transfer 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 ‘ DTSH ‘ 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 a reset 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 a transfer 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 0 (Initial value)
when the specified number of transfers have been completed

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0.
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Bit 6—Data Transfer Size (DTSZ): 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 I/O mode or repeat mode.

Bit 5
DTID Description

0 MAR is incremented after each data transfer
e [fDTSZ =0, MAR is incremented by 1 after each transfer
e [fDTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer
e [fDTSZ =0, MAR is decremented by 1 after each transfer
e [fDTSZ =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 data in I/O mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 I/0O mode (Initial value)
FI—

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 7.4.2, I/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 0.

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 2 to 0—Data Transfer Select (DTS2 to 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 DTS00 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 a priority order, highest-priority channel first. For
the priority order, see section 7.4.9, Multiple-Channel Operation.

When a channel 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.

7.3.1 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 always read as 1. (Write is invalid.)

Bit 31 30 29 28 27 26 2524 23222120 191817161514 13121110 9 8 7 6 5 4 3 2 1 0

Initialvalue 1 1 1 1 1 1 1 1 Undetermined
Read/Write — — — — — — — — R/W R/W RW R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W R/W RIW RIW R/W R/W R/W R/W

MARR MARE MARH MARL

Source or destination address

The MAR value is incremented 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 a reset or in standby mode.

7.3.2 I/O Address Registers (I0AR)

The I/O address registers (IOARs) are not used in full address mode.
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733 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.

Normal mode

e 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/W

Transfer counter

e ETCRB: Is not used in normal mode.

In normal 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.

Block transfer mode

e 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
N J
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
N J
ETCRAL

Initial block size
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ETCRB
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

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 is reloaded 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 a reset or in standby mode.
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7.3.4

Data Transfer Control Registers (DTCR)

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and
DTS1A are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address

mode.
DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTS0A ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W

R/wW R/W R/W

R/W R/W R/wW

Data transfer enable
Enables or disables
data transfer

Data transfer size
Selects byte or

word size

Data transfer
interrupt enable

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 is initialized to H'00 by a reset and in standby mode.

Enables or disables the
CPU interrupt at the end

|
Data transfer
select 0A
Selects block
transfer mode

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 begins immediately. 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 is set to 1, a CPU interrupt is requested when DTE is cleared to 0.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Source Address Increment/Decrement (SAID) and,

Bit 4—Source Address Increment/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) is incremented, 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

e [fDTSZ =0, MARA is incremented by 1 after each transfer
e [f DTSZ =1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

MARA is decremented after each data transfer
e [fDTSZ =0, MARA is decremented by 1 after each transfer
e [f DTSZ = 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 0.

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 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operates in full
address mode when DTS2A and DTS1A are both set to 1.

Bit 0—Data Transfer Select 0A (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, Normal Mode, and 7.4.6, Block
Transfer Mode.
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DTCRB
Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ T™MS ‘ DTS2B ‘ DTS1B ‘ DTS0B ‘
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 0B
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

DTCRSB is initialized to H'00 by a reset 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 is set 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/Decrement (DAID) and,

Bit 4—Destination Address Increment/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) is incremented, 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 [fDTSZ =0, MARB is incremented by 1 after each data transfer
e [fDTSZ =1, MARB is incremented by 2 after each data transfer

1 0 MARB is held fixed
MARB is decremented after each data transfer
e [fDTSZ =0, MARB is decremented by 1 after each data transfer
e [f DTSZ =1, MARB is decremented by 2 after each data transfer

Bit 3—Transfer Mode Select (TMS): 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 —Data Transfer Select 2B to 0B (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 0
DTS2B DTS1B 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

Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTS0B 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 a priority order, highest priority first. For the priority order, see section 7.4.9,
Multiple-Channel Operation.
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7.4 Operation
74.1 Overview
Table 7.5 summarizes the DMAC modes.

Table 7.5 DMAC Modes

Transfer Mode Activation Notes
Short address /O mode Compare match/input e Up to four channels
mode Idle mode capture A interrupt from can operate
16-bit timer channels 0 to 2 .
Repeat mode independently

Transmit-data-empty
and receive-data-full
interrupts from SCI
channel 0

e Only the B channels
support external requests

Conversion-end interrupt
from A/D converter

External request

Full address Normal mode Auto-request e A and B channels are

mode External request paired; up to two
channels are available

Block transfer mode = Compare match/input

capture A interrupt from e Burst mode transfer or
ITU channels 0 to 2 cycle-steal mode transfer
Conversion-end interrupt can be selected for

from A/D converter autorequests.

External request

A summary of operations in these modes follows.

I/0 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 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 Mode: 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

e 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.
— Cycle-steal mode
The bus is released to another bus master after each byte or word is transferred.
— Burst mode
Unless requested by a higher-priority bus master, the bus is not released until the
designated number of transfers have been completed.
e 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 Mode: One block of a specified size is transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one address is restored
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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7.4.2 I/0 Mode
I/0 mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in 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). The direction of transfer is determined automatically from the
activation source. The transfer is from 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 functions in I[/O mode.

Table 7.6  Register Functions in I/O Mode
Function
Activated by
SCI0 Receive-
Data-Full
Interrupt or
A/D Converter
Conversion Other
Register End Interrupt  Activation Initial Setting  Operation
23 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 IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which is incremented or decremented as each byte or word is transferred.
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IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 1s. IOAR is not
incremented or decremented.

Figure 7.2 illustrates how I/O mode operates.

Address T — - |0AR
1 byte or word is

transferred per request

\

Address B—»

Legend:

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B =L + (-1)DTID o (2DTSZ o N — 1)

Figure 7.2 Operation in I/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 bit is cleared and the transfer ends.
If the DTIE bit is set to 1, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.
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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).

Figure 7.3 shows a sample setup procedure for I/O 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 e 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.

o Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

rPwD

Read DTCR 3 « Select byte size or word size with the DTSZ bit.
o Set the DTE bit to 1 to enable the transfer.
Set DTCR 4
I/O mode

Figure 7.3 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 is from 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.
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Table 7.7 indicates the register functions in idle mode.

Table 7.7  Register Functions in Idle 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  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 a fixed address. The upper 16 bits are all

1s. MAR and IOAR are not incremented or decremented.

Figure 7.4 illustrates how idle mode operates.
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MAR —»

\_/\

\/\

1 byte or word is

transferred per request

\_/\

\/\

-+— |OAR

Figure 7.4 Operation in Idle 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 bit is cleared, the transfer ends, and
a CPU 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 O 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.
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( 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.

e Select the DMAC activation source with bits
DTS2 to DTSO.

e 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.

e Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

Eal S

Read DTCR 3
Set DTCR 4
Idle mode

Figure 7.5 Idle Mode Setup Procedure (Example)
7.4.4 Repeat Mode

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, as in 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 are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from 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 functions in repeat mode.
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Table 7.8  Register Functions in Repeat Mode
Function
Activated by
SCI0 Receive-
Data-Fulli
Interrupt or
A/D Converter
Conversion Other
Register End Interrupt  Activation Initial Setting Operation
23 0 Destination Source Transfer Incremented or
MAR address address destination or ~ decremented at
register register transfer source each transfer
start address until ETCRH
reaches H'0000,
then restored to
initial value
23 Source Destination Source or Held fixed
All 1s address address destination
register register address
Transfer counter Number of Decremented
transfers once per
transfer until
H'0000 is
reached, then
reloaded from
ETCRL
Initial transfer count Number of Held fixed
transfers
Legend:

MAR: Memory address register

IOAR: 1/O address register

ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DTID
bits in DTCR. Specifically, MAR is restored as follows:

MAR < MAR — (=1)"™ ¢ 2°™ ¢ ETCRL

ETCRH and ETCRL should be initially set to the same value.
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In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE is cleared to 0,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No
CPU interrupt is requested.

As in I/O mode, 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 a fixed address. The upper
16 bits are all 1s. IOAR is not incremented or decremented.

Figure 7.6 illustrates how repeat mode operates.

Address T — = < I10AR

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)DTID. (2DTSZ oN— 1)

Figure 7.6 Operation in 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 0,
conversion-end interrupts from the A/D converter, and external request signals.
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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.

( Repeat mode ) 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 both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

e Select the DMAC activation source with bits
DTS2 to DTSO.

o Clear the DTIE bit to 0 and set the RPE bit to 1

Set transfer count 2 to select repeat mode.

e Select MAR increment or decrement with the DTID bit.

e Select byte size or word size with the DTSZ bit.

e Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

roON

Read DTCR 3

Set DTCR 4

'

Repeat mode

Figure 7.7 Repeat Mode Setup Procedure (Example)
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7.4.5 Normal Mode

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 specified in MARA and
MARB. Table 7.9 indicates the register functions in I/O mode.

Table 7.9  Register Functions in 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 value in 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 is set 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 y

Address By —® -4—— Address Bg

Legend:

L, = initial setting of MARA
Lg = initial setting of MARB
N =initial setting of ETCRA

Ta =La
Ba =L, + SAIDE o (—1)SAID ¢ (2DTSZ o N — 1)
Tg =Lg

Bg = Lg + DAIDE o (—1)PAID o (2DTSZ o N — 1)

Figure 7.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
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 ) 1.
2.
3.
Set initial source address 1 4.
Set initial destination address | 2
5.
Set transfer count 3
Set DTCRB (1) 4
Set DTCRA (1) 5 6
7.
8.
Read DTCRB 6 9.
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

l

Normal mode

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.

e Clear the DTME bit to 0.

e Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

¢ Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

e Clear the DTE bit to 0.

¢ Select byte or word size with the DTSZ bit.

e Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

e Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

e 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 bit to 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.

Figure 7.9 Normal Mode Setup Procedure (Example)
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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 size is
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 functions in block transfer mode.

Table 7.10 Register Functions in 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
4 from ETCRL
7 — 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
‘ ETQRB ‘ 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 data is transferred. One of these registers operates as a
block area register: even if it is incremented or decremented, it is restored to its initial value at the
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or
destination.
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If M (1 to 255) is the size of the block transferred at each request and N (1 to 65,536) is the
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 this figure, bit TMS is cleared to 0,
meaning the block area is the destination.

Tpo—> —
— — < Address T

— Block 1 —

| | —  Block area l)
Ba—™

~«—— Address Bg

— Block 2 ]

- —1 M bytes or words are
transferred per request

— Block N -

Legend:

L 5o = 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)SA0 o (20752 ¢ v — 1)
Tg=Lg

Bg = Lg+ DAIDE o (—1)PAD o (20752 ¢ v _ 1)

Figure 7.10 Operation in Block Transfer Mode
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When activated by a transfer 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 the initial value. The
memory address register of the block area is also restored to its initial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should be initially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this
time.

Figure 7.11 shows examples of a block transfer with byte data size when the block area is the
destination. In (a), the block area address is cycled. In (b), the block area address is 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
request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME = 1)

| Get bus |

Read from MARA address

\
| MARA = MARA + 1 |
\

Write to MARB address

\
| MARB = MARB + 1 |
\

| ETCRAH=ETCRAH-1 |

ETCRAH = H'00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB DEETCRAL
\

| ETCRB = ETCRB - 1 |

ETCRB = H'0000

(Clear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID = DAID =0
SAIDE = DAIDE =1

Start
(DTE =DTME = 1)

| Get bus |

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

| ETCRAH=ETCRAH-1 |

ETCRAH = H'00

| Release bus |

[
| ETCRAH = ETCRAL |

| ETCRB = ETCRB - 1 |

ETCRB = H'0000

(Clear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID =0
SAIDE =1
DAIDE =0

Figure 7.11 Block Transfer Mode Flowcharts
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Figure 7.12 shows a sample setup procedure for block transfer mode.

( Block transfer mode

)

Set source address

Set destination address

Set block transfer count

Set block size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

:

Block transfer mode

PO~

o

S ©®N

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

e Clear the DTME bit to O.

¢ 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.

Set the DTCRA bits as follows.

e Clearthe DTE to 0.

* 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.

e Set bits DTS2A to DTSOA all to 1 to select
block transfer mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bit to 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 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.

Figure 7.12 Block Transfer Mode Setup Procedure (Example)
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7.4.7 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 as indicated in
table 7.11.

Table 7.11 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 IMIA1 Yes Yes No Yes

IMIA2 Yes Yes No Yes

ADI Yes Yes No Yes

TXIO Yes Yes No No

RXI0 Yes Yes No No
External Falling edge No Yes Yes Yes
requests of DREQ

Low inputat  No Yes Yes No

DREQ
Auto-request No No Yes No

Activation by Internal Interrupts: When an interrupt request is selected as a 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 channels in the DMAC, which are activated in their priority order.

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.
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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 is input before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer
is completed. The bus is released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during a transfer, 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
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, a block of the specified size is transferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer 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 alternate 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 bus is released after the current
byte or word has been transferred.

7.4.8 DMAC Bus Cycle

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 released
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.
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CPU cycle ‘ DMAC cycle (1 word transfer) ‘

CPU cycle

' Source !
' address | Destination address

Sl - ———
- N LT
L

Figure 7.13 DMA Transfer Bus Timing (Example)

Figure 7.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows a word-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
I —
T T T2

3 Tg Ty T2 Ty T2 T¢ Ty T Ty T2 Ty T2

o TUULLUL UL
DREQ Source fDestinationi Source iDestinationi

' address !address ! ! ' address !address

Caulie S S B —
L
e n u
- I

—|
m
b4
w]

Figure 7.14 Bus Timing of DMA Transfer Requested 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.

CPU cycle

o
Ty T Tqg T4 T T4 To Ty To T4 To Ty T Ty T Ty To

Judtudiudiudduyyue

3 Source fDestinationf

. address faddress

S s e e
LI Il (e B
. I

DMAC cycle |CPU cycle
~=

<

|
0

Figure 7.15 Burst DMA Bus Timing

When the DMAC is activated from a DREQ pin there is a 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.

Rev.5.00 Sep. 12,2007 Page 229 of 764
REJ09B0396-0500

RENESAS




7. DMA Controller

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
== = =
To Ty To Ty To Tq T4 To Ty To T4 To Tq T4 T

" Minimum 4 states " Next sampling point

Figure 7.16 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 To Ty To Tq Ty To Ty To Ty To Ty To T4

_
_
_
-

" Minimum 4 states © Next sampling point

Figure 7.17 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.

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle

————————————

Ty To Ty To T4 To Ty To Ty To T4 To Tgq Ty T

DREQ LI
e

Next sampling

Minimum 4 states:

Figure 7.18 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.

Table 7.12 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 simultaneously, or if a transfer on one channel
is requested during a transfer on another channel, the DMAC operates as follows.

e When a transfer is requested, the DMAC requests the bus right. When it gets the bus right, it
starts a transfer on the highest-priority channel at that time.

e Once a transfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

e 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 a transfer request for another channel, the DMAC requests the bus again.

e After completion of a burst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMALC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is a transfer 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 a transfer request for channel OA is received while channel 1 is active.
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DMAC cycle
(channel 1)

DMAC cycle CPU DMAC cycle
(channel 0A) cycle (channel 1)

CPU
cycle

Ty To Ty To Tg Ty To Ty To Ty To Tg T4 To Ty To

|

Figure 7.19 Timing of Multiple-Channel Operations

7.4.10 External Bus Requests, DRAM Interface, and DMAC

During a DMAC transfer, if the bus right 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 there is a transfer request at this point, the DMAC requests the bus
right again. Figure 7.20 shows an example of the timing of insertion of a refresh cycle during a
burst transfer on channel 0.

Refresh
cycle ‘
- -
Ty To Ty To Ty To Ty To Ty To Tq T4 To T4 To T4 To

DMAC cycle (channel 0) DMAC cycle (channel 0)

Address
bus

S S S S S

RD

L] L]

Figure 7.20 Bus Timing of DRAM Interface and DMAC
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7.4.11 NMI Interrupts and DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during a transfer 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 clears the 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 sets the DTME
bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit 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 input.

Resuming DMAC transfer 1. Check that DTE = 1 and DTME = 0.
in normal mode 2. Read DTCRB while DTME =0,
then write 1 in the DTME bit.

Set DTME to 1 2

:

DMA transfer continues End

Figure 7.21 Procedure for Resuming a DMAC Transfer Halted by NMI (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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7.4.12  Aborting a 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 is set 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
DMALC 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

Figure 7.22 Procedure for Aborting a 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

Figure 7.23 Procedure for Exiting Full Address Mode (Example)
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7.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode

When the chip is reset or enters hardware standby mode or software standby mode, the DMAC is
initialized and halts. DMAC 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 Ty o Ty To T, Ty T, T T T

Address bus X X >\ ,< X x
- L -
o - =

Figure 7.24 Timing of Cycle-Steal Transfer in Sleep Mode
7.5 Interrupts
The DMAC generates only DMA-end interrupts. Table 7.13 lists the interrupts and their priority.

Table 7.13 DMAC Interrupts

Description Interrupt
Interrupt Short Address Mode Full Address Mode Priority
DENDOA End of transfer on channel OA End of transfer on channel O High
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on channel 1
DEND1B End of transfer on channel 1B — Low
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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.

The interrupt priority order among channels is channel O > 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

:j|:>—> DMA-end interrupt

DTIE

Figure 7.25 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.

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 address registers (MAR and IOAR).

7.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.
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7.6.3 Longword Access to 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 Mode 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.

C 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 0
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 5
enable bitto 0

Enable DMAC 3

Set selected interrupt's
enable bit to 1

l

DMAC operates

Figure 7.26 Procedure for Enabling DMAC while On-Chip Supporting
Module Is 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 bit

to 1.
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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 a transfer ends, the channel or channels for which that interrupt was
selected may fail to accept further activation requests.

7.6.6 NMI Interrupts and Block Transfer Mode
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows.

e  When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clears the DTME bit to 0 and halts. The halt may occur in the middle of a block.

It is possible to find whether a transfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have its initial value, the transfer was
halted in the middle of a block.

e [If the transfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. The
activation request is not held pending.

e While the DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occurs in this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither is a
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 bit to 1, set the interrupt enable bit to 1 again. See
section 7.6.5, Note on Activating DMAC by Internal Interrupts.

e When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of a block 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 I/O Address Register Values

Table 7.14 indicates the address ranges that can be specified in the memory and I/O address
registers (MAR and IOAR).

Table 7.14 Address Ranges Specifiable in MAR and IOAR

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'FFFO00 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
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MAR bits 23 to 20 are ignored in 1-Mbyte mode.
7.6.8 Bus Cycle when Transfer Is Aborted

When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the 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 cycIe DMAC cycle CPU cycle cycle CPU cycle
T, Ty To

—— O \
o ||

-
i ]

DTE bit is
cleared

Figure 7.27 Bus Timing 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 data is 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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8. 1/O Ports

Section 8 1/0 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 pins in each port are multiplexed as
shown in table 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 MOS
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 P§, 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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Table 8.1 Port Functions
Port Description Pins Mode 1 Mode 2 Mode 3 Mode 4
Port4 e 8-bit I/O port P4, to P4/ Data input/output (D, to D,) and 8-bit generic input/
o Built-ininput D710 Do output
pull-up 8-bit bus mode: generic input/output
. 16-bit bus mode: data input/output
transistors
Port 6 e 4-bit I/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
Port 7 e 8-bit I/O 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
P7,to P7,/ Analog input (AN, to AN) to A/D converter, and
AN, to AN, generic input
Port8 e 5-bitl/Oport  P8/CS, DDR = 0: generic input
« P8, to P8, have _ T =1 (reﬁt 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 e 6-bitl/Oport  P9/IRQ/SCK, Inputand output (SCK,, SCK, RxD,, RxD,, TxD,,

P9,/IRQ,/SCK,
P9,/RXD,
P9,/RXD,
P9,/TxD,
P9,/TxD,

TxD,) for serial communication interfaces 1 and 0
(SCI1/0), IRQ, and IRQ, input, and 6-bit generic
input/output
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Port  Description Pins Mode 1 Mode 2 Mode 3 Mode 4
Port A e 8-bit I/O port PA/TP/TIOCB,/ Output (TP,) from pro-  Address output (A,)
o s 20 grammable timing pattern
Schmitt inputs controller (TPC),
input or output (TIOCB,)
for 16-bit timer and
generic input/output
PA/TP/TIOCA,/ TPC output (TP,to TP,), TPC output (TP, to TP,),
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, to 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,
Port B e 8-bitl/Oport 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 TP,), 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

8.2.1 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 O 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 operates in 16-bit bus mode and port 4
becomes part of the data bus.

Port 4 has software-programmable built-in pull-up transistors.

Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 4

Port 4 pins

~—» P4,/D,
~———> P4g/Dg
~———= P4g/Ds
~——= P4,/D,
= P4,/Dy
= P4,/D,
~— P4,/D,

[ P40/D0

Modes 1 to 4

P4 (input/output)/D5 (input/output)
P4¢ (input/output)/Dg (input/output)
P45 (input/output)/D5 (input/output)
P4, (input/output)/D,4 (input/output)
P45 (input/output)/D5 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D; (input/output)
P4, (input/output)/Dy (input/output)

Figure 8.1 Port 4 Pin Configuration
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8.2.2 Register Configuration
Table 8.2 summarizes the registers of port 4.

Table 8.2  Port 4 Registers

Address* Name Abbreviation R/W Initial Value
H'EE003 Port 4 data direction register P4DDR w H'00
H'FFFD3  Port 4 data register P4DR R/W H'00
H'EEO3E  Port 4 input pull-up MOS control register P4PCR R/W H'00

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

Port 4 Data Direction Register (P4DDR): 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

‘ P4,DDR ‘ P46DDR‘ P45DDR‘ P44DDR‘ P43;DDR ‘ P4,DDR ‘ P44 DDR‘ P4,DDR ‘
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 0
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,
a pin in port 4 becomes an output port if the corresponding PADDR bit is set to 1, and an input
port if this bit is cleared to 0.

When at least one area is 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.

P4DDR is initialized to H'00 by a reset and in hardware standby mode. In 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): P4DR 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 is set to 1, if port 4 is read the value of the corresponding P4DR bit is returned. When a
bit in PADDR is cleared to 0, if port 4 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ P4 ‘ P4 ¢ ‘ P4 5 ‘ P4 4 ‘ P4 3 ‘ P4 5 ‘ P4 4 ‘ P4 o ‘
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

P4DR is initialized to H'0O by a reset 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-bit readable/writable
register that controls the MOS input pull-up transistors in 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 7 to 0
These bits control input pull-up transistors built into port 4

In 8-bit bus mode when a PADDR bit is cleared to 0 (selecting generic input), if the corresponding
P4PCR bit is set to 1, the input pull-up transistor is turned on.

P4PCR is initialized to H'00 by a reset 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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Table 8.3  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 PAPCR = 1 and PADDR = 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 pin in 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 I/O pin (BACK, BREQ and WAIT).

Pins in port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.
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Port 6 pins

— P67/ P67 (input)/o(output)

Porte [ PB2/BACK P6, (input/output)/BACK (output)
~— P64/BREQ P6, (input/output)/BREQ (input)
= PB6y/WAIT P8y (input/output)/ WAIT (input)

Figure 8.2 Port 6 Pin Configuration
8.3.2 Register Configuration
Table 8.4 summarizes the registers of port 6.

Table 8.4  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 pin in port 6.

Bits 7 to 3 are reserved. Bit 7 is fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P6;DDR ‘ P6,DDR ‘ P6.DDR ‘ P60DDR‘
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
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P6, functions as the clock output pin (¢) or an input port. P6, is the clock input pin (¢) if the
PSTOP bit in MSTCRH is cleared to O (initial value), and an input port if this bit is set to 1.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding PODDR bit is set to 1, and an input port if this bit is cleared to 0.

P6DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P6DDR is initialized to H'80 by a reset 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 PODDR bit
is set to 1, the corresponding pin maintains its output state in software standby mode.

Port 6 Data Register (P6DR): PODR 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; ‘ P6e ‘ P65 ‘ P64 ‘ P63 ‘ P65 ‘ P64 ‘ P6g ‘
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 7, 2 to O for port 6 pins
Bits storing data for port 6 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 value is returned if PODR is read while the corresponding bit (P6,DDR to P6,DDR) in
P6DDR is set to 1, and an undefined value is returned if P6DR is read while the corresponding bit
is cleared to O.

For bits 2 to 0, the pin logic level is returned if the bit is read while the corresponding bit in
P6DDR is cleared to 0, and the P6DR value is returned if the bit is read while the corresponding
bit in PO(DDR is set to 1.

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 8.5  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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84 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)
—— P7¢ (input)/ANg (input)/DA g (output)
~—— P75 (input)/ANg (input)

P74 (input)/AN4 (input)
Port 7
~~—— P73 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
~—— P7, (input)/AN (input)

~—— P74 (input)/AN (input)

Figure 8.3 Port 7 Pin Configuration
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.

Table 8.6  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.
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Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0
P, | Pro | PTs | P7. | PTa | P | PT | PR,

Initial value —k — — —k s % sk %

Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7y.

When port 7 is read, the pin logic levels are always read. P7DR cannot be modified.
8.5 Port 8

8.5.1 Overview

Port 8 is a 5-bit input/output port that is also used for @3 to @0 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 IER settings, regardless of whether the pin is used for
input or output. Caution is therefore 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
pins for each area. For details see section 6.5, DRAM Interface.

Pins in 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.
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Port 8 pins Pin functions in modes 1 to 4

= P8,/CS, P8, (input)/CS, (output)

«— P83/CS,/IRQ3/ADTRG P85 (input)/CS; (output)/IRQ5 (input) / ADTRG (input)

Port8 [=— P8,/CS,/IRQ, P8, (input)/CS, (output)/IRQ, (input)
~——> P8,/CS3/IRQ; P8, (input/output)/CS3 (output)/IRQ; (input)
~—— P8,/RFSH/IRQ, P8, (input/output)/ RFSH (output)/TRQ, (input)

Figure 8.4 Port 8 Pin Configuration
8.5.2 Register Configuration
Table 8.7 summarizes the registers of port 8.

Table 8.7  Port 8 Registers

Initial Value
Address* Name Abbreviation R/W Mode 1 to 4
H'EE007 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 (PSDDR): P8DDR is an 8-bit write-only register that can select
input or output for each pin in 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
. — | — | — |Pe.DDR|P8;DDR|P8,DDR|P8;DDR P8,DDR|
Modes | Initial value 1 1 1 1 0 0 0 0
Tto4 {Read/Write — — — W W W w W
| |
Reserved bits Port 8 data direction 4 to 0

These bits select input or
output for port 8 pins
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When bits in PSDDR bit are set to 1, P8, to P8, become CS, to CS, output pins. When bits in
P8DDR are cleared to 0, the corresponding pins become input ports. Following a reset P8,
functions as the @0 output, while the other three pins are input ports.

When the refresh enable bit (RFSHE) in DRCRA is set to 1, P80 is used for RFSH output. When
RFSHE is cleared to 0, P8 becomes an input/output port according to the PSDDR setting. For
details see table 8.8.

P8DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P8DDR is initialized to H'FO by a reset 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 PSDDR bit is set to 1, the corresponding pin
maintains its output state.

Port 8 Data Register (PSDR): P8DR is an 8-bit readable/writable register that stores output data
for port 8. When a bit in PEDDR is set to 1, if port 8 is read the value of the corresponding PSDR
bit is returned. When a bit in PSDDR is cleared to 0, if port 8 is read the corresponding pin level is
read.

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
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P85> ‘ P84 ‘ 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 8 data4to 0

These bits store data
for port 8 pins

P8DR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 8.8 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/CS, Bit P8,DDR selects the pin function as follows.
Pg,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 DRAS0 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
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Pin

Pin Functions and Selection Method

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
settings (1) in table below (2) in table below table
below

P8,DDR 0 1 0 1 —

Pin function P8, CS, P8, P8, CS,
input output input output output*

IRQ, input

Note: * CS, is output as RAS,.

DRAM interface

setting (1) (3) (2) (3) (2)

DRAS2 1

DRASH1 0 1 0 1

DRASO 0 1 0 1 0 1 0 1

P8,/RFSH/IRQ,

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 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 (SCIO and SCI1), and for IRQ,
and IRQ, input. See table 8.10 for the selection of pin functions.

The IRQ, and IRQ), functions are selected by IER 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 functions in all operating modes. Figure 8.5 shows the pin
configuration of port 9.

Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 9 pins

=—— P9; (input/output)/SCK (input/output)/IRQ;5 (input)
l«——= P9, (input/output)/SCK (input/output)/IRQ, (input)
—— P94 (input/output)/RxD (input)

Port 9
—— P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD (output)

~—— P9, (input/output)/TxDq (output)

Figure 8.5 Port 9 Pin Configuration
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8.6.2 Register Configuration
Table 8.9 summarizes the registers of port 9.

Table 8.9  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 PIODR R/W H'CO

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

Port 9 Data Direction Register (P9DDR): P9DDR is an 8-bit write-only register that can select
input or output for each pin in 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‘ P9;DDR ‘ 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 a pin in port 9 becomes an output port if the corresponding P9DDR bit is set to 1, and an
input port if this bit is cleared to 0.

PO9DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PO9DDR is initialized to H'CO by a reset 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.

Port 9 Data Register (P9DR): PI9DR is an 8-bit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of this register is output. When a bit
in PODDR is set to 1, if port 9 is read the value of the corresponding PODR bit is returned. When a
bit in P9DDR is cleared to 0, if port 9 is read the corresponding pin level is read.
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Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P9 5 ‘ P9 4 ‘ P9 3 ‘ P9 » ‘ P9 4 ‘ P9 ¢ ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port9data5to 0

These bits store data
for port 9 pins

P9DR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.

Table 8.10 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9./SCK/IRQ, Bit C/A in SMR of SCIH, bits CKEO and CKE1 in SCR, and bit P9.DDR
select the pin function as follows.
CKEA1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input
P9,/SCK/IRQ, Bit C/A in SMR of SCI0, bits CKEO and CKE1 in SCR, and bit P9,DDR
select the pin function as follows.
CKEA1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input

Rev.5.00 Sep. 12,2007 Page 263 of 764
REJ09B0396-0500

RENESAS



8. 1/O Ports

Pin Pin Functions and Selection Method
P9,/RxD, Bit RE in SCR of SCI1, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
RE 1 —
P9,DDR 0 1 — —
Pin function P9, input | P9, output | RxD, input | RxD, input
P9,/RxD, Bit RE in SCR of SCI0, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
RE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | RxD,input | RxD, input
P9./TxD, Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
TE 1 —
P9, DDR 0 1 — —
Pin function P9, input P9, output | TxD, output | TxD, output*
Note: * Functions as the TxD, output pin, but there are two states: one
in which the pin is driven, and another in which the pin is at high-
impedance.
P9,/TxD, Bit TE in SCR of SCI0, bit SMIF in SCMR, and bit P9 ,DDR select the pin

function as follows.

SMIF 0 1

TE 1 —
P9,DDR 0 1 — —

Pin function P9, input P9, output | TxD, output | TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one
in which the pin is driven, and another in which the pin is at high-

impedance.
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8.7 Port A

8.7.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP, to TP,) from the programmable
timing pattern controller (TPC), input and output, (TIOCB,, TIOCA,, TIOCB,, TIOCA, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit timer, input (TCLKD, TCLKC,
TCLKB, TCLKA) to the 8-bit timer, output (TEND,, TEND,) from the DMA controller (DMAC),
and address output (A, to A,)). A reset or hardware standby transition leaves port A as an input
port, except that in modes 3 and 4, one pin is always used for A, output. See table 8.12 to 8.14 for
the selection of pin functions.

Usage of pins for TPC, 16-bit timer, 8-bit timer, and DMAC input and output is described in the
sections on those modules. For output of address bits A,, to A, in modes 3 and 4, see section
6.2.4, Bus Release Control Register (BRCR). Pins not assigned to any of these functions are
available for generic input/output. Figure 8.6 shows the pin configuration of port A.

Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA;/TP; /TIOCB,/Agg
PAg/TPg /TIOCA, /Ao
PA5/TP5/TIOCB; /Agp

PA /TP, /TIOCA, /Aps
PA4/TP3 /TIOCB, /TCLKD
PA,/TP, /TIOCA,/TCLKC
PA,/TP, /TEND, /TCLKB
PA /TPy /TEND,/TCLKA

Pin functions in modes 1 and 2

PA ; (input/output)/TP (output)/TIOCB, (input/output)

PA ¢ (input/output)/TPg (output)/TIOCA, (input/output)

PA 5 (input/output)/TPg (output)/TIOCB, (input/output)

PA 4 (input/output)/TP, (output)/TIOCA, (input/output)

PA 3 (input/output)/TP3 (output)/TIOCB (input/output)/TCLKD (input)
PA 5 (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA ; (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA  (input/output)/TP, (output)/TEND, (output)/TCLKA (input)

Pin functions in modes 3 and 4

Ao (output)

PA g (input/output)/TPg (output)/TIOCA, (input/output)/A,4 (output)
PA 5 (input/output)/TP5 (output)/TIOCB (input/output)/As, (output)
PA 4 (input/output)/TP 4 (output)/TIOCA 4 (input/output)/As3 (output)
PA 5 (input/output)/TP 3 (output)/TIOCB (input/output)/TCLKD (input)
PA 5 (input/output)/TP» (output)/TIOCA (input/output)/TCLKC (input)
PA  (input/output)/TP4 (output)/TEND 4 (output)/TCLKB (input)

PA  (input/output)/TP (output)/TEND  (output)/TCLKA (input)

Figure 8.6 Port A Pin Configuration
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8.7.2 Register Configuration
Table 8.11 summarizes the registers of port A.

Table 8.11 Port A Registers

Initial Value
Address* Name Abbreviation R/W Modes 1, 2 Modes 3, 4
H'EE009 Port A data direction PADDR w H'00 H'80
register
H'FFFD9 Port A data register PADR R/W H'00 H'00

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

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pin in port A. When pins are used for TPC output, the corresponding
PADDR bits must also be set.

Bit 7 6 5 4 3 2 1 0

\ PA7DDR‘ PABDDR‘ PA5DDR‘ PA4DDR‘ PA;DDR \ PA,DDR \ PA1DDR‘ PAODDR‘
Modes {Initial value 1 0 0 0 0 0 0 0
3,4, | Read/Write — W w W w W W W
Modes {Initial value 0 0 0 0 0 0 0 0
1.2 | Read/Write W w W W W w w w

Port A data direction 7 to 0
These bits select input or output for port A pins

A pin in port A becomes an output port if the corresponding PADDR bit is set to 1, and an input
port if this bit is cleared to 0. In modes 3 and 4, PA.DDR is fixed at 1 and PA, functions as an
address output pin.

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PADDR is initialized to H'00 (modes 1 and 2) or H'80 (modes 3 and 4) by a reset and in hardware
standby mode. In software standby mode it retains it previous setting. Therefore, if a transition is
made to software standby mode while a PADDR bit is set to 1, the corresponding pin maintains its
output state.
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Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores output
data for port A. When port A functions as an output port, the value of this register is output. When
a bit in PADDR is set to 1, if port A is read the value of the corresponding PADR bit is returned.
When a bit in PADDR is cleared to 0, if port A is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ PA, ‘ PAg ‘ PAs ‘ PA4 ‘ PA3 ‘ PA> ‘ PA 4 ‘ PAo ‘
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 A data7to 0
These bits store data for port A pins

PADR is initialized to H'0O by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Table 8.12 Port A Pin Functions (Modes 1, 2)

Pin Pin Functions and Selection Method

PA/TP/  Bit PWM2 in TMDR, bits IOB2 to IOB0 in TIOR2, bit NDER7 in NDERA, and bit
TIOCB, PA.DDR select the pin function as follows.

16-bit timer

channel 2 (1) in table below (2) in table below

settings

PA,.DDR — 0 1 1

NDER7 — — 0 1

Pin function TIOCB, output PA, PA, TP,
input output output

TIOCB, input*

Note: * TIOCB, input when I0B2 = 1 and PWM2 = 0.

16-bit timer

channel 2 2) (1) 2)

settings

10B2 0 1

10B1 0 0 1 —

I0BO 0 1 — —
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Pin

Pin Functions and Selection Method

PA/TP/
TIOCA,

Bit PWM2 in TMDR, bits IOA2 to IOAOQ in TIOR2, bit NDER6 in NDERA, and bit

PA,DDR select t

he pin function as follows.

16-bit timer
channel 2
settings

(1) in table below

(2) in table below

PA,DDR

0

1

NDER6

0 1

Pin function

TIOCA, output

PA

6
input

PA TP

6 6
output output

TIOCA, input*

Note: * TIOCA

2

input when IOA2 = 1.

16-bit timer
channel 2
settings

) M

)

PWM2

I0A2

I0A1

IOAO

PA/TP,/
TIOCB,

Bit PWM1 in TM
PA,DDR select t

he pin function as follows.

DR, bits IOB2 to I0OBO0 in TIOR1, bit NDERS5 in NDERA, and bit

16-bit timer
channel 1
settings

(1) in table below

(2) in table below

PA.DDR

0

1

NDERS5

0 1

Pin function

TIOCB, output

PA,
input

PA, TP,
output output

TIOCB, input*

Note: * TIOCB,

input when IOB2 = 1 and PWM1 = 0.

16-bit timer
channel 1
settings

)

(1)

)

10B2

10B1

10BO
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Pin Pin Functions and Selection Method
PA/TP,/ Bit PWM1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, and bit
TIOCA, PA,DDR select the pin function as follows.

16-bit timer
channel 1
settings

(1) in table below

(2) in table below

PA,DDR

0

NDER4

0

Pin function

TIOCA, output

PA

4
input

PA

4
output

TIOCA, input*

Note: * TIOCA,

input when IOA2 = 1.

16-bit timer
channel 1
settings

)

M

PWM1

0

I0A2

I0A1

I0AO
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Table 8.13 Port A Pin Functions (Modes 3, 4)
Pin Pin Functions and Selection Method
PA/TP,/  Always used as A, output.
TIOCB,/ A,, | Pin function ‘ A,, output
PA/TP/  Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDER6 in NDERA, bit A21E in
TIOCA,/A,, BRCR, and bit PA,DDR select the pin function as follows.

A21E 1 0
16-bit timer

channel 2 (1) in table below (2) in table below —
settings

PA,DDR — 0 1 1 —
NDER6 — — 0 1 —
Pin function TIOCA, output PA, PA, TP, A,

input output output output
TIOCA, input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer channel 2 settings

@ |

(1)

| @

(1)

PWM2

0

I0A2

I0A1

I0AO
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Pin Pin Functions and Selection Method

PA/TP,/  Bit PWM1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDERS5 in NDERA, bit A22E in
TIOCB/A,, BRCR, and bit PA,DDR select the pin function as follows.

A22E 1 0

16-bit timer

channel 1 (1) in table below (2) in table below —

settings

PA,DDR — 0 1 1 —

NDER5 — — 0 1 —

Pin function TIOCB, output PA, PA, TP, A,
input output output output

TIOCB, input*

Note: * TIOCB, input when I0OB2 = 1 and PWM1 = 0.

16-bit timer

channel 1 (2) (1) (2)

settings

10B2 0 1

10B1 0 0 1 —

10B0 0 1 — —
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Pin

Pin Functions and Selection Method

PA/TP,/
TIOCA/A,,

Bit PWM1 in TMDR, bits IOA2 to IOAOQ in TIOR1, bit NDER4 in NDERA, bit A23E in
BRCR, and bit PA,DDR select the pin function as follows.

A23E

1

16-bit timer
channel 1
settings

(1) in table below

(2) in table below

PA,DDR

— 0

1

1 —

NDER4

0

1 —

Pin function

TIOCA, output

PA,
output

TP
output

4 23

output

TIOCA, input*

Note: * TIOCA,

input when IOA2 = 1.

16-bit timer
channel 1
settings

@)

(1)

()

PWM1

I0A2

I0A1

I0A0
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Table 8.14 Port A Pin Functions (Modes 1 to 4)

Pin

Pin Functions and Selection Method

PA/TP,/
TIOCB/
TCLKD

Bit PWMO in TMDR, bits IOB2 to I0BO0 in TIORO, bits TPSC2 to TPSCO0 in 16TCR2
to 16TCRO of the 16-bit timer, bits CKS2 to CKS0 in 8TCR2 of the 8-bit timer, bit
NDERS3 in NDERA, and bit PA,DDR select the pin function as follows.

16-bit timer

channel 0 (1) in table below (2) in table below

settings

PA,DDR — 0 1 1

NDER3 — — 0 1

Pin function TIOCB, PA, PA, TP,
output input output output

TIOCB, input*'

TCLKD input**

Notes: 1. TIOCBO input when I0B2 = 1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of 16TCR2 to
16TCRO, or bits CKS2 to CKSO0 in 8TCR2 are as shown in (3) in the table

below.

16-bit timer
channel 0
settings

)

M

)

10B2

10B1

10BO

8-bit timer
channel 0
settings

(4)

(©)

CKS2

CKS1

CKSO0
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Pin Pin Functions and Selection Method

PA/TP,/ Bit PWMO in TMDR, bits IOA2 to IOAO in TIORO, bits TPSC2 to TPSCO0 in 16TCR2
TIOCA/ to 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in 8TCRO of the 8-bit timer, bit
TCLKC NDER2 in NDERA, and bit PA,DDR select the pin function as follows.

16-bit timer
channel 0 (1) in table below (2) in table below
settings
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA, PA, TP,
input output output
TIOCA, input*'
TCLKC input*?

Notes: 1. TIOCAO input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO = 0 in any of
16TCR2 to 16 TCRO, or bits CKS2 to CKS0 in 8TCRO are as shown in
(3) in the table below.

16-bit timer
channel 0 @) (1) (2) (1)
settings

PWMO 0 1

I0A2 0 1 —

I0A1 0 0 1 — —

I0AOQ 0 1 — — —

8-bit timer
channel 0 (4) (3)
settings

CKS2 0 1

CKS1 — 0 1

CKS0 — 0 1 —
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Pin Pin Functions and Selection Method

PA/TP/ Bit MDF in TMDR, bits TPSC2 to TPSCO0 in 16TCR2 to 16 TCRO of the 16-bit timer,
TCLKB/ bits CKS2 to CKSO0 in 8TCR3 of the 8-bit timer, bit NDER1 in NDERA, and bit

TEND, PA,DDR select the pin function as follows.
PA DDR 0 1 1
NDER1 — 0 1
Pin function PA, input PA, output TP, output

TCLKB input*'

TEND, output**

Notes: 1. TCLKB input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 =0, and
TPSCO =1 in any of 16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in

8TCRS3 are as shown in (1) in the table below.

2. When an external request is specified as a DMAC activation source,
TEND, output regardless of bits PA,DDR and NDER1.

8-bit timer
channel 3
settings

(1)

CKS2

CKS1

CKSO0
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Pin Pin Functions and Selection Method

PA/TP/ Bit MDF in TMDR, bits TPSC2 to TPSCO0 in 16TCR2 to 16 TCRO of the 16-bit timer,
TCLKA/ bits CKS2 to CKSO0 in 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit

TEND, PA DDR select the pin function as follows.
PA,DDR 0 1
NDERO — 0 1
Pin function PA, input PA, output TP, output
TCLKA input*'
TEND, output**

Notes: 1. TCLKA input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 =0 and
TPSCO =0 in any of 16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in
8TCRO are as shown in (1) in the table below.

2. When an external request is specified as a DMAC activation source,
TEND, output regardless of bits PA DDR and NDERO.

8-bit timer
channel 1 @) (1)
settings

CKS2 0 1
CKS1 — 0 1
CKS0 — 0 1 —

8.8 Port B

8.8.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP , to TP,) from the
programmable timing pattern controller (TPC), input/output (TMIO,, TMO,, TMIO,, TMO,) by
the 8-bit timer, @7 to @A output, input (DREQ,, DREQ,) to the DMA controller (DMAC), input
and output (TxD,, RxD,, SCK,) by serial communication interface channel 2 (SCI2), and output
(UCAS, LCAS) by the DRAM interface. See table 8.16 for the selection of pin functions.

A reset or hardware standby transition leaves port B as an input port. For output of CS, to CS, in
modes 1 to 4, see section 6.3.4, Chip Select Signals. Pins not assigned to any of these functions are
available for generic input/output. When DRAM is connected to areas 2 to 5, the @4 and @5
output pins function as RAS output pins for each area. For details see section 6.5, DRAM
Interface. Figure 8.7 shows the pin configuration of port B.

Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Port B pins
PB,/TP15 /RxD,
PBg/TP14 /TXD,
PBs/TP13/SCK,/LCAS
PB4/TP;, /UCAS
Port B PB3/TP44 /TMIO,/DREQ,/CS,
PB,/TP1 /TMO,/CS;
PB1/TPg /TMIO,/DREQ,/CS;
PBo/TPs/TMO,/CS,
Pin states in modes 1 to 4
PB- (input/output)/TP45 (output) /RxD, (input)
PBg (input/output)/TP44 (output) /TxD, (output)
PB;5 (input/output)/TP43 (output) /SCK, (input/output) /LCAS (output)
PB, (input/output)/TP, (output) /UCAS (output)
PB; (input/output)/TP41 (output) /TMIO; (input/output) /DREQ; (input) CS, (output)
PB, (input/output)/TP4q (output) /TMO, (output) /CS; (output)
PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input) /CSg (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS, (output)
Figure 8.7 Port B Pin Configuration
8.8.2 Register Configuration

Table 8.15 summarizes the registers of port B.

Table 8.15 Port B Registers

Address* Name Abbreviation  R/W Initial Value
H'EEOOA Port B data direction register PBDDR w H'00
H'FFFDA Port B data register PBDR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.
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Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select
input or output for each pin in port B. When pins are used for TPC output, the corresponding
PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0

‘ PB7DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3;DDR ‘ PB,DDR ‘ PB4 DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w W w w

Port B data direction 7 to 0

These bits select input or output for port B pins
When a pin in port B becomes an output port if the corresponding PBDDR bit is set to 1, and an
input port if this bit is cleared to 0.

PBDDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PBDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. When transition is made to software standby mode while a PBDDR
bit is set to 1, the corresponding pin maintains its output state.

Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores output data
for pins port B. When port B functions as an output port, the value of this register is output. When
a bit in PBDDR is set to 1, if port B is read the value of the corresponding PBDR bit is returned.
When a bit in PBDDR is cleared to 0, if port B is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ PB; ‘ PBg ‘ PBs5 ‘ PB4 ‘ PB3 ‘ PB» ‘ PB ‘ PBg ‘
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 B data 7 to 0
These bits store data for port B pins

PBDR is initialized to H'0O by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 8.16 Port B Pin Functions

Pin Pin Functions and Selection Method
PB/TP,/  Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit PB,DDR
RxD, select the pin function as follows.
SMIF 0 1
RE 0 1 —
PB,DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB, input | PB,output | TP output | RxD, input | RxD, input
PB/TP,/  Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit PB,DDR
TxD, select the pin function as follows.
SMIF 0 1
TE 0 1 —
PB,DDR 0 1 — —
NDER14 — 0 1 — —
Pin function PB, PB, TP, TxD, TxD,
input output output output output*
Note: * Functions as the TxD, output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
PB,/TP,/ Bit C/Ain SMR of SCI2, bits CKEO and CKE1 in SCR, bit NDER13 in NDERB, and
SCK,/LCAS bit PB,DDR select the pin function as follows.

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
PB,DDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PB, PB, TP, SCK, SCK, SCK,
input output output output output input

LCAS output*

Note: * LCAS output depending on bits DRAS2 to DRASO in DRCRA and bit
CSEL in DRCRB, and regardless of bits C/A, CKEO and CKE1, NDER13, and
PB.DDR. For details, see section 6, Bus Controller.
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Pin Pin Functions and Selection Method
PB,/TP,/  Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
UCAS PB,DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB, output TP,, output
UCAS output*
Note: * UCAS output depending on bits DRAS2 to DRASO in DRCRA and bit
CSEL in DRCRB, and regardless of bits NDER12 and PB,DDR. For details, see
section 6, Bus Controller.
PB/TP,/  The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and
TMIO/  0OS1/0 in 8TCSRS, bits CCLR1 and CCLRO in 8TCRS3, bit CS4E in CSCR, bit
DREQ,/ NDER11 in NDERB, and bit PB,DDR select the pin function as follows.

DRAM interface (1) in table below (2) in

settings table
below

0IS3/2 and AllO Not all 0 —

0S1/0

CS4E 0 1 — —

PB,DDR 0 1 — — —

NDER11 — 0 1 — — —

Pin function PB, PB, TP, CS, TMIO, CS,

input output output output output | output*®
TMIO, input*’
DREQ, input**

Notes: 1. TMIOS input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source,
DREQ?1 input regardless of bits OIS3 and OIS2, OS1 and OS0, CCLR1
and CCLRO, CS4E, NDER11, and PB3DDR.

3. CS4 is output as RAS,.

DRAM interface
settings

(1)

@)

(1)

DRAS2

DRAS1

DRASO
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Pin Pin Functions and Selection Method
PB/TP,/  The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and
TMO,/CS, 0S1/0in 8TCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and bit PB,DDR
select the pin function as follows.
DRAM interface (1) in table below (2)in
settings table
below
0OIS3/2 and All O Not all 0 —
0S1/0
CS5E 0 1 — —
PB,DDR 0 1 — — —
NDER10 — 0 1 — — —
Pin function PB, PB, TP, CS, TMO, CS,
input output output output output output*
Note: * CS, is output as RAS,.
DRAM interface (1) (2 (1)
settings
DRAS2 0 1
DRASH1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1
PB,/TP,/ Bits OI1S3/2 and OS1/0 in 8TCSR1, bits CCLR1 and CCLRO0 in 8TCRO, bit CS6E in
TMIO/ CSCR, bit NDER9 in NDERB, and bit PB,DDR select the pin function as follows.
DREQ,/CS

OIS3/2 and Allo Not all 0

0S1/0

CS6E 0 1 —

PB,DDR 0 1 — —

NDER9 — 0 1 — —

Pin function PB, PB, TP, CS, TMIO,
input output output output output

TMIO, input*’

DREQ, input**

Notes: 1. TMIO1 input when CCLR1 = CCLRO = 1.

2. DREQO input when an external request is specified as a DMAC
activation source, regardless of bits OIS3/2, 0S1/0, CCLR1/0, CS6E,
NDER9, PB, DDR.
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Pin Pin Functions and Selection Method

PB/TP/  Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit NDER8 in NDERB, and
TMO/CS, bit PB,DDR select the pin function as follows.

OIS3/2 and All O Not all 0

0S1/0

CS7E 0 1 _

PB,DDR 0 1 1 — —

NDERS8 — 0 1 — —

Pin function PB, PB, TP, CS, TMO,
input output output output output

Rev.5.00 Sep. 12,2007 Page 283 of 764
REJ09B0396-0500

RENESAS



8. 1/O Ports

Rev.5.00 Sep. 12,2007 Page 284 of 764
REJ09B0396-0500

RENESAS



9. 16-Bit Timer

Section 9 16-Bit Timer

9.1 Overview

The H8/3006 and H8/3007 have built-in 16-bit timer module with three 16-bit counter channels.

9.1.1 Features
16-bit timer features are listed below.

e Capability to process up to 6 pulse outputs or 6 pulse inputs

e Six general registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

e Selection of eight counter clock sources for each channel:
Internal clocks: ¢, ¢/2, $/4, /8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD
e Five operating modes selectable in all channels:
— Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
— Input capture function
Rising edge, falling edge, or both edges (selectable)
— Counter clearing function
Counters can be cleared by compare match or input capture
— Synchronization

Two or more timer counters (16TCNTs) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

— PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
three-phase PWM output is possible

e Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
e High-speed access via internal 16-bit bus
The 16TCNTs and GRs can be accessed at high speed via a 16-bit bus.

e Any initial timer output value can be set
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9. 16-Bit Timer

¢ Nine interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

e Output triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels O to 2 can be used as TPC output triggers.

Table 9.1 summarizes the 16-bit timer functions.

Table 9.1

Item

16-bit timer Functions

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: ¢, ¢/2, ¢/4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently
General registers (output GRAO, GRBO GRA1, GRB1 GRA2, GRB2
compare/input
capture registers)
Input/output pins TIOCA,, TIOCB, TIOCA,, TIOCB, TIOCA,, TIOCB,
Counter clearing function GRA0/GRBO GRA1/GRB1 GRA2/GRB2

compare match or
input capture

compare match or
input capture

compare match or
input capture

Initial output value setting Available Available Available
function

Compare 0 Available Available Available
match output 1 Available Available Available

Toggle Available Available Not available

Input capture function Available Available Available
Synchronization Available Available Available
PWM mode Available Available Available
Phase counting mode Not available Not available Available

Interrupt sources

Three sources

e Compare
match/input
capture AO

e Compare
match/input
capture BO

e Overflow

Three sources

e Compare
match/input
capture A1

e Compare
match/input
capture B1

e Overflow

Three sources

e Compare
match/input
capture A2

e Compare
match/input
capture B2

e Overflow
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9. 16-Bit Timer

9.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 9.1 is a block diagram of the 16-bit timer.

TCLKA to TCLKD IMIAO to IMIA2
— Clock selector | > IMIBO to IMIB2

o, &/2, /4, ¢/8 > OVIO to OVI2
Control logic

TIOCB, to TIOOB,

<>

K>

<
A
7
e
|

16-bit timer channel 2
Internal data bus

16-bit timer channel 0
_|
(@]
—
g
Bus interface

16-bit timer channel 1

<>
<>
<>
]
i
>
.

Module data bus

Legend:

TSTR: Timer start register (8 bits)

TSNC: Timer synchro register (8 bits)

TMDR: Timer mode register (8 bits)

TOLR: Timer output level setting register (8 bits)
TISRA: Timer interrupt status register A (8 bits)
TISRB: Timer interrupt status register B (8 bits)
TISRC: Timer interrupt status register C (8 bits)

Figure 9.1 16-bit timer Block Diagram (Overall)
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9. 16-Bit Timer

Block Diagram of Channels 0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 9.2.

TCLKA to TCLKD > ~— TIOCA,
Clock selector ~+— TIOCB,
o, /2, /4, ¢/8 >
Control logic
— IMIAO
Comparator — [MIBO
— OVIo

AN

16TCNT
GRA
GRB
16TCR
TIOR

Q00 00

Module data bus

Legend:

16TCNT:  Timer counter (16 bits)

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
16TCR: Timer control register (8 bits)

TIOR: Timer I/O control register (8 bits)

Figure 9.2 Block Diagram of Channels 0 and 1
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9. 16-Bit Timer

Block Diagram of Channel 2: Figure 9.3 is a block diagram of channel 2

TCLKA to TCLKD ___
o, 0/2, 0/4, 08 >

Clock selector

Comparator

Control logic

<> TIOCA,
<> TIOCB,

— IMIA2
— IMIB2
— QOVI2

AN

A

16TCNT2
GRA2
GRB2

16TCR2

TIOR2

<

00 Q

Module data bus

Legend:
16TCNT2: Timer counter 2 (16 bits)

GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)
16TCR2: Timer control register 2 (8 bits)
TIOR2: Timer I/O control register 2 (8 bits)

Figure 9.3 Block Diagram of Channel 2
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9. 16-Bit Timer

9.1.3 Pin Configuration

Table 9.2 summarizes the 16-bit timer pins.

Table 9.2  16-bit timer Pins
Abbre- Input/
Channel Name viation Output Function
Common Clock input A TCLKA Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting mode)

Clock input C TCLKC Input External clock C input pin
Clock input D TCLKD Input External clock D input pin

0 Input capture/output  TIOCA,  Input/ GRAO output compare or input capture pin
compare AO output PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBO output compare or input capture pin
compare BO output

1 Input capture/output TIOCA, Input/ GRA1 output compare or input capture pin
compare A1 output PWM output pin in PWM mode
Input capture/output TIOCB, Input/ GRB1 output compare or input capture pin
compare B1 output

2 Input capture/output TIOCA,  Input/ GRAZ2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
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9. 16-Bit Timer

9.14 Register Configuration
Table 9.3 summarizes the 16-bit timer registers.

Table 9.3  16-bit timer Registers

Abbre- Initial
Channel Address*' Name viation R/W  Value
Common  H'FFF60 Timer start register TSTR R/W H'F8
H'FFF61 Timer synchro register TSNC R/W H'F8
H'FFF62 Timer mode register TMDR R/W H'98
H'FFF63 Timer output level setting register TOLR w H'CO
H'FFF64 Timer interrupt status register A TISRA R/(W)** H'88
H'FFF65 Timer interrupt status register B TISRB R/(W)** H'88
H'FFF66 Timer interrupt status register C TISRC R/(W)** H'88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer 1/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH 16TCNTOH R/W H'00
H'FFFé6B Timer counter OL 16TCNTOL R/W H'00
H'FFF6C General register AOH GRAOH R/W H'FF
H'FFF6D General register AOL GRAOL R/W H'FF
H'FFF6E General register BOH GRBOH R/W HFF
H'FFF6F General register BOL GRBOL R/W H'FF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer 1/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNT1H R/W H'00
H'FFF73 Timer counter 1L 16TCNT1L R/W H'00
H'FFF74 General register A1H GRA1TH R/W H'FF
H'FFF75 General register A1L GRA1L R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRB1L R/W H'FF
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9. 16-Bit Timer

Abbre- Initial
Channel Address*' Name viation R/W  Value
2 H'FFF78 Timer control register 2 16TCR2 R/W H'80
H'FFF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H 16TCNT2H R/W H'00
H'FFF7B Timer counter 2L 16TCNT2L R/W H'00
H'FFF7C General register A2H GRA2H R/W H'FF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W HFF
H'FFF7F General register B2L GRB2L R/W H'FF

Notes: 1. The lower 20 bits of the address in advanced mode are indicated.
2. Only 0 can be written in bits 3 to 0, to clear the flags.

9.2 Register Descriptions
9.2.1 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (16TCNT) in
channels O to 2.

Bit 7 6 5 4 3 2 1 0
- | — | — | — | — |sme|smi| st
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Counter start 2to 0

These bits start and
stop 16TCNT2 to 16TCNTO

TSTR is initialized to H'F8 by a reset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (16TCNT2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting
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9. 16-Bit Timer

Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

9.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels O to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1.

Bit 7 6 5 4 3 2 1 0
— — — — — SYNC2 | SYNC1 | SYNCO
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
| |
Reserved bits Timer sync2to 0

These bits synchronize
channels 210 0

TSNC is initialized to H'F8 by a reset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or
synchronously.

Bit 2

SYNC2 Description

0 Channel 2's timer counter (16TCNT2) operates independently (Initial value)
16TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

16TCNT2 can be synchronously preset and cleared
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9. 16-Bit Timer

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (16TCNT1) operates independently (Initial value)

16TCNT1 is preset and cleared independently of other channels

Channel 1 operates synchronously
16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or

synchronously.
Bit 0
SYNCO Description

0

Channel 0's timer counter (16TCNTO) operates independently (Initial value)
16TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously
16TCNTO can be synchronously preset and cleared
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9. 16-Bit Timer

9.2.3 Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels O to 2. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0
— MDF FDIR — — PWM2 | PWM1 | PWMO

Initial value 1 0 0 1 1 0 0 0

Read/Write — R/W R/W — — R/W R/W R/W

|
PWM mode 2 to 0

Reserved bit These bits select PWM
mode for channels 2 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in TISRC

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDR is initialized to H'98 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, I6TCNT?2 operates as an up/down-counter
and pins TCLKA and TCLKB become counter clock input pins. l6TCNT2 counts both rising and
falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin b High 1 Low  Low & High 1
TCLKB pin Low | High 1 1 High 1 Low
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9. 16-Bit Timer

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO.
Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bits in 16TCR2 and the
compare match/input capture settings and interrupt functions of TIOR2, TISRA, TISRB, TISRC
remain effective in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TISRC. The
FDIR designation is valid in all modes in channel 2.

Bit 5

FDIR Description

0 OVF is set to 1 in TISRC when 16TCNT2 overflows or underflows (Initial value)
1 OVF is set to 1 in TISRC when 16TCNT2 overflows

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM?2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRA2, and to 0 at compare match with GRB2.

Bit 1I—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWMI is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRA1, and to 0 at compare match with GRB1.
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9. 16-Bit Timer

Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA becomes a PWM output pin. The
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO.

9.2.4 Timer Interrupt Status Register A (TISRA)

TISRA is an 8-bit readable/writable register that indicates GRA compare match or input capture
and enables or disables general register compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEA2 | IMIEA1 | IMIEAO| — | IMFA2 | IMFA1 | IMFAO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)*  R/(W)* R/(W)*

Input capture/compare match
flags A2 to A0

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to A0
These bits enable or disable interrupts by the IMFA flags

Reserved bit

Note: * Only 0 can be written, to clear the flag.
TISRA is initialized to H'88 by a reset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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9. 16-Bit Timer

Bit 6—Input Capture/Compare Match Interrupt Enable A2 (IMIEA2): Enables or disables
the interrupt requested by the IMFA2 flag when IMFA2 is set to 1.

Bit 6

IMIEA2 Description

0 IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFA2 flag is enabled

Bit 5—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1): Enables or disables
the interrupt requested by the IMFA1 flag when IMFAL is set to 1.

Bit 5

IMIEA1 Description

0 IMIA1 interrupt requested by IMFA1 flag is disabled (Initial value)
1 IMIA1 interrupt requested by IMFA1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable A0 (IMIEAOQ): Enables or disables
the interrupt requested by the IMFAO flag when IMFAO is set to 1.

Bit 4

IMIEAO Description

0 IMIAO interrupt requested by IMFAO flag is disabled (Initial value)
1 IMIAO interrupt requested by IMFAO flag is enabled

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

Bit 2—Input Capture/Compare Match Flag A2 (IMFA2): This status flag indicates GRA2
compare match or input capture events.

Bit 2
IMFA2 Description

0 [Clearing conditions] (Initial value)
e Read IMFA2 when IMFA2 =1, then write 0 in IMFA2.
e DMAC activated by IMIA2 interrupt.

1 [Setting conditions]
e 16TCNT2 = GRA2 when GRA2 functions as an output compare register.

e 16TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register.

Rev.5.00 Sep. 12, 2007 Page 298 of 764
REJ09B0396-0500

RENESAS



9. 16-Bit Timer

Bit 1—Input Capture/Compare Match Flag A1 (IMFA1): This status flag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing conditions] (Initial value)
e Read IMFA1 when IMFA1 =1, then write 0 in IMFA1.
e DMAC activated by IMIA1 interrupt.

1 [Setting conditions]

e 16TCNT1 = GRA1 when GRA1 functions as an output compare register.

e 16TCNT1 value is transferred to GRA1 by an input capture signal when GRA1
functions as an input capture register.

Bit 0—Input Capture/Compare Match Flag A0 (IMFAO0): This status flag indicates GRAO
compare match or input capture events.

Bit0

IMFAO Description

0 [Clearing conditions] (Initial value)
o Read IMFAO when IMFAOQ =1, then write 0 in IMFAO.
o DMAC activated by IMIAOQ interrupt.

1 [Setting conditions]

e 16TCNTO = GRAO when GRAO functions as an output compare register.

e 16TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register.
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9. 16-Bit Timer

9.2.5 Timer Interrupt Status Register B (TISRB)

TISRB is an 8-bit readable/writable register that indicates GRB compare match or input capture
and enables or disables general register compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIE82 | IMIEB1 | IMIEBO| — | IMFB2 | IMFB1 | IMFBO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)*  R/(W)* R/(W)*

Input capture/compare match
flags B2 to BO

Status flags indicating GRB
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

Reserved bit

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

TISRB is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable B2 (IMIEB2): Enables or disables
the interrupt requested by the IMFB2 flag when IMFB2 is set to 1.

Bit 6

IMIEB2 Description

0 IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)
1 IMIB2 interrupt requested by IMFB2 flag is enabled
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9. 16-Bit Timer

Bit 5—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 flag when IMFBI is set to 1.

Bit 5

IMIEB1 Description

0 IMIB1 interrupt requested by IMFB1 flag is disabled (Initial value)
1 IMIB1 interrupt requested by IMFB1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable B0 IMIEBO0): Enables or disables
the interrupt requested by the IMFBO flag when IMFBO is set to 1.

Bit 4

IMIEBO Description

0 IMIBO interrupt requested by IMFBO flag is disabled (Initial value)
1 IMIBO interrupt requested by IMFBO flag is enabled

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

Bit 2—Input Capture/Compare Match Flag B2 (IMFB2): This status flag indicates GRB2
compare match or input capture events.

Bit 2

IMFB2 Description

0 [Clearing condition] (Initial value)
Read IMFB2 when IMFB2 =1, then write 0 in IMFB2.

1 [Setting conditions]

e 16TCNT2 = GRB2 when GRB2 functions as an output compare register.

e 16TCNT2 value is transferred to GRB2 by an input capture signal when GRB2
functions as an input capture register.
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Bit 1—Input Capture/Compare Match Flag B1 (IMFB1): This status flag indicates GRB1
compare match or input capture events.

Bit 1

IMFB1 Description

0 [Clearing condition] (Initial value)
Read IMFB1 when IMFB1 =1, then write 0 in IMFB1.

1 [Setting conditions]

e 16TCNT1 = GRB1 when GRB1 functions as an output compare register.

e 16TCNT1 value is transferred to GRB1 by an input capture signal when GRB1
functions as an input capture register.

Bit 0—Input Capture/Compare Match Flag B0 (IMFBO0): This status flag indicates GRBO
compare match or input capture events.

Bit 0

IMFBO Description

0 [Clearing condition] (Initial value)
Read IMFBO when IMFBO =1, then write 0 in IMFBO.

1 [Setting conditions]

e 16TCNTO = GRBO when GRBO functions as an output compare register.

e 16TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register.
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9.2.6 Timer Interrupt Status Register C (TISRC)

TISRC is an 8-bit readable/writable register that indicates I6TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |OVIE2 | OVIE1 | OVIEO | — | OVF2 | OVF1 | OVFO0 |

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)*  R/(W)* R/(W)*

Overflow flags 2 to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2 to 0
These bits enable or disable interrupts by the OVF flags

Reserved bit
Note: * Only 0 can be written, to clear the flag.
TISRC is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by the
OVEF2 flag when OVF2 is set to 1.

Bit 6

OVIE2 Description

0 OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 OVI2 interrupt requested by OVF2 flag is enabled

Bit 5—Overflow Interrupt Enable 1 (OVIE1): Enables or disables the interrupt requested by the
OVF1 flag when OVF1 is set to 1.

Bit 5

OVIE1 Description

0 OVI1 interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled
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Bit 4—Overflow Interrupt Enable 0 (OVIE0): Enables or disables the interrupt requested by the
OVEFO flag when OVFO is set to 1.

Bit 4

OVIEO Description

0 OVIO interrupt requested by OVFO flag is disabled (Initial value)
1 OVI0 interrupt requested by OVFO flag is enabled

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

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 16TCNT2 overflow.

Bit 2

OVF2 Description

0 [Clearing condition] (Initial value)
Read OVF2 when OVF2 =1, then write 0 in OVF2.

1 [Setting condition]

16TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF.

Note: 16TCNT underflow occurs when 16TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF = 1 in TMDR).

Bit 1I—Overflow Flag 1 (OVF1): This status flag indicates I6TCNT1 overflow.

Bit 1

OVF1 Description

0 [Clearing condition] (Initial value)
Read OVF1 when OVF1 =1, then write 0 in OVF1.

1 [Setting condition]

16TCNT1 overflowed from H'FFFF to H'0000.

Bit 0—Overflow Flag 0 (OVF0): This status flag indicates I6TCNTO overflow.

Bit 0

OVFO0 Description

0 [Clearing condition] (Initial value)
Read OVFO when OVFO =1, then write 0 in OVFO.

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000.
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9. 16-Bit Timer

9.2.7 Timer Counters (16TCNT)

16TCNT is a 16-bit counter. The 16-bit timer has three 16TCNTs, one for each channel.

Channel Abbreviation Function

0 16TCNTO Up-counter

1 16TCNT1

2 16TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o o o o o o o o o o o o
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

Each 16TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source.
The clock source is selected by bits TPSC2 to TPSCO in 16TCR.

16TCNTO and 16TCNT1 are up-counters. 16TCNT2 is an up/down-counter in phase counting
mode and an up-counter in other modes.

16TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to
GRA or GRB (counter clearing function).

When 16TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TISRC of
the corresponding channel.

When 16TCNT underflows (changes from H'0000 to HFFFF), the OVF flag is set to 1 in TISRC
of the corresponding channel.

The 16TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each 16TCNT is initialized to H'0000 by a reset and in standby mode.
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9. 16-Bit Timer

9.2.8 General Registers (GRA, GRB)

The general registers are 16-bit registers. The 16-bit timer has 6 general registers, two in each
channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 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 R/W R/W R/W R/W R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settings in TIOR.

When a general register is used as an output compare register, its value is constantly compared
with the I6TCNT value. When the two values match (compare match), the IMFA or IMFB flag is
set to 1 in TISRA/TISRB. Compare match output can be selected in TIOR.

When a general register is used as an input capture register an external input capture signal are
detected and the current I6TCNT value is stored in the general register. The corresponding IMFA
or IMFB flag in TISRA/TISRB is set to 1 at the same time. The valid edge or edges of the input
capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by a reset
and in standby mode. The initial value is H'FFFF.
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9. 16-Bit Timer

9.2.9 Timer Control Registers (16TCR)

16TCR is an 8-bit register. The 16-bit timer has three 16TCRs, one in each channel.

Channel Abbreviation Function
0 16TCRO CR controls the timer counter. The 16 TCRs in all channels are
1 16TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2

2 16TCR2 to TPSCO in 16TCR2 are ignored.
Bit 7 6 5 4 3 2 1 0

| — | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Timer prescaler 2 to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Each 16TCR is an 8-bit readable/writable register that selects the timer counter clock source,
selects the edge or edges of external clock sources, and selects how the counter is cleared.

16TCR is initialized to H'80 by a reset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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9. 16-Bit Timer

Bits 6 and 5—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select how 16TCNT is

cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16TCNT is cleared by GRA compare match or input capture*’

1 0 16TCNT is cleared by GRB compare match or input capture*'
1 Synchronous clear: 16TCNT is cleared in synchronization with other

synchronized timers**

Notes: 1. 16TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input
capture register.

2. Selected in TSNC.

Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO0): These bits select external clock input
edges when an external clock source is used.

Bit 4 Bit 3
CKEG1 CKEGO Description
0 0 Count rising edges (Initial value)

1

Count falling edges

1 —

Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in 16TCR2 are ignored.
Phase counting takes precedence.

Rev.5.00 Sep. 12, 2007 Page 308 of 764

REJ09B0396-0500

RENESAS



9. 16-Bit Timer

Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2 to TPSC0): These bits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function
0 0 0 Internal clock: ¢ (Initial value)
1 Internal clock: ¢/2
1 0 Internal clock: ¢/4
1 Internal clock: ¢/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO0 in 16TCR?2 are ignored. Phase counting takes precedence.
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9. 16-Bit Timer

9.2.10 Timer I/O Control Register (TIOR)
TIOR is an 8-bit register. The 16-bit timer has three TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode.
2 TIOR2
Bit 7 6 5 4 3 2 1 0

‘ — ‘ I0B2 ‘ I0B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ IOA1 ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to A0
These bits select GRA
functions

Reserved bit

I1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIORA and TIORC pins. If the
output compare function is selected, TIOR also selects the type of output. If input capture is
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR is initialized to H'88 by a reset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits 6 to 4—1/0 Control B2 to B0 (I0OB2 to IOB0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
10B2 10B1 10B0 Function

0 0 0 GRB is an output  No output at compare match (Initial value)

compare register 0 output at GRB compare match*’

1
1 0 1 output at GRB compare match*'
1

Output toggles at GRB compare match
(1 output in channel 2)*'+*

GRB is an input GRB captures rising edge of input

compare register GRB captures falling edge of input

GRB captures both edges of input

-1 OoO|=| 0O

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.

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

Bits 2 to 0—I/0O Control A2 to A0 (I0A2 to IOAO0): These bits select the GRA function.

Bit 2 Bit 1 Bit 0
I0A2 I0A1 IOA0 Function
0 0 0 GRA is an output  No output at compare match  (Initial value)
1 compare register 0 output at GRA compare match*'
1 0 1 output at GRA compare match*'
1 Output toggles at GRA compare match
(1 output in channel 2)*'+*
1 0 0 GRA is an input GRA captures rising edge of input
1 compare register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.
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9.2.11 Timer Output Level Setting Register C (TOLR)

TOLR is an 8-bit write-only register that selects the timer output level for channels O to 2.

Bt 7 6 5 4 3 2 1 0

| — | — | ToB2 | ToA2 | ToB1 | TOA1 | TOBO | TOAO |
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w w w w

Output level setting A2 to A0, B2 to BO
These bits set the levels of the timer outputs
(TIOCA, to TIOCA, and TIOCB, to TIOCB)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTR is 0.
TOLR is a write-only register. If it is read, all bits will return a value of 1.
TOLR is initialized to H'CO by a reset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Level Setting B2 (TOB2): Sets the value of timer output TIOCB,,.

Bit 5

TOB2 Description

0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 4—Output Level Setting A2 (TOA2): Sets the value of timer output TIOCA,.

Bit 4

TOA2 Description

0 TIOCA, is 0 (Initial value)
1 TIOCA, is 1
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Bit 3—Output Level Setting B1 (TOB1): Sets the value of timer output TIOCB,.
Bit 3
TOB1 Description
0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1
Bit 2—Output Level Setting A1 (TOA1): Sets the value of timer output TIOCA .
Bit 2
TOA1 Description
0 TIOCA, is 0 (Initial value)
1 TIOCA, is 1
Bit 1—Output Level Setting B0 (TOBO): Sets the value of timer output TIOCB,,.
Bit 0
TOBO Description
0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 0—Output Level Setting A0 (TOAO): Sets the value of timer output TIOCA,.

Bit 0

TOAO Description

0 TIOCA, is 0 (Initial value)
1 TIOCA, is 1
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9. 16-Bit Timer

9.3 CPU Interface
9.3.1 16-Bit Accessible Registers

The timer counters (16TCNTSs), general registers A and B (GRAs and GRBs) are 16-bit registers,
and are linked to the CPU by an internal 16-bit data bus. These registers can be written or read a
word at a time, or a byte at a time.

Figures 9.4 and 9.5 show examples of word read/write access to a timer counter (16TCNT).
Figures 9.6, 9.7, 9.8, and 9.9 show examples of byte read/write access to 16TCNTH and
16TCNTL.

On-chip data bus

H H

()

CPU L Bus interface

()

L data bus

> Module
>

H A

\ 2R /

| 16TCNTH | 16TCNTL |

Figure 9.4 Access to Timer Counter (CPU Writes to 16TCNT, Word)

On-chip data bus

H H

()

CPU L Bus interface ﬂ L

N

VAN

Module

> data bus

A

| 16TCNTH | 16TCNTL |

Figure 9.5 Access to Timer Counter (CPU Reads 16TCNT, Word)
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On-chip data bus

H H

()

CPU L Bus interface

—

L

data bus

VANIV N

> Module
>

\ 2LV

| 16TCNTH | 16TCNTL |

Figure 9.6 Access to Timer Counter (CPU Writes to 16TCNTH, Upper Byte)

On-chip data bus

H H

()

CPU L Bus interface

>

> Module
> data bus

L

Y VAN

VAR

|16TCNTH|16TCNTL|

Figure 9.7 Access to Timer Counter (CPU Writes to 16 TCNTL, Lower Byte)

On-chip data bus

H H

()

CPU L Bus interface {} L Module

<:> > data bus

VAN

/\

|16TCNTH|16TCNTL|

Figure 9.8 Access to Timer Counter (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H

<)

CPU L

<

Bus interface

H

A

L Module

Y VAN

> data bus

&

| 16TCNTH | 16TCNTL |

Figure 9.9 Access to Timer Counter (CPU Reads 16TCNTL, Lower Byte)

9.3.2

8-Bit Accessible Registers

The registers other than the timer counters and general registers are 8-bit registers. These registers

are linked to the CPU by an internal 8-bit data bus.

Figures 9.10 and 9.11 show examples of byte read and write access to a 16TCR.

If a word-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

H

<)

CPU L

<

Bus interface

H

L Module

VARV N

> data bus

Figure 9.10 16TCR Access (CPU Writes to 16TCR)

On-chip data bus

H

<)

CPU L

>

Bus interface

H

£H

L Module

ANV '\

> data bus

Figure 9.11 16TCR Access (CPU Reads 16TCR)
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9. 16-Bit Timer

94 Operation

94.1 Overview
A summary of operations in the various modes is given below.

Normal Operation: Each channel has a timer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer counters in the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bits in the 16TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and
TCLKB is detected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16TCNT2 operates as an up/down-
counter.

94.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 is set to 1 in the timer start register (TSTR),
the timer counter (16TCNT) in the corresponding channel starts counting. The counting can be
free-running or periodic.

e Sample setup procedure for counter

Figure 9.12 shows a sample procedure for setting up a counter.
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9. 16-Bit Timer

( Counter setup )

Select counter clock 1

No

Type of counting?

Yes
( Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure 9.12 Counter Setup Procedure (Example)

1. Set bits TPSC2 to TPSCO in 16TCR to select the counter clock source. If an external clock
source is selected, set bits CKEG1 and CKEGO in 16TCR to select the desired edge(s) of
the external clock signal.

2. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16TCNT cleared at GRA
compare match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected
in step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.

5. Set the STR bit to 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (16TCNTs) in 16-bit timer channels O to 2 all set as free-running
counters. A free-running counter starts counting up when the corresponding bit in TSTR is set
to 1. When the count overflows from H'FFFF to H'0000, the OVF flag is set to 1 in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 9.13 illustrates
free-running counting.

16TCNT value

o ‘ 7777777777777777777777 ’ fffffffffff

H'0000
STRO to | |
STR2 bit | |

OVF 5

Figure 9.13 Free-Running Counter Operation

When a channel is set to have its counter cleared by compare match, in that channel 16TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit CCLR1
or CCLRO in 16TCR to have the counter cleared by compare match, and set the count period in
GRA or GRB. After these settings, the counter starts counting up as a periodic counter when the
corresponding bit is set to 1 in TSTR. When the count matches GRA or GRB, the IMFA or IMFB
flag is set to 1 in TISRA/TISRB and the counter is cleared to H'0000. If the corresponding IMIEA
or IMIEB bit is set to 1 in TISRA/TISRB, a CPU interrupt is requested at this time. After the
compare match, 16TCNT continues counting up from H'0000. Figure 9.14 illustrates periodic
counting.
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16TCNT value Counter cleared by general

/ register compare match
GR ””””””””””””””””””” ‘ ”””””””””””

H'0000
STR bit ‘ |
IMF

Figure 9.14 Periodic Counter Operation

e 16TCNT count timing
— Internal clock source

Bits TPSC2 to TPSCO in 16TCR select the system clock (¢) or one of three internal clock
sources obtained by prescaling the system clock (¢/2, ¢/4, ¢/8).
Figure 9.15 shows the timing.

0 InEnEEEnEnEEEREREE

((
Internal )
CIOCk ‘I \ SS | | \
16TCNT input
clock

16TCNT N-1 X

X N+

N

(
)
j
(
)

Figure 9.15 Count Timing for Internal Clock Sources

— External clock source

Bits TPSC2 to TPSCO in 16TCR select an external clock input pin (TCLKA to TCLKD),
and its valid edge or edges are selected by bits CKEG1 and CKEGO. The rising edge,
falling edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.
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Figure 9.16 shows the timing when both edges are detected.

N InEnEnEeEnEnEnEEEE

Ext |

cl)éfkr?r?put 2 {

16TCNT i t |—|

clock mpu_'—l { 0§

16TCNT N-1 >< N >< E N+ 1
J

—~

Figure 9.16 Count Timing for External Clock Sources (when Both Edges Are Detected)

Waveform Output by Compare Match: In 16-bit timer channels 0, 1 compare match A or B can
cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the output
can only go to 0 or go to 1.

e Sample setup procedure for waveform output by compare match

Figure 9.17 shows an example of the setup procedure for waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/

output function to the output compare function
Select waveform 1 (TIOCA or TIOCB). An output compare pin outputs
output mode the value set in TOLR until the first compare match
occurs.
Set output timing 2 2. Setavaluein GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1in TSTR to start the timer
i counter.

Waveform output

Figure 9.17 Setup Procedure for Waveform Output by Compare Match (Example)
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e Examples of waveform output
Figure 9.18 shows examples of 0 and 1 output. 16TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.

16TCNT value
/

3 s E S RRERt
GRB  f--rrmermmomn ool

GRA [

H'0000

TIOCB | i No change i Nochange 1 output

S — |
|

TIOCA o No change I No change 0 output

Figure 9.18 0 and 1 Output (TOA =1, TOB = 0)

Figure 9.19 shows examples of toggle output. I6TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

16TCNT value .
Counter cleared by compare match with GRB

i

GRB  [------meoooeeeeeeee R

GRA |- R e SRR Lo

H'0000 | | -~ Time

TIOCB ! ! 1 Toggle
‘ | i s output

TIOCA | Toggle

‘ output

Figure 9.19 Toggle Output (TOA =1, TOB =0)
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e Output compare output timing
The compare match signal is generated in the last state in which 16TCNT and the general
register match (when 16TCNT changes from the matching value to the next value). When the
compare match signal is generated, the output value selected in TIOR is output at the output
compare pin (TIOCA or TIOCB). When 16TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 9.20 shows the output compare timing.

0 I A
16TCNT input I—I
clock e

16TCNT N X N+ 1
GR N

Compare I—I

match signal

TIOCA, X

TIOCB

Figure 9.20 Output Compare Output Timing

Input Capture Function: The 16TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or period.
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e Sample setup procedure for input capture

Figure 9.21 shows a sample procedure for setting up input capture.

( Input selection ) 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,

‘ or both edges of the input capture signal. Clear the
DDR bit to 0 before making these TIOR settings.

Select input-capture input 1

Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

Input capture

Figure 9.21 Setup Procedure for Input Capture (Example)

e Examples of input capture

Figure 9.22 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. 16TCNT is cleared by input capture into GRB.

16TCNT value

GRA X H0005 >< Hj'0160 ><
3 Y

arB X X H'0180

Figure 9.22 Input Capture (Example)
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e Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settings in
TIOR. Figure 9.23 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

' | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure 9.23 Input Capture Signal Timing

9.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate 16TCR settings, two
or more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 2).
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Sample Setup Procedure for Synchronization: Figure 9.24 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing
synchronized to this

No

- channel?
Write to 16TCNT 2
Yes
| Select counter clear source | 3 | Select counter clear source | 4
| Start counter |5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Set the SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in 16TCNT in one of the synchronized channels, the same value is
simultaneously written in 16TCNT in the other channels.

. Set the CCLR1 or CCLRO bit in 16TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in 16TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

o b w

Figure 9.24 Setup Procedure for Synchronization (Example)
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Example of Synchronization: Figure 9.25 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer counters in channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA , TIOCA,,
and TIOCA,. For further information on PWM mode, see section 9.4.4, PWM Mode.

Value of 16TCNTO to 16TCNT2

‘ Synchronous clearing by GRB0O compare match

GRBO
GRBH1
GRAO
GRB2
GRA1
GRA2
H'0000

TIOCA,

TIOCA,

TIOCA,

Figure 9.25 Synchronization (Example)
9.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changes to 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 2).

Table 9.4 summarizes the PWM output pins and corresponding registers. If the same value is set
in GRA and GRB, the output does not change when compare match occurs.
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9. 16-Bit Timer

Table 9.4 PWM Output Pins and Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRA1 GRB1
2 TIOCA, GRA2 GRB2

Sample Setup Procedure for PWM Mode: Figure 9.26 shows a sample procedure for setting up
PWM mode.

—_

C PWM mode ] . Set bits TPSC2 to TPSCO0 in 16TCR to
select the counter clock source. If an
\ external clock source is selected, set
bits CKEG1 and CKEGO in 16TCR to
select the desired edge(s) of the
| external clock signal.
2. Set bits CCLR1 and CCLRO0 in 16TCR
Select counter clear source 2 to select the counter clear source.
3. Set the time at which the PWM
\ waveform should go to 1 in GRA.
4. Set the time at which the PWM
Set GRA 3 waveform should go to 0 in GRB.
5. Set the PWM bit in TMDR to select
‘ PWM mode. When PWM mode is
Set GRB 4 selected, regardless of the TIOR
contents, GRA and GRB become
‘ output compare registers specifying
the times at which the PWM output
Select PWM mode 5 goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforms
to the settings of bits IOB1 and I0B0
in TIOR. If TIOCB output is not
desired, clear both IOB1 and IOBO to 0.
l 6. Setthe STR bitto 1in TSTR to start
the timer counter.

Select counter clock 1

Start counter 6

PWM mode

Figure 9.26 Setup Procedure for PWM Mode (Example)
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Examples of PWM Mode: Figure 9.27 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goes to 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, 16TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

16TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

a. Counter cleared by GRA (TOA = 1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

b. Counter cleared by GRB (TOA = 0)

Time

Figure 9.27 PWM Mode (Example 1)

Figure 9.28 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
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9. 16-Bit Timer

the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB is set to a
higher value than GRA, the duty cycle is 100%.

16TCNT value Counter cleared by compare match B
GRB ,,,,,,,,,,,,,,,,,,,, - !”/, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
GRA | S |
H'0000 — . L Time
TIOCA | L
Write to GRA Write to GRA
a. 0% duty cycle (TOA = 0)
16TCNT value Counter cleared by compare match A
GRA | A
GRB [ e !
H'0000 : — o ¥~ Time
TIOCA o
Write to GRB Write to GRB

b. 100% duty cycle (TOA = 1)

Figure 9.28 PWM Mode (Example 2)
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9. 16-Bit Timer

9.4.5 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and 16TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and 16TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO, CKEG1, and CKEGO in 16TCR2. Settings of bits CCLR1, CCLRO in 16TCR2, and
settings in TIOR2, TISRA, TISRB, TISRC, STR2 in TSTR, GRA2, and GRB2 are valid. The
input capture and output compare functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 9.29 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

:

Phase counting mode

Figure 9.29 Setup Procedure for Phase Counting Mode (Example)
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9. 16-Bit Timer

Example of Phase Counting Mode: Figure 9.30 shows an example of operations in phase
counting mode. Table 9.5 lists the up-counting and down-counting conditions for 16TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states.

16TCNT2 value

Countinyr wig down

Tcke 4 t } [ i f
Tolka b 1 } 1 f '

Figure 9.30 Operation in Phase Counting Mode (Example)

Table 9.5 Up/Down Counting Conditions

Counting Direction Down-Counting Up-Counting
TCLKB pin b High 1 Low  High | Low |
TCLKA pin Low | High 1 1 Low & High
P.hase P_hase
difference difference ~ Pulse width Pulse width
TOLKA | | | |
TCLKB
: Phase difference and overlap: at least 1.5 states
r 1 [ a—]

' ' ' ' Pulse width: at least 2.5 states
Overlap Overlap

Figure 9.31 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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9. 16-Bit Timer

9.4.6 Setting Initial Value of 16-Bit Timer Output

Any desired value can be specified for the initial 16-bit timer output value when a timer count
operation is started by making a setting in TOLR.

Figure 9.32 shows the timing for setting the initial output value with TOLR.

Only write to TOLR when the corresponding bit in TSTR is cleared to 0.

T1 2 3

0| L
Address bus >< TOLR address ><
TOLR X N

16-bit timer output pin >< N

Figure 9.32 Example of Timing for Setting Initial Value of 16-Bit Timer Output by Writing
to TOLR
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9. 16-Bit Timer

9.5 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

9.5.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are set to 1 by a
compare match signal generated when 16 TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when 16TCNT is updated
from the matching count to the next count). Therefore, when 16 TCNT matches a general register,
the compare match signal is not generated until the next I6TCNT clock input. Figure 9.33 shows
the timing of the setting of IMFA and IMFB.

' ] L

16TCNT input
clock

16TCNT N >< N+ 1

GR N

Compare
match signal

IMF

IMI

Figure 9.33 Timing of Setting of IMFA and IMFB by Compare Match
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9. 16-Bit Timer

Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The I6TCNT contents are simultaneously transferred to the corresponding
general register. Figure 9.34 shows the timing.

¢ L

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure 9.34 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when 16TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 9.35 shows the timing.

o | L

16TCNT ><

Overflow
signal

OVF

ovi

Figure 9.35 Timing of Setting of OVF
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9. 16-Bit Timer

9.5.2 Timing of Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes O in the status flag, the status flag is
cleared. Figure 9.36 shows the timing.

TISR write cycle

L

o L
Address >< TISR address ><

IMF, OVF

Figure 9.36 Timing of Clearing of Status Flags
9.5.3 Interrupt Sources and DMA Controller Activation

Each 16-bit timer channel can generate a compare match/input capture A interrupt, a compare
match/input capture B interrupt, and an overflow interrupt. In total there are nine interrupt sources
of three kinds, all independently vectored. An interrupt is requested when the interrupt request flag
are set to 1.

The priority order of the channels can be modified in interrupt priority register A (IPRA). For
details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels 0 to 2 can activate the DMA controller
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 9.6 lists the interrupt sources.
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9. 16-Bit Timer

changed by settings in IPRA.

Table 9.6  16-bit timer Interrupt Sources
Interrupt DMAC
Channel Source Description Activatable  Priority*
0 IMIAO Compare match/input capture AO Yes High
IMIBO Compare match/input capture BO No A
ovio Overflow 0 No
1 IMIA1 Compare match/input capture A1 Yes
IMIBA Compare match/input capture B1 No
ovii Overflow 1 No
2 IMIA2 Compare match/input capture A2 Yes
IMIB2 Compare match/input capture B2 No
ovi2 Overflow 2 No Low
Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be
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9. 16-Bit Timer

9.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between 16 TCNT Write and Clear: If a counter clear signal occurs in the T, state of
a 16TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 9.37.

16TCNT write cycle
Ty T, Ts

: |
Address bus X 16TCNT address ><

Internal write signal

Counter clear signal

16TCNT N >< H'0000

Figure 9.37 Contention between 16TCNT Write and Clear
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9. 16-Bit Timer

Contention between 16 TCNT Word Write and Increment: If an increment pulse occurs in the
T, state of a I6TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 9.38 shows the timing in this case.

16TCNT word write cycle
Ty T, Ts

: |
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< P M

16TCNT write data

Figure 9.38 Contention between 16 TCNT Word Write and Increment
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9. 16-Bit Timer

Contention between 16TCNT Byte Write and Increment: If an increment pulse occurs in the T,
or T, state of a 16TCNT byte write cycle, writing takes priority and 16TCNT is not incremented.
The 16TCNT byte that was not written retains its previous value. See figure 9.39, which shows an
increment pulse occurring in the T, state of a byte write to I6TCNTH.

16TCNTH byte write cycle

: |
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

N >< M
16TCNTH ‘
16TCNT write data

16TCNTL X >< X+1 >< X

Figure 9.39 Contention between 16TCNT Byte Write and Increment
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9. 16-Bit Timer

Contention between General Register Write and Compare Match: If a compare match occurs
in the T, state of a general register write cycle, writing takes priority and the compare match signal
is inhibited. See figure 9.40.

General register write cycle

Address bus X GR address ><

Internal write signal

16TCNT N >< N+ 1

GR N >< /M

General register write data

Compare match signal ; i ——— |Inhibited

Figure 9.40 Contention between General Register Write and Compare Match
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9. 16-Bit Timer

Contention between 16 TCNT Write and Overflow or Underflow: If an overflow occurs in the
T, state of a I6TCNT write cycle, writing takes priority and the counter is not incremented. OVF
is set to 1. The same holds for underflow. See figure 9.41.

16TCNT write cycle
T Tz LE

: |
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

Overflow signal

16TCNT H'FFFF >< M

16TCNT write daé

OVF

Figure 9.41 Contention between 16TCNT Write and Overflow
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9. 16-Bit Timer

Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T, state of a general register read cycle, the value before input capture is read.
See figure 9.42.

General register read cycle

: |
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M

Internal data bus 4< X >7

Figure 9.42 Contention between General Register Read and Input Capture
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9. 16-Bit Timer

Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 9.43.

¢ ]

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H'0000

GR >< N

Figure 9.43 Contention between Counter Clearing by Input Capture and Counter
Increment
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9. 16-Bit Timer

Contention between General Register Write and Input Capture: If an input capture signal
occurs in the T, state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 9.44.

General register write cycle

: |
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure 9.44 Contention between General Register Write and Input Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the I6TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

__ 0
=0

(f: counter frequency. ¢: system clock frequency. N: value set in general register.)
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Note on Writes in Synchronized Operation: When channels are synchronized, if a 16 TCNT
value is modified by byte write access, all 16 bits of all synchronized counters assume the same

value as the counter that was addressed.
(Example) When channels 1 and 2 are synchronized

¢ Byte write to channel 1 or byte write to channel 2

Write A to upper byte
| of channel 1

_— -

16TCNT1I W | X

6TeNT2| Y |z |

Upper byte Lower byte
pperby y Write A to lower byte

of channel 2
T

¢ Word write to channel 1 or word write to channel 2

16TCNT1) W | x|

R

16TCNT2[ v | z | WiteABwordto
channel 1 or 2

Upper byte Lower byte

16TCNT1|

A | x

16TCNT2|

A | x

Upper byte Lower byte

16TCNTH |

v | A

16TCNT2)|

vy | A

Upper byte Lower byte

16TCNTH |

A | B

16TCNT2)|

A | B

Upper byte Lower byte
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9. 16-Bit Timer

16-bit timer Operating Modes

Table 9.7 (a) 16-bit timer Operating Modes (Channel 0)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A [0]:] Select Select
Synchronous preset SYNCO=1 — — o o o ¢) ¢)
PWM mode ) — — PWMO=1 — o* o o
Output compare A ©) — — PWMO=0 1I0A2=0 ©O ) )
Other bits
unrestricted
Output compare B @) — — o) o I0B2=0 o o
Other bits
unrestricted
Input capture A O — — PWMO=0 I0A2=1 @) @) @)
Other bits
unrestricted
Input capture B O — — PWMO=0 O 10B2 =1 o ¢)
Other bits
unrestricted
Counter By compare O — — ) o) o) CCLR1=0 ©
clearing match/input CCLRO =1
capture A
By compare O — — 0] @) ¢) CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNCO=1 — — 0 ¢} ¢} CCLR1=1 O
chronous CCLRO =1
clear

Legend:

O Setting available (valid)

— Setting does not affect this mode

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Table 9.7 (b) 16-bit timer Operating Modes (Channel 1)

Register Settings

TSNC TMDR TIOR1 16TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC1=1 — — o) o) o) o) o)
PWM mode o — —  PWMi=1 — o* o o)
Output compare A O — — PWM1=0 I0A2=0 ©O @) @)
Other bits
unrestricted
Output compare B ) — — o o I0B2=0 © o
Other bits
unrestricted
Input capture A © — — PWM1 =0 I0A2=1 o ¢} o}
Other bits
unrestricted
Input capture B o — — PWM1=0 O 10B2 =1 o} o}
Other bits
unrestricted
Counter By compare O — — @) @) @) CCLR1=0 O
clearing match/input CCLRO =1
capture A
By compare O — — ) ) ) CCLR1=1 ©
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — ¢} o} ¢} CCLR1=1 ©
chronous CCLRO =1
clear

Legend:

O Setting available (valid)

— Setting does not affect this mode
Note: * The input capture function cannot be used in PWM mode.

simultaneously, the compare match signal is inhibited.

If compare match A and compare match B occur

Rev.5.00 Sep. 12,2007 Page 348 of 764

REJ09B0396-0500

RENESAS



9. 16-Bit Timer

Table 9.7 (c) 16-bit timer Operating Modes (Channel 2)

Register Settings

TSNC TMDR TIOR2 16TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 0B Select Select
Synchronous preset  SYNC2=1 O — @) o @) ¢) ¢)
PWM mode o — PWM2=1 — O o} o
Output compare A o — PWM2=0 I0A2=0 O o o)
Other bits
unrestricted
Output compare B o o — O o) I0B2=0 ] o
Other bits
unrestricted
Input capture A @) @) — PWM2=0 IOA2=1 O @) 0]
Other bits
unrestricted
Input capture B O O — PWM2=0 O I0B2 =1 O 0]
Other bits
unrestricted
Counter By compare O ¢) — ¢ o @) CCLR1=0 ©
clearing match/input CCLRO =1
capture A
By compare © o — o) o} l¢) CCLR1=1 0O
match/input CCLRO =0
capture B
Syn- SYNC2=1 © — o) o} o CCLR1=1 O
chronous CCLRO =1
clear
Phase counting @) MDF=1 O O 0] O @) —
mode
Legend:

O Setting available (valid)
— Setting does not affect this mode

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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10. 8-Bit Timers

Section 10 8-Bit Timers

10.1 Overview

The H8/3006 and H8/3007 have a built-in 8-bit timer module with four channels (TMRO, TMRI1,
TMR2, and TMR3), based on 8-bit counters. Each channel has an 8-bit timer counter (§TCNT)
and two 8-bit time constant registers (TCORA and TCORB) that are constantly compared with the
8TCNT value to detect compare match events. The timers can be used as multifunctional timers in
a variety of applications, including the generation of a rectangular-wave output with an arbitrary
duty cycle.

10.1.1  Features
The features of the 8-bit timer module are listed below.

e Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, $/64, or $/8192) or an
external clock input (enabling use as an external event counter).

e Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or input capture B.
e Timer output controlled by two compare match signals

The timer output signal in each channel is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.

e A/D converter can be activated by a compare match
e Two channels can be cascaded

— Channels 0 and 1 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

— Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

— Channel 1 can count channel 0 compare match events (compare match count mode).
— Channel 3 can count channel 2 compare match events (compare match count mode).
e Input capture function can be set
8-bit or 16-bit input capture operation is available.
e Twelve interrupt sources

There are twelve interrupt sources: four compare match sources, four compare match/input
capture sources, four overflow sources.
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10. 8-Bit Timers

Two of the compare match sources and two of the combined compare match/input capture sources
each have an independent interrupt vector. The remaining compare match interrupts, combined
compare match/input capture interrupts, and overflow interrupts have one interrupt vector for two

sources.

10.1.2  Block Diagram

The 8-bit timers are divided into two groups of two channels each: group 0 comprising channels 0
and 1, and group 1 comprising channels 2 and 3. Figure 10.1 shows a block diagram of 8-bit timer

group 0.

External clock

sources
TCLKA

Internal clock
sources

TCLKC

/8
/64
/8192

Clock 1

Clock select

Clock 0

| Tcomao H:| TCORA1

Compare match A1

TMOy ~—|
TMIO, ~—»|

Control logic

y

Compare match AO |Comparator AO '::I Comparator A1 |

Overflow 1

| [~

=

Overflow 0 8TCNT1

Compare match B1

Compare match BO|Comparator BO ':'Comparator B1 |

Input capture B1 () \
| Tcomso | Tcomst kT
k——

8TCRO 8TCR1

—— | stcsro || sTCsRi

Legend:
TCORA:
TCORB:
8TCNT:
8TCSR:
8TCR:

L CMIAO

— CMIBO
—= CMIA1/CMIB1
—— OVIo/OVi

Interrupt signals

Timer constant register A
Timer constant register B
Timer counter

Timer control/status register
Timer control register

Internal bus

Figure 10.1 Block Diagram of 8-Bit Timer Unit (Two Channels: Group 0)
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10.1.3  Pin Configuration

Table 10.1 summarizes the input/output pins of the 8-bit timer module.

Table 10.1 8-Bit Timer Pins

Group Channel Name

Abbreviation 1/0

Input/output

0 0 Timer output TMO, Output Compare match output
Timer clock input  TCLKC Input  Counter external clock input
1 Timer input/output  TMIO, I/0 Compare match output/input
capture input
Timer clock input  TCLKA Input  Counter external clock input
1 2 Timer output TMO, Output Compare match output
Timer clock input  TCLKD Input  Counter external clock input
3 Timer input/output  TMIO, I/O Compare match output/input
capture input
Timer clock input TCLKB Input  Counter external clock input
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10. 8-Bit Timers

10.14  Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table 10.2 8-Bit Timer Registers

Channel Address*' Name Abbreviation R/W Initial value
0 H'FFF80 Timer control register 0 8TCRO R/W H'00
H'FFF82 Timer control/status register 0 8TCSRO R/(W)** H'00
H'FFF84 Timer constant register AO TCORAO R/W H'FF
H'FFF86 Timer constant register BO TCORBO R/W H'FF
H'FFF88 Timer counter O 8TCNTO R/W H'00
1 H'FFF81 Timer control register 1 8TCR1 R/W H'00
H'FFF83 Timer control/status register 1 8TCSR1 R/(W)** H'00
H'FFF85 Timer constant register A1 TCORA1 R/W H'FF
H'FFF87 Timer constant register B1 TCORB1 R/W H'FF
H'FFF89 Timer counter 1 8TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 8TCR2 R/W H'00
H'FFF92 Timer control/status register2 8TCSR2 R/(W)** H'10
H'FFF94 Timer constant register A2 TCORA2 R/W H'FF
H'FFF96 Timer constant register B2 TCORB2 R/W H'FF
H'FFF98 Timer counter 2 8TCNT2 R/W H'00
3 H'FFF91 Timer control register 3 8TCRS3 R/W H'00
H'FFF93 Timer control/status register 3 8TCSR3 R/(W)** H'00
H'FFF95 Timer constant register A3 TCORA3 R/W H'FF
H'FFF97 Timer constant register B3 TCORB3 R/W H'FF
H'FFF99 Timer counter 3 8TCNT3 R/W H'00

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the channel 0
register as the upper 8 bits and the channel 1 register as the lower 8 bits, so they can be accessed
together by word access.

Similarly, each pair of registers for channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register as the upper 8 bits and the channel 3 register as the lower 8 bits, so they can be
accessed together by word access.

Rev.5.00 Sep. 12, 2007 Page 354 of 764
REJ09B0396-0500

RENESAS



10. 8-Bit Timers

10.2  Register Descriptions

10.2.1 Timer Counters (§STCNT)

8TCNTO 8TCNT1

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o0 o o o o o o o o o o o
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

8TCNT2 8TCNT3

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o o o o o o o o o o o o
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

The timer counters (§TCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock source is selected by clock select
bits 2 to 0 (CKS2 to CKSO0) in the timer control register (§TCR). The CPU can always read or
write to the timer counters.

The STCNTO and 8TCNT1 pair, and the STCNT2 and 8TCNT?3 pair, can each be accessed as a
16-bit register by word access.

8TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1
and 0 (CCLR1 and CCLRO) in 8TCR select the method of clearing.

When 8TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (§TCSR) is set to 1.

Each 8TCNT is initialized to H'0O0 by a reset and in standby mode.
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10.2.2 Time Constant Registers A (TCORA)

TCORAO TCORA1

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 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 R/W R/W R/W R/W R/W R/W R/W R/W

TCORA2 TCORAS3

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 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 R/W R/W R/W R/W R/W R/W R/W R/W

TCORAO to TCORA3 are 8-bit readable/writable registers. The TCORAO and TCORA1 pair, and
the TCORA2 and TCORA3 pair, can each be accessed as a 16-bit register by word access.

The TCORA value is constantly compared with the 8STCNT value. When a match is detected, the
corresponding compare match flag A (CMFA) is set to 1 in 8TCSR.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits 1 and 0 (OS1, OS0) in 8TCSR.

Each TCORA register is initialized to H'FF by a reset and in standby mode.
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10.2.3 Time Constant Registers B (TCORB)

TCORBO TCORB1

Bit i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 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 R/W R/W R/W R/W R'W R/W R/W R/W

TCORB2 TCORBS3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 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 R/W R/W R/W R/W R/W R/W R/W R/W

TCORBO to TCORB3 are 8-bit readable/writable registers. The TCORBO0 and TCORB1 pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-bit register by word access.

The TCORB value is constantly compared with the STCNT value. When a match is detected, the
corresponding compare match flag B (CMFB) is set to 1 in 8TCSR*.

The timer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3 and 2 (OIS3, OIS2) in 8TCSR.

When TCORB is used for input capture, it stores the STCNT value on detection of an external
input capture signal. At this time, the CMFB flag is set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal is set in 8TCSR.

Each TCORB register is initialized to H'FF by a reset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB
flag is not set by a channel O or channel 2 compare match B.
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10.2.4  Timer Control Register (§TCR)

Bit 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKSH1 CKSO0
Initial value 0 0 0 0 0 0 0 0

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

8TCR is an 8-bit readable/writable register that selects the input clock source and the time at
which 8TCNT is cleared, and enables interrupts.
8TCR is initialized to H'00 by a reset and in standby mode.

For the timing, see section 10.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flag is set to 1 in 8TCSR.

Bit7

CMIEB Description

0 CMIB interrupt requested by CMFB is disabled (Initial value)
1 CMIB interrupt requested by CMFB is enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Enables or disables the CMIA interrupt
request when the CMFA flag is set to 1 in STCSR.

Bit 6

CMIEA Description

0 CMIA interrupt requested by CMFA is disabled (Initial value)
1 CMIA interrupt requested by CMFA is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Enables or disables the OVI interrupt
request when the OVF flag is set to 1 in 8TCSR.

Bit 5

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled
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Bits 4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO): These bits specify the STCNT
clearing source. Compare match A or B, or input capture B, can be selected as the clearing source.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B

1

Cleared by input capture B

Note: When input capture B is set as the 8TCNT1 and 8TCNT3 counter clear source, STCNTO
and 8TCNT2 are not cleared by compare match B.

Bits 2 to —Clock Select 2 to 0 (CSK2 to CSKO0): These bits select whether the clock input to
8TCNT is an internal or external clock.

Three internal clocks can be selected, all divided from the system clock (¢): ¢/8, $/64, and ¢/8192.
The rising edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.
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When CKS2, CKS1, CKS0 =1, 0, 0, channels 0 and 1 and channels 2 and 3 are cascaded.

The incrementing clock source is different when 8TCRO and 8TCR?2 are set, and when 8TCR1 and

8TCR3 are set.

Bit 2 Bit 1
CKS2 CKS1

Bit 0
CKS0

Description

0 0

0

Clock input disabled (Initial value)

Internal clock, counted on falling edge of ¢/8

Internal clock, counted on falling edge of ¢/64

Internal clock, counted on falling edge of /8192

Ol = O =

Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal*’

Channel 1 (compare match count mode): Count on 8TCNTO
compare match A*’

Channel 2 (16-bit count mode): Count on 8TCNT3 overflow
signal*®

Channel 3 (compare match count mode): Count on 8TCNT2
compare match A**

1

External clock, counted on rising edge

0

External clock, counted on falling edge

1

External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel 0 is the 8TCNT1 overflow signal and that of channel 1 is the
8TCNTO compare match signal, no incrementing clock is generated. Do not use this

setting.

2. If the clock input of channel 2 is the 8TCNT3 overflow signal and that of channel 3 is the
8TCNT2 compare match signal, no incrementing clock is generated. Do not use this

setting.
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10.2.5 Timer Control/Status Registers (§TCSR)

STCSRO

Bit 7 6 5 4 3 2 1 0
‘CMFB \ CMFA‘ OVF \ ADTE \ 0IS3 \ 01S2 \ 0S1 \ 0S0

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW)*  RAW)*  RIW)*  R/W R/W R/W R/W R/W

STCSR2

Bit 7 6 5 4 3 2 1 0
‘CMFB \ CMFA‘ OVF \ — \ 0IS3 \ 0IS2 \ 0S1 \ 0S0

Initial value 0 0 0 1 0 0 0 0

Read/Write RAW)*  RIW)*  RAW)*  — R/W R/W R/W R/W

STCSR1, STCSR3

Bit 7 6 5 4 3 2 1 0
‘CMFB \ CMFA‘ OVF \ ICE \ 0IS3 \ oIS2 \ 0S1 \ 0S0

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW)*  RIW)*  RAW)*  RW R/W R/W R/W R/W

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.

The timer control/status registers (§TCSR) are 8-bit registers that indicate compare match/input
capture and timer overflow statuses, and control compare match output/input capture edge
selection.

Each 8TCSR is initialized to H'00 by a reset and in standby mode.
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Bit 7—Compare Match/Input Capture Flag B (CMFB): Status flag that indicates the
occurrence of a TCORB compare match or input capture.

Bit 7

CMFB Description

0 [Clearing condition] (Initial value)
Read CMFB when CMFB = 1, then write 0 in CMFB

1 [Setting conditions]

e 8TCNT = TCORB*

e The 8TCNT value is transferred to TCORB by an input capture signal when
TCORB functions as an input capture register

Note: * When bit ICE is set to 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when
8TCNTO = TCORBO or 8TCNT2 = TCORB2.

Bit 6—Compare Match Flag A (CMFA): Status flag that indicates the occurrence of a TCORA
compare match.

Bit 6

CMFA Description

0 Clearing condition (Initial value)
Read CMFA when CMFA = 1, then write 0 in CMFA

1 Setting condition

8TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag that indicates that the STCNT has overflowed
(H'FF — H'00).

Bit 5

OVF Description

0 Clearing condition (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 Setting condition

8TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (8§TCSRO0): In combination with TRGE in the A/D control
register (ADCR), enables or disables A/D converter start requests by compare match A or an
external trigger. Bit 4 of 8TCSR2 is reserved, but can be read and written.

Bit 4
TRGE* ADTE Description
0 0 A/D converter start requests by compare match A or an external trigger pin
(ADTRG) input are disabled (Initial value)
1 A/D converter start requests by compare match A or an external trigger pin
(ADTRG) input are disabled
1 0 A/D converter start requests by an external trigger pin (ADTRG) are enabled,
and A/D converter start requests by compare match A are disabled
1 A/D converter start requests by compare match A are enabled, and A/D

converter start requests by an external trigger pin (ADTRG) are disabled
Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Reserved (In 8TCSR1): This bit is a reserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORB1 and TCORB3.

Bit 4

ICE Description

0 TCORB1 and TCORBS3 are compare match registers (Initial value)
1 TCORB1 and TCORBS are input capture registers

When bit ICE is set to 1 in STCSR1 or 8TCSR3, the operation of the TCORA and TCORB
registers in channels O to 3 is as shown in the tables below.
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10. 8-Bit Timers

Table 10.3 Operation of Channels 0 and 1 when Bit ICE is Set to 1 in §TCSR1 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORAO Compare match CMFA changed from 0 TMO, output CMIAQ interrupt request
operation to 1in 8TCSRO by controllable generated by compare

compare match

match

TCORBO Compare match CMFB not changed No output from
operation from 0 to 1in 8TCSRO TMO,
by compare match

CMIBO interrupt request
not generated by
compare match

TCORA1 Compare match CMFA changed from 0 TMIO, is dedicated
operation to 1in 8TCSR1 by input capture pin
compare match

CMIA1 interrupt request
generated by compare
match

TCORB1 Input capture CMFB changed from 0 TMIO, is dedicated
operation to 1in 8TCSR1 by input input capture pin
capture

CMIB1 interrupt request
generated by input
capture

Table 10.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1 in STCSR3 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORA2 Compare match CMFA changed from 0 TMO, output CMIA2 interrupt request
operation to 1in 8TCSR2 by controllable generated by compare

compare match

match

TCORB2 Compare match CMFB not changed No output from
operation from0Oto 1in8TCSR2 TMO,
by compare match

CMIB2 interrupt request
not generated by
compare match

TCORA3 Compare match CMFA changed from 0 TMIO, is dedicated
operation to 1in 8TCSR3 by input capture pin
compare match

CMIAZ interrupt request
generated by compare
match

TCORBS3 Input capture CMFB changed from 0 TMIOQ, is dedicated
operation to 1in 8TCSR3 by input input capture pin
capture

CMIB3 interrupt request
generated by input
capture

Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OIS3, OIS2): In combination
with the ICE bit in 8TCSR1 (8TCSR3), these bits select the compare match B output level or the

input capture input detected edge.
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The function of TCORB1 (TCORB3) depends on the setting of bit 4 of STCSR1 (8TCSR3).
TCORBO and TCORB2 function as compare match registers regardless of the setting of bit 4 of
8TCSR1 (8TCSR3).

ICE Bit in
8TCSR1 Bit3 Bit 2
(8TCSR3) 0OIS3 0oISs2 Description
0 0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs
1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)
1 0 0 TCORB input capture on rising edge
1 TCORB input capture on falling edge
1 0 TCORB input capture on both rising and falling edges
1

e When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

e If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e  When bits OIS3, OIS2, OS1, and OSO0 are all cleared to 0, timer output is disabled.

Bits 1 and —Output Select A1 and A0 (OS1, OS0): These bits select the compare match A

output level.

Bit 1 Bit 0

0s1 0So0 Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)

e  When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

e [f compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e  When bits OIS3, OIS2, OS1, and OSO are all cleared to 0, timer output is disabled.
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10.3 CPU Interface

10.3.1  8-Bit Registers

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-bit registers. These registers are connected to
the CPU by an internal 16-bit data bus and can be read and written a word at a time or a byte at a
time.

Figures 10.2 and 10.3 show the operation in word read and write accesses to STCNT.

Figures 10.4 to 10.7 show the operation in byte read and write accesses to STCNTO and STCNT]1.

Internal data bus

H H

c &mm)

5 I i?#:rface L Module data bus
v )

| STCNTO |8TCNT1

Figure 10.2 8TCNT Access Operation (CPU Writes to STCNT, Word)

Internal data bus

Bus

. Module data bus
interface

1]

C
=
U

8TCNTO |8TCNT1

Figure 10.3 8TCNT Access Operation (CPU Reads STCNT, Word)

Internal data bus

H
Bus | I L I Module data bus
interface < >

| BTCNTO | 8TCNTH |

i

Figure 10.4 8TCNTH Access Operation (CPU Writes to STCNTH, Upper Byte)
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Internal data bus

H H
c <:> < >
5 )L altjjrface L Module data bus
v mm)

| 8TCNTO | 8TCNTT |

Figure 10.5 8TCNT1 Access Operation (CPU Writes to STCNT1, Lower Byte)

Internal data bus

H
.BUS | = |_| Module data bus
interface < >
8TCNTO | 8TCNTH1

C
=
U

i}

Figure 10.6 8TCNTO Access Operation (CPU Reads STCNTO0, Upper Byte)

Internal data bus

Bus <

interface

=
L Module data bus

i

8TCNTO | 8TCNT1

Figure 10.7 8TCNT1 Access Operation (CPU Reads STCNT1, Lower Byte)
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104  Operation

10.4.1 8TCNT Count Timing
8TCNT is incremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or $/8192) divided from the
system clock (¢) can be selected by setting bits CKS2 to CKSO0 in 8TCR. Figure 10.8 shows the
count timing.

Internal clock J

8TCNT input clock : "
f f
8TCNT N- 1 Xjﬂ N ; X N+

&

Figure 10.8 Count Timing for Internal Clock Input

Note: Even when the same internal clock is selected for both the 16- and 8-bit timers, they do
not operate in the same manner because the count-up edge differs.

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKSO in
8TCR: on the rising edge, the falling edge, and both rising and falling edges.

The pulse width of the external clock signal must be at least 1.5 serial clocks when a single edge is
selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses will not be
counted correctly.
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Figure 10.9 shows the timing for incrementation on both edges of the external clock signal.

External clock input ()5

8TCNT input clock
( —
7

( (
8TCNT N- 1 ><j(’ N ><j(’ N+ 1
J J

Figure 10.9 Count Timing for External Clock Input (When Detecting the Both Edges)

10.4.2 Compare Match Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS1, and OSO bits in 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 10.10 shows the timing when the output is set to toggle on compare match A.

¢ T e
Compare match A

signal ]
™ ™

Timer output |

Figure 10.10 Timing of Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bits in 8TCR,
8TCNT can be cleared when compare match A or B occurs. Figure 10.11 shows the timing of this

operation.

¢ S I
Compare match signal

8TCNT N X H'00

Figure 10.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bits in STCR,
8TCNT can be cleared when input capture B occurs. Figure 10.12 shows the timing of this
operation.

Input capture input |

Input capture signal

8TCNT N X Hoo

Figure 10.12 Timing of Clear by Input Capture
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10.4.3  Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settings in STCSR.
Figure 10.13 shows the timing when the rising edge is selected.

The pulse width of the input capture input signal must be at least 1.5 system clocks when a single
edge is selected, and at least 2.5 system clocks when both edges are selected.

¢ S [ S I B

Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure 10.13 Timing of Input Capture Input Signal

Rev.5.00 Sep. 12,2007 Page 371 of 764
REJ09B0396-0500

RENESAS



10. 8-Bit Timers

10.4.4  Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs: CMFA and CMFB in
8TCSR are set to 1 by the compare match signal output when the TCOR and 8TCNT values
match. The compare match signal is generated in the last state of the match (when the matched
8TCNT count value is updated). Therefore, after the STCNT and TCOR values match, the
compare match signal is not generated until an incrementing clock pulse is generated. Figure 10.14
shows the timing in this case.

8TCNT N X N+ 1

TCOR N

Compare match signal

CMF |

Figure 10.14 CMF Flag Setting Timing when Compare Match Occurs

Timing of CMFB Flag Setting when Input Capture Occurs: On generation of an input capture
signal, the CMFB flag is set to 1 and at the same time the STCNT value is transferred to TCORB.
Figure 10.15 shows the timing in this case.

8TCNT N

TCORB )( N

Input capture signal

CMFB |

Figure 10.15 CMFB Flag Setting Timing when Input Capture Occurs
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Timing of Overflow Flag (OVF) Setting: The OVF flag in 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 10.16 shows the timing in
this case.

8TCNT HFF X H'00

Overflow signal

OVF

Figure 10.16 Timing of OVF Setting
10.4.5 Operation with Cascaded Connection

If bits CKS2 to CKSO are set to (100) in either STCRO or 8TCRI1, the 8-bit timers of channels 0
and 1 are cascaded. With this configuration, the two timers can be used as a single 16-bit timer
(16-bit count mode), or channel 0 8-bit timer compare matches can be counted in channel 1
(compare match count mode). In this case, the timer operates as below. Similarly, if bits CKS2 to
CKSO are set to (100) in either 8TCR2 or 8TCR3, the 8-bit timers of channels 2 and 3 are
cascaded. With this configuration, the two timers can be used as a single 16-bit timer (16-bit count
mode), or channel 2 8-bit timer compare matches can be counted in channel 3 (compare match
count mode). Timer operation in these cases is described below.

16-Bit Count Mode

e Channels 0 and 1:

When bits CKS2 to CKSO are set to (100) in 8TCRO, the timer functions as a single 16-bit
timer with channel O occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

— Setting when Compare Match Occurs
e The CMF flag is set to 1 in 8TCRO when a 16-bit compare match occurs.
e The CMF flag is set to 1 in 8TCR1 when a lower 8-bit compare match occurs.

e TMOO pin output control by bits OIS3, OIS2, OS1, and OSO in 8TCSRO is in
accordance with the 16-bit compare match conditions.

e TMIOI pin output control by bits OIS3, OIS2, OS1, and OSO in 8TCSR1 is in
accordance with the lower 8-bit compare match conditions.
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— Setting when Input Capture Occurs

The CMFB flag is set to 1 in 8TCRO and 8TCR1 when the ICE bit is 1 in 8TCSR1 and
input capture occurs.

TMIO, pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8TCSRO.

— Counter Clear Specification

If counter clear on compare match or input capture has been selected by the CCLR1
and CCLRO bits in 8TCRO, the 16-bit counter (both STCNTO and 8TCNT1) is cleared.

The settings of the CCLR1 and CCLRO bits in 8TCRI1 are ignored. The lower 8 bits
cannot be cleared independently.

— OVF Flag Operation

The OVF flag is set to 1 in STCSRO when the 16-bit counter (§STCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).

The OVF flag is set to 1 in STCSR1 when the 8-bit counter (§TCNT1) overflows (from
H'FF to H'00).

e Channels 2 and 3:

When bits CKS2 to CKSO are set to (100) in 8TCR2, the timer functions as a single 16-bit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.

— Setting when Compare Match Occurs

The CMF flag is set to 1 in 8TCR2 when a 16-bit compare match occurs.
The CMF flag is set to 1 in 8TCR3 when a lower 8-bit compare match occurs.

TMO, pin output control by bits OIS3, OIS2, OS1, and OSO0 in 8TCSR2 is in
accordance with the 16-bit compare match conditions.

TMIO, pin output control by bits OIS3, OIS2, OS1, and OSO in 8TCSR3 is in
accordance with the lower 8-bit compare match conditions.

— Setting when Input Capture Occurs

The CMEFB flag is set to 1 in 8TCR2 and 8TCR3 when the ICE bit is 1 in 8TCSR3 and
input capture occurs.

TMIO, pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8TCSR2.

— Counter Clear Specification

If counter clear on compare match has been selected by the CCLR1 and CCLRO bits in
8TCR?2, the 16-bit counter (both STCNT2 and 8TCNT3) is cleared.

The settings of the CCLR1 and CCLRO bits in 8TCR3 are ignored. The lower 8 bits
cannot be cleared independently.
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— OVF Flag Operation

e The OVF flag is set to 1 in 8TCSR2 when the 16-bit counter (§TCNT2 and 8TCNT3)
overflows (from H'FFFF to H'0000).

e The OVF flag is set to 1 in 8TCSR3 when the 8-bit counter (§TCNT3) overflows (from
H'FF to H'00).

Compare Match Count Mode

e Channels O and 1:

When bits CKS2 to CKSO are set to (100) in 8TCR1, 8STCNT1 counts channel 0 compare
match A events.

Channels 0 and 1 are controlled independently. CMF flag setting, interrupt generation, TMO
pin output, counter clearing, and so on, is in accordance with the settings for each channel.

e Channels 2 and 3:
When bits CKS2 to CKSO are set to (100) in §TCR3, 8TCNT3 counts channel 2 compare
match A events.

Channels 2 and 3 are controlled independently. CMF flag setting, interrupt generation, TMO
pin output, counter clearing, and so on, is in accordance with the settings for each channel.

Caution: Do not set 16-bit count mode and compare match count mode simultaneously within the
same group, as the 8TCNT input clock will not be generated and the counters will not operate.

10.4.6  Input Capture Setting

The 8TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMIO, or TMIO,). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.

Setting Input Capture Operation in 8-Bit Timer Mode (Normal Operation)

e Channel 1:
— Set TCORBI1 as an 8-bit input capture register with the ICE bit in STCSRI.

— Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in 8TCSRI1.

— Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
e Channel 3:
— Set TCORB3 as an 8-bit input capture register with the ICE bit in STCSR3.

— Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in 8TCSR3.
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— Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.

Note: When TCORBI in channel 1 is used for input capture, TCORBO in channel 0 cannot be
used as a compare match register.
Similarly, when TCORB3 in channel 3 is used for input capture, TCORB2 in channel 2
cannot be used as a compare match register.

Setting Input Capture Operation in 16-Bit Count Mode

e Channels 0 and 1:

— In 16-bit count mode, TCORBO and TCORBI1 function as a 16-bit input capture register
when the ICE bit is set to 1 in STCSRI1.

— Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in 8TCSRO. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR1 are ignored.)

— Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
e Channels 2 and 3:

— In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bit is set to 1 in STCSR3.

— Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in §TCSR2. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR3 are ignored.)

— Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.

10.5 Interrupt

10.5.1 Interrupt Source

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and
CMIB) and overflow (OVI). Table 10.5 shows the interrupt sources and their priority order. Each
interrupt source is enabled or disabled by the corresponding interrupt enable bit in §TCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table 10.5 Types of 8-Bit Timer Interrupt Sources and Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB T
TOVI Interrupt by OVF Low
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For compare match interrupts CMIA1/CMIB1 and CMIA3/CMIB3 and the overflow interrupts
(TOVIO/TOVII and TOVI2/TOVI3), one vector is shared by two interrupts.

Table 10.6 lists the interrupt sources.

Table 10.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source  Description

0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIBA TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIH Counter 0 or counter 1 overflow
CMIA2 TCORA2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORA3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow

10.5.2  A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

When the CMFA flag in 8TCSRO is set to 1 and the ADTE bit is also set to 1, activation of the
A/D converter will be requested on generation of channel 0 compare match A. If the TRGE bit in
ADCR is set to 1 at this time, the A/D converter will be activated. When ADTE bit in 8TCSRO is
set to 1, the A/D converter external trigger pin (ADTRG) input is disabled.

10.6  8-Bit Timer Application Example

Figure 10.17 shows how the 8-bit timer module can be used to output pulses with any desired duty
cycle. The settings for this example are as follows:

e C(Clear the CCLRI1 bit to 0 and set the CCLRO bit to 1 in 8TCR so that 8STCNT is cleared by a
TCORA compare match.

e Set bits OIS3, OIS2, OS1, and OSO0 to (0110) in 8TCSR so that 1 is output on a TCORA
compare match and 0 is output on a TCORB compare match.

The above settings enable a waveform with the cycle determined by TCORA and the pulse width
detected by TCORB to be output without software intervention.
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Figure 10.17 Example of Pulse Output
10.7  Usage Notes
Note that the following kinds of contention can occur in 8-bit timer operation.
10.7.1 Contention between 8TCNT Write and Clear

If a timer counter clear signal occurs in the T, state of a STCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 10.18 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8TCNT address ><

Internal write signal |

Counter clear signal

8TCNT N >< H'00

Figure 10.18 Contention between STCNT Write and Clear
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10.7.2  Contention between STCNT Write and Increment

If an increment pulse occurs in the T, state of a STCNT write cycle, writing takes priority and
8TCNT is not incremented. Figure 10.19 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8TCNT address ><

Internal write signal | |

8TCNT input clock

8TCNT N ></ M

8TCNT write data

Figure 10.19 Contention between STCNT Write and Increment
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10.7.3  Contention between TCOR Write and Compare Match

If a compare match occurs in the T, state of a TCOR write cycle, writing takes priority and the
compare match signal is inhibited. Figure 10.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal |

8TCNT N >< N1
TCOR N >< L
/7
TCOR write data

Inhibited

Compare match signal

Figure 10.20 Contention between TCOR Write and Compare Match
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10.7.4  Contention between TCOR Read and Input Capture

If an input capture signal occurs in the T, state of a TCOR read cycle, the value before input
capture is read. Figure 10.21 shows the timing in this case.

TCORB read cycle
T4 T2 T3

o L L) L) L

Address bus >< TCORB address ><

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure 10.21 Contention between TCOR Read and Input Capture
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10.7.5  Contention between Counter Clearing by Input Capture and Counter Increment

If an input capture signal and counter increment signal occur simultaneously, counter clearing by
the input capture signal takes priority and the counter is not incremented. The value before the
counter is cleared is transferred to TCORB. Figure 10.22 shows the timing in this case.

T1 T2 T3

Input capture signal -
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure 10.22 Contention between Counter Clearing by Input Capture and Counter
Increment
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10.7.6  Contention between TCOR Write and Input Capture

If an input capture signal occurs in the T, state of a TCOR write cycle, input capture takes priority
and the write to TCOR is not performed. Figure 10.23 shows the timing in this case.

TCOR write cycle
T1 T2 T3

o L L) L) L

Address bus >< TCOR address ><

Internal w