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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Notice 
1. All information included in this document 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 Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

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

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics 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 appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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Modes 4 and 5*4

(advanced expanded modes
with on-chip ROM disabled)

Mode 6
(advanced expanded mode
with on-chip ROM enabled)

Mode 7
(advanced single-chip

 mode)

External address
space

On-chip ROM

On-chip RAM*3

Notes: 1. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Only modes 4 and 5 are provided in the H8S/2352.

Internal
I/O registers

On-chip ROM

On-chip ROM/
reserved area*2

External address
space

External address
space

Internal
I/O registers

External address
space

On-chip RAM*3 On-chip RAM

Internal
I/O registers

External address
space

Internal
I/O registers

Internal
I/O registers

Internal
I/O registers

External address
space

H'000000 H'000000 H'000000

H'020000

H'FFFC00

H'FFFFFF

H'FFDC00H'FFDC00H'FFDC00

H'FFFBFF

H'FFFFFF

H'FFFF08

H'FFFE40
H'FFFF07

H'FFFF28 H'FFFF28

On-chip ROM/
external address

space*1

H'FFFE40

H'010000
H'00FFFF
H'010000

H'01FFFF

H'FFFC00

H'FFFFFF

H'FFFF08

H'FFFF28

H'FFFE40

Figure 3-1   Memory Map in Each Operating Mode (H8S/2357, H8S/2352) (1)
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

Mode 6
(advanced expanded mode
with on-chip ROM enabled)

Mode 7
(advanced single-chip

 mode)

External address
space

On-chip ROM

On-chip RAM*3

Notes: 1. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Access to the reserved area is inhibited.

Internal
I/O registers

On-chip ROM

On-chip ROM/
reserved area*2*4

External address
space

External address
space

Internal
I/O registers

External address
space

On-chip RAM*3 On-chip RAM

Internal
I/O registers

External address
space

Internal
I/O registers

Internal
I/O registers

Internal
I/O registers

External address
space

H'000000 H'000000 H'000000

H'040000

H'FFFC00

H'FFFFFF

H'FFDC00H'FFDC00H'FFDC00

H'FFFBFF

H'FFFFFF

H'FFFF08

H'FFFE40
H'FFFF07

H'FFFF28 H'FFFF28

On-chip ROM/
external address

space*1

H'FFFE40

H'010000
H'00FFFF
H'010000

H'03FFFF

H'FFFC00

H'FFFFFF

H'FFFF08

H'FFFF28

H'FFFE40

Figure 3-5   Memory Map in Each Operating Mode (H8S/2398) (2)
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6.5.7 Precharge State Control

When DRAM is accessed, RAS precharging time must be secured. With the H8S/2357 Series, one Tp state is always
inserted when DRAM space is accessed. This can be changed to two Tp states by setting the TPC bit in MCR to 1. Set the
appropriate  number of Tp cycles according to the DRAM connected and the operating frequency of the H8S/2357 Group.
Figure 6-16 shows the timing when two Tp states are inserted.

When the TPC bit is set to 1, two Tp states are also used for refresh cycles.

Tp1

ø

CSn, (RAS)

Read

Write

CAS, LCAS

D15 to D0

D15 to D0

A23 to A0

Tp2 Tr Tc1

Row Column

Tc2

HWR, (WE)

HWR, (WE)

Note:  n = 2 to 5

Figure 6-16   Timing with Two Precharge States

6.5.8 Wait Control

There are two ways of inserting wait states in a DRAM access cycle: program wait insertion and pin wait insertion using
the WAIT pin.

Program Wait Insertion: When the bit in ASTCR corresponding to an area designated as DRAM space is set to 1, from
0 to 3 wait states can be inserted automatically between the Tc1 state and Tc2 state, according to the settings of  WCRH and
WCRL.

Pin Wait Insertion: When the WAITE bit in BCRH is set to 1, wait input by means of the WAIT pin is enabled
regardless of the setting of the AST bit in ASTCR. When DRAM space  is accessed in this state, a program wait is first
inserted. If the WAIT pin is low at the falling edge of ø in the last Tc1 or Tw state, another Tw state is inserted. If the WAIT
pin is held low, Tw states are inserted until it goes high.
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(1)  Normal Mode

ETCRA

Transfer Counter

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ETCR :

Initial value : * * * * * * * * * * * * * * * *

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

*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each time a transfer is
performed, and transfer ends when the count reaches H'0000. ETCRB is not used at this time.

ETCRB

ETCRB is not used in normal mode.

(2)  Block Transfer Mode

ETCRA

Holds block size

Bit : 15 14 13 12 11 10 9 8

ETCRAH :

Initial value : * * * * * * * *

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

Block size counter

Bit : 7 6 5 4 3 2 1 0

ETCRAL :

Initial value : * * * * * * * *

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

*: Undefined

ETCRB

Block Transfer Counter

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ETCRB :

Initial value : * * * * * * * * * * * * * * * *

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

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the block size. ETCRAL is
decremented each time a 1-byte or 1-word transfer is performed, and when the count reaches H'00, ETCRAL is loaded
with the value in ETCRAH. So by setting the block size in ETCRAH and ETCRAL, it is possible to repeatedly transfer
blocks consisting of any desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-bit block transfer counter. ETCRB is decremented by 1 each time a
block is transferred, and transfer ends when the count reaches H'0000.
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Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an interrupt to the CPU or
DTC when transfer is interrupted. If the DTIEB bit is set to 1 when DTME = 0, the DMAC regards this as indicating a
break in the transfer, and issues a transfer break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the DTME bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1 transfer break interrupt.

Bit 3
DTIE1B Description

0 Transfer break interrupt disabled (Initial value)

1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable 0B (DTIE0B): Enables or disables the channel 0 transfer break interrupt.

Bit 1
DTIE0B Description

0 Transfer break interrupt disabled (Initial value)

1 Transfer break interrupt enabled

Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable an interrupt to the CPU or
DTC when transfer ends. If DTIEA bit is set to 1 when DTE = 0, the DMAC regards this as indicating the end of a
transfer, and issues a transfer end interrupt request to the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the transfer counter and address register again, and then setting the
DTE bit to 1.

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1 transfer end interrupt.

Bit 2
DTIE1A Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable 0A (DTIE0A): Enables or disables the channel 0 transfer end interrupt.

Bit 0
DTIE0A Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled
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ø

 Internal address

Internal read signal

 RD

DACK

 External address

DMA
read

DMA
single

CPU
read

DMA
single

CPU
read

Figure 7-34   Example of Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle concerned has ended, and starts
the next operation.  Therefore, DREQ pin sampling is started one state after the start of the DMA write cycle or single
address transfer.

7.5.13 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table 7-13 summarizes the
priority order for DMAC channels.

Table 7-13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority

Channel 0A Channel 0 High

Channel 0B

Channel 1A Channel 1

Channel 1B Low
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Pin Selection Method and Pin Functions

P14/PO12/TIOCA1 The pin function is switched as shown below according to the combination of
the TPU channel 1 setting by bits MD3 to MD0 in TMDR1, bits IOA3 to IOA0 in
TIOR1, bits CCLR1 and CCLR0 in TCR1, bit NDER12 in NDERH, and bit
P14DDR.

TPU Channel
1 Setting Table Below (1) Table Below (2)

P14DDR — 0 1 1

NDER12 — — 0 1

Pin function TIOCA1 output P14

input
P14

output
PO12
output

TIOCA1 input *1

Note: 1. TIOCA1 input when MD3 to MD0 = B'0000, B'01××, IOA3 to IOA0 =
B'10××.

TPU Channel
1 Setting (2) (1) (2) (1) (1) (2)

MD3 to MD0 B'0000, B'01×× B'001× B'0010 B'0011

IOA3 to IOA0 B'0000
B'0100
B'1×××

B'0001 to
B'0011
B'0101 to
B'0111

B'××00 Other
than

B'××00

Other than B'××00

CCLR1,
CCLR0

— — — — Other
than B'01

B'01

Output
function

— Output
compare
output

— PWM
mode 1
output*2

PWM
mode 2
output

—

×: Don't care

Note: 2. TIOCB1 output is disabled.
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Port D Register (PORTD) (On-Chip ROM Version Only)

Bit : 7 6 5 4 3 2 1 0

PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

Initial value : —* —* —* —* —* —* —* —*

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

Note: * Determined by state of pins PD7 to PD0.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of output data for the port
D pins (PD7 to PD0) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port D read is performed
while PDDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the pin states, as PDDDR and
PDDR are initialized. PORTD retains its prior state after a manual reset*, and in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Port D MOS Pull-Up Control Register (PDPCR) (On-Chip ROM Version Only)

Bit : 7 6 5 4 3 2 1 0

PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PD0PCR

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

Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function incorporated into port D on an
individual bit basis.

When a PDDDR bit is cleared to 0 (input port setting) in mode 7, setting the corresponding PDPCR bit to 1 turns on the
MOS input pull-up for the corresponding pin.

PDPCR is initialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior state after a manual
reset*, and in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the PPG.

Compare match signals

PO15
PO14
PO13
PO12
PO11
PO10
PO9
PO8
PO7
PO6
PO5
PO4
PO3
PO2
PO1
PO0

Legend:
PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H
Next data register L
Output data register H
Output data register L

Internal
data bus

PMR:
PCR:
NDERH:
NDERL:
NDRH:
NDRL:
PODRH:
PODRL:

Pulse output
pins, group 3

Pulse output
pins, group 2

Pulse output
pins, group 1

Pulse output
pins, group 0

PODRH

PODRL

NDRH

NDRL

Control logic

NDERH

PMR

NDERL

PCR

Figure 11-1   Block Diagram of PPG
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12.2 Register Descriptions

12.2.1 Timer Counters 0 and 1 (TCNT0, TCNT1)

TCNT0 TCNT1

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 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 R/W R/W R/W R/W R/W R/W R/W R/W

TCNT0 and TCNT1 are 8-bit readable/writable up-counters that increment on pulses generated from an internal or
external clock source. This clock source is selected by clock select bits CKS2 to CKS0 of TCR. The CPU can read or
write to TCNT0 and TCNT1 at all times.

TCNT0 and TCNT1 comprise a single 16-bit register, so they can be accessed together by word transfer instruction.

TCNT0 and TCNT1 can be cleared by an external reset input or by a compare match signal. Which signal is to be used for
clearing is selected by clock clear bits CCLR1 and CCLR0 of TCR.

When a timer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.

TCNT0 and TCNT1 are each initialized to H'00 by a reset and in hardware standby mode.

12.2.2 Time Constant Registers A0 and A1 (TCORA0, TCORA1)

TCORA0 TCORA1

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

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

TCORA0 and TCORA1 are 8-bit readable/writable registers.  TCORA0 and TCORA1 comprise a single 16-bit register so
they can be accessed together by word transfer instruction.

TCORA is continually compared with the value in TCNT. When a match is detected, the corresponding CMFA flag of
TCSR is set.  Note, however, that comparison is disabled during the T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of bits OS1 and OS0 of TCSR.

TCORA0 and TCORA1 are each initialized to H'FF by a reset and in hardware standby mode.
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• Four interrupt sources

 Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive error — that can issue
requests independently

 The transmit-data-empty interrupt and receive-data-full interrupt can activate the DMA controller (DMAC) or data
transfer controller (DTC) to execute data transfer

• Module stop mode can be set

 As the initial setting, SCI operation is halted. Register access is enabled by exiting module stop mode.

Note: * Descriptions in this section refer to LSB-first transfer.
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For details of the multiprocessor communication function, see section 14.3.3, Multiprocessor Communication Function.

Bit 2
MP Description

0 Multiprocessor function disabled  (Initial value)

1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKS0): These bits select the clock source for the baud rate generator. The
clock source can be selected from ø, ø/4, ø/16, and ø/64, according to the setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see section 14.2.8, Bit Rate
Register (BRR).

Bit 1
CKS1

Bit 0
CKS0 Description

0 0 ø clock  (Initial value)

1 ø/4 clock

1 0 ø/16 clock

1 ø/64 clock

14.2.6 Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0

TIE RIE TE RE MPIE TEIE CKE1 CKE0

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

SCR is a register that performs enabling or disabling of SCI transfer operations, serial clock output in asynchronous mode,
and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.

SCR is initialized to H'00 by a reset, and by putting the device in standby mode or module stop mode.  In the H8S/2398,
H8S/2394, H8S/2392, and H8S/2390, however, the value in SCR is initialized to H'00 by a reset, or in hardware standby
mode, but SCR retains its current state when the device enters software standby mode or module stop mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt (TXI) request generation
when serial transmit data is transferred from TDR to TSR and the TDRE flag in SSR is set to 1.

Bit 7
TIE Description

0 Transmit data empty interrupt (TXI) requests disabled*  (Initial value)

1 Transmit data empty interrupt (TXI) requests enabled

Note:* TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then clearing it to 0, or
clearing the TIE bit to 0.
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Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity addition in asynchronous
mode, causing abnormal termination.

Bit 3
PER Description

0 [Clearing condition]  (Initial value)*1

When 0 is written to PER after reading PER = 1

1 [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*2

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is cleared to 0.
2. If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not set. Also, subsequent

serial reception cannot be continued while the PER flag is set to 1. In clocked synchronous mode, serial
transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicates that there is no valid data in TDR when the last bit of the transmit character is
sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description

0 [Clearing conditions]

• When 0 is written to TDRE after reading TDRE = 1

• When the DMAC or DTC is activated by a TXI interrupt and write data to TDR

1 [Setting conditions]  (Initial value)

• When the TE bit in SCR is 0

• When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (MPB): When reception is performed using multiprocessor format in asynchronous mode,
MPB stores the multiprocessor bit in the receive data.

MPB is a read-only bit, and cannot be modified.

Bit 1
MPB Description

0 [Clearing condition]  (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]
When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor format.
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Bits 2 to 0—Channel Select 2 to 0 (CH2 to CH0): Together with the SCAN bit, these bits select the analog input
channels.

Only set the input channel while conversion is stopped (ADST = 0).

Group
Selection Channel Selection Description

CH2 CH1 CH0 Single Mode (SCAN=0) Scan Mode (SCAN=1)

0 0 0 AN0 (Initial value) AN0

1 AN1 AN0, AN1

1 0 AN2 AN0 to AN2

1 AN3 AN0 to AN3

1 0 0 AN4 AN4

1 AN5 AN4, AN5

1 0 AN6 AN4 to AN6

1 AN7 AN4 to AN7

16.2.3 A/D Control Register (ADCR)

Bit : 7 6 5 4 3 2 1 0

TRGS1 TRGS0 — — — — — —

Initial value : 0 0 1 1 1 1 1 1

R/W : R/W R/W — — —/(R/W)* —/(R/W)* — —

Note: * Applies to the H8S/2398, H8S/2394, H8S/2392, and H8S/2390.

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D conversion operations.

ADCR is initialized to H'3F by a reset, and in standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGS1, TRGS0):  Select enabling or disabling of the start of A/D
conversion by a trigger signal. Only set bits TRGS1 and TRGS0 while conversion is stopped (ADST = 0).

Bit 7
TRGS1

Bit 6
TRGS0 Description

0 0 A/D conversion start by external trigger is disabled  (Initial value)

1 A/D conversion start by external trigger (TPU) is enabled

1 0 A/D conversion start by external trigger (8-bit timer) is enabled

1 A/D conversion start by external trigger pin (ADTRG) is enabled

(1) For H8S/2357 and H8S/2352

Bits 5 to 0—Reserved: They are always read as 1 and cannot be modified.

(2) For H8S/2398, H8S/2394, H8S/2392, and H8S/2390

Bits 5, 4, 1, and 0—Reserved: They are always read as 1 and cannot be modified.

Bits 3 and 2—Reserved: Should always be written with 1.
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Program Verify

Input data Output data

tAS tAH

tDFtDHtDS

tVPS

tVCS

tCES

tPW

tOPW*

tOES tOE

Address

Data

VPP

VCC

CE

PGM

OE

VPP

VCC

VCC+1

VCC

Note: * tOPW is defined by the value shown in the flowchart.

Figure 19-5   PROM Programming/Verification Timing

19.5.3 Programming Precautions

• Program using the specified voltages and timing.

The programming voltage (VPP) in PROM mode is 12.5 V.

If the PROM programmer is set to Renesas Technology HN27C101 specifications, VPP will be 12.5 V. Applied
voltages in excess of the specified values can permanently destroy the MCU. Be particularly careful about the PROM
programmer’s overshoot characteristics.

• Before programming, check that the MCU is correctly mounted in the PROM programmer. Overcurrent damage to the
MCU can result if the index marks on the PROM programmer, socket adapter, and MCU are not correctly aligned.

• Do not touch the socket adapter or MCU while programming. Touching either of these can cause contact faults and
programming errors.

• The MCU cannot be programmed in page programming mode. Select the programming mode carefully.

• The size of the H8S/2357 PROM is 128 kbytes.  Always set addresses within the range H'00000 to H'1FFFF. During
programming, write H'FF to unused addresses to avoid verification errors.
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Automatic SCI Bit Rate Adjustment

Start
bit

Stop
bit

D0 D1 D2 D3 D4 D5 D6 D7

Low period (9 bits) measured (H'00 data) High period
(1 or more bits)

Figure 19-16   Automatic SCI Bit Rate Adjustment

When boot mode is initiated, the H8S/2357 MCU measures the low period of the asynchronous SCI communication data
(H'00) transmitted continuously from the host. The SCI transmit/receive format should be set as follows: 8-bit data, 1 stop
bit, no parity. The MCU calculates the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should confirm that this adjustment
end indication (H'00) has been received normally, and transmit one H'55 byte to the MCU. If reception cannot be
performed normally, initiate boot mode again (reset), and repeat the above operations. Depending on the host’s
transmission bit rate and the MCU’s system clock frequency, there will be a discrepancy between the bit rates of the host
and the MCU. To ensure correct SCI operation, the host’s transfer bit rate should be set to (4,800, or 9,600) bps.

Table 19-15 shows typical host transfer bit rates and system clock frequencies for which automatic adjustment of the
MCU’s bit rate is possible. The boot program should be executed within this system clock range.

Table 19-15 System Clock Frequencies for which Automatic Adjustment of H8S/2357 Bit Rate is Possible

Host Bit Rate
System Clock Frequency for which Automatic Adjustment
of H8S/2357 Bit Rate is Possible

9600 bps 8 to 20 MHz

4800 bps 4 to 20 MHz

On-Chip RAM Area Divisions in Boot Mode: In boot mode, the 2 kbytes area from H'FFDC00 to H'FFE3FF is reserved
for use by the boot program, as shown in figure 19-17. The area to which the programming control program is transferred
is H'FFE400 to H'FFFB7F. The boot program area can be used when the programming control program transferred into
RAM enters the execution state. A stack area should be set up as required.
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Section 20   Clock Pulse Generator

20.1 Overview

The H8S/2357 Group has a on-chip clock pulse generator (CPG) that generates the system clock (ø), the bus master clock,
and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, a medium-speed clock divider, and a
bus master clock selection circuit.

20.1.1 Block Diagram

Figure 20-1 shows a block diagram of the clock pulse generator.

EXTAL

XTAL

Duty
adjustment

circuit
Oscillator

Medium-
speed
divider

System clock to ø pin Internal clock
to supporting

modules

Bus master clock
to CPU, DTC,

and DMAC

ø/2 to ø/32

SCK2 to SCK0

SCKCR

Bus master
clock

selection
circuit

Figure 20-1   Block Diagram of Clock Pulse Generator

20.1.2 Register Configuration

The clock pulse generator is controlled by SCKCR. Table 20-1 shows the register configuration.

Table 20-1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address*

System clock control register SCKCR R/W H'00 H'FF3A

Note:* Lower 16 bits of the address.
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Instruction
Fetch

Branch
Address
Read

Stack
Operation

Byte
Data
Access

Word
Data
Access

Internal
Operation

Instruction Mnemonic I J K L M N

JMP JMP @ERn 2

JMP @aa:24 2 1

JMP @@aa:8 Advanced 2 2 1

JSR JSR @ERn Advanced 2 2

JSR @aa:24 Advanced 2 2 1

JSR @@aa:8 Advanced 2 2 2

LDC LDC #xx:8,CCR 1

LDC #xx:8,EXR 2

LDC Rs,CCR 1

LDC Rs,EXR 1

LDC @ERs,CCR 2 1

LDC @ERs,EXR 2 1

LDC @(d:16,ERs),CCR 3 1

LDC @(d:16,ERs),EXR 3 1

LDC @(d:32,ERs),CCR 5 1

LDC @(d:32,ERs),EXR 5 1

LDC @ERs+,CCR 2 1 1

LDC @ERs+,EXR 2 1 1

LDC @aa:16,CCR 3 1

LDC @aa:16,EXR 3 1

LDC @aa:32,CCR 4 1

LDC @aa:32,EXR 4 1

LDM LDM.L @SP+,
(ERn-ERn+1)

2 4 1

LDM.L @SP+,
(ERn-ERn+2)

2 6 1

LDM.L @SP+,
(ERn-ERn+3)

2 8 1

LDMAC LDMAC ERs,MACH Cannot be used in the H8S/2357 Group

LDMAC ERs,MACL

MAC MAC @ERn+,@ERm+ Cannot be used in the H8S/2357 Group

MOV MOV.B #xx:8,Rd 1

MOV.B Rs,Rd 1

MOV.B @ERs,Rd 1 1

MOV.B @(d:16,ERs),Rd 2 1

MOV.B @(d:32,ERs),Rd 4 1

MOV.B @ERs+,Rd 1 1 1

MOV.B @aa:8,Rd 1 1

MOV.B @aa:16,Rd 2 1

MOV.B @aa:32,Rd 3 1

MOV.B Rs,@ERd 1 1

MOV.B Rs,@(d:16,ERd) 2 1

MOV.B Rs,@(d:32,ERd) 4 1
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Instruction H N Z V C Definition

DAA * * N = Rm

Z = Rm · Rm–1 · ...... · R0

C: decimal arithmetic carry

DAS * * N = Rm

Z = Rm · Rm–1 · ...... · R0

C: decimal arithmetic borrow

DEC — — N = Rm

Z = Rm · Rm–1 · ...... · R0

V = Dm · Rm

DIVXS — — — N = Sm · Dm + Sm · Dm

Z = Sm · Sm–1 · ...... · S0

DIVXU — — — N = Sm

Z = Sm · Sm–1 · ...... · S0

EEPMOV — — — — —

EXTS — 0 — N = Rm

Z = Rm · Rm–1 · ...... · R0

EXTU — 0 0 — Z = Rm · Rm–1 · ...... · R0

INC — — N = Rm

Z = Rm · Rm–1 · ...... · R0

V = Dm · Rm

JMP — — — — —

JSR — — — — —

LDC Stores the corresponding bits of the result.

No flags change when the operand is EXR.

LDM — — — — —

LDMAC Cannnot be used in the H8S/2357 Group

MAC

MOV — 0 — N = Rm

Z = Rm · Rm–1 · ...... · R0

MOVFPE Can not be used in the H8S/2357 Group

MOVTPE

MULXS — — — N = R2m

Z = R2m · R2m–1 · ...... · R0

MULXU — — — — —

NEG H = Dm–4 + Rm–4

N = Rm

Z = Rm · Rm–1 · ...... · R0

V = Dm · Rm

C = Dm + Rm

NOP — — — — —


