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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. Allinformation 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:

(2) 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 alll
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.

0 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.

[0 The states of internal circuits in the LSl 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.

0 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.

0 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.

[l 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.
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Preface

The H85/2245 Group is a series of high-performance microcontrollers with a 32-bit H8S/2000
CPU core, and a set of on-chip peripheral functions required for system configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen 16-bit
general registers with a 32-bit internal configuration, and a concise and optimized instruction set.
The CPU can handle a 16 Mbyte linear address space (architecturally 4 Gbytes). Programs based
on the high-level language C can also be run efficiently.

The address space is divided into eight areas. The data bus width and access states can be sel ected
for each of these areas, and various kinds of memory can be connected fast and easily.

On-chip memory consists of large-capacity ROM and RAM. PROM (ZTAT") and mask ROM
versions are available, providing a quick and flexible response to conditions from ramp-up through
full-scale volume production, even for applications with frequently changing specifications.

On-chip peripheral functionsinclude a 16-bit timer pulse unit (TPU), 8-bit timers, watchdog timer
(WDT), serial communication interface (SCI), A/D converter, and 1/O ports.

In addition, an on-chip data transfer controller (DTC) is provided, enabling high-speed data
transfer without CPU intervention.

Use of the H8S/2245 Group enables compact, high-performance systems to be implemented
eadly.

This manual describes the hardware of the H8S/2245 Group. Refer to the H8S/2600 Series and
H8S2000 Series Software Manual for a detailed description of the instruction set.

Note: ZTAT isaregistered trademark of Renesas Technology Corp.
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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.
» Designation for categories amended
(Before) H8/2245 Series - (After) H8/2245 Group
1.1 Overview 2 Table 1.1 amended
Table 1.1 Overview CPU

* High-speed operation suitable for realtime control

[0 Maximum clock rate: 20 MHz

0 High-speed arithmetic operations (20-MHz operation)
1.3.2 Pin Functionsin 8to Note *2 added
Each Operating Mode 11 Mode 2* Mode 3*' Mode 6% Mode 7! PROM Mode#**

Table 1.2 Pin Functions 11 Notes: 1. Cannot be used in the H8S/2240.

in Each Operating Mode 2. NC should be left open.
1.3.3 Pin Functions 13 Description amended
Table 1.3 Pin Functions Operating mode control

... H8S/2245 Group is operating. Except for mode changing, be
sure to fix the levels of the mode pins (MD, to MD,) by pulling
them down or pulling them up until the power turns off.

2.1.1 Features 20 Description amended
* High-speed operation
0 Maximum clock rate: 20MHz
[0 8/16/32-bit register-register add/subtruct: 50 ns (20-MHz

operation)
[0 8 x 8-bit register-register multiply: 600 ns (20-MHz
operation)
[0 16 + 8-bit register-register divide: 600 ns (20-MHz
operation)
[0 16 x 16-bit register-register multiply: 1000 ns (20-MHz
operation)
0 32 + 16-bit register-register divide: 600 ns (20-MHz
operation)
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2.3 Address Space 27 Description amended

... address space in advanced mode. The usable modes and
address spaces differ depending on the product. For details on
each product, see section 3, MCU Operating Modes.

2.6.1 Overview 36 Table 2.1 amended

Table 2.1 Instruction LDM*®, STM*°* MOVFPE*®’, MOVTPE*® TAS**
Classification

37 Notes 4 and 5 added
Notes: 4. Only register ERO, ER1, ER4, or ER5 should be used
when using the TAS instruction.
5. Only register ERO to ER6 should be used when using the
STM/LDM instruction.

Table 2.3 Data Transfer 40 Note *2 added
Instructions Size*! LDM*® STM*

Notes: 1. Size refers to the operand size. ...

2. Only register ERO to ER6 should be used when using the
STM/LDM instruction.

Table 2.4 Arithmetic 41, Note *2 added
Operation Instructions 42 Size*! TASH

42 Notes: 1. Size refers to the operand size. ...

2. Only register ERO, ER1, ER4, or ER5 should be used when
using the TAS instruction.

Table 2.10 Block Data 48 Table 2.10 amended
Transfer Instructions EEPMOV.W

... else next;

Transfer a data block. Starting from the address set in ER5,
transfers data for the number of bytes set in R4L or R4 to the
address location set in ERG6.

Execution of the next instruction begins as soon as the transfer is
completed.

2.10 Usage Notes to 66 to Sections 2.10 to 2.10.4 added

2.10.4 Access Methods /0
for Registers with Write-
Only Bits
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3.4 Pin Functions in 77 Port E description in mode 4 amended

Each Operating Mode (Before) PA/D _. (After) P/D¥!
Table 3.3 Pin Functions
in Each Operating Mode

5.1.2 Block Diagram 104  Figure 5.1 amended

Figure 5.1 Block (Before) IRQ input — (After) IRQ input
Diagram

5.3.1 External Interrupts 112  Figure 5.3 amended

Figure 5.3 Timing of (Before) IRQn input pin — (After) IRQn input pin
Setting IRQnF Note added

Note:n=71t0 0
5.5.1 Contention 126  Description amended

between Interrupt

: _ . When an interrupt enable bit is cleared to 0 to disable interrupt
Generation and Disabling

requests, the disabling becomes effective after execution of the

instruction. ...

5.5.3 Times when 127  Section 5.5.3 added
Interrupts Are Disabled
5.5.5 IRQ Interrupt 127, Sections 5.5.5 and 5.5.6 added
5.5.6 NMI Interrupt 128
Usage Notes
6.3.6 Chip Select 150 Figure 6.3 title amended
Signals
Figure 6.3 CSn Signal
Output Timing (n=0to
3)
6.4 Basic Timing to 150 Sections 6.4 to 6.4.3 added
6.4.3 External Address ™©
Space Access Timing 153
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6.5.5 Wait Control 165 Figure 6.18 amended
Figure 6.18 Example of By program wait By WAIT pin
Wait State Insertion T T T T Ts
Timing i i |
o i
WAIT
Address bus :X X:
AS
o] -
Read
Data bus { Readdata >—
AWR, LWR
Write
Data bus 4< Write data >—
Note: A indicates the timing of WAIT pin sampling.
7.2.5 DTC Transfer 184  Description amended
Count Register A (CRA) ... In repeat mode or block transfer mode, ... (CRAL). In repeat

mode, CRAH holds the number of transfers while CRAL

functions as an 8-bit transfer counter (1 to 256). In block transfer
mode, CRAH holds the block size while CRAL functions as an 8-
bit block size counter (1 to 256). CRAL is decremented by 1 ...
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7.2.8 DTC Vector 186
Register (DTVECR)

Bit figure amended

Bit : 7 6 5 4 3 2 1 0

‘ SWDTE ‘ DTVEC6 ‘ DTVECS‘ DTVEC4‘ DTVEC3 ‘ DTVEC2 ‘ DTVECl‘ DTVECO ‘
Initial value: 0 0 0 0 0 0 0 0
RIW O RIWY'L RI(W)™2 RI(W)*2 R/(W)*2 R/I(W)*2 R/I(W)*2 R/(W)*2 R/(W)*2

Notes 1 and 2 amended
Notes: 1. A value of 1 can only be written to the SWDTE Dbit.

2. DTVECS6 to DTVECO bits can only be written when SWDTE =
0.

Bit 70 DTC Software Activation Enable (SWDTE)
Description deleted

(Before) ... Enables or disables DTC activation by software. The
SWNDTE bit is cleared by writing O after reading 1. — (After)
Enables or disables DTC activation by software.

Condition 2 added
[Clearing conditions]
1. When DISEL =0 and ...

2. When 0 is written to the DISEL bit after a software-activated
data transfer end interrupt (SWDTEND) request has been sent to
the CPU.

7.3.2 Activation 190
Sources

Description added

...The activation source flag, in the case of RXIO, for example, is
the RDRF flag of SCI_0. As there are a number of activation
sources, the activation source flag is not cleared with the last
byte (or word) transfer. Take appropriate measures at each
interrupt.

7.3.8 Chain Transfer 199

Description added

... Figure 7.9 shows the memory map for chain transfer. When
activated, the DTC reads the register information start address
stored at the vector address, which corresponds to the activation
request, and then reads the first register information at that start
address. After the data transfer, the CHNE bit will be tested.
When it has been set to 1, DTC reads the next register
information located in a consecutive area and performs the data
transfer. These sequences are repeated until the CHNE bit is
cleared to 0.
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8.2.2 Register
Configuration

214

Port 1 Data Direction Register (P1DDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. P1DDR is initialized to H'0O ...

8.3.2 Regqister
Configuration

225

Port 2 Data Direction Register (P2DDR)
Description amended

... makes the pin an input pin. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. P2DDR is initialized to H'0O ...

8.4.2 Reqister
Configuration

230

Port 3 Data Direction Register (P3DDR)
Description amended

... an undefined value will be read. P3DDR cannot be modified.
Setting a P3DDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. P3DDR is initialized
to H'0O ...

8.5.2 Regqister
Configuration

235

Port 4 Register (PORT4)
Description amended

PORT4 is an 8-bit read-only register that shows port 4 pin states.
PORT4 cannot be modified. Bits 7 to 4 are reserved; ...

8.6.2 Regqister
Configuration

237

Port 5 Data Direction Register (P5DDR)
Description amended

... an undefined value will be read. PSDDR cannot be modified.
Setting a P5DDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. P5SDDR s initialized
to H'O ...
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8.7.2 Register
Configuration

241

Port A Data Direction Register (PADDR)
Description amended

... an undefined value will be read. PADDR cannot be modified.
Setting a PADDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. PADDR is initialized
to H'O ...

8.8.2 Register
Configuration

248

Port B Data Direction Register (PBDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PBDDR is initialized to H'0O ...

8.9.2 Register
Configuration

254

Port C Data Direction Register (PCDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PCDDR is initialized to H'0O0 ...

8.10.2 Register
Configuration

260

Port D Data Direction Register (PDDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PDDDR is initialized to H'0O ...

8.11.2 Register
Configuration

266

Port E Data Direction Register (PEDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PEDDR is initialized to H'0O ...

8.12.2 Register
Configuration

272

Port F Data Direction Register (PFDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PFDDR s initialized by a power-on reset ...
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8.13.2 Register
Configuration

278

Port G Data Direction Register (PGDDR)
Description amended

... an undefined value will be read. PGDDR cannot be modified.
This register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. PGDDR is initialized
by a power-on reset ...

8.14 Handling of
Unused Pins

283

Section 8.14 added

9.2.1 Timer Control
Register (TCR)

294

Bits 4 and 30 Clock Edge 1 and 0 (CKEG1, CKEGO)
Note amended

Note: Internal clock edge selection is valid when the input clock
is @/4 or slower. If @1 is selected as the input clock, this setting is
ignored and count at falling edge of @is selected.

9.2.5 Timer Status
Register (TSR)

311

Bit 30 Input Capture/Output Compare Flag D (TGFD)
Description amended
[Clearing conditions]

« When DTC is activated by TGID interrupt while DISEL bit of
MRB in DTC is 0:with the transfer counter not being 0.

* When 0 is written to TGFD after reading TGFD =1

Bit 200 Input Capture/Output Compare Flag C (TGFC)
Description amended
[Clearing conditions]

When DTC is activated by TGIC interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being O.

 When 0 is written to TGFC after reading TGFC =1

312

Bit 100 Input Capture/Output Compare Flag B (TGFB)
Description amended
[Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL bit of
MRB in DTC is Oiﬁwith the transfer counter not being 0.

* When 0 is written to TGFB after reading TGFB =1
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9.2.5 Timer Status 312
Register (TSR)

Bit 0O Input Capture/Output Compare Flag A (TGFA)
Description amended
[Clearing conditions]

* When DTC is activated by TGIA interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being O.

* When 0 is written to TGFA after reading TGFA =1

9.7 Usage Notes 352

Description added

Note that the kinds of operation and contention described below
occur during TPU operation.

Module Stop Mode Setting

TPU operation can be disabled or enabled using the module stop
control register. The initial setting is for TPU operation to be
halted. Register access is enabled by clearing module stop
mode. For details, refer to section 18, Power-Down Modes.

Input Clock Restrictions
The input clock pulse width must be ...

Figure 9.52 Contention 360
between Overflow and
Counter Clearing

Figure 9.52 amended

TGF flag

__________________________

TCFV flag |

Figure 9.53 Contention 361
between TCNT Write and
Overflow

Figure 9.53 amended
TCNT write cycle

}4%41——2»{
° |
Address >< TCNT address ><
Write signal |
/ TCNT write data
TCNT H'FFFF X N
TCFV flag Prohibited — ,E ____________________

10.2.2 Time Constant 367
Registers A0 and Al
(TCORAO, TCORA1)

Description amended

... Note, however, that comparison is disabled during the T2 state
of a TCORA write cycle. ...
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10.2.3 Time Constant 367  Description amended

Registers BO and B1 ... Note, however, that comparison is disabled during the T2 state
(TCORBO, TCORBI) of a TCORB write cycle. ...

10.2.5 Timer 370 Bit 70 Compare Match Flag B (CMFB)

Control/Status Registers 0
and 1(TCSRO, TCSR1)

Description amended
[Clearing conditions]

* Cleared by reading CMFB when CMFB = 1, then writing O to
CMFB

« When DTC is activated by CMIB interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being O.

371 Bit 600 Compare Match Flag A (CMFA)
Description amended
[Clearing conditions]
* Cleared by reading CMFA when CMFA = 1, then writing O to
CMFA
« When DTC is activated by CMIA interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being O.
10.6.1 Setting Module 381  Section 10.6.1 added
Stop Mode
11.2.2 Timer 391 Bit 700 Overflow Flag (OVF)
Control/Status Register Note * added
(TCSR) : " :
[Clearing condition] Cleared by reading TCSR when OVF =1,
then writing O to OVF*
Note: * When OVF is polled and the interval timer interrupt is
disabled, OVF =1 must be read at least twice.
11.2.3 Reset 393 Bit 700 Watchdog Timer Overflow Flag (WOVF)
Control/Status Register Description amended
(RSTCSR) _ N _
[Clearing condition] Cleared by reading RSTCSR when WOVF =
1, then writing 0 to WOVF
11.4 Interrupts 400 Description added
... whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.
11.5.6 OVF Flag 402  Section 11.5.6 added

Clearing in Interval Timer
Mode
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12.2.7 Serial Status 417  Bit 70 Transmit Data Register Empty (TDRE)
Register (SSR) Note * added

[Clearing conditions]
*  When 0 is written to ...
*  When the DTC* is activated by a TXI interrupt and write data

Note: * DTC can clear this bit only when DISEL is 0 with the
transfer counter not being O.

418 Bit 60 Receive Data Register Full (RDRF)
Note * added
[Clearing conditions]

*  When 0 is written to ...
* When the DTC* is activated by a RXI interrupt and write data

Notes: RDR and the RDRF flag are not affected ...

* DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

420 Bit 200 Transmit End (TEND)
Note * added
[Clearing conditions]

*  When 0 is written to ...
»  When the DTC# is activated by a TXI interrupt and write data

Note: * DTC can clear this bit only when DISEL is 0 with the
transfer counter not being 0.
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12.2.8 Bit Rate Register 422 Table 12.3 amended

(BRR) ¢ (MHz) :
Tabl_e 12.3 BR_R _ 3.6864 4 5
Settings for Various Bit _ ]
Rates (Asynchronous Bit Rate Error Error :
Mode) (bit/s) n N (%) n N %)

31250 S — 0 0.00

38400 0 2 000 — = =

423 | @ (MHz)
8

Bit Rate Error

(bit/s) n N (%)

31250 0 7 0.00

38400 - = =
12.3.2 Operation in 437 Note * added to figure 12.4
Asynchronous Mode Set TE and RE¥ bits in SCR to 1, and set RIE, TIE, TEIE, and
Figure 12.4 Sample SCI MPIE bits

Initialization Flowchart Note: * Perform this set operation with the RxD pin in the 1

state. If the RE bit is set to 1 with the RxD pin in the O state, it
may be misinterpreted as a start bit.

Figure 12.5 Sample 438 Note * added to figure 12.5
Serial Transmission

[3] Serial transmission continuation procedure: ... Checking and
Flowchart

clearing of the TDRE flag is automatic when the DTC* is
activated by a transmit data empty interrupt (TXI) request, and ...

Note: * The case, in which the DTC automatically checks and
clears the TDRE flag, occurs only when DISEL in DTC is 0 with
the transfer counter not being 0. Therefore, the TDRE flag should
be cleared by CPU when DISEL is 1, or when DISEL is 0 with the
transfer counter being O.

Figure 12.7 Sample 441 Note * added to figure 12.7
Serial Reception Data

[5] Serial reception continuation procedure: ... The RDRE flag is
Flowchart

cleared automatically when the DTC#* is activated by an RXI
interrupt and the RDR value is read.

Note: * The case, in which the DTC automatically clears the
RDRF flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the RDRF flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being O.
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12.3.3 Multiprocessor

Communication Function

Figure 12.10 Sample
Multiprocessor Serial

Transmission Flowchart

447

Note * added to figure 12.10

[3] Serial transmission continuation procedure: ... Checking and
clearing of the TDRE flag is automatic when the DTC#* is
activated by a transmit data empty interrupt (TXI) request, and ...

Note: * The case, in which the DTC automatically clears the
TDRE flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the TDRE flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.

12.3.4 Operation in
Clocked Synchronous
Mode

Figure 12.16 Sample
Serial Transmission
Flowchart

Figure 12.18 Sample
Serial Reception
Flowchart

Figure 12.20 Sample
Flowchart of
Simultaneous Serial
Transmit and Receive
Operations

456

Note * added to figure 12.16

[3] Serial transmission continuation procedure: ... Checking and
clearing of the TDRE flag is automatic when the DTC#* is
activated by a transmit data empty interrupt (TXI) request, and ...

Note: * The case, in which the DTC automatically clears the
TDRE flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the TDRE flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being O.

459 Note * added to figure 12.18
[5] Serial reception continuation procedure: ... RDRF flag is
cleared automatically when the DTC* is activated by a receive
data full interrupt (RXI) request, and ...
Note: * The case, in which the DTC automatically clears the
RDRF flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the RDRF flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.

461 Note * added to figure 12.20

[5] Serial transmission/reception continuation procedure: ... Also
the RDRF flag is cleared automatically when the DTC#* is
activated by a receive data full interrupt (RXI) request, and ...

Notes: When switching from transmit or receive operation to ...

* The case, in which the DTC automatically clears the TDRE
flag or RDRF flag, occurs only when DISEL in the corresponding
DTC transfer is 0 with the transfer counter not being 0.
Therefore, the corresponding flag should be cleared by CPU
when DISEL in the corresponding DTC transfer is 1, or when
DISEL is 0 with the transfer counter being 0.
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12.4 SCI Interrupt 462

Note * added

When TDRE flag in ... The TDRE flag is cleared to 0
automatically when data transfer is performed by the DTC*. The
DTC cannot be activated by ...

When RDREF flag in ... The RDRF flag is cleared to 0 )
automatically when data transfer is performed by the DTC¥*. The
DTC cannot be activated by an ERI interrupt request.

Note: * The flag is not cleared when DISEL is 0 and the transfer
counter value is not 0.

12.5 Usage Notes 464

Description added
The following points should be noted when using the SCI.
Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop
control register. The initial setting is for SCI operation to be
halted. Register access is enabled by clearing module stop
mode. For details, see section 18, Power-Down Modes.

Relation between Writes to TDR and TDRE Flag

467

Restrictions Concerning DTC Updating

..» When RDR is read by the DTC, be sure to set the activation
source to the relevant SCI reception data full interrupt (RXI).

e The flag is cleared only when DISEL in DTC is 0 with the
transfer counter not being 0. When DISEL is 1,or DISEL is 0 with
the transfer counter being 0, the flag should be cleared by CPU.

Note that transmitting, in particular, may not successfully be
executed unless the TDRE flag is cleared by CPU.

467
to
472

Description of "Operation in Case of Mode Transition" and
"Switching from SCK Pin Function to Port Pin Function" added

13.2.2 Serial Status 479
Register (SSR)

Bit 2 TEND description amended
[Clearing conditions]
*  When O is written to ...

* When the DTC* is activated by a TXI interrupt and write data
to TDR

[Setting conditions] ...

* When TDRE =1 and ERS = 0 (normal transmission) 12.5 etu
after transmission of 1-byte serial character when GM =0

e When TDRE =1 and ERS = 0 (normal transmission) 11.0 etu
after transmission of 1-byte serial character when GM =1
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13.2.2 Serial Status 479
Register (SSR)

Note * added
Notes: etu: ...

* DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

13.3.4 Register Settings 486

SCR Setting
Description amended

... When the GM bit in SMR is cleared to 0, set these bits to B'00
if a clock is not to be output, or to B'01 if a clock is to be output.

13.3.6 Data Transfer 495
Operations

Fixing Clock Output Level
Description amended

When the GM bit in SMR is set to 1, ... In this example, GM is set
tol, ...

496

497

Data Transfer Operation by DTC
Description amended

... If the TXI request is designated beforehand as a DTC
activation source, the DTC will be activated by the TXI request,
and transfer of the transmit data will be carried out. When DISEL
in DTC is 0 and the transfer counter value is not 0, the TDRE and
TEND flags are automatically cleared to O when data transfer is
performed. If DISEL is 1, or if DISEL is 0 and the transfer counter
value is 0, the DTC writes the transfer data to TDR but does not
clear the flags. Therefore, the flags should be cleared by the
CPU. In the event of an error, the SCI retransmits the same data
automatically. The TEND flag remains cleared to 0 during this
time, and the DTC is not activated. Thus, the number of bytes
specified by the SCIl and DTC are transmitted automatically even
in retransmission following an error. However, the ERS flag is not
cleared ...

... If the RXI request is designated beforehand as a DTC
activation source, the DTC will be activated by the RXI request,
and transfer of the receive data will be carried out. At this time,
the RDRF flag is cleared to O if DISEL in DTC is 0 and the
transfer counter value is not O. If DISEL is 1, or if DISEL is 0 and
the transfer counter value is 0, the DTC transfers the receive
data but does not clear the flag. Therefore, the flag should be
cleared by the CPU. If an error occurs, an error flag is set but the
RDREF flag is not.
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13.4 Usage Notes 500 Retransfer Operation
Description amended

» Retransfer operation when SCI is in receive mode

[4] ... If DTC data transfer by an RXI source is enabled, the
contents of RDR can be read automatically. When the RDR data
is read by the DTC, the RDRF flag is automatically cleared to O if
DISEL in DTC is 0 and the transfer counter value is not 0.

501 + Retransfer operation when SCl is in transmit mode

[9] ... If DTC data transfer by an RXI source is enabled, the
contents of RDR can be read automatically. When data is written
to TDR by the DTC, the TDRE bit is automatically cleared to O if
DISEL in DTC is 0 and the transfer counter value is not 0.

14.1.1 Features 503 + High-speed conversion
Description amended
[0 Minimum conversion time: 6.5 us per channel (at 20MHz
operation)

14.2.2 A/ID 508 Bit 70 A/D End Flag (ADF)
Control/Status Register Note * added
(ADCSR)

[Clearing conditions]
*  When O is written to ...

* When the DTC* is activated by a ADI interrupt and ADDR is
read

Note: * The flag is cleared only when DISEL in DTC is 0 and the
transfer counter value is not 0.

509 Bit 300 Clock Select (CKS)
Description added

... Is stopped (ADST = 0). Set the conversion time to a value
equal to or greater than the conversion time indicated in section
19.5, A/D Conversion Characteristics.

14.4.1 Single Mode 514 Note * added to figure 14.3
(SCAN =0)

Figure 14.3 Example of
A/D Converter Operation
(Single Mode, Channel 1
Selected)

Read conversion result*
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14.4.3 Input Sampling 517  Figure 14.5 amended

and A/D Conversion

Time 1)

Figure 14.5 A/D :‘ H h

Conversion Timing ¢ |
Address bus (2)
Write signal

14.6 Usage Notes 519 Description added
The following points should be noted when using the A/D
converter.
Module Stop Mode Setting
Operation of the A/D converter can be disabled or enabled using
the module stop control register. The initial setting is for
operation of the A/D converter to be halted. Register access is
enabled by clearing module stop mode. For details, see section
18, Power-Down Modes.
Setting Range of Analog Power Supply and Other Pins

15.2.1 System Control 527  Bit figure amended

Register (SYSCR) Bit L7 6 5 4 3 2 1 0

‘ — ‘ — ‘INTMl‘INTMO‘NMIEG‘ — ‘ — ‘RAME‘

Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W — — R/W

16.1.1 Block Diagram 530 Figure 16.1 title amended

Figure 16.1 Block

Diagram of ROM

(Example with H8S/2246

and H8S/2245 in Modes

6,7)

16.2.1 Bus Control 531 Bit 500 External Address Enable (EAE)

Register L (BCRL) Description amended
... or areserved area* (in the H8S/2244, H8S/2243, ...

16.5.3 Programming 541  Description amended

Precautions

* The size of the PROM is 128 kbytes. Always set addresses
within the range ...
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17.7 Note on Crystal 553  Section 17.7 added

Resonator

18.6.3 Setting 565 Table 18.4 amended

Oscillation Stabilization 20 16 12 10 8 6 4 2

Time after Clearing STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit

Software Standby Mode 0 0 0 8192 states 0.41 051 0.68 082 1.0 14 20 41 ms
o 1 16384 states 082 1.0 14 16 20 27 41

Table 18.4 Oscillation PP —

- e : states 1.6 20 27 33 41 55 [82]16.4
Stat_)'l'zat'on Time 1 65536 states 33 41 55 66 16.4 32.8
Settings 1 0 0 131072 states 6.6 164 218 328 655

1 262144 states  [13.1 |16.4 21.8 26.2 32.8 437 655 131.1
1 0 Reserved - = = = = = = = =
1 16 states 08 10 13 16 20 27 40 80 s
18.7.1 Hardware 567 Description amended

Standby Mode ... Ensure that the RES pin is held low until the clock oscillation

stabilizes (as least t_..,[] the oscillation stabilization time ...

OSC1

19.5 A/D Conversion 597 Table 19.9 amended
Characteristics Condition A Condition B Condition C
Table 199 A/D Item A Min Typ Max Min Typ Max Min Typ Max Ulnit

. Resolution 10 10 10 10 10 10 10 10 10 bits
ConverSIO_n . Conversion time 131 — — 9.8 — — 6.5 — — us
Characteristics T T T T T
A.1 Instruction List 603 (1) Data Transfer Instructions
Table A.1 Instruction Note * added
Set LDM* STM*

Note: * Only register ERO to ER6 should be used when using
the STM/LDM instruction.

607 (2) Arithmetic Instructions
Note * added

Note: * Only register ERO, ER1, ER4, or ER5 should be used
when using the TAS instruction.

Table A.4 Number of 633 Notes *3 and *4 added
Cycles in Instruction L DM
Execution

637 STM* TAS*

Notes: 3. Only register ERO to ER6 should be used when using
the STM/LDM instruction.

4. Only register ERO, ER1, ER4, or ER5 should be used when
using the TAS instruction.
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Appendix B Register 659 DTVECR H'FF37 DTC

Field Figure amended
Bit : 7 6 5 4 3 2
| SWDTE | DTVEC6| DTVEC5| DTVEC4| DTVEC3 | DTVEC2| DTVEC1| DTVECO|
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/(W)*1 R/(W)*2 R/(W)*2 RI(W)*2 R/(W)*2 RIW)*2 R/(W)*2 R/(W)*2

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled

[Clearing conditions]

* When the DISEL bit is 0 and the specified number of transfers have not ended

* When 0 is written to the DISEL bit after a software-activated data transfer end
interrupt (SWDTEND) request has been sent to the CPU.

1 | DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
 During data transfer activated by software

Notes: 1. A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.
2. Only write to bits DTVEC6 to DTVECO when SWDTE is 0.

662 SCKCR H'FF3A Clock Pulse Generator
Figure amended

Bit : 7 6
PSTOP| —
Initial value : 0 0

Read/Write : R/W R/W

o

680 SSRO H'FF7C SCIO
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register 681 SSRO HFF7C Smart Card Interface O
Field Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being O.

689 SSR1 H'FF84 SCIl1
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

690 SSR1 H'FF84 Smart Card Interface 1
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being O.

698 SSR2 H'FF8C SCI2
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

699 SSR2 H'FF8C Smart Card Interface 2
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register 702
Field

ADCSR H'FF98 A/D Converter
Note *2 added
R/(W)*1 DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

705

TCSRO HFFB2 8-Bit Timer Channel O
TCSR1 HFFB3 8-Bit Timer Channel 1
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

707

TCSR H'FFBC(W) HFFBC(R) WDT
Note *2 added
R/(W)*!

Overflow Flag [Clearing condition] Cleared by reading TCSR
when OVF = 1, then writing 0 to OVF*

Notes: The method for writngto ...~~~
1. Can only be written with O for flag clearing.

2. When polling OVF with the interval timer interrupt disabled,
read TSCR twice or more while OVF is setto 1.

709

RSTCSR H'FFBE(W) HFFBFR) WDT
Figure amended

Watchdog Timer Overflow Flag [Clearing condition] Cleared by
reading RSTCSR when WOVF = 1, then writing 0 to WOVF

716

TSRO H'FFD5 TPUO
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register 722 TSR1 HFFE5 TPU1
Field Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being O.

728 TSR2 H'FFF5 TPU2
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

Appendix H Package 771  Figure H.1 replaced
Dimensions

Figure H.1 FP-100B
Package Dimensions

Figure H.2 TFP-100B 772 Figure H.2 replaced
Package Dimensions

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

Sectionl Overview

1.1 Overview

The H85/2245 Group is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2000 CPU, employing Renesas Technology proprietary architecture, and equipped with
peripheral functions on-chip.

The H8S/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM, a 16-bit timer-pulse unit (TPU), 8-bit timer, watchdog timer
(WDT), serial communication interface (SCI), A/D converter, and 1/O ports.

The on-chip ROM is either PROM (ZTAT") or mask ROM, with a capacity of 128 kbytes,

64 kbytes, or 32 kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling both byte
and word data to be accessed in one state. Instruction fetching has been speeded up, and
processing speed increased.

Seven operating modes, modes 1 to 7, are provided, and there is a choice of address space and
single-chip mode or external expansion mode.

The features of the H8S/2245 Group are shown in table 1.1.

Note: ZTAT isaregistered trademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.1 Overview

ltem Specification

CPU » General-register machine

[0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

» High-speed operation suitable for realtime control
[0 Maximum clock rate: 20 MHz
[0 High-speed arithmetic operations (20-MHz operation)
8/16/32-bit register-register add/subtract: 50 ns
16 x 16-bit register-register multiply: 1000 ns
32 + 16-bit register-register divide: 1000 ns
* Instruction set suitable for high-speed operation
[0 Sixty-five basic instructions
[0 8/16/32-bit move/arithmetic instructions
[0 Unsigned/signed multiply and divide instructions
0 Powerful bit-manipulation instructions
» Two CPU operating modes
0 Normal mode: 64-kbyte address space
[0 Advanced mode: 16-Mbyte address space

Bus controller Address space divided into 8 areas, with bus specifications settable

independently for each area
» Chip select output possible for each area
« Choice of 8-bit or 16-bit access space for each area (CS0 to CS3)
e 2-state or 3-state access space can be designated for each area
* Number of program wait states can be set for each area
* Burst ROM directly connectable
« External bus release function

Data transfer * Can be activated by internal interrupt or software

controlier (DTC) Multiple transfers or multiple types of transfer possible for one activation

source
» Transfer possible in repeat mode, block transfer mode, etc.
* Request can be sent to CPU for interrupt that activated DTC
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Section 1 Overview

ltem Specification

16-bit timer-pulse  « 3-channel 16-bit timer on-chip

unit (TPU) * Pulse I/0O processing capability for up to 8 pins'
* Automatic 2-phase encoder count capability

8-bit timer » 8-bit up-counter (external event count capability)

2 channels

Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits

Input: 4 channels

Single or scan mode selectable
Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

I/O ports

75 1/0O pins, 4 input-only pins

Memory

PROM or mask ROM
High-speed static RAM

Product Name ROM RAM

H8S/2246 128 kbytes 8 kbytes
H8S/2245 128 kbytes 4 kbytes
H8S/2244 64 kbytes 8 kbytes
H8S/2243 64 kbytes 4 kbytes
H8S/2242 32 kbytes 8 kbytes
H8S/2241 32 kbytes 4 kbytes
H8S/2240 — 4 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
34 internal interrupt sources
Three priority levels settable
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ltem Specification

Power-down state

Medium-speed mode

» Sleep mode

e Module stop mode

» Software standby mode
* Hardware standby mode

Operating modes  Seven MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
2* On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
3* Single-chip mode Enabled — —
4 Advanced  On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6* On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7* Single-chip mode Enabled — —
Note: * Cannot be used in the H8S/2240.
Clock pulse * Built-in duty correction circuit
generator
Packages ¢ 100-pin plastic QFP (FP-100B)

e 100-pin plastic TQFP (TFP-100B)
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Section 1 Overview

ltem Specification

Product lineup Model
Mask ROM Version ZTAT Version ROM/RAM (Bytes) Packages
HD6432246 HD6472246 128 k/8 k FP-100B
HD6432245 — 128 k/4 k TFP-100B
HD6432244 — 64 k/8 k
HD6432243 — 64 k/4 k
HD6432242 — 32 k/8 k
HD6432241R — 32 kld k
HD6432240 — —/4k
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Section 1 Overview

12 Internal Block Diagram

Figure 1.1 shows an internal block diagram.
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Section 1 Overview

1.3 Pin Description

131 Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8S/2245 Group.
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Figure1l.2 H8S/2245 Group Pin Arrangement (FP-100B, TFB-100B: Top View)
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Section 1 Overview

1.3.2

Pin Functionsin Each Operating Mode

Table 1.2 shows the pin functions in each of the operating modes.

Tablel.2 Pin Functionsin Each Operating Mode

Pin No. Pin Name

FP-100B, PROM

TFP-100B Mode 1 Mode 2 Mode 3*' Mode 4 Mode 5 Mode 6*' Mode 7 Mode*”

1 P1/ P1/ P1,/ P1/ P1/ P1,/ P1/ NC
TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/
TCLKA TCLKA TCLKA TCLKA/A,, TCLKA/A, TCLKA/A, TCLKA

2 P1/ P1/ P1,/ P1/ P1/ P1,/ P1/ NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB TCLKB TCLKB TCLKB/A,, TCLKB/A,, TCLKB/A,, TCLKB

3 P1,/TIOCA1 P1,/TIOCA1 P1,/TIOCAL P1,/TIOCALl P1,/TIOCA1 P1,/TIOCAL P1,/TIOCAL1 NC

4 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC
TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

5 P1,/ P1/ P1/ P1,/ P1/ P1/ P1/ NC
TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2

6 P1/ P1,/ P1/ P1/ P1,/ P1/ P1/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

7 VSS VSS VSS VSS VSS VSS VSS VSS

8 P3/TxD0 P3/TxDO P3/TxDO P3/TxD0 P3/TxDO P3/TxD0 P3/TxDO NC

9 P3,/TxD1 P3,/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 NC

10 P3/RxD0 P3/RxDO P3/RxD0 P3/RxD0 P3/RxDO P3/RxDO P3/RxD0 NC

11 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 NC

12 P3,/SCKO/ P3/SCKO/ P3,/SCKO/ P3/SCKO/ P3/SCKO/ P3,/SCKO/ P3/SCKO/ NC
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4

13 P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5

14 PE,D, PE,D, PE, PE,D, PE,D, PE,D, PE, NC

15 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

16 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

17 PE./D, PE./D, PE, PE./D, PE./D, PE./D, PE, NC

18 VSS VSS VSS VSS VSS VSS VSS VSS
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Pin No. Pin Name

FP-100B, PROM
TFP-100B Mode 1 Mode 2**  Mode 3*" Mode 4 Mode 5 Mode 6*° Mode 7*'  Mode*”
19 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
20 PE./D, PE./D, PE, PE./D, PE./D, PE./D, PE, NC
21 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
22 PE./D, PE./D, PE, PE./D, PE./D, PE /D, PE, NC
23 D, D, PD, D, D, D, PD, D,
24 D, D, PD, D, D, D, PD, D,
25 D, D, PD, D, D, D, PD, D,
26 D, D, PD, D, D, D, PD, D,
27 D, D, PD, D, D, D, PD, D,
28 D, D, PD, D, D, D, PD, D,
29 D, D, PD, D, D, D, PD, D,
30 D, D, PD, D, D, D,. PD, D,
31 Ve, Vi Ve, Ve, Vi, Ve, Ve, Vi
32 A, PC/A, PC, A, A, PC/A, PC, A,
33 A, PC/A, PC, A, A, PCJA, PC, A,
34 A, PC/JA, PC, A, A, PC/JA, PC, A,
35 A, PC/A, PC, A, A, PC/A, PC, A,
36 A, PC/A, PC, A, A, PC/A, PC, A,
37 A, PCJA, PC, A, A, PCJ/A, PC, A,
38 A, PC/A, PC, A, A, PC/A, PC, A,
39 A, PCJA, PC, A, A PC /A, PC, A,
40 VCC VCC VCC VCC VCC VCC VCC VCC
41 A, PB,/A, PB, A, A, PB,/A, PB, A,
42 A, PB,/A, PB, A, A, PB,/A, PB, OE
43 A, PB,A,, PB, A, A, PB,JA,, PB, A,
44 A, PBJA, PB, A, A, PB.JA, PB, A,
45 A, PB,/A, PB, A, A, PB,/A, PB, A,
46 A, PB.J/A,, PB, A, A, PB.J/A, PB, A,
47 A, PBJ/A,, PB, A, A, PB/J/A,, PB, A,
48 A, PB./A, PB, A, A, PB./A, PB, A,
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Pin No. Pin Name
FP-100B, PROM
TFP-100B Model  Mode2*' Mode3*" Mode4  Mode5  Mode6* Mode7*' Mode*’
49 Vi Vi Vi Vi Vi Vi Vi Vi
50 PA, PA, PA, A, A, PAJA,, PA, A,
51 PA, PA, PA, A, A, PAJA,, PA, Ve,
52 PA, PA, PA, A, A, PAJA,, PA, Ve,
53 PA, PA, PA, A, o PAJA,, PA, NC
54 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 NC
55 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 NC
56 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 NC
57 MD, MD, MD, MD, MD, MD, MD, -
58 MD, MD, MD, MD, MD, MD, MD, Ve
59 P5, PS5, PS5, P5, PS5, PS5, P5, NC
60 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC
61 MD, MD, MD, MD, MD, MD, MD, Vi
62 RES RES RES RES RES RES RES V.,
63 NMI NMI NMI NMI NMI NMI NMI A,
64 STBY STBY STBY STBY STBY STBY STBY Ve
65 Vee Ve Vee Vee Ve Vee Vee Ve
66 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC
67 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC
68 Vs Ves Ves Ves Ves Ves Ves Ves
69 PF./o PF./o PF /o PF./o PF./o PF /o PF./o NC
70 AS AS PF, AS AS AS PF, NC
71 RD RD PF, RD RD RD PF, NC
72 HWR HWR PF, HWR HWR HWR PF, NC
73 LWR LWR PF/IRQ3 LWR LWR LWR PF/IRQ3 NC
74 PF,/WAIT/ PF/WAIT/ PF/IRQ2 PF/WAIT/ PF/WAIT/ PFJWAIT/ PF/IRQ2 CE

BREQO/ BREQO/ BREQO/ BREQO/ BREQO/

IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
75 PF/BACK/ PF/BACK/ PF/IRQ1 PF/BACK/ PF/BACK/ PF/BACK/ PF/IRQ1 PGM

IRQ1 IRQ1 IRQ1 IRQ1 IRQ1
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Pin No. Pin Name
FP-100B, PROM
TFP-100B Model  Mode2*' Mode3*' Mode4  Mode5  Mode6* Mode7* Mode*’
76 PF/BREQ/ PF/BREQ/ PF/IRQ0 PF/BREQ/ PF/BREQ/ PF/BREQ/ PF/IRQ0 NC
IRQO IRQO IRQO IRQO IRQO
77 AVCC AVCC AVCC AVCC AVCC AVCC AVCC cc
78 ' Vv, V., Vv, V., V., Vv, Ve,
79 P4/ANO  P4/ANO  P4JANO  P4JANO  P4/ANO  P4/ANO  P4/ANO  NC
80 P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4J/AN1  NC
81 P4/AN2  P4JAN2  P4/AN2  P4/AN2  P4/AN2  P4JAN2  P4JAN2  NC
82 P4/AN3  P4JAN3  P4/AN3  P4/AN3  P4/AN3  P4J/AN3  P4JAN3  NC
83 AV AV AV AV AV AV AV ss
84 Ves Ves Ves Ves Ves Vs Ves Ves
85 P2, P2, P2, P2, P2, P2, P2, NC
86 P2, P2, P2, P2, P2, P2, P2, NC
87 P2,/TMRIO P2,/TMRIO P2/TMRIO P2,/TMRIO P2/TMRIO P2,/TMRIO P2,/TMRIO NC
88 P2/TMCIO P2/TMCI0O P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCI0O NC
89 P2/TMRI1 P2/TMRI1 P2/TMRI1 P2,/TMRI1 P2/TMRI1 P2/TMRI1 P2/TMRI1 NC
90 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 NC
91 P2/TMO0 P2/TMO0 P2/TMOO P2/TMOO P2/TMO0 P2/TMO0 P2/TMOO0 NC
92 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 NC
93 PG/IRQ6/ PG,/IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ NC
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG  ADTRG
94 PG/IRQ7 PG,/IRQ7 PG/IRQ7 PG,/CS3/ PG/CS3/ PG/CS3/ PG/IRQ7 NC
IRQ7 IRQ7 IRQ7
95 PG, PG, PG, PG,/CS2 PG,/CS2 PG,/CS2 PG, NC
96 PG, PG, PG, PG,/CS1 PG/CS1 PG/CS1 PG, NC
97 PG,/CSO PG,/CSO PG, PG,/CSO PG,/CSO PG/CSO PG, NC
98 Vee Vee Vee Vee Vee Vee Vee Vee
99 P1/ P1,/ P1,/ P1/ P1,/ P1,/ P1/ NC
TIOCAO  TIOCAO  TIOCAO  TIOCAO/A, TIOCAO/A, TIOCAO/A, TIOCAO
100 P1/ P1/ P1,/ P1/ P1,/ P1/ P1/ NC
TIOCBO  TIOCBO  TIOCBO  TIOCBO/A, TIOCBO/A, TIOCBO/A, TIOCBO

Notes: 1. Cannot be used in the H8S/2240.
2. NC should be left open.
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1.3.3 Pin Functions
Table 1.3 outlines the pin functions.

Table1l.3 Pin Functions

Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function

Power V. 40, 65, 98 Input  Power supply: All V. pins should be
connected to the system power

supply.

Ve 7,18,31,49,68,84 Input  Ground: All V pins should be
connected to the system power

supply (0 V).

Clock XTAL 66 Input  Connects to a crystal oscillator.
See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

EXTAL 67 Input  Connects to a crystal oscillator.
The EXTAL pin can also input an
external clock.

See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

(0} 69 Output System clock: Supplies the system
clock to an external device.
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Type Symbol

Pin No.

FP-100B, TFP-100B

I/0

Name and Function

Operating mode MD, to
control MD,

61, 58, 57

Input

Mode pins: These pins set the
operating mode.

The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the
H8S/2245 Group is operating.

Except for mode changing, be sure to
fix the levels of the mode pins (MD, to
MD,) by pulling them down or pulling
them up until the power turns off.

Operating

MD, MD MD Mode

1 0

0 0

Mode 1
Mode 2*
Mode 3*

Mode 4
Mode 5
Mode 6*
1 Mode 7*

O| R, |O|FRP|O|FR|O

Note: * Cannot be used in the
H8S/2240.

System control RES

62

Input

Reset input: When this pin is driven
low, the chip is reset. The type of
reset can be selected according to the
NMI input level. At power-on, the NMI
pin input level should be set high.

64

Input

Standby: When this pin is driven low,
a transition is made to hardware
standby mode.

76

Input

Bus request: Used by an external bus
master to issue a bus request to the
H8S/2245 Group.

74

Output

Bus request output: The external bus
request signal used when an internal
bus master accesses external space
in the external bus-released state.
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Pin No.

Type Symbol FP-100B, TFP-100B 1/O Name and Function

System control BACK 75 Output Bus request acknowledge: Indicates
that the bus has been released to an
external bus master.

Interrupts NMI 63 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.

IRQ7to 94, 93, 13, 12, Input  Interrupt request 7 to 0: These pins

IRQO** 73t0 76 request a maskable interrupt.

Address bus A, to 2,1, 100, 99, Output Address bus: These pins output an

A, 5310 50, 48 to 41, address.

39to 32

Data bus D, to 30t019,171to 14 I/O Data bus: These pins constitute a

D, bidirectional data bus.

Bus control CS3to 94 to 97 Output Chip select: Signals for selecting

CSO areas 3to 0.

AS 70 Output Address strobe: When this pin is low,
it indicates that address output on the
address bus is enabled.

RD 71 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 72 Output High write: A strobe signal that writes
to external space and indicates that
the upper half (D, to D,) of the data
bus is enabled.

LWR 73 Output Low write: A strobe signal that writes
to external space and indicates that
the lower half (D, to D,) of the data
bus is enabled.

WAIT 74 Input  Wait: Requests insertion of a wait
state in the bus cycle when accessing
external 3-state address space.
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Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function
16-bit timer- TCLKDto 6,4,2,1 Input  Clock input D to A: These pins input
pulse unit TCLKA an external clock.
(TPU)
TIOCAO, 99,100,1,2 I/0 Input capture/output compare match
TIOCBO, A0 to DO: The TGROA to TGROD
TIOCCO, input capture input or output compare
TIOCDO output, or PWM output pins.
TIOCAl, 3,4 I/0 Input capture/output compare match
TIOCB1 Al and B1: The TGR1A and TGR1B
input capture input or output compare
output, or PWM output pins.
TIOCA2, 5,6 I/0 Input capture/output compare match
TIOCB2 A2 and B2: The TGR2A and TGR2B
input capture input or output compare
output, or PWM output pins.
8-bit timer TMOO, 91, 92 Output Compare match output: The compare
TMO1 match output pins.
TMCIO, 88, 90 Input  Counter external clock input: Input
TMCI1 pins for the external clock input to the
counter.
TMRIO, 87, 89 Input  Counter external reset input: The
TMRI1 counter reset input pins.
Watchdog WDTOVF 60 Output Watchdog timer: The counter overflow
timer (WDT) signal output pin in watchdog timer
mode.
Serial TxD2, 54,9, 8 Output Transmit data (channel 0, 1, 2):
communication TxD1, Data output pins.
interface (SCI)/ TxDO
Smafrt Card RxD2, 55,11, 10 Input  Receive data (channel 0, 1, 2):
Intertace RxD1, Data input pins.
RxDO
SCK2, 56, 13, 12 I/O0 Serial clock (channel 0, 1, 2):
SCK1, Clock I/0O pins.
SCKO
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Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function
A/D converter  AN3to 82t0 79 Input  Analog 3 to 0: Analog input pins.
ANO
ADTRG 93 Input  A/D conversion external trigger input:
Pin for input of an external trigger to
start A/D conversion.
AV . 77 Input  This is the power supply pin for the
A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
AV 83 Input  This is the ground pin for the A/D
converter.
This pin should be connected to the
system power supply (0 V).
of 78 Input  This is the reference voltage input pin
for the A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
I/O ports P1, to 6to 1, 100, 99 I/0 Port 1. An 8-bit I/O port. Input or
P1, output can be designated for each bit
by means of the port 1 data direction
register (P1DDR).
P2 to 92 to0 85 I/0 Port 2: An 8-bit I/0O port. Input or
P2, output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).
P3, to 13t0 8 I/O0 Port 3: A 6-bit I/0O port. Input or output
P3, can be designated for each bit by
means of the port 3 data direction
register (P3DDR).
P4, to 82to 79 Input  Port 4: A 4-bit input port.
P4,
P5, to 59, 56 to 54 1/0O Port 5: A 4-bit 1/0 port. Input or output
P5, can be designated for each bit by
means of the port 5 data direction
register (P5DDR).
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Pin No.
Type Symbol FP-100B, TFP-100B 1/O Name and Function
I/O ports PA, to 53t0 50 I/0 Port A: A 4-bit I/O port. Input or output

PA*’ can be designated for each bit by
means of the port A data direction
register (PADDR).

PB, to 48 to 41 I/0O Port B: An 8-bit I/O port. Input or

PB,** output can be designated for each bit
by means of the port B data direction
register (PBDDR).

PC.to 391to 32 I/O0 Port C: An 8-bit I/O port. Input or

PC** output can be designated for each bit
by means of the port C data direction
register (PCDDR).

PD, to 30to 23 I/O Port D: An 8-bit I/O port. Input or

PD,** output can be designated for each bit
by means of the port D data direction
register (PDDDR).

PE, to 22t019,17to 14 I/O0 Port E: An 8-bit I/O port. Input or

PE, output can be designated for each bit
by means of the port E data direction
register (PEDDR).

PF._to 69 to 76 I/0 Port F: An 8-bit I/O port. Input or

PF** output can be designated for each bit
by means of the port F data direction
register (PFDDR).

PG, to 97 to 93 I/0 Port G: A 5-bit I/O port. Input or

PG output can be designated for each bit

by means of the port G data direction
register (PGDDR).

Notes: 1. IRQ3 cannot be used in modes 1, 2, 4, 5, and 6, or in the H8S/2240.
2. Cannot be used in modes 4 and 5 in the H8S/2240.
3. Cannot be used in the H8S/2240.
4. PF,to PF, cannot be used in the H8S/2240.
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Section 2 CPU

Section2 CPU

2.1 Overview

The H8S2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
Is upward-compatible with the H8/300 and H8/300H CPUs. The H8S2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features

The H8S/2000 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs

[1 Can execute H8/300 and H8/300H object programs

General-register architecture

[1 Sixteen 16-bit general registers (also usable as sixteen 8-hit registers or eight 32-bit
registers)

Sixty-five basic instructions

[ 8/16/32-bit arithmetic instructions

[1 Multiply and divide instructions

[1 Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]

Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

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

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

Memory indirect [ @@aa 8]

16-Mbyte address space

0 Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

OOo0Oo0o0oogogd™
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Section 2 CPU

» High-speed operation

O All frequently-used instructions execute in one or two states

0 Maximum clock rate: 20 MHz

[0 8/16/32-bit register-register add/subtract: 50 ns (20-MHz operation)

[0 8 x 8-hit register-register multiply: 600 ns (20-MHz operation)
0 16 + 8-hit register-register divide: 600 ns (20-MHz operation)
[J 16 x 16-bit register-register multiply: 1000 ns (20-MHz operation)
0 32+ 16-bit register-register divide: 1000 ns (20-MHz operation)

» Two CPU operating modes
[0 Normal mode
[J Advanced mode
» Power-down state
[J Trangition to power-down state by SL EEP instruction
[0 CPU clock speed selection

21.2 Differ ences between H85/2600 CPU and H85/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

* Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basicinstructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

Number of execution states
The number of execution states of the MUL XU and MUL XS instructions.

Internal Operation

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.
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2.1.3 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

* More general registers and control registers

[0 Eight 16-bit expanded registers, and one 8-bit control registers, have been added.
» Expanded address space

[J Norma mode supports the same 64-kbyte address space as the H8/300 CPU.

[ Advanced mode supports a maximum 16-M byte address space.
» Enhanced addressing

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

* Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
* Higher speed
[0 Basic instructions execute twice as fast.

O OooOooo

214 Differencesfrom H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

» Additional control register
[0 One 8-bit control register has been added.

» Enhanced instructions
0 Addressing modes of bit-manipulation instructions have been enhanced.
[0 Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
00 A test and set instruction has been added.

* Higher speed
[0 Basic instructions execute twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Maximum 64 kbytes, program
and data areas combined

Normal mode

CPU operating modes

Maximum 16-Mbytes for
Advanced mode program and data areas
combined

Figure2.1 CPU Operating Modes

(1) Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-hit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@—Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.
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Exception Vector Tableand Memory Indirect Branch Addresses: In norma mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per 16
bits (figure 2.2). The exception vector table differs depending on the microcontroller. For details

of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001

H'0003

H'0004

H'0007

H'0009

H'000B

H'0002 |
H'0005 |
H'0006 |
H'0008 |

H'000A|

--- Power-on reset exception vector - -+

- Manual reset exception vector ---

(Reserved for system use)

Exception vector 1

Exception vector 2

\/\

.

Exception
vector table

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Note

that this areais also used

for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2.3. The extended control register (EXR) is not pushed onto the
stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— PC SP— CCR
(16 bits) CCR*
PC

\/\ (16 bits)

(a) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.3 Stack Structurein Normal Mode

(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-M byte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-hit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved )
Power-on reset exception vector 7
H'00000003
H'00000004 | | R gsieiriv?e;q 77777777777777777
Manual reset exception vector 7
H'00000007
H'00000008
i > Exception vector table
H'0000000B | 7
(Reserved for system use)
H'0000000C | i
H'00000010 | R,???,r\,’?fj 777777777777777777
Exception vector 1 7

_

Figure2.4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is aso the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in

exception handling, they are stored as shown in figure 2.5. The extended control register (EXR) is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP—

\/\

Reserved

- - - = PC R
(24 bits)

\/_\

(&) Subroutine Branch

SP -~

\/\

CCR

L PC -
(24 bits)

\/\

(b) Exception Handling

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, see section 3, MCU Operating

Modes.

H'0000

H'FFFF

H'00000000 1)

~ Program area

H'00FFFFFF )

~ Data area

Cannot be
used by the
H8S/2245
Group

H'FFFFFFFF J

(@) Normal Mode (b) Advanced Mode

Figure2.6 Memory Map
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2.4 Register Configuration

241 Overview

The CPU hasthe internal registers shown in figure 2.7. There are two types of registers. general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

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 (SP) E7 R7H R7L

Control Registers (CR)
23 0
PC

76543210
EXR |T|—|—|—|—[12]I1|I0

76543210
CCR [l |UIIH|UIN|ZV|C

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit

EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

K Interrupt mask bit
ul: User bit or interrupt mask bit

Note: * This register does not affect operations in the H8S/2245 Group.

Figure2.7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data 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 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). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

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

E registers (extended registers)

(EO to E7)

ER registers RH registers
(ERO to ERY7) (ROH to R7H)
R registers
(RO to R7)

RL registers

(ROL to R7L)

Figure 2.8 Usageof General Registers

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 2.9 shows the
stack.
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU ingtructionsis 2 bytes (one word) so the least significant PC bit isignored. (When an
instruction is read, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR)

This 8-bit register does not affect operation in the H8S/2245 Group.

Bit 7—Trace Bit (T): Thishit isreserved. It does not affect operation in the H852245 Group.
Bits 6 to 3—Reserved: These bits are reserved. They are awaysread as 1.

Bits2 to O—Interrupt Mask Bits(12to 10): These bits are reserved. They do not affect operation
in the H8S/2245 Group.
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(3) Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (2), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masksinterrupts other than NMI when set to 1. (NMI is accepted
regardless of the |l bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

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

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

Bit 3—Negative Flag (N): Storesthe value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

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

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to appendix A.1, Instruction List.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR hits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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25 Data Formats

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

25.1 General Register Data Formats

Figure 2.10 shows the data formats in genera registers.

Data Type General Register Data Image
1-bit data RnH 7 o
7|6|5]4|3]2[1]0 Don'tcare !
1-bit data rRoL 7 0
Don't care 716(5|4(3|2(1|0
4-bit BCD data RnH 7 4 3 o
Upper Lower Don't care
4-bit BCD data rRoL 7 43 0
Don't care Upper Lower
Byte data RnH 7 o
Don't care
MSB LSB
Byte data R 7 0
Don't care
MSB LSB

Figure2.10 General Register Data For mats
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ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Data Type General Register Data Image
Word data Rn 15

MSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15
MSB En
Legend:

Figure2.10 General Register Data Formats (cont)
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2.5.2 Memory Data For mats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in 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 addressisregarded as O, so the access starts at the preceding address. This also appliesto

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address L

Address L |MSB:

Address 2M [MSB:

Address 2M + 1

Address 2N |MSB

Address 2N + 1

Address 2N + 2

Address 2N + 3

Data image
Address /\/
0
6/5[(4/3|2[1]0
0 1 LsB
L s
L LsB

Figure2.11 Memory Data Formats

When SP(ERY7) 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 I nstruction Set

2.6.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types

Data transfer MOV BWL 5
POP**, PUSH*" WL
LDM*®, STM*® L
MOVFPE*®, MOVTPE** B

Arithmetic ADD, SUB, CMP, NEG BWL 19

operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B

Logic operations AND, OR, XOR, NOT BWL

Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL

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

Branch Bcc*?, IMP, BSR, JSR, RTS —

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

Block data transfer EEPMOV — 1

Total: 65 types

Legend:

B: Byte size

W: Word size

L. Longword size

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

2. Bcc is the general name for conditional branch instructions.
3. Cannot be used in the H8S/2245 Group.
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4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
5. Only register ERO to ER6 should be used when using the STM/LDM instruction.

2.6.2

Instructions and Addressing M odes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000 CPU

can use.
Table2.2 Combinations of Instructions and Addressing M odes
Addressing Modes
+
c
. . =l |5 ~
Function Instruction o o ® ~ | O
W | w | = O | a | o
© | o c © < N o | g X
xlcjulz2|2|1 (8|8 |8|8|2|2|0©
# || ®|0® | 0| 6|6 |06 |6 |6 |6 |6 |
Data MOV BWL |BWL BWL|BWL|BWL{BWL| B WL — [BWL| — | — | — | —
transfer  fpop puUSH | — | — | — | — | — | — | — | — | — | — | = | = [ = [wL
LDM, STM — - === =|=|=|=|=]=]|=]=1]4L4
MOVFPE?*, SN [ (NS NI [ (I — B | — | = = | = | —=
MOVTPE*
Arithmetic |ADD, CMP BWLBWL| — | — | —m | —m | —m | —m | —m | —m | —m | —m | — | —
operations g ;g wieewll — T === == ===
ADDX, SUBX B B —_ - - - - - - - — | — | — | —
ADDS, SUBS — L SR N N IS [ N N R R SR N —
INC, DEC — BWL| — | —m | — | — | — | — | — | — | — | — | — | —
DAA, DAS — B SN U (N NS [ (N I P I —
MULXU,DIVXU| — | BW| — | — | —m | — | — | — | — | — | — | — | — | —
MULXS,DIVXS| —m |IBW| — | — | —m | —m | —m | —m | —m | —m | — | — | — | —
NEG — BWL| — | —m | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS SR V1Y [ (R U I (U I U U — U N —— —
TAS — | — B —_ - - - - — | — | — | — | — | —
Logic ANDORXORBWLBWL| — | — | —m | —m | —m | —m | —m | — | — | — | — | —
operations NOT Wl = = T = T =T = =T =T =T=T=TZTZ
Shift — BWL| —m | —m | —m | —m | == = | = | =] = | = | =] =
Bit manipulation — B B — | — | — B B — B — | = | = | —
Branch Bcc, BSR —_— - - - - - =] =] =]O O | ==
JMP, JSR — ===l =]=]=l0O0|l=l=]=]0]—=
RTS === =]=]=|l=]=|=]l=]=10
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Addressing Modes

+
c
— —~ x
. . e e w —_
Function Instruction o 04 &) ~ | O
wopw = 1 & | o
clelg)g| 2|88 =95
x|l lGlzsl2|Y 8|88 |8|2|2|9
£ |l | ® @ 8 I 8|6 8|66 |8 |86 |
System | TRAPA —_ - - ]| == === =] =160
control RTE _ _ _ _ — I — — R J— —_ —_ O
SLEEP — |l ]l=]l=l=l=]=]=]=1]0
LDC B/ B | WIW| W|W|—|W|—|W|—]|—|—]|—
STC — | B W|W|IW|W|—|W|[]—|W|—|—|—]|—
ANDCLORC, | B |—|—| —|—-|—|—|—=|—|—|—|—|—]—
XORC
NOP -] =] =] =|=|=|=|=]=]=1]0
Block data transfer —_ - - - - | === = | = | = = |BW
Legend:
B: Byte
W: Word
L. Longword
Note: * Cannot be used in the H8S/2245 Group.
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Section 2 CPU

2.6.3 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in the
tables is defined below.

Operation Notation

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

ERN General register (32-bit register)
(EAd) Destination operand

(EAS) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

— Subtraction

X Multiplication

+ Division

[ Logical AND

[ Logical OR

[ Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-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 registers (ERO to ER7).
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Section 2 CPU

Table2.3 DataTransfer 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 Cannot be used in the H8S/2245 Group.

MOVTPE B Cannot be used in the H8S/2245 Group.

POP WI/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to MOV.W @SP+,
Rn. POP.L ERn is identical to MOV.L @SP+, ERnN.

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

LDM*? L @SP+ - Rn (register list)
Pops two or more general registers from the stack.

STM*? L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. Only register ERO to ER6 should be used when using the STM/LDM instruction.
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Section 2 CPU

Table2.4  Arithmetic Operation Instructions

Instruction Size** Function

ADD B/W/IL RdzRs - Rd, Rdz+#MM - Rd

SUB 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 byte data in a general register. Use the SUBX
or ADD instruction.)

ADDX B Rd+tRs+*C - Rd, RAx#IMMtC - Rd

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

INC BW/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 the CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

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

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
guotient and 16-bit remainder.

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

NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a
general register.
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Instruction Size*!

Function

EXTU WI/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.
EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.
TAS*? B @ERd -0, 1 - (<bit 7> of @Erd)

Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Section 2 CPU

Table2.5 Logic OperationsInstructions

Instruction Size* Function

AND B/WI/L RdORs - Rd, Rd O#MM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/IL RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L -Rd - Rd
Takes the one's complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift OperationsInstructions

Instruction Size* Function

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

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.

SHLL B/W/L  Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.

ROTL B/W/L  Rd (rotate) - Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L  Rd (rotate) - Rd

ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7 Bit-Manipulation Instructions

Instruction

Size*

Function

BSET

B

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR

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 three bits of
a general register.

BNOT

= (<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 three bits of a
general register.

BTST

= (<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 three bits of a general register.

BAND

BIAND

C O(<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.

C 0= (<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.

BOR

BIOR

C U(<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.

C UO[~ (<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.
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Instruction Size* Function

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.

The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the
carry flag.

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.

BIST B - C - (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.
B: Byte
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Table2.8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High coUz=0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
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 NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Table2.9 System Control Instructions

Instruction Size* Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.

STC B/W CCR - (EAd), EXR - (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.

ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L # 0 then
Repeat @ER5+ - @ERG6+
R4L -1 - RA4L
Until R4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5+ . @ERG6+
R4-1 - R4
UntiR4=0
else next;

Transfer a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ER6.

Execution of the next instruction begins as soon as the transfer is
completed.

Rev.3.00 Mar. 26, 2007 Page 48 of 772
REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor

RENESAS



http://elcodis.com/parts/6239142/HD6412240.html

Section 2 CPU

2.6.4 Basic I nstruction Formats

The H8S/2245 Group instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op n rm

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

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.12 Instruction Formats (Examples)

(1) 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 four bits of
the instruction. Some instructions have two operation fields.

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

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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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.

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahead
of time. See section 2.10.3, Bit Manipulation Instructions, for details.

2.7 Addressing M odes and Effective Address Calculation

2.7.1 Addressing Modes

The 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
absol ute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 Addressing Modes

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

Theregister field of the instruction specifies an 8-, 16-, or 32-bit general 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-hit registers. ERO to ER7 can be specified as 32-hit registers.

(2) Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

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

* Register indirect with pre-decrement—@-ERn

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

(5) Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

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), 24 bits long (@aa:24), or 32 bitslong
(@aa:32).
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To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-hit absolute address, the upper 24 bits are all assumed to be 1
(H'FFFFFF). For a 16-bit absolute address the upper 16 bits are asign extension. A 32-bit absolute
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2.12 indicates the accessible absolute address ranges.

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFOO to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

(6) Immediate—#xx:8, #xx:16, or #xx:32

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

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

Thismode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch address.
Only the lower 24 bits of this branch address are valid; the upper 8 bits are all assumed to be 0
(H'00). The PC value to which the displacement is added is the address of thefirst 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.

Rev.3.00 Mar. 26, 2007 Page 52 of 772
REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor

RENESAS



http://elcodis.com/parts/6239142/HD6412240.html

Section 2 CPU

(8) Memory Indirect—@@aa:8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absol ute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in advanced mode). In normal mode
the memory operand is aword operand and the branch address is 16 bits long. In advanced mode
the memory operand is alongword operand, the first byte of which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further detalils,
refer to section 4, Exception Handling.

\/\ \/\

Specified — Specified — Reserved
by @aa8 | Branch address  ----- by @aa:8

\/\

Branch address

(a) Normal Mode (b) Advanced Mode

Figure2.13 Branch Address Specification in Memory Indirect Mode

If an odd addressis specified in word or longword memory access, or as a branch address, the
least significant bit isregarded as O, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

2.7.2 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Section 2 CPU

2.8 Processing States

28.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

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

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode etc.
See section 18, Power-Down Modes, for details.

Figure2.14 Processing States
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End of bus request

Bus request
Program execution
state
End of bus SLEEP
request Bus instruction
t with
reques SLEEP \ SSBY =0
' instruction
with
Bus-released state SSBY =1
Request for 1
£ /) Dikpi 3 —
handling handling Sleep mode
Interrupt
request
Exception-handling state
A External interrupt

RES = high

ﬁ STBY = high, RES = low -
Reset state™! - : Hardware standby mode™?

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.15 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. 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, refer to section 11,
Watchdog Timer.
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2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Typesof 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 exception handling is always
accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2.14 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence** current exception-handling

sequence

Trap instruction When TRAPA instruction Exception handling starts when
is executed a trap (TRAPA) instruction is

Low executed**

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

2. Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES goes high again,
reset exception handling starts. When reset exception handling starts the CPU fetches a start
address (vector) from the exception vector table and starts program execution from that address.
All interrupts, including NMI, are disabled during reset exception handling and after it ends.

(3) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
atersthe settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.16 shows the stack after exception handling ends.

\/\ \/\

SP— CCR SP— CCR
*
CCR PC
PC (24 bits)
(16 bits)
Normal mode Advanced mode

Note: * Ignored when returning.

Figure2.16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts except for internal operations.

There is one bus masters other than the CPU — the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes. medium-speed mode, and module stop mode. In medium-speed mode the CPU and other
bus masters operate on a medium-speed clock. Module stop mode permits halting of the operation
of individual modules, other than the CPU. For details, refer to section 18, Power-Down Modes.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
software standby bit (SSBY) in the standby control register (SBY CR) iscleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBY CR is set to 1. In software standby mode, the
CPU and clock halt and all MCU operations stop. Aslong as a specified voltage is supplied, the
contents of CPU registers and on-chip RAM are retained. The 1/O ports also remain in their
existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY pin
goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop. The
on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip RAM
contents are retained.
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2.9 Basic Timing

291 Overview

The H8S/2000 CPU is driven by a system clock, denoted by the symbol ¢. The period from one
rising edge of @to the next isreferred to as a"state.” The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

2.9.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The databusis 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.

! Bus cycle !
B S —
T1

1 1
et -
1 1

: Y/ N A

Internal address bus >< Address ><
Read [ Internal read signal \ /
ea ! 1
access | / 1
| Internal data bus i { Read‘data >7
[ Internal write signal \ /
Write ! !
access ‘ :
‘ / -
| Internal data bus (_ Write data >7

Figure2.17 On-Chip Memory Access Cycle
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Bus cycle

T1

-—y———————————————————————————— '

I

Address bus Unchanged
AS High
RD High
HWR, LWR High
Data bus High-impedance state|

Figure2.18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal /O register being accessed. Figure 2.19 showsthe
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.

Bus cycle

T1 ! T2

: I U U o

Internal address bus

Address ><

/

JL

[ Internal read signal
Read . ‘ ‘
access | / ‘
L Internal data bus : \ Read data >7
[ Internal write signal 3 \ '/
Write |
access | | |
L Internal data bus 1 < Write data >7

Figure2.19 On-Chip Supporting Module Access Cycle
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Bus cycle
y———— — — — ————————————————————————— P

T1 T2

|
i e B e E—

0 N

Address bus | Unchénged |
AS High
RD High
HWR, LWR High
Data bus High-impedance state

Figure2.20 Pin Statesduring On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6, Bus Controller.
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2.10 Usage Notes

2.10.1 TASInstruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas Technology H8S and H8/300 Series C/C++ compilers.
If the TASinstruction is used as a user-defined intrinsic function, ensure that only register ERO,
ER1, ER4, or ER5 is used.

2.10.2 STM/LDM Instruction

With the STM or LDM ingtruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers. ERO and ER1, ER2 and ER3, or ER4 and ER5
For three registers: ERO to ER2, or ER4 to ER6
For four registers. ERO to ER3

For the Renesas Technology H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction
including ER7 is not created.

2.10.3 Bit Manipulation Instructions

When aregister that includes write-only bits is manipulated by a bit manipulation instruction,
there are cases where the bits manipulated are not manipulated correctly or bits unrelated to the
bits manipulated are changed.

When aregister containing write-only bitsisread, the value read is either afixed value or an
undefined value. This means that the bit manipulation instructions that use the value of bitsread in
their operation (BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR, BLD, and BILD)
will not perform correct bit operations.

Also, bit manipulation instructions that perform awrite operation on the dataread after the
calculation (BSET, BCLR, BNOT, BST, and BIST) may change bits unrelated to the bits
manipulated. Thus extreme care is required when performing bit manipulation instructions on
registers that include write-only bits.
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The BSET, BCLR, BNOT, BST, and BIST instructions perform their operations in the following
order.

1. Read the datain byte units
2. Perform the bit manipulation operation according to the instruction on the data read
3.  Write the data back in byte units

Example: Using the BCLR instruction to clear only bit 4 in the port 1 PIDDR register.

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.
Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. Currently, P17 to P14 are set to be output pins and P13 to P10 are set to be input pins.
At this point, the value of PLDDR is H'FO.

P17 P16 P15 P14 P13 P12 P11 P10
I/O Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0

To switch P14 from the Output pin to the input pin function, the value of PADDR bit 4 must be
changed from 1 to O (H'FO - H'EQ). Here we assume that the BCLR instruction is used to clear
P1DDR hit 4.

BCLR #4,@P1DDR

However if abit manipulation instruction of the type shown above is used on PIDDR, whichisa
write-only register, the following problem may occur.

Although the first thing that happensisthat datais read from PIDDR in byte units, the value read
at thistime is undefined. An undefined value isavalue that is either O or 1 in the register but reads
out as an arbitrary value whose relationship to the actual value is unknown. Since the PADDR bits
are al write-only bits, every bit reads out as an undefined value. Although the actual value of
P1DDR at this point is H'FO, assume that bit 3 becomes a 1 here, and the value read out is H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
Read value 1 1 1 1 1 0 0 0
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The bit manipulation operation is performed on this value that was read. In this example, bit 4 will
be cleared for H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
1/O Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
After bit 1 1 1 0 1 0 0 0
manipulation
After the bit manipulation operation, this datawill be written to PLDDR, and the BCLR
instruction compl etes.
P17 P16 P15 P14 P13 P12 P11 P10
1/O Output | Output | Output Input Output Input Input Input
P1DDR 1 1 1 0 1 0 0 0
Write value 1 1 1 0 1 0 0 0

Although the instruction was expected to write H'EO back to PLDDR, it actually wrote H'ES8, and
P13, which was expected to be an input pin, is changed to function as an output pin. While this
section described the case where P13 was read out as a 1, since the values read are undefined
when P17 to P10 are read, when this bit manipulation instruction completes, bits that were 0 may
be changed to 1, and bits that were 1 may be changed to 0. To avoid this sort of problem, see
section 2.10.4, Access Methods for Registers with Write-Only Bits, for methods for modifying
registers that include write-only bits.

Also noterthat it is possible to use the BCLR instruction to clear to O flagsin internal 1/0 registers.
Inthiscase, if it isclear from the interrupt handler or other information that the corresponding flag
Isset to 1, then there is no need to read the value of the corresponding flag in advance.

2104  Access Methodsfor Registerswith Write-Only Bits

Undefined values will be read out if adatatransfer instruction is executed for aregister that
includes write-only bits, or if abit manipulation instruction is executed for aregister that includes
write-only bits. To avoid reading undefined values, use methods such as those shown below to
access registers that include write-only bits.

The basic method for writing to aregister that includes write-only bitsisto create awork areain
internal RAM or other memory area and first write the data to that area. Then, perform the desired
access operation for that memory and finally write that data to the register that includes write-only
bits.
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Write data to the work area

Write the work area data to the
register that includes write-only bits

Access the work area data
(data transfer and bit manipulation
instructions can be used)

Modifying the value of a register
that includes write-only bits

Write the work area data to the register
that includes write-only bits

J
|
J

Figure2.21 Flowchart for Access Methodsfor Registers That Include Write-Only Bits
Example: To clear only bit 4 in the port 1 PADDR

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.
Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. First, we write the initial value H'FO written to PLDDR to the work areain RAM

(RAMO).
MQV.B #H'FO, ROL
MOV .B ROL, @PAMO
MQOV.B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
I/O0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 1 1 1 0 0 0 0
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To switch P14 from being an output pin to being an input pin, we must change the value of

P1DDR bit 4 from 1to 0 (H'FO — H'EQ). Here, were execute aBCLR instruction for RAMO.

BCLR #4, @RAMO
P17 P16 P15 P14 P13 P12 P11 P10
I/O0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 1 1 0 0 0 0 0

Since RAMO can be read and written, when the bit manipulation instruction is executed, only bit 4
in RAMO is cleared. Then we write this RAMO value to PADDR.

MQOV.B @RAMO, ROL
MQV.B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
1/O Output | Output | Output Input Input Input Input Input
P1DDR 1 1 1 0 0 0 0 0
RAMO 1 1 1 0 0 0 0 0

If this procedure is used to write registers that include write-only bits, programs can be written
without depending on the type of the instructions used.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

Except for the H8S/2240, all H85/2245 Group products have seven operating modes (modes 1 to
7). The H85/2240 has three operating modes (modes 1, 4, and 5). These modes enable selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD, to MD ).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating M ode Selection

External Data Bus

MCU CPU

Operating Operating On-chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 — — — — —

1 1 Normal On-chip ROM disabled, Disabled 8 bits 16 bits
expanded mode

2* 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

3* 1 Single-chip mode — —

4 1 0 0 Advanced  On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6* 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7* 1 Single-chip mode — —

Note: * Cannot be used in the H8S/2240.

The CPU's architecture allows for 4 Gbytes of address space, but the H852245 Group actually
accesses a maximum of 16 Mbytes.

Modes 1, 2, and 4 to 6 are externally expanded modes that allow accessto external memory and
peripheral devices.
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The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-hit
access is selected for all areas, 8-bit busmodeis set.

Note that the functions of each pin depend on the operating mode.

The H85/2245 Group can be used only in modes 1 to 7. This means that the mode pins must be set
to select one of these modes. Do not change the inputs at the mode pins during operation.

3.12 Register Configuration

The H85/2245 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SY SCR) that controls the operation of the
H8S5/2245 Group. Table 3.2 summarizes these registers.

Table3.2 Register Configuration

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R Undetermined H'FF3B
System control register SYSCR R/W H'01 H'FF39

Note: * Lower 16 bits of the address.
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3.2 Register Descriptions

321 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 MDS1 | MDSO

Initial value: 1 0 0 0 0 —* —* —*

R/W : — — — — — R R R

Note: * Determined by pins MD, to MDy,.

MDCR isan 8-hit read-only register that indicates the current operating mode of the H8S5/2245
Group.

Bit 7—Reserved: Read-only bit, waysread as 1.
Bits 6 to 3—Reserved: Read-only bits, always read as 0.

Bits2to 0—Mode Select 2to0 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MD, (the current operating mode). Bits MDS2 to MDS0 correspond to MD, to MD,,.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD, to MD,) input
levels are latched into these bits when MDCR isread. These latches are canceled by a power-on
reset, but are retained after a manual reset.

3.2.2 System Control Register (SY SCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value: 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SY SCR is an 8-hit readable/writable register that selects the interrupt control mode, the detected
edge for NMI, and enable or disable the on-chip RAM.

SYSCRiisinitialized to H'01 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Reserved: This bit can be read or written, but does not affect operation.
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Bit 6—Reserved: Read-only bit, alwaysread as 0.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4
Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)
1 1 Control of interrupts by | bit, U bit, and ICR
1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NM | Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bits 2 and 1—Reserved: Read-only bits, aways read as 0.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset statusis released. 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)

Note: When the DTC is used, the RAME bit should not be cleared to 0.
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3.3 Operating Mode Descriptions

331 Mode 1

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is disabled, and
8-bit bus mode is set, immediately after areset.

Ports B and C function as an address bus, port D functions as a data bus, and part of port F carries
bus control signals. However, note that if 16-bit accessis designated by the bus controller, the bus
mode switches to 16 bits and port E becomes a data bus.

3.3.2 Mode 2

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled, and
8-bit bus mode is set immediately after areset.

Ports B and C function as input ports immediately after areset. They can each be set to output
addresses by setting the corresponding bits in the data direction register (DDR) to 1. Port D
functions as a data bus, and part of port F carries bus control signals. However, note that if 16-bit
access is designated by the bus controller, the bus mode switches to 16 bits and port E becomes a
data bus.

The amount of on-chip ROM that can be used on the H8S/2246, H85/2245, H85/2244, and
H8S/2243 islimited to 56 kbytes.

Note: Mode 2 cannot be used in the H8S/2240.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled, but
external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.

The amount of on-chip ROM that can be used on the H85/2246, H85/2245, H85/2244, and
H85/2243 islimited to 56 kbytes.

Note: Mode 3 cannot be used in the H8S/2240.
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3.34 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, and ports A, B, and C function as an address bus, ports D and E function as a data
bus, and part of port F carries bus control signals. Pins P1, to P1, function as input ports
immediately after areset. They can each be set to output address use by setting the corresponding
bitsin the data direction register (DDR) to 1.

Theinitial bus mode after areset is 16 bits, with 16-bit accessto all areas. However, note that if 8-
bit access is designated by the bus controller for all areas, the bus mode switchesto 8 hits.

335 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, and ports A, B, and C function as an address bus, ports D functions as a data bus,
and part of port F carries bus control signals. Pins P1, to P1, function as input portsimmediately
after areset. They can each be set to output address use by setting the corresponding bitsin the
data direction register (DDR) to 1.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

3.3.6 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Pins P1, to P1,, and ports A, B, and C function as input portsimmediately after areset. They can
each be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port D functions as a data bus, and part of port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

Note: Mode 6 cannot be used in the H8S/2240.
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3.3.7 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.

Note: Mode 7 cannot be used in the H8S/2240.

3.4 Pin Functionsin Each Operating M ode

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.3 shows
their functionsin each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2** Mode 3** Mode 4 Mode5 Mode 6*° Mode 7**

Portl1 Pl,toP1, P*IT P*YT P*Y/T P*TIA  P*TIA  P*TIA  P*T

Port A PA,toPA, P P P A A P**/A P

Port B A P**/A P A A P**/A P

Port C A P**/A P A A P*/A P

Port D D D P D D D P

Port E P**/D P*'/D P P/D*! P**/D P*'/D P

Port F  PF, p/C*! p/C*! P*Y/C P/C** P/C** P/C*! P*/C
PF,toPF, C C P C C C P
PF,to PF, P*'/C P*'/C P*'/C P*'/C P*'/C

Legend:

P: 1/O port

T: Timer 1/O

A: Address bus output

D: Data bus I/O

C: Control signals, clock 1/0

Notes: 1. After reset
2. Cannot be used in the H8S/2240.
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35 Memory Map in Each Operating Mode

The H8S/2246, H8S/2245, H8S/2244, H8S/2243, H8S/2242, H8S/2241, and H8S/2240 memory
maps are shown in figures 3.1 to 3.7.

The address space is 64 kbytesin modes 1 to 3 (normal modes), and 16 Mbytesin modes 4 to 7
(advanced modes).

The on-chip ROM size is 128 kbytes in the H8S/2246 and H8S/2245, and 64 kbytesin the
H8S/2244 and H85/2243, but only 56 kbytes are available in modes 2 and 3 (normal modes).

The on-chip ROM size in the H85/2242 and H85/2241 is 32 kbytes.

The address space is divided into eight areas for modes 4 to 6. For details, see section 6, Bus
Controller.
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Section 3 MCU Operating Modes

(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FCO0
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

H'0000

H'DFFF

H'E400

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S2246 Memory Map in Each Operating Mode
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode : R
with on-chip ROM disabled) with on-chip ROM enabled) ~ (@dvanced single-chip mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
space H'OOFFFF| | HOOFFFF| |
H'010000 H'010000
On-chip ROM/ .
On-chip ROM/
external agl&lress reserved area”2
space
H'O1FFFF H'O1FFFF
A . H020000 | External address_| .
N 7 T space N
H'FFDCO00 H'FFDCO00, H'FFDCO00
On-chip RAM*3 On-chip RAM™*3 On-chip RAM
H'FFFBFF H'FFFBFF H'FFFBFF
H'FEFFCO0O0 | External address H'EFFCO00| External address
H'FFFE3F | SPace : H'FFFE3F| P2 : H'FFFE40 -
Internal 1/O registers Internal 1/O registers H'EEEFO7 Internal 1/O registers
H'FFFFOS8 | External address H'FFFFO8| External address
space space
H'FFFF28 : H'FFFF28 : H'FFFF28 :
Internal I/O registers
H'EEEEEE g H'EEEEEE Internal 1/O registers H'EEEEEE Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to O, it is on-chip ROM.
2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when

the EAE bit is cleared to O.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S2246 Memory Map in Each Operating M ode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'ECO0

H'FBFF
H'FCO0
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO0

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

H'0000

H'DFFF

H'ECO0

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S2245 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
~—1

External address
space

~
—~ gy

H'FFDCO0

Reserved area”3

H'FFECO00
H'FFFBFF

On-chip RAM*3

H'FFFCO00
H'FFFE3F

H'FFFFO8
H'FFFF28

space

External address

Internal I/O registers

External address
space

Internal I/O registers

H'FFFFFF

(advanc

Mode 6
ed expanded mode

with on-chip ROM enabled)

H'000000

H'00FFFF
H'010000

H'01FFFF

H'020000_|_External address_|.
T space N

H'FFDCO0

H'FFEC00
H'FFFBFF
H'FFFCO0
H'FFFE3F

H'FFFFO8
H'FFFF28

On-chip ROM

On-chip ROM/
external address
space”!

Reserved area™3

On-chip RAM*3
External address
space
Internal I/O registers

External address
space

HFFFFFF

Internal I/O registers

(advanced

Mode 7
single-chip mode)

H'000000

H'00FFFF
H'010000

H'01FFFF

On-chip ROM

On-chip ROM/
reserved area”?

H'FFECO0
H'FFFBFF

H'FFFE40
H'FFFFO7

H'FFFF28
H'FFFFFF

On-chip RAM

Internal 1/O registers

Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to 0, it is on-chip ROM.

2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when

the EAE bit is cleared to 0.

3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.2 H8S2245 Memory Map in Each Operating M ode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FCO0
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

H'0000

H'DFFF

H'E400

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.3 H852244 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
1

External address
space

)
((
)

H'FFDCO0

H'FFFBFF
H'FFFCO00
H'FFFE3F
H'FFFFO8

H'FFFF28

On-chip RAM*2

External address
space

Internal I/O registers

External address
space

H'FFFFFF

Internal I/O registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'00FFFF

On-chip ROM

H'010000

H'01FFFF

External address
space/reserved

*
area’!

H'020000 |

|~
gy

External address | .
space N

H'FFDCO0

H'FFFBFF

On-chip RAM*2

H'FFFCO00
H'FFFE3F

External address
space

Internal I/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/O registers

bit is cleared to O, it is reserved.

Mode 7
(advanced single-chip mode)
H'000000

On-chip ROM
H'O0OFFFF
H'FFDCO00

On-chip RAM
H'FFFBFF
H'FFFE40 .
H'EEEFOT Internal I/O registers
H'FFFF28 .
H'EEEEEE Internal 1/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.3 H852244 Memory Map in Each Operating M ode (cont)
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Section 3 MCU Operating Modes

(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'ECO0

H'FBFF
H'FCO0
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO0

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/0O registers

H'0000

H'DFFF

H'ECO0

H'FBFF

H'FE40
HFFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.4 H8S2243 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~ ~
~r ~—q

External address
space

)

H'FFDCO00

Reserved area”?

H'FFECO0
H'FFFBFF

On-chip RAM*2

H'FFFCO0

External address
space

H'FFFE3F

Internal 1/0 registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/0O registers

Notes: 1.

2.

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'00FFFF

On-chip ROM

H'010000

H'O1FFFF

External address
spacs/reserved
area”!

H'020000 |

| _External address | -

gy

space

H'FFDCO0

Reserved area*?

H'FFECO0
H'FFFBFF
H'FFFCO0
H'FFFE3F

H'FFFFO8
H'FFFF28

On-chip RAM*2

External address
space

Internal 1/0 registers

External address
space

H'FFFFFF

Internal 1/O registers

Mode 7

(advanced single-chip mode)

H'000000

On-chip ROM
H'OOFFFF
HFFECO0 On-chip RAM
H'FFFBFF
H'FFFE40 :
H'EEEEO7 Internal I/O registers
H'FFFF28 )
H'EEEEEE Internal 1/O registers

When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to O, it is reserved.
External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.4 H8S2243 Memory Map in Each Operating Mode (cont)
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Mode 1 Mode 2
(normal expanded mode (normal expanded mode
with on-chip ROM disabled) with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOOO | External address
space
H'E400 H'E400 H'E400
On-chip RAM* On-chip RAM* On-chip RAM
H'FBFF H'FBFF H'FBFF
H'FCO0O0 | External address H'FCO0O0 | External address
H'FE3F | 3P2ce _ H'FE3F |->Pac® : H'FE40 :
Internal I/O registers Internal I/O registers HEEOT Internal I/O registers
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 : H'FF28 . H'FF28 .
Internal I/O registers
H'EFFE g H'EEFE Internal I/O registers H'EFFE Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H852242 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
~—1

External address
space

)

H'FFDCO00

H'FFFBFF

On-chip RAM*2

H'FFFCO0
H'FFFE3F

H'FFFFO8
H'FFFF28

External address
space

Internal 1/0 registers

External address
space

H'FFFFFF

Notes: 1.

2.

Internal 1/0O registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'008000

H'00FFFF

Reserved area

H'010000

H'O1FFFF

External address
space/reserved

*
area™l

H'020000 |

| _External address | .

gy

space

H'FFDCO0

H'FFFBFF

On-chip RAM*2

H'FFFCO0
H'FFFE3F

H'FFFFO8
H'FFFF28

External address
space

Internal 1/0 registers

External address
space

H'FFFFFF

Internal 1/O registers

Mode 7

(advanced single-chip mode)

H'000000

On-chip ROM
H'007FFF
H'FFDCO00

On-chip RAM
H'FFFBFF
H'FFFE40 :
H'EEEEO7 Internal 1/O registers
H'FFFF28 )
H'EEEEEE Internal 1/O registers

When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0O, it is reserved.
External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H852242 Memory Map in Each Operating Mode (cont)
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Mode 1 Mode 2
(normal expanded mode (normal expanded mode
with on-chip ROM disabled) with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOOO | External address
space
H'E400 H'E400
Reserved area* Reserved area*
H'ECO0 H'ECO0 H'ECO0
On-chip RAM* On-chip RAM* On-chip RAM
H'FBFF H'FBFF H'FBFF
H'FCO0O0 | External address H'FCO00 | External address
H'FE3F [PacE _ HFE3F [>Pace _ H'FE40 _
Internal I/O registers Internal I/O registers HEEOT Internal I/O registers
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 . H'FF28 . H'FF28 .
Internal I/O registers
H'EEEE g H'EEFE Internal 1/O registers H'EFFE Internal 1/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.6 H852241 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~ ~
~r ~—q

External address
space

)

H'FFDCO00

Reserved area”?

H'FFECO0
H'FFFBFF

On-chip RAM*2

H'FFFCO0

External address
space

H'FFFE3F

Internal 1/0 registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/0O registers

Notes: 1.

2.

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'008000

H'00FFFF

Reserved area

H'010000

H'O1FFFF
H'020000 |

H'FFDCO0

H'FFECO0
H'FFFBFF
H'FFFCO0
H'FFFE3F

H'FFFFO8
H'FFFF28

External address
spacs/reserved
area”!

| _External address_|
space N

Reserved area*?

On-chip RAM*2
External address
space
Internal 1/0 registers

External address
space

H'FFFFFF

bit is cleared to O, it is reserved.
External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Internal 1/O registers

|~
gy

Mode 7

(advanced single-chip mode)

H'000000

On-chip ROM
H'007FFF
HFFECO0 On-chip RAM
H'FFFBFF
EEEEES’? Internal 1/0 registers
IlZIIEEEIEIZZIEi Internal 1/O registers

When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

Figure3.6 H852241 Memory Map in Each Operating Mode (cont)
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H'0000

H'E400

H'ECO0

H'FBFF
H'FCO0
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

(normal expanded mode
with on-chip ROM disabled)

External address
space

Reserved area®

On-chip RAM*

External address
space

Internal 1/O registers

External address
space

Internal I/O registers

Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000

~
~—

H'FFDCO00

H'FFEC00
H'FFFBFF
H'FFFC00
H'FFFE3F

H'FFFFO8
H'FFFF28

space

))

External address

Reserved area*

On-chip RAM*

space

External address

Internal I/O registers

space

External address

H'FFFFFF

Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.7 H852240 Memory Map in Each Operating Mode (Modes 1, 4, and 5 Only)

Downloaded from Elcodis.com electronic components distributor

Rev.3.00 Mar. 26, 2007 Page 91 of 772

RENESAS

REJ09B0355-0300



http://elcodis.com/parts/6239142/HD6412240.html

Section 3 MCU Operating Modes

Rev.3.00 Mar. 26, 2007 Page 92 of 772
REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor

RENESAS



http://elcodis.com/parts/6239142/HD6412240.html

Section 4 Exception Handling

Section 4 Exception Handling

4.1 Overview

411 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Trap instruction exceptions
are accepted at all times, in the program execution state. See appendix D.1, Port Statesin Each
Mode.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Table4.1 Exception Handling Typesand Priority

Priority Exception Handling Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at
the RES pin, or when the watchdog timer overflows.

Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has
been issued**

Low Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA)
Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

2. Trap instruction exception handling requests are accepted at all times in program
execution state.

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. Theinterrupt mask bits are updated.

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

For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Sourcesand Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Power-on reset
( Reset

Manual reset

Exception External interrupts: NMI, IRQ7 to IRQO

Interrupts : . .
sources P Internal interrupts: 34 interrupt sources in

on-chip supporting modules

_ Trap instruction

Figure4.1 Exception Sources

In modes 6 and 7, the on-chip ROM available for use on the H8S5/2246 and H85/2245 after a
power-on reset is the 64-kbyte area comprising addresses H'000000 to H'OOFFFF. Care isrequired
when setting vector addresses. In this case, clearing the EAE bit in BCRL enables the 128-kbyte
area comprising addresses H'000000 to H'0O1FFFF to be used for the on-chip ROM.
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Table4.2 Exception Vector Table

Exception Source Vector Number

Vector Address**

Normal Mode

Advanced Mode

H'0000 to H'0001

H'0000 to H'0003

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0006

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'0O00F

H'0008 to H'0009

H'0010 to H'0013

H'000A to H'000B

H'0014 to H'0017

H'000C to H'000D

H'0018 to H'001B

H'0O0O0E to H'000F

H'001C to H'001F

H'0010 to H'0011

H'0020 to H'0023

H'0012 to H'0013

H'0024 to H'0027

H'0014 to H'0015

H'0028 to H'002B

H'0016 to H'0017

H'002C to H'002F

H'0018 to H'0019

H'0030 to H'0033

H'001A to H'001B

H'0034 to H'0037

H'001C to H'001D

H'0038 to H'003B

H'0O01E to H'O01F

H'003C to H'003F

H'0020 to H'0021

H'0040 to H'0043

H'0022 to H'0023

H'0044 to H'0047

H'0024 to H'0025

H'0048 to H'004B

H'0026 to H'0027

H'004C to H'004F

H'0028 to H'0029

H'0050 to H'0053

H'002A to H'002B

H'0054 to H'0057

H'002C to H'002D

H'0058 to H'005B

H'002E to H'002F

H'005C to H'005F

Power-on reset 0
Manual reset 1
Reserved for system use 2
3
4
5
6
External interrupt NMI 7
Trap instruction (4 sources) 8
9

10

11

Reserved for system use 12

13

14

15

External interrupt IRQO 16

IRQ1 17

IRQ2 18

IRQ3 19

IRQ4 20

IRQ5 21

IRQ6 22

IRQ7 23

Internal interrupt*? 24

9|1

H'0030 to H'0031

|
H'00B6 to H'00B7

H'0060 to H'0063

|
H'016C to H'016F

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling
Vector Table.
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4.2 Reset

4.2.1 Overview
A reset has the highest exception priority.

When the RES pin goeslow, all processing halts and the H8S/2245 Group enters the reset state. A
reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

The level of the NMI pin at reset determines whether the type of reset is a power-on reset or a
manual reset.

The H85/2245 Group can also be reset by overflow of the watchdog timer. For details see section
11, Watchdog Timer.

4.2.2 Reset Types

A reset can be of either of two types. a power-on reset or amanual reset. Reset types are shown in
table 4.3.

Theinterna state of the CPU isinitialized by either type of reset. A power-on reset also initializes
all the registersin the on-chip peripheral modules, while a manual reset initializes all the registers
in the on-chip supporting modules except for the bus controller and 1/0 ports, which retain their
previous states.

With amanual reset, since the on-chip supporting modules are initialized, ports used as on-chip
supporting module 1/O pins are switched to 1/0O ports controlled by DDR and DR.

Table4.3 Reset Types

Reset Transition

Conditions Internal State
Type NMI RES CPU On-Chip Supporting Modules
Power-on reset High Low Initialized Initialized
Manual reset Low Low Initialized Initialized, except for bus controller

and I/O ports
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A reset caused by the watchdog timer can also be of either of two types. a power-on reset or a
manual reset.

423 Reset Sequence
The H8S/2245 Group enters the reset state when the RES pin goes low.

To ensure that the H8S/2245 Group is reset, hold the RES pin low for at least 20 ms at power-up.
To reset the H8S/2245 Group during operation, hold the RES pin low for at least 20 states. See
appendix D.1, Port Statesin Each Mode.

When the RES pin goes high after being held low for the necessary time, the H852245 Group
starts reset exception handling as follows:

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

2. Thereset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.

Vector Internal Fetch of first program
fetch  processing instruction

0 N . | | L
RES / ‘ ‘ ‘ ‘ ‘
hidrocs bus o @ X X

Internal read
signal ‘ ‘ ‘

Internal write

signal High
Internal data 3 { N | :
bus _‘(2) S

(1) Reset exception handling vector address ((1) = H'0000)

(2) Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Modes2 and 3)
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Internal Fetch of first

Vector fetch processing program instruction

:4—»:4—»

. nRAnRARTAN
RES / | | — 3

Address bus w X 3) X ©® >C
oo L1 [ ‘
HWR, LWR High - :
100 @ (@) &

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4.3 Reset Sequence (Mode 4)

4.2.4 Interrupts after Reset

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

4.2.5 State of On-Chip Supporting M odules after Reset Release

After reset release, MSTPCR isinitialized to H'3FFF and all modules except the DTC enter
modul e stop mode. Consequently, on-chip supporting modul e registers cannot be read or written
to. Register reading and writing is enabled when module stop mode is exited.
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4.3 | nterrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
34 internal sources in the on-chip supporting modules. Figure 4.4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer
controller (DTC), and A/D converter. Each interrupt source has a separate vector address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
three priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

(" External NMI(2)
interrupts IRQ7 to IRQO (8)

Interrupts
[ WDT* (1)

TPU (13)
Internal 8-bit timer (6)

_ interrupts SCI (12)

DTC (1)

_A/D converter (1)

Notes: Numbers in parentheses are the numbers of interrupt sources.

* When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from O to 3, as specified in the instruction code.

Table 4.4 shows the status of CCR after execution of trap instruction exception handling.

Table44  Statusof CCR after Trap Instruction Exception Handling

CCR

Interrupt Control Mode I ul
0 1 —
1 1 1
Legend:
1. Setto1l
—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

SP —»

(16 bits)

\/\

Note: * Ignored on return.

Figure4.5 (1) Stack Statusafter Exception Handling (Normal Modes)

SP —»

CCR

,,,,,,,,,, PC e = =

\/\

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.6 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2245 Group assumes that the lowest address
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSH. W Rn (or MOV. WRn, @ SP)
PUSH.L ERn (or MOV.L ERn, @ SP)

Use the following instructions to restore registers:

POP. W Rn (or MOV. W @P+, Rn)
POP. L ERN (or MOV.L @P+, 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-» R1L H'FFFEFA
SP - H'FFFEFB
PC PC__ IHFFFEFC
H'FFFEFD
sP»| | 1 1 | ]
*************************************************** H'FFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7
—_ —_—

SP set to H'FFFEFF  Data saved above SP Contents of CCR lost

Legend: CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is O,
in advanced mode.

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

5.1 Overview

511 Features

The H8S/2245 Group controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

[J Either of two interrupt control modes can be set by means of the INTM1 and INTMO bits
in the system control register (SY SCR).

Priorities settable with ICR

[ Aninterrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for al interrupts except NMI.

Independent vector addresses

[0 All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

Nine external interrupts

0 NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

0 Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO.

DTC control
0 DTC activation is performed by means of interrupts.
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Interrupt Controller

5.1.2

Block Diagram

A block diagram of the interrupt controller is shownin figure 5.1.

CPU

INTM1 INTMO
SYSCR
NMIEG ‘
Y
NMI input = NMI input unit - Interrupt
request
T=Ta ¥ — IRQ input unit ——
IRQ input Q ISpR A— Vector
N N number
| Iscr || IER | Priority
determination
. I, Ul
Internal interrupt
request
WOVI to TEI
ICR
Interrupt controller
Legend:
ISCR :IRQ sense control register
IER : IRQ enable register
ISR : IRQ status register
ICR . Interrupt control register

SYSCR : System control register

Figure5.1 Block Diagram of Interrupt Controller
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Section 5 Interrupt Controller

513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol I/0 Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or

requests 7to 0 both edges, or level sensing, can be selected

514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address*’
System control register SYSCR R/W H'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)*? H'00 H'FF2F
Interrupt control register A ICRA R/W H'00 H'FECO
Interrupt control register B ICRB R/W H'00 H'FEC1
Interrupt control register C ICRC R/W H'00 H'FEC2

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value: 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SY SCR is an 8-hit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SY SCR).

SYSCRisinitialized to H'01 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode  Description
0 0 0 Interrupts are controlled by I bit (Initial value)
1 1 Interrupts are controlled by | and Ul bits and ICR
1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

WDescription

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522 Interrupt Control RegistersA to C (ICRA to ICRC)

Bit : 7 6 5 4 3 2 1 0
ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ICR registers are three 8-bit readable/writable registers that set the interrupt control level for
interrupts other than NMI.

The correspondence between | CR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn):

Bit n

ICRnN Description

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

Note: n=7to0

Table5.3 Correspondence between Interrupt Sourcesand ICR Settings

Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog —
IRQ3 IRQ5 IRQ7 timer
ICRB — A/D TPU TPU TPU — — —
converter channel 0 channell channel 2
ICRC 8-bit timer 8-bit timer — SCI SCI SCI — —
channel 0 channel 1 channel 0 channel 1 channel 2
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523 IRQ Enable Register (IER)
Bit : 7 6 5 4 3 2 1 0
IRQ7E IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQL1E | IRQOE
Initial value: 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

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

Bits7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to

Downloaded from Elcodis.com electronic components distributor

IRQO are enabled or disabled.
Bitn
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled
Note: n=7to0
524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
ISCRH
Bit 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA | IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value: 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL
Bit 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA | IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value: 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.

Bits 15to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQ0 Sense Control A and

B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525 IRQ Status Register (ISR)

Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQLF | IRQOF

Initial value: 0 0 0 0 0 0 0 0

R/W : RI(W)*  R/I(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

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

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt

requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.
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Bits7to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n
IRQnNF  Description

0 [Clearing conditions] (Initial value)
* Cleared by reading IRQnF flag when IRQnF = 1, then writing O to IRQnF flag
* When IRQn interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
* When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA =1)
*  When DTC is activated by IRQn interrupt while DISEL bit of MRB in DTC is 0.
1 [Setting conditions]

« When IRQn input goes low when low-level detection is set IRQNSCB = IRQNSCA =
0)

« When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA =1)

« When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA =0)

« When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB =IRQNSCA =1)

Note: n=7to0
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5.3 I nterrupt Sources

Interrupt sources comprise external interrupts (NM1 and IRQ7 to IRQO) and internal interrupts (34
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO can
be used to restore the H8S/2245 Group from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the status of the CPU interrupt mask bits. The NMIEG bit in SY SCR can be used to
select whether an interrupt is requested at arising edge or afalling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

* Using ISCR, it is possible to select whether an interrupt is generated by alow level, faling
edge, rising edge, or both edges, at pinsIRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

» Theinterrupt control level can be set with ICR.

* The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to O
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF
IRQn interrupt
Edge/level j—»
c{ detection circuit 1S Q request

IRQnN input R

Clear signal

Note: n=71t00

Figure5.2 Block Diagram of InterruptsIRQ7 to IRQO

Figure 5.3 shows the timing of setting IRQNF.
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Section 5 Interrupt Controller

IRQN
input pin \

IRQNF

Note: n=71t00

Figure5.3 Timing of Setting IRQnF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an 1/O pin for another function. Interrupt request flags
IRQ7 to IRQO are set when the setting condition is met, regardless of the |ER setting, and
therefore only the necessary flags should be checked.

53.2 Internal Interrupts
There are 34 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of theseis set to
1, an interrupt request isissued to the interrupt controller.

* Theinterrupt control level can be set by means of ICR.

« TheDTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request. When the
DTCisactivated by an interrupt, it is not affected by the interrupt control mode and interrupt
masK bits.

5.3.3 Interrupt Exception Handling Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the ICR. The situation when two or more
modules are set to the same priority, and priorities within amodule, are fixed as shown in table
5.4.
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Table54 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address*

Origin of
Interrupt  Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E H'001C High
IRQO pin 16 H'0020  H'0040 icra7  f
IRQ1 17 H'0022 H'0044 ICRA6
IRQ2 18 H'0024 H'0048 ICRAS5
IRQ3 19 H'0026 H'004C
IRQ4 20 H'0028 H'0050 ICRA4
IRQ5 21 H'002A H'0054
IRQ6 22 H'002C H'0058 ICRA3
IRQ7 23 H'002E H'005C
SWDTEND (software DTC 24 H'0030 H'0060 ICRA2
activation interrupt end)
WOVI (interval timer) Watchdog 25 H'0032 H'0064 ICRAL
timer
Reserved — 26 H'0034 H'0068 ICRAO
— 27 H'0036 H'006C ICRB7
ADI (A/D conversion end) A/D 28 H'0038 H'0070 ICRB6
Reserved — 29 H'003A H'0074
30 H'003C H'0078
31 H'003E H'007C
TGIOA (TGROA input TPU 32 H'0040 H'0080 ICRB5
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0042 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0044 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'0046 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0048 H'0090
Reserved — 37 H'004A H'0094
38 H'004C H'0098
39 H'004E H'009C Low
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Vector Address*

Origin of
Interrupt  Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
TGI1A (TGR1A input TPU 40 H'0050 H'00AO0 ICRB4 High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'0052 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'0054 H'00A8
TCI1U (underflow 1) 43 H'0056 H'00AC
TGI2A (TGR2A input TPU 44 H'0058 H'00BO ICRB3
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'005A H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'005C H'00B8
TCI2U (underflow 2) 47 H'005E H'00BC
Reserved — 48 H'0060 H'00CO ICRB2
49 H'0062 H'00C4
50 H'0064 H'00C8
51 H'0066 H'00CC
52 H'0068 H'00DO
53 H'006A H'00D4
54 H'006C H'00D8
55 H'006E H'00DC
— 56 H'0070 H'00EO ICRB1
57 H'0072 H'O0E4
58 H'0074 H'O0OES8
59 H'0076 H'00EC
— 60 H'0078 H'00FO0 ICRBO
61 H'007A H'OOF4
62 H'007C H'0O0F8
63 H'007E H'00FC Low
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Vector Address*

Origin of
Interrupt  Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
CMIAOQ (compare match A) 8-bit timer 64 H'0080 H'0100 ICRC7 High
A

CMIBO (compare match B) channel 0 65 H'0082 H'0104
OVIO (overflow 0) 66 H'0084 H'0108
Reserved — 67 H'0086 H'010C
CMIA1 (compare match A) 8-bit timer 68 H'0088 H'0110 ICRC6
CMIB1 (compare match B) ~ channell  gq HO08A  H'0114
OVI1 (overflow 1) 70 H'008C H'0118
Reserved — 71 H'008E H'011C
Reserved — 72 H'0090 H'0120 ICRC5

73 H'0092 H'0124

74 H'0094 H'0128

75 H'0096 H'012C

76 H'0098 H'0130

77 H'009A H'0134

78 H'009C H'0138

79 H'009E H'013C
ERIO (receive error 0) SCI 80 H'00A0 H'0140 ICRC4
RXIO (reception completed 0) ¢hannelo g H'00A2  H'0144
TXIO (transmit data empty 0) 82 H'00A4 H'0148
TEIO (transmission end 0) 83 H'00A6 H'014C
ERI1 (receive error 1) SClI 84 H'00A8 H'0150 ICRC3
RXI1 (reception completed 1) channell g5 H'O0AA  H'0154
TXI1 (transmit data empty 1) 86 H'O0OAC  H'0158
TEI1 (transmission end 1) 87 H'00AE H'015C
ERI2 (receive error 2) SCI 88 H'00BO H'0160 ICRC2
RXI2 (reception completed 2) Channel 2 gg H00B2  H0164
TXI2 (transmit data empty 2) 90 H'00B4 H'0168
TEI2 (transmission end 2) 91 H'00B6 H'016C Low

Note: * Lower 16 bits of the start address.
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Section 5 Interrupt Controller

54 I nterrupt Operation

54.1 Interrupt Control Modesand Interrupt Operation
Interrupt operations in the H8S/2245 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bitsin the CPU's CCR.

Table5.5 Interrupt Control Modes

Interrupt SYSCR Priority Interrupt

Control Mode INTM1 INTMO Setting Registers Mask Bits Description

0 0 0 ICR I Interrupt mask control is
performed by the | bit.

Priority can be set with ICR.

1 1 ICR [, Ul 3-level interrupt mask control
is performed by the | and Ul
bits.

Priority can be set with ICR.
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Figure 5.4 shows a block diagram of the priority decision circuit.

]
ICR
____|Interrupt acceptance
Interrupt control and 3
source  ——"13.|evel mask control

Interrupt control modes

Oand 1

Default priority

determination Vector

number

Figure5.4 Block Diagram of Interrupt Control Operation

(1) Interrupt Acceptance Control and 3-Level Control

Interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bits
in CCR, and ICR (control level).

Table 5.6 shows the interrupts selected in each interrupt control mode.

Table5.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode I ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI and control level 1 interrupts
NMI interrupts
Legend:
*: Don't care
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(2) Default Priority Deter mination

When an interrupt is selected its priority is determined and a vector number is generated.

If the same valueis set for ICR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the table 5.4 and has a vector number

generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.

Table 5.7 shows operations and control signal functionsin each interrupt control mode.

Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode
. Interrupt Acceptance
Interrupt Control Setting Control 3-Level Control Default Priority
Mode Determination
INTM1 INTMO I Ul ICR
0 0 0 O IM — PR O
1 O IM IM PR O
Legend:
O: Interrupt operation control performed
IM: Used as interrupt mask bit
PR: Sets priority.
—: Not used.
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54.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of thel bit in the CPU's CCR, and ICR. Interrupts are enabled when the | bit is cleared to 0,
and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.5 shows aflowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

[3] Thel bit isthen referenced. If thel bit is cleared to O, the interrupt request is accepted. If the |
bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

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

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, thel bitin CCR isset to 1. This masks all interrupts except NMI.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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|
Program execution status

-

|

Interrupt generated?

Yes

Control level 1
interrupt?
Yes

No

No

Hold pending

A

Read vector address

|

Branch to interrupt handling routine

Figure5.5 Flowchart of Procedure Up to Interrupt Acceptance

in Interrupt Control Mode O
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54.3 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU's CCR, and ICR.

» Control level 0 interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

e Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQS3 interrupts are set to control
level 1 and other interruptsto control level 0), the situation is as follows:

* Whenl =0, al interrupts are enabled

(Priority order: NMI > IRQ2 > 1RQ3 > IRQO ...)
* Whenl| =1and Ul =0, only NMI, IRQ2, and IRQ3 interrupts are enabled
e Whenl| =1and Ul =1, only NMI interrupts are enabled

Figure 5.6 shows the state transitions in these cases.

| -0

A

Only NMI, IRQ2, and

All interrupts enabled IRQ3 interrupts enabled

Il «1,Ul -0

Y

Ul -0

Exception handling execution
orl « 1,Ul «1

Exception handling execution
orUl -1

Only NMlI interrupts enabled

Figure5.6 Example of State Transitionsin Interrupt Control Mode 1

Figure 5.7 shows a flowchart of the interrupt acceptance operation in this case.
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[1] If an interrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is sel ected.

[3] Thel bit isthen referenced. If the | bit iscleared to O, it is not affected by the Ul bit.

An interrupt request set to interrupt control level O is accepted whenthe | bit iscleared to O. If
thel bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level O, and is accepted if the | bitiscleared to O, or if the | bitsis set to 1 and
the Ul bitis cleared to O.

When both the | bit and the Ul bit are set to 1, only an NMI interrupt is accepted, and other
interrupt requests are held pending.

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

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, the |l and Ul bitsin CCR are set to 1. This masks all interrupts except NMI.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.

Rev.3.00 Mar. 26, 2007 Page 122 of 772
REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor " '\EN ESAS



http://elcodis.com/parts/6239142/HD6412240.html

Section 5 Interrupt Controller

\
Program execution status

No
Interrupt generated?

Hold pending
A

Y

Save PC and CCR

\
Il «1,Ul <1

Y

Read vector address

Y

Branch to interrupt handling routine

|

Figure5.7 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 1
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Section 5

Interrupt Exception Handling Sequence

5.4.4

Figure 5.8 shows the interrupt exception handling sequence. The example shown isfor the case

where interrupt control mode O is set in advanced mode, and the program area and stack area are

in on-chip memory.

aunnoJ Bupuey 1dnusiul Jo uonoNNsuUl 1SS (29 ¥-ds (2)
((z7) (01) = (€T)) Ssaippe wels sunno. Buljpuey 1dnuaiul (€1) zds (9
(sjusu09 ssaippe (‘paInoaxa 10N) ssaippe yaisyald uononisul (g)
10399A) ssaippe uels aunnod Buypuey ydnusw) (21) (0T) (‘pamnoexa 10N) 8poo uononnsul (v) (2)
ssaippe 10)99A  (TT) (6) ("ssaippe winial 8yl ‘Od paAes ay} Jo S1ualuod ayl S SiyL
YD panes pue Od pares  (g) (9) "paINoaxa 10N) ssalppe yoiajald uononisu (1) 2
io)
C
@
” ” ” ” ” ” ” ” ” ” L
I I I I I I I I I I n
, ” T o oo ) Mo ” o\ T\ ” snq erep
—{ oD —— { @0 J—— o —— @ }——{ @ )— {0 @ )— pwawl | -
m m m m x m /ﬂ m m m [eubis ajum m M
" " " | | \ " " eulau| >
| | | | | | | | | | ! [ v
| , | | | | , ” ” [eubis peal a w
” , ” | / ” ” x | ,, [eusau S m
I I I I I [ [ I I I —
” ” , ” ” ” ” ” ” ” — &
\ ! ! ! | | Am”v | c
o
To)
)
-
>
2
L

TRETEY]
uonoNJIsuUl aUnRNoJ
221M18s 1dnuB|

uonelado
[eusaiu|

4018} J0JOBA

uoneiado
Jeutayu|

yoesald
uononnsu|

uonoNAISUI JO pus Joj Hepn
uonreuIwLIIap [9A3] 1dnud1u|

aouridasoe
1dnuiau|

m m m [ [eubis 1sanbal

leuiayu|

1dnuisu|

Rev.3.00 Mar. 26, 2007 Page 124 of 772

REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6239142/HD6412240.html

Section 5 Interrupt Controller

54.5 Interrupt Response Times

The H8S/2245 Group is capable of fast word transfer instruction to on-chip memory, and the
program areais provided in on-chip ROM and the stack areain on-chip RAM, enabling high-
Speed processing.

Table 5.8 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.8 are explained in table 5.9.

Table5.8 Interrupt Response Times

Normal Mode Advanced Mode

No. Execution Status INTM1=0 INTM1=0
Interrupt priority determination** 3 3

2 Number of wait states until executing 1t0 19+2-S 1t0 19+2-S,
instruction ends**

3 PC, CCR stack save 2-S, 2-S,

4 Vector fetch S, 2-S,

5 Instruction fetch** 2-S, 2-S,

6 Internal processing** 2 2

Total (using on-chip memory) 11to 31 12 to 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table59 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S,
Legend:

m: Number of wait states in an external device access.
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5.5 Usage Notes

551 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, the disabling becomes
effective after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared.
Figure 5.9 shows and example in which the CMIEA bit in 8-bit timer TCR is cleared to 0.

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

TCR write cycle by CPU CMIA exception handling
(p e
Internal ! |
address bus >< TCR address X

Internal
write signal

CMIEA !

CMFA

CMIA !
interrupt signal

Figure5.9 Contention between Interrupt Generation and Disabling
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55.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

55.3 Timeswhen Interrupts Are Disabled

There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

554 Interrupts during Execution of EEPM OV Instruction

Interrupt operation differs between the EEPMOV .B instruction and the EEPM OV .W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case isthe address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

555 IRQ Interrupt

When operating by clock input, acceptance of input to an IRQ is synchronized with the clock. In
software standby mode, the input is accepted asynchronously. For details on the input conditions,
see section 19.4.2, Control Signal Timing.
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5.5.6 NMI Interrupt Usage Notes

The NMI interrupt is part of the exception processing performed cooperatively by the LSI's
internal interrupt controller and the CPU when the system is operating normally under the
specified electrical conditions. No operations, including NMI interrupts, are guaranteed when
operation is not normal (runaway status) due to software problems or abnormal input to the LSI's
pins. In such cases, the LS| may be restored to the normal program execution state by applying an
external reset.

5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
e Activation requestto DTC
» Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC, see section 7, Data
Transfer Controller.
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5.6.2 Block Diagram

Figure 5.10 shows a block diagram of the DTC and interrupt controller.

1
Interr’upt DTC activation
L request vector
request Selection [ nuqmber
circuit
IRQ
interrupt Select
signal ;
9 Clear signal Control logic DTC
| Interrupt source DTCER
On-chip clear signal Clear signal
supporting —
module 4L
DTVECR
ISWD'TE I CPU interrupt
clear signa request vector
Determination of number
priority cPU
Interrupt controller U

Figure5.10 Interrupt Control for DTC

5.6.3 Operation

The interrupt controller has three main functionsin DTC control.

(1) Selection of Interrupt Source

Interrupt sources can be specified as DTC activation requests or CPU interrupt requests by means
of the DTCE bit of DTCEA to DTCEF inthe DTC.

After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC has performed the specified number of data transfers and the transfer counter value
Is zero, the DTCE bit is cleared to 0 and an interrupt request is sent to the CPU after the DTC data
transfer.
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(2) Determination of Priority

The DTC activation source is selected in accordance with the default priority order, and is not
affected by mask or priority levels. See section 7.3.3, DTC Vector Table, for the respective
priorities.

(3) Operation Order

If the same interrupt is selected as a DTC activation source and a CPU interrupt source, the DTC
datatransfer is performed first, followed by CPU interrupt exception handling.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit of DTCEA to DTCEF in the DTC and the DISEL bit of MRB in
the DTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X VAN
1 0 JAN X

O A

Legend:

A The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O : The relevant interrupt is used. The interrupt source is not cleared.

X : The relevant bit cannot be used.

* © Don't care

(4) Usage Note

SCI and A/D converter interrupt sources are cleared when the appropriate DTC register isread or
written to, and are independent of the DISEL hit.
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Section 6 Bus Controller

Section 6 Bus Controller

6.1 Overview

The H8S/2245 Group has a built-in 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, and controls the operation of the internal bus
masters. the CPU and the data transfer controller (DTC).

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

* Manages external address space in area units
[J In advanced mode, manages the external space as 8 areas of 128-kbytes/2-Mbytes
[ In normal mode, manages the external space asasingle area
[ Bus specifications can be set independently for each area
[1 Burst ROM interface can be set
* Basic businterface
0 Chip select (CSO to CS3) can be output for areas 0 to 3
[1 8-bit access or 16-hit access can be selected for each area
[] 2-state access or 3-state access can be selected for each area
[J Program wait states can be inserted for each area
* Burst ROM interface
[0 Burst ROM interface can be set for area 0
[ 1-state or 2-state burst access can be selected
* ldlecycleinsertion
[J Anidle cycle can beinserted in case of an external read cycle between different areas

[0 Anidle cycle can beinserted in case of an external write cycle immediately after an
external read cycle

» Busarbitration function

O Includes abus arbiter that arbitrates bus mastership among the CPU, and DTC
» Other features

0 Externa busrelease function

Rev.3.00 Mar. 26, 2007 Page 131 of 772
REJ09B0355-0300
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239142/HD6412240.html

Section 6 Bus Controller

6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS0 to CS3 Internal
Area decoder address bus
Q
ABWCR £
External bus control signals ASTCR :
BCRH [
BCRL [

BREQ ———————————™

DA, - 00000000000
BACK Bus Internal control

BREQO = controller signals

— Bus mode signal

Q

Internal data bus

WATT o Wait
controller WCRH
WCRL
~+—— CPU bus request signal
) ~+—— DTC bus request signal
Bus arbiter )
— CPU bus acknowledge signal
— DTC bus acknowledge signal
Legend:

ABWCR: Bus width control register
ASTCR: Access state control register
WCRH:  Wait control register H
WCRL:  Wait control register L
BCRH:  Bus control register H
BCRL: Bus control register L

Figure6.1 Block Diagram of Bus Controller
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Section 6 Bus Controller

6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that external space is
being read.

High write HWR Output  Strobe signal indicating that external space is

to be written, and upper half (D, to D,) of data
bus is enabled.

Low write LWR Output  Strobe signal indicating that external space is
to be written, and lower half (D, to D,) of data
bus is enabled.

Chip select 0 CS0 Output  Strobe signal indicating that area O is selected.

Chip select 1 CS1 Output  Strobe signal indicating that area 1 is selected.

Chip select 2 CS2 Output  Strobe signal indicating that area 2 is selected.

Chip select 3 CS3 Output  Strobe signal indicating that area 3 is selected.

Wait WAIT Input Wait request signal when accessing external
3-state access space.

Bus request BREQ Input Request signal that releases bus to external
device.

Bus request acknowledge BACK Output  Acknowledge signal indicating that bus has

been released.

Bus request output BREQO Output  External bus request signal used when
internal bus master accesses external space
when external bus is released.
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6.1.4 Register Configuration
Table 6.2 summarizes the registers of the

Table6.2 BusController Registers

bus controller.

Initial Value
Power-On Manual
Name Abbreviation R/W  Reset Reset Address*’
Bus width control register ABWCR R/W H'FF/H'00**> Retained H'FEDO
Access state control register ASTCR R/W H'FF Retained H'FED1
Wait control register H WCRH R/W H'FF Retained H'FED2
Wait control register L WCRL RW  HFF Retained H'FED3
Bus control register H BCRH R/W H'DO Retained  HFED4
Bus control register L BCRL R/W  H3C Retained HFED5
Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

Modes 1, 2, 3,5,6, 7

Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-hit readable/writable register that designates each areafor either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless of the settingsin ABWCR.

In normal mode, the settings of bits ABW7 to ABW1 have no effect on operation.

After apower-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 1,
2,3,and 5, 6, 7, and to H'00 in mode 4. It isnot initialized by a manual reset or in software
standby mode.

Bits7to 0—Area 7 to 0 BusWidth Control (ABW7 to ABWO0): These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access. In normal mode, only part
of area 0 is enabled, and the ABWO bit selects whether external space isto be designated for 8-bit
access or 16-bit access.

Bit n
ABWn Description

0 Area n is designated for 16-bit access

1 Area n is designated for 8-bit access
Note: n=7t00
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6.2.2 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST?2 AST1 ASTO

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-hit readable/writable register that designates each area as either a 2-state access
Space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersisfixed regardless of the settingsin ASTCR.

In normal mode, the settings of bits AST7 to AST1 have no effect on operation.

ASTCRisinitialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bits7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais to be designated as a 2-state access space or a 3-state access space. In
normal mode, only part of area O is enabled, and the ASTO bit selects whether external spaceisto
be designated for 2-state access or 3-state access.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

Note: n=7t00
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

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

In normal mode, only part of areais 0 is enabled, and bits W01 and WO0O select the number of
program wait states for the external space. The settings of bits W71, W70 to W11, and W10 have
no effect on operation.

Program waits are not inserted in the case of on-chip memory or internal 1/0 registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

(1) 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
R/W : 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 whilethe AST7 bitin 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)
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Bits5 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
W61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits3 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 AST5 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 O
w41l 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)
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(2) WCRL
Bit 7 6 5 4 3 2 1 0
W31 W30 w21 W20 w11l W10 Wo1 W00
Initial value : 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external 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)

Downloaded from Elcodis.com electronic components distributor

Rev.3.00 Mar. 26, 2007 Page 139 of 772
REJ09B0355-0300
RENESAS


http://elcodis.com/parts/6239142/HD6412240.html

Section 6 Bus Controller

Bits3 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 whilethe AST1 bitin ASTCR is set

to 1.
Bit 3 Bit 2
W1l W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, WQ00): These bits select the number of
program wait states when area O in external space is accessed while the ASTO bit in ASTCR is set

to 1.
Bit 1 Bit O
w01l W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0O is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.2.4 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO — — —

Initial value : 1 1 0 1 0 0 0 0

R/W : R/W R/W R/W R/W R/W (R/IW) (RIW)  (R/W)

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for areaO.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bit 7—Idle Cyclelnsert 1 (ICIS1): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas.
1 Idle cycle inserted in case of successive external read cycles in different areas.

(Initial value)

Bit 6—ldle Cyclelnsert O (I1CIS0): Selectswhether or not one idle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed.

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles.
1 Idle cycle inserted in case of successive external read and external write cycles.

(Initial value)
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Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface. In normal mode, the selection can be made from the entire external space.

Bit 5

BRSTRM Description

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

Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM

interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

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

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—Reserved: Only 0 should be written to these bits.
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6.2.5 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE |BREQOE| EAE — — ASS — WAITE

Initial value : 0 0 1 1 1 1 0 0

R/W ; R/W R/W R/W (RIW)  (R/W) R/W (R/IW) R/W

BCRL isan 8-bit readable/writable register that performs selection of the external bus release state
protocol, selection of the area partition unit and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK, and BREQO can be used as I/O ports.
(Initial value)

1 External bus release is enabled.

Bit 6—BREQO Pin Enable (BREQOE): Outputs asignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus release state, when an internal bus
master performs an external space access.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO can be used as I/O port. (Initial value)
1 BREQO output enabled.
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Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'O1FFFF are
to be internal addresses or external addresses.

This setting isinvalid in normal mode.

Bit 5

EAE Description

0 Addresses H'010000 to H'O1FFFF are in on-chip ROM (H8S/2246 and H8S/2245) or
areserved area* (H8S/2244, H8S/2243, H8S/2242, and H8S/2241).

1 Addresses H'010000 to H'O1FFFF are external addresses (external expansion mode)
or a reserved area* (single-chip mode). (Initial value)

Note: * Reserved areas should not be accessed.

Bits 4 and 3—Reserved: Only 1 should be written to these bits.

Bit 2—Area Partition Unit Select (ASS): Selects the area partition unit.

Bit 2

ASS Description

0 Area partition unit is 128 kbytes (1 Mbit)

1 Area partition unit is 2 Mbytes (16 Mbits) (Initial value)

Bit 1—Reserved: Only 0 should be written to this bit.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT

pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port. (Initial value)
1 Wait input by WAIT pin enabled
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6.3

6.3.1

Area Partitioning

Overview of Bus Control

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 128-kbyte or 2-Mbyte units, and performs bus control for external space in area units. In

normal mode, it controls a 64-kbyte address space comprising part of area 0. Figure 6.2 shows an
outline of the memory map.

Chip select signals (CS0 to CS3) can be output for areas 0 to 3.

H'000000
H'01FFFF
H'020000
H'O3FFFF
H'040000
H'O5FFFF
H'060000
H'O7FFFF
H'080000
H'O9FFFF
H'0A0000
H'OBFFFF
H'0C0000
H'ODFFFF
H'0E0000

H'FFFFFF

Area 0
(128 kbytes)

Area 1l
(128 kbytes)

Area 2
(128 kbytes)

Area 3
(128 kbytes)

Area 4
(128 kbytes)

Area 5
(128 kbytes)

Area 6
(128 kbytes)

Area 7
(15 Mbytes)

(1) Advanced mode
When ASS =0

H'000000
""""""" Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area l
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(2 Mbytes)
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'9FFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
___HFFEFFFF

(2) Advanced mode
When ASS =1

(3) Normal mode

Figure6.2 Overview of Area Partitioning
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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 internal 1/0 registers are
fixed, and are not affected by the bus controller.

(1) BusWidth: A buswidth 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 busis
selected functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-hit bus modeis set; if any areais designated for 16-bit
access, 16-hit bus mode is set. When the burst ROM interface is designated, 16-bit bus modeis
always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR. An area
for which 2-state access is selected functions as a 2-state access space, and an area for which 3-
state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of statesis one or two regardless of the ASTCR setting.
When 2-state access space is designated, wait insertion is disabled.

(3) Number of Program Wait States. When 3-state access space is designated by 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.
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Table 6.3 shows the bus specifications for each basic bus interface area.

Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WCRH WCRL Bus Specifications (Basic Bus Interface)

ABWNn ASTn wnl WnO Bus Width Access States Program Wait
States
0 0 — — 16 2 0
1 0 0 0
1 1
1 0 2
1 3
1 0 — — 8 0
1 0 0 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H85/2245 Group memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on; and a burst ROM interface that allows direct connection
of burst ROM.

An areafor which the basic bus interface is designated functions as normal space, and an areafor
which the burst ROM interface is designated functions as burst ROM space.
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6.3.4 Advanced Mode

Theinitial state of each areais basic bus interface, 3-state access space. The initial buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface should be referred to for further details.

Area0

Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area O is external
space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external space.

When area 0 external space is accessed, the CSO0 signal can be output.
Either basic bus interface or burst ROM interface can be selected for area 0.

The size of area 0 is switched between 128 kbytes and 2 Mbytes according to the state of the ASS
bit.

Areas1to6
In external expansion mode, all of area1to 6 is external space.

When area 1 to 3 external space is accessed, the CS1 and CS3 pin signals respectively can be
output.

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

The size of areas 1 to 6 is switched between 128 kbytes and 2 Mbytes according to the state of the
ASS hit.

Area”

Area 7 includes the on-chip RAM and internal 1/0O registers. In external expansion mode, the space
excluding the on-chip RAM and internal /O registersis external space. The on-chip RAM is
enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the RAME
bit is cleared to O, the on-chip RAM is disabled and the corresponding space becomes external
Space.

Only the basic bus interface can be used for the area 7.

The size of area 7 is switched between 15 Mbytes and 2 Mbytes according to the state of the ASS
bit.
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6.3.5 Areasin Normal Mode

In normal mode, a 64-kbyte address space comprising part of area 0 is controlled. Area
partitioning is not performed in normal mode. In ROM-disabled expansion mode, the space
excluding the on-chip RAM and internal 1/O registersis external space. In ROM-enabled
expansion mode the space excluding the on-chip ROM, on-chip RAM, and internal 1/0 registersis
external space. The on-chip RAM is enabled when the RAME bit in the system control register
(SYSCR) is set to 1; when the RAME bit is cleared to O, the on-chip RAM is disabled and the
corresponding addresses become external space.

When external space is accessed, the CSO signal can be outpui.

In normal mode, the basic bus interface or burst ROM interface can be selected.
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Section 6 Bus Controller

6.3.6 Chip Select Signals

The H8S/2245 Group can output chip select signals (CS0 to CS3) to areas 0 to 3, the signal being
driven low when the corresponding external space area is accessed. In normal mode, only the CS0O
signal can be output.

Figure 6.3 shows an example of CSn (n = 0 to 3) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CSO pin is placed in the output state after a power-on reset.
Pins CS1 to CS3 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS3.

In ROM-enabled expansion mode, pins CSO to CS3 are all placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputting signals CSO0 to CS3.

For details, see section 8, 1/0 Ports.

Bus cycle
Ty T T3
(p ————
Address bus X Area n external address X
CSn

Figure6.3 CSn Signal Output Timing (n = 0to 3)

6.4 Basic Timing

The CPU isdriven by a system clock (¢), denoted by the symbol ¢. The period from one rising
edge of @to the next isreferred to asa"state." The memory cycle or bus cycle consists of one,
two, or three states. Different methods are used to access on-chip memory, on-chip periphera
modules, and the external address space.
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6.4.1 On-Chip Memory (ROM, RAM) Access Timing

On-chip memory is accessed in one state. The databusis 16 bits wide, permitting both byte and
word transfer instruction. Figure 6.4 shows the on-chip memory access cycle. Figure 6.5 shows the

pin states.
| Bus cycle |
e S m— ]
1 T, :
B e — ]
9 N\
Internal address bus X Address X
Read Internal read signal "\ /
access | y 1
Internal data bus ‘ { Read data >—
_ Internal write signal '\ /
Write 1 |
access ! ‘
Internal data bus ; < Write‘ data >—

Figure6.4 On-Chip Memory Access Cycle

Bus cycle

L S —

R N e

Address bus

Unchanged

AS

High

High

HWR, LWR

High

Data bus

High-impedance state

Figure6.5 Pin Statesduring On-Chip Memory Access
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Section 6 Bus Controller

6.4.2 On-Chip Peripheral Module Access Timing

The on-chip peripheral modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 6.6 shows the access
timing for the on-chip peripheral modules. Figure 6.7 shows the pin states.

1 Bus cycle |
T, , T, |
Internal address bus )( Address X
Internal read signal "\ / l
Read | i |
access | 1 1
Internal data bus ‘ { Read data >—
) Internal write signal l \ /
Write ! l |
access ! ‘ \
Internal data bus ‘ ( Write data —

Figure6.6 On-Chip Peripheral Module Access Cycle

Bus cycle

A

-

T, T,

¢ Y N Y

High 3

Address bus Unchanged
s

=Ta) High

AWR, LWR ; Hi(igh

Data bus i ‘

High-impedance state

Figure6.7 Pin Statesduring On-Chip Peripheral Module Access
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6.4.3 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6.5.4, Basic Timing.

6.5 Basic Bus Interface

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

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

6.5.2 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 space or 16-hit access space) and the data size.

8-Bit Access Space

Figure 6.8 illustrates data alignment control for the 8-bit access space. With the 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: aword transfer instruction is performed as two byte accesses, and a
longword transfer instruction, as four byte accesses.
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Upper data bus Lower data bus

Bytesize |“““‘|

Word si 1st bus cycle | : : : : : : :
ord size _ 2ndbuscycle | |

[ 1st bus cycle |
2nd bus cycle |
3rd bus cycle |

| 4th bus cycle |

Longword size

Figure 6.8 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space

Figure 6.9 illustrates data alignment control for the 16-bit access space. With the 16-bit access
space, the upper databus (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 alongword transfer
instruction is executed as two word transfer instructions.

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

Upper data bus Lower data bus
(D1s Dg D7 Do,

Byte size  «Evenaddress | | | ., |, , | |
Byte size < Odd address ]

Word size |“““‘|‘\\\\ww|

Longword lstbuscycle ([ |
size 2ndbuscycle [T T T T T T L

Figure6.9 Access Sizesand Data Alignment Control (16-Bit Access Space)
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6.5.3 Valid Strobes

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

In aread, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

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

lower half.

Table6.4 DataBusesUsed and Valid Strobes

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

Note: Invalid: Input state; input value is ignored.
Hi-Z: High impedance.
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6.5.4 Basic Timing
(1) 8-Bit 2-State Access Space

Figure 6.10 shows the bus timing for an 8-bit 2-state access space. When an 8-bit access spaceis
accessed, the upper half (D, to D) of the data bus is used.

The LWR pinisfixed high. Wait states cannot be inserted.

~—————— Buscycle ————————
LK T2
¢
Address bus >< b
CSn
RD
Read D45 to Dg {  Vvalid —
D; to Dy { Invalid | —
HWR
LWR | High |
Write
D15 to Dg H . Valid >7
D to Dg High impedance ——
Note: n=0to 3

Figure6.10 BusTiming for 8-Bit 2-State Access Space
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(2) 8-Bit 3-State Access Space

Figure 6.11 shows the bus timing for an 8-bit 3-state access space. When an 8-bit access spaceis
accessed, the upper half (D, to D,) of the data bus is used.

The LWR pinisfixed high. Wait states can be inserted.

Read <

Write <

Address bus

CSn

D15 to D8

D7 to DO

T
Y]

D7 to DO

Note: n=0to 3

High impedance -

r Bus cycle -
3 T T2 T3 |
] { vald [}—
: { Invalid |}—
| - High | |

< Valid >—

Figure6.11 BusTiming for 8-Bit 3-State Access Space
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(3) 16-Bit 2-State Access Space

Figures 6.12 to 6.14 show bus timings for a 16-bit 2-state access space. When a 16-bit access
space is accessed, the upper half (D, to D,) of the data busis used for the even address, and the
lower half (D, to D,) for the odd address.

Wait states cannot be inserted.

Address bus

Read D15 to D8

D7 to DO

|

I
=
py

Write <

D15 to D8

D7 to DO

Note: n=0to 3

~————— Buscycle ———————

T,

{ valid |}—

{ Invalid i}—

High

Valid >7

High impedance ——

Figure6.12 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Figure6.13 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Figure6.14 BusTimingfor 16-Bit 2-State Access Space (3) (Word Access)
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(4) 16-Bit 3-State Access Space

Figures 6.15 to 6.17 show bus timings for a 16-hit 3-state access space. When a 16-bit access
space is accessed, the upper half (D, to D,) of the data bus is used for the odd address, and the
lower half (D, to D,) for the even address.

Wait states can be inserted.

S

Bus cycle
Ty T

Address bus ><

CSn

LE!
Read 1 DistoDg 3 j { valid }—

Dy to Dy Invalid
AWR
[WR . High ; :
Write
D;5to Dg —< Valid >—
D, to Dy — High impedance

Note: n=0to 3

Figure6.15 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Figure6.16 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)

Rev.3.00 Mar. 26, 2007 Page 162 of 772

REJ09B0355-0300

Downloaded from Elcodis.com electronic components distributor

RENESAS


http://elcodis.com/parts/6239142/HD6412240.html

Section 6 Bus Controller

\;m \\\\\\\\\\ B~ I ) =i SN ot SUNY R RO \hL/
S =]
© ©
> >
™
T
S S
© ©
Q
w > >
O (qV]
* —
>
[a8]
_Il ~—~—— ~—~—
B B 7 =< 7 ““““““““““““““““““““““““““““““““““““““
2] < %)) a © o o o ® o
m O e e T = =] e
& 2 g N 9 N
S ()] ()]
M - ~ J - ~ J
x =

Note: n=0to 3

Figure6.17 BusTiming for 16-Bit 3-State Access Space (3) (Word Access)
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6.5.5 Wait Control

When accessing external space, the H8S/2245 Group 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) pinwait insertion using the WAIT pin.

(1) Program Wait Insertion

From O to 3 wait states can be inserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.

(2) Pin Wait Insertion Using WAIT Pin

Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program
wait insertion isfirst carried out according to the settings in WCRH and WCRL. Then, if the
WAIT pinislow at the falling edge of @inthelast T, or T, state, a T, state isinserted. If the
WAIT pinisheld low, T, states are inserted until it goes high.

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

The WAITE bit setting appliesto all areas.
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Figure 6.18 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl T2 Tw Tw TW T3
}4 =%< - - - - %
0 ]
Y Y Y
WAIT
Address bus :>< ><i
AS

Read <

i _ ’7
}

Data bus < Read data

Write <

Data bus 4< Write data >>

Note: X indicates the timing of WAIT pin sampling.

Figure 6.18 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled. When amanual reset is performed, the contents of bus controller registers are
retained, and the wait control settings remain the same as before the reset.
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6.6 Burst ROM Interface

6.6.1 Overview

With the H85/2245 Group, external space area 0 can be designated as burst ROM space, and burst
ROM interfacing can be performed. The burst ROM space interface enables 16-bit configuration
ROM with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.6.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface is in accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTS0 bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO bit is set to 1, burst access of up to 8 words s performed.

The basic access timing for burst ROM space is shown in figures 6.19 (a) and (b). The timing
shown in figure 6.19 (a) isfor the case where the ASTO and BRSTSL1 bits are both set to 1, and
that in figure 6.19 (b) isfor the case where both these bits are cleared to 0.
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Full access Burst access

Ty T T3 Ty Ts Ty Ts

i
L
A
L
A
y
A
L
A
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A
L
A
Y

-

\/
Address bus :>< >< Only lower adld\ress changed >(
CSo _‘

RD F
Data bus < Read data >—< Read data >—< Read data >>

Figure6.19 (a) Exampleof Burst ROM Access Timing (When ASTO =BRSTS1 =1)
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Full access Burst access
Ty T Ty Ty
()
\/
Address bus Only lower ad;j\ress changed

CSO

AS

RD

Data bus 4< Read data ><Read data><Read data>i

Figure6.19 (b) Example of Burst ROM Access Timing (When AST0=BRSTS1 =0)

6.6.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in theinitial cycle (full access) of the burst ROM interface. See section 6.5.5, Wait
Control.

Wait states cannot be inserted in aburst cycle.
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6.7 |dle Cycle

6.7.1 Operation

When the H85/2245 Group accesses external space, it can insert a 1-state idle cycle (T,) between
bus cyclesin the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when awrite cycle occurs immediately after aread cycle. By inserting an
idle cycleit ispossible, for example, to avoid data collisions between ROM, with along output
floating time, and high-speed memory, 1/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH issetto 1, anidle
cycleisinserted at the start of the second read cycle. Thisis enabled in advanced mode.

Figure 6.20 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (@), an idle cycle is not inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

T,

T,

Address bus | X \_  Addressbus ) \ 8
CS (area A)‘| : CS (area A)‘| |
CS (area B) | CS (area B) -
& 1w LT
e T o

! ‘ Data
Long output | collision

floating time

(a) Idle cycle not inserted
(ICIS1 = 0)

(b) Idle cycle inserted
(Initial value ICIS1 = 1)

Figure6.20 Example of

Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH issetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.21 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read datafrom ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

. BuscycleA Buscycle B . BuscycleA ~ BuscycleB
iTl LP) T33T1 Tzi iTl LP) T33T| T Tzi
(0] ¢
Address bus :X X X: Address bus :X X X:
CS (area A) _| l CS (area A) —| l
CS (areaB) ! |—|_ CS(areaB) | | |—,_
RD | | RD | i
AWR | | AWR i i
Data bus j—< | @ )— Data bus j—< | )—( )—
‘ : Data
Long output | ¢4 jisjon
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Figure6.21 Exampleof Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system's load conditions, the RD signal may lag behind the CS signal. An
exampleis shown in figure 6.22.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycleinsertion, asin (b), however, will prevent any overlap between the RD and CS
signals.

Intheinitial state after reset release, idle cycle insertion (b) is set.

. Buscycle A Buscycle B . BuscycleA | BuscycleB |
| T, T, T30 T T, | LE L P | T T |
o _[LILILILI LI o | LI LT LI LT LI LT
Address bus j Y X: Address bus j X X:

CS (area B) i CS (area B) i i
D /T D | LT

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted
(ICIS1=0)

(b) Idle cycle inserted
(Initial value ICIS1 =1)

Figure6.22 Relationship b