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such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor H8S/2000

Core Size 16-Bit

Speed 20MHz

Connectivity IrDA, SCI

Peripherals POR, PWM, WDT

Number of I/O 58

Program Memory Size 128KB (128K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 4K x 8

Voltage - Supply (Vcc/Vdd) 4V ~ 5.5V

Data Converters A/D 8x10b; D/A 2x8b

Oscillator Type Internal

Operating Temperature -20°C ~ 75°C (TA)

Mounting Type Surface Mount

Package / Case 80-BQFP

Supplier Device Package 80-QFP (14x14)

Purchase URL https://www.e-xfl.com/product-detail/renesas-electronics-america/df2134bfa20v

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/df2134bfa20v-4381599
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


Rev. 1.00  Jun.24, 2005  Page xii of xxxii 

 

7.7.5 Pin Functions ........................................................................................................ 159 
7.7.6 Port 6 Input Pull-Up MOS.................................................................................... 161 

7.8 Port 7.................................................................................................................................. 162 
7.8.1 Port 7 Input Data Register (P7PIN) ...................................................................... 162 
7.8.2 Pin Functions ........................................................................................................ 162 

7.9 Port 8.................................................................................................................................. 164 
7.9.1 Port 8 Data Direction Register (P8DDR).............................................................. 164 
7.9.2 Port 8 Data Register (P8DR) ................................................................................ 165 
7.9.3 Pin Functions ........................................................................................................ 165 

7.10 Port 9.................................................................................................................................. 167 
7.10.1 Port 9 Data Direction Register (P9DDR).............................................................. 168 
7.10.2 Port 9 Data Register (P9DR) ................................................................................ 169 
7.10.3 Pin Functions ........................................................................................................ 169 

7.11 Port A (Only for H8S/2144B)............................................................................................ 172 
7.11.1 Port A Data Direction Register (PADDR)............................................................ 172 
7.11.2 Port A Output Data Register (PAODR)................................................................ 173 
7.11.3 Port A Input Data Register (PAPIN) .................................................................... 173 
7.11.4 Pin Functions ........................................................................................................ 174 
7.11.5 Port A Input Pull-Up MOS ................................................................................... 178 

7.12 Port B (Only for H8S/2144B) ............................................................................................ 179 
7.12.1 Port B Data Direction Register (PBDDR) ............................................................ 179 
7.12.2 Port B Output Data Register (PBODR) ................................................................ 180 
7.12.3 Port B Input Data Register (PBPIN)..................................................................... 180 
7.12.4 Pin Functions ........................................................................................................ 181 
7.12.5 Port B Input Pull-Up MOS ................................................................................... 181 

Section 8 14-Bit PWM Timer (PWMX) .............................................................183 
8.1 Features.............................................................................................................................. 183 
8.2 Input/Output Pins............................................................................................................... 184 
8.3 Register Descriptions......................................................................................................... 184 

8.3.1 PWM (D/A) Counters H and L (DACNTH, DACNTL)....................................... 184 
8.3.2 PWM (D/A) Data Registers A and B (DADRA, DADRB) .................................. 186 
8.3.3 PWM (D/A) Control Register (DACR) ................................................................ 188 

8.4 Bus Master Interface.......................................................................................................... 189 
8.5 Operation ........................................................................................................................... 190 
8.6 Usage Note......................................................................................................................... 196 

8.6.1 Module Stop Mode Setting ................................................................................... 196 

Section 9 16-Bit Free-Running Timer (FRT)......................................................197 
9.1 Features.............................................................................................................................. 197 



Section 2   CPU 

Rev. 1.00  Jun.24, 2005  Page 54 of 510 

REJ09B0241-0100  

2.8 Processing States 

The H8S/2000 CPU has four main processing states: the reset state, exception handling state, 
program execution state, and program stop state. Figure 2.13 indicates the state transitions. 

• Reset state 

In this state the CPU and on-chip peripheral modules are all initialized and stopped. 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. For details, refer to section 4, Exception Handling. 

The reset state can also be entered by a watchdog timer overflow. 

• Exception-handling state 

The exception-handling state is a transient state that occurs when the CPU alters the normal 
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruction. 
The CPU fetches a start address (vector) from the exception vector table and branches to that 
address. For further details, refer to section 4, Exception Handling. 

• Program execution state 

In this state the CPU executes program instructions in sequence.  

• Program stop state 

This is a power-down state in which the CPU stops operating. The program stop state occurs 
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details, 
refer to section 18, Power-Down Modes.  
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5.4.2 Internal Interrupts 

Internal interrupts issued from the on-chip peripheral modules have the following features: 

1. For each on-chip peripheral module there are flags that indicate the interrupt request status, 
and enable bits that individually select enabling or disabling of these interrupts. When the 
enable bit for a particular interrupt source is set to 1, an interrupt request is sent to the interrupt 
controller. 

2. The priority level for each interrupt can be set by ICR.  
 

5.5 Interrupt Exception Handling Vector Table 

Table 5.3 lists interrupt exception handling sources, vector addresses, and interrupt priorities. For 
default priorities, the lower the vector number, the higher the priority. Modules set at the same 
priority will conform to their default priorities. Priorities within a module are fixed. 

An interrupt control level can be specified for a module to which an ICR bit is assigned. Interrupt 
requests from modules that are set to control level 1 (priority) by the ICR bit setting and the I and 
UI bits in CCR are given priority and processed before interrupt requests from modules that are set 
to control level 0 (no priority). 
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7.4 Port 3 

Port 3 is an 8-bit I/O port. Port 3 pins also function as a bidirectional data bus. Port 3 functions 
change according to the operating mode. Port 3 has the following registers. 

• Port 3 data direction register (P3DDR) 

• Port 3 data register (P3DR) 

• Port 3 pull-up MOS control register (P3PCR) 
 

7.4.1 Port 3 Data Direction Register (P3DDR) 

P3DDR specifies input or output for the pins of port 3 on a bit-by-bit basis.  

Bit Bit Name Initial Value R/W Description 

7 P37DDR 0 W 

6 P36DDR 0 W 

5 P35DDR 0 W 

4 P34DDR 0 W 

3 P33DDR 0 W 

2 P32DDR 0 W 

1 P31DDR 0 W 

0 P30DDR 0 W 

Modes 1, 2, and 3 (EXPE = 1) 

The input/output direction specified by P3DDR is 
ignored, and pins automatically function as data I/O 
pins. 

Modes 2 and 3 (EXPE = 0) 

The corresponding port 3 pins are output ports 
when P3DDR bits are set to 1, and input ports 
when cleared to 0. 

 

7.4.2 Port 3 Data Register (P3DR) 

P3DR stores output data of port 3. 

Bit Bit Name Initial Value R/W Description 

7 P37DR 0 R/W 

6 P36DR 0 R/W 

5 P35DR 0 R/W 

4 P34DR 0 R/W 

3 P33DR 0 R/W 

2 P32DR 0 R/W 

1 P31DR 0 R/W 

0 P30DR 0 R/W 

If a port 3 read is performed while P3DDR bits are 
set to 1, the P3DR values are read directly, 
regardless of the actual pin states. If a port 3 read 
is performed while P3DDR bits are cleared to 0, the 
pin states are read. 
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• P40/TMCI0/TxD2/IrTxD 

Pin functions are switched as shown below according to the combination of the TE bit in SCR 
of SCI_2 and the P40DDR bit.  

 
TE 0 1 

P40DDR 0 1 — 

P40  
input pin 

P40  
output pin 

TxD2/IrTxD  
output pin 

Pin Function 

TMCI0 input pin* 

Note: * When an external clock is selected with bits CKS2 to CKS0 in TCR0 of TMR_0, this pin 
is used as the TMCI0 input pin. 
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7.10.2 Port 9 Data Register (P9DR) 

P9DR stores output data for the port 9 pins. 

Bit Bit Name Initial Value R/W Description 

7 P97DR 0 R/W 

6 P96DR Undefined* R 

5 P95DR 0 R/W 

4 P94DR 0 R/W 

3 P93DR 0 R/W 

2 P92DR 0 R/W 

1 P91DR 0 R/W 

0 P90DR 0 R/W 

With the exception of P96, if a port 9 read is 
performed while P9DDR bits are set to 1, the 
P9DR values are read directly, regardless of the 
actual pin states. If a port 9 read is performed while 
P9DDR bits are cleared to 0, the pin states are 
read. 

For P96, the pin state is always read. 

Note: * The initial value of bit 6 is determined according to the P96 pin state. 

 

7.10.3 Pin Functions 

• P97/WAIT 

Pin functions are switched as shown below according to the combination of operating mode, 
the WMS1 bit in WSCR, and the P97DDR bit. 

 
Operating 
Mode 

Modes 1, 2, 3 (EXPE = 1) Modes 2, 3 (EXPE = 0) 

WMS1 0 1 — 

P97DDR 0 1 — 0 1 

Pin Function P97 input pin P97 output pin WAIT input pin P97 input pin P97 output pin

 

• P96/φ/EXCL 

Pin functions are switched as shown below according to the combination of the EXCLE bit in 
LPWRCR and the P96DDR bit.  

 
P96DDR 0 1 

EXCLE 0 1 0 

Pin Function P96 input pin EXCL input pin φ output pin 

Note: * When this pin is used as the EXCL input pin, P96DDR should be cleared to 0.  
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φ

Address OCRAR (OCRAF) 
address

Internal write signal

Compare-match signal

FRC

Automatic addition is not performed
because compare-match signals are disabled.

Disabled

OCRA N

N N+1

OCRAR (OCRAF) Old data New data

T1 T2

Write cycle of OCRAR/OCRAF

 

Figure 9.20   Conflict between OCRAR/OCRAF Write and Compare-Match  
(When Automatic Addition Function is Used) 
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Table 12.6 BRR Settings for Various Bit Rates (Clock Synchronous Mode) 

Operating Frequency φ (MHz) 

2 4 8 10 16 20 
Bit 
Rate 
(bit/s) n N n N n N n N n N n N 

110 3 70 — —         

250 2 124 2 249 3 124 — — 3 249   

500 1 249 2 124 2 249 — — 3 124 — — 

1k 1 124 1 249 2 124 — — 2 249 — — 

2.5k 0 199 1 99 1 199 1 249 2 99 2 124 

5k 0 99 0 199 1 99 1 124 1 199 1 249 

10k 0 49 0 99 0 199 0 249 1 99 1 124 

25k 0 19 0 39 0 79 0 99 0 159 0 199 

50k 0 9 0 19 0 39 0 49 0 79 0 99 

100k 0 4 0 9 0 19 0 24 0 39 0 49 

250k 0 1 0 3 0 7 0 9 0 15 0 19 

500k 0 0* 0 1* 0 3 0 4 0 7 0 9 

1M   0 0 0 1   0 3 0 4 

2.5M       0 0*   0 1 

5M           0 0* 

[Legend] 

Blank: Cannot be set. 
—: Can be set, but there will be a degree of error. 

*: Continuous transfer or reception is not possible. 

 

Table 12.7 Maximum Bit Rate with External Clock Input (Clock Synchronous Mode) 

φ (MHz) 
External Input 
Clock (MHz) 

Maximum Bit 
Rate (bit/s) φ (MHz) 

External Input 
Clock (MHz) 

Maximum Bit 
Rate (bit/s) 

2 0.3333 333333.3 12 2.0000 2000000.0 

4 0.6667 666666.7 14 2.3333 2333333.3 

6 1.0000 1000000.0 16 2.6667 2666666.7 

8 1.3333 1333333.3 18 3.0000 3000000.0 

10 1.6667 1666666.7 20 3.3333 3333333.3 

 



Section 12   Serial Communication Interface (SCI and IrDA) 

  Rev. 1.00  Jun.24, 2005  Page 315 of 510 

  REJ09B0241-0100 

Yes

<End>

[1]

No

Initialization

Start reception

[2]

No

Yes

Read RDRF flag in SSR [4]

[5]

Clear RE bit in SCR to 0

Error processing

(Continued below)

[3]

Read receive data in RDR and
clear RDRF flag in SSR to 0

No

Yes

ORER = 1

RDRF = 1

All data received?

Read ORER flag in SSR

<End>

Error processing

Overrun error processing

Clear ORER flag in SSR to 0

[3]

[1] SCI initialization:
 The RxD pin is automatically 

designated as the receive data input 
pin.

[2] [3]  Receive error processing:
 If a receive error occurs, read the 

ORER flag in SSR, and after 
performing the appropriate error 
processing, clear the ORER flag to 0.  
Transfer cannot be resumed if the 
ORER flag is set to 1.

[4] SCI status check and receive data 
read:

 Read SSR and check that the RDRF 
flag is set to 1, then read the receive 
data in RDR and clear the RDRF flag 
to 0.

 Transition of the RDRF flag from 0 to 1 
can also be identified by an RXI 
interrupt.

[5]   Serial reception continuation 
procedure:

 To continue serial reception, before 
the MSB (bit 7) of the current frame is 
received, reading the RDRF flag, 
reading RDR, and clearing the RDRF 
flag to 0 should be finished.

 

Figure 12.19   Sample Serial Reception Flowchart 
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12.7 IrDA Operation 

IrDA operation can be used with SCI_2. Figure 12.21 shows an IrDA block diagram. 

If the IrDA function is enabled using the IrE bit in KBCOMP, the TxD2 and RxD2 pins in SCI_2 
are allowed to encode and decode the waveform based on the IrDA standard version 1.0 (function 
as the IrTxD and IrRxD pins). Connecting these pins to the infrared data transceiver achieves 
infrared data communication based on the system defined by the IrDA standard version 1.0. 

In the system defined by the IrDA standard version 1.0, communication is started at a transfer rate 
of 9600 bps, which can be modified as required. The IrDA interface provided by this LSI does not 
incorporate the capability of automatic modification of the transfer rate; the transfer rate must be 
modified through programming. 

IrDA

Pulse encoder

KBCOMP

TxD2/IrTxD

RxD2/IrRxD

SCI_2

TxD

RxD
Pulse decoder

 

Figure 12.21   IrDA Block Diagram 
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H'001

H'000
1

1024
2

1024
1022
1024

1023
1024

FS

Quantization error

Digital output

Ideal A/D conversion
characteristic

Analog
input voltage

H'002

H'003

H'004

H'3FD

H'3FE

H'3FF

 

Figure 14.5   A/D Conversion Accuracy Definitions 

FS

Offset error

Nonlinearity
error

Actual A/D conversion
characteristic

Analog
input voltage

Digital output

Ideal A/D conversion
characteristic

Full-scale error

 

Figure 14.6   A/D Conversion Accuracy Definitions 
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• Programming/erasing protection 

Sets protection against flash memory programming/erasing via hardware, software, or error 
protection.  

• Programmer mode 

In addition to on-board programming mode, programmer mode is supported to program or 
erase the flash memory using a PROM programmer.  

 

Bus interface/controller

Flash memory 
(128 kbytes)

Operating 
mode

Internal address bus

Internal data bus (16 bits)

Mode pin
FLMCR2

EBR1

EBR2

FLMCR1

[Legend]
FLMCR1:  Flash memory control register 1
FLMCR2:  Flash memory control register 2
EBR1:       Erase block register 1
EBR2:       Erase block register 2

M
od

ul
e 

bu
s

 

Figure 16.1   Block Diagram of Flash Memory 
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Table 16.5 Boot Mode Operation 

Communications Contents

Processing Contents

Host Operation LSI Operation

Processing Contents

Continuously transmits data H'00 
at specified bit rate.

Branches to boot program at reset-start.

Boot program start

Branches to programming control program 
transferred to on-chip RAM and starts 
execution.

H'00, H'00 . . . H'00

H'00

H'55
Transmits data H'55 when data H'00 

is received error-free.

Boot program 
erase error

H'FF

H'AA
Receives data H'AA.

Receives data H'AA.
H'AA

Echobacks the 2-byte data received to host.

Echobacks received data to host and also 
transfers it to RAM (repeated for N times).

High-order byte and 
low-order byte

Echoback

Echoback

H'XX

Transmits number of bytes (N) of 
programming control program to be 
transferred as 2-byte data (low-order byte 
following high-order byte).

Transmits 1-byte of programming control 
program (repeated for N times).

Ite
m

B
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t m
od

e 
st
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t

• Measures low-level period of receive data H'00.
• Calculates bit rate and sets it in BRR of SCI_1.
• Transmits data H'00 to host as adjustment end 
 indication.

B
it 
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dj
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t

Checks flash memory data, erases all flash 
memory blocks in case of written data 
existing, and transmits data H'AA to host. 
(If erase could not be done, transmits data 
H'FF to host and aborts operation.)
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After receiving data H'55, transmits data 
H'AA to host.
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Oscillator

φ

NMI

NMIEG

SSBY

NMI exception
handling
NMIEG = 1
SSBY = 1

SLEEP instruction

Software standby mode
(power-down mode) Oscillation

stabilization
time tOSC2

NMI exception
handling

 

Figure 18.3   Application Example in Software Standby Mode  
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Register Name Abbreviation 
Number 
of Bits Address Module 

Data 
Bus 
Width 

Number 
of 
Access 
States 

Time constant register B_1 TCORB_1 8 H'FFCF TMR_1 16 2 

Timer counter_0 TCNT_0 8 H'FFD0 TMR_0 16 2 

Timer counter_1 TCNT_1 8 H'FFD1 TMR_1 16 2 

Serial mode register_0 SMR_0 8 H'FFD8 SCI_0 8 2 

Bit rate register_0 BRR_0 8 H'FFD9 SCI_0 8 2 

Serial control register_0 SCR_0 8 H'FFDA SCI_0 8 2 

Transmit data register_0 TDR_0 8 H'FFDB SCI_0 8 2 

Serial status register_0 SSR_0 8 H'FFDC SCI_0 8 2 

Receive data register_0 RDR_0 8 H'FFDD SCI_0 8 2 

Smart card mode register_0 SCMR_0 8 H'FFDE SCI_0 8 2 

A/D data register AH ADDRAH 8 H'FFE0 A/D 
converter 

8 2 

A/D data register AL ADDRAL 8 H'FFE1 A/D 
converter 

8 2 

A/D data register BH ADDRBH 8 H'FFE2 A/D 
converter 

8 2 

A/D data register BL ADDRBL 8 H'FFE3 A/D 
converter 

8 2 

A/D data register CH ADDRCH 8 H'FFE4 A/D 
converter 

8 2 

A/D data register CL ADDRCL 8 H'FFE5 A/D 
converter 

8 2 

A/D data register DH ADDRDH 8 H'FFE6 A/D 
converter 

8 2 

A/D data register DL ADDRDL 8 H'FFE7 A/D 
converter 

8 2 

A/D control/status register ADCSR 8 H'FFE8 A/D 
converter 

8 2 

A/D control register ADCR 8 H'FFE9 A/D 
converter 

8 2 

Timer control/status register_1 TCSR_1 8 H'FFEA WDT_1 8 2 

Timer counter_1 TCNT_1 8 H'FFEA 
(write) 

WDT_1 8 2 
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Register 

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module 

P5DDR — — — — — P52DDR P51DDR P50DDR 

P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR 

P5DR — — — — — P52DR P51DR P50DR 

P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR P60DR 

PBODR PB7ODR PB6ODR PB5ODR PB4ODR PB3ODR PB2ODR PB1ODR PB0ODR 

PBPIN PB7PIN PB6PIN PB5PIN PB4PIN PB3PIN PB2PIN PB1PIN PB0PIN 

P8DDR — P86DDR P85DDR P84DDR P83DDR P82DDR P81DDR P80DDR 

P7PIN P77PIN P76PIN P75PIN P74PIN P73PIN P72PIN P71PIN P70PIN 

PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PB0DDR 

P8DR — P86DR P85DR P84DR P83DR P82DR P81DR P80DR 

P9DDR P97DDR P96DDR P95DDR P94DDR P93DDR P92DDR P91DDR P90DDR 

P9DR P97DR P96DR P95DR P94DR P93DR P92DR P91DR P90DR 

PORT 

IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQ0E INT 

STCR IICS — — IICE FLSHE — ICKS1 ICKS0 

SYSCR — IOSE INTM1 INTM0 XRST NMIEG HIE RAME 

MDCR EXPE — — — — — MDS1 MDS0 

SYSTEM

BCR — ICIS0 BRSTRM BRSTS1 BRSTS0 — IOS1 IOS0 

WSCR — — ABW AST WMS1 WMS0 WC1 WC0 

BSC 

TCR_0 CMIEB CMIEA OVIE CCLR1 CCLR0 CKS2 CKS1 CKS0 

TCR_1 CMIEB CMIEA OVIE CCLR1 CCLR0 CKS2 CKS1 CKS0 

TCSR_0 CMFB CMFA OVF ADTE OS3 OS2 OS1 OS0 

TCSR_1 CMFB CMFA OVF — OS3 OS2 OS1 OS0 

TCORA_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCORA_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCORB_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCORB_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCNT_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCNT_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TMR_0, 

TMR_1 

SMR_0 C/A  CHR  PE O/E  STOP  MP  CKS1  CKS0  

BRR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

SCI_0 
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Register 

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module 

SCR_0 TIE RIE TE RE MPIE TEIE  CKE1  CKE0  

TDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

SSR_0 TDRE RDRF  ORER  FER  PER  TEND  MPB  MPBT  

RDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

SCMR_0 — — — — SDIR SINV — SMIF 

SCI_0 

ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

ADDRAL AD1 AD0 — — — — — — 

ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

ADDRBL AD1 AD0 — — — — — — 

ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

ADDRCL AD1 AD0 — — — — — — 

ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 

ADDRDL AD1 AD0 — — — — — — 

ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CH0 

ADCR TRGS1 TRGS0 — — — — — — 

A/D 

converter

 

TCSR_1 OVF WT/IT TME PSS RST/NMI CKS2 CKS1 CKS0 

TCNT_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

WDT_1 

TCR_Y CMIEB CMIEA OVIE CCLR1 CCLR0 CKS2 CKS1 CKS0 TMR_Y 

KMIMR KMIMR7 KMIMR6 KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMR0 INT 

TCSR_Y CMFB CMFA OVF ICIE OS3 OS2 OS1 OS0 TMR_Y 

KMPCR KMIMR7 KMIMR6 KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMR0 PORT 

TCORA_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y 

KMIMRA KMIMR15 KMIMR14 KMIMR13 KMIMR12 KMIMR11 KMIMR10 KMIMR9 KMIMR8 INT 

TCORB_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TCNT_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

TISR — — — — — — — IS 

TMR_Y 

DADR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

DADR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

DACR DAOE1 DAOE0 DAE — — — — — 

D/A 

converter
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Clock Timing: Table 20.5 shows the clock timing. The clock timing specified here covers clock 
(φ) output and oscillation stabilization times of the clock pulse generator (crystal) and external 
clock input (the EXTAL pin). For details on external clock input (the EXTAL pin and EXCL pin) 
timing, see section 17, Clock Pulse Generator. 

Table 20.5 Clock Timing 

Condition A: VCC = 5.0 V ±10%, VCCB = 5.0 V ±10%, VSS = 0 V, φ = 2 MHz to maximum 
operating frequency, Ta = –20 to +75°C (General specifications), Ta = –40 to +85°C 
(Wide temperature range specifications) 

Condition B: VCC = 4.0 V to 5.5 V, VCCB = 4.0 V to 5.5 V, VSS = 0 V, φ = 2 MHz to maximum 
operating frequency, Ta = –20 to +75°C (General specifications), Ta = –40 to +85°C 
(Wide temperature range specifications) 

Condition B Condition A 

16 MHz 20 MHz 

Item Symbol Min. Max. Min. Max. Unit Reference 

Clock cycle time tcyc 62.5 500 50 500 ns Figure 20.4 

Clock high pulse width tCH 20 — 17 — ns 

Clock low pulse width tCL 20 — 17 — ns 

Clock rising time tCr — 10 — 8 ns 

Clock falling time tCf — 10 — 8 ns 

Figure 20.4 

Oscillation stabilization time at reset 
(crystal) 

tOSC1 10 — 10 — ms Figure 20.5 

Oscillation stabilization time at 
leaving software standby (crystal) 

tOSC2 8 — 8 — ms 

External clock output stabilization 
delay time 

tDEXT 500 — 500 — µs 

Figure 20.6 

 

tCH

tcyc

tCf

tCL tCr

φ

 

Figure 20.4   System Clock Timing 
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20.1.5 D/A Conversion Characteristics 

Table 20.11 lists the D/A conversion characteristics. 

Table 20.11 D/A Conversion Characteristics 

Condition A: VCC = 5.0 V ±10%, AVCC = 5.0 V ±10%, AVref = 4.5 V to AVCC,  
VSS = AVSS = 0 V, φ = 2 MHz to maximum operating frequency,  
Ta = –20 to +75°C (General specifications), Ta = –40 to +85°C (Wide temperature 
range specifications) 

Condition B: VCC = 4.0 V to 5.5 V, AVCC = 4.0 V to 5.5 V, AVref = 4.0 V to AVCC,  
VSS = AVSS = 0 V, φ = 2 MHz to maximum operating frequency,  
Ta = –20 to +75°C (General specifications), Ta = –40 to +85°C (Wide temperature 
range specifications) 

Condition B Condition A 

16 MHz 20 MHz 

Item Min. Typ. Max. Min. Typ. Max. Unit 

Resolution 8 8 bits 

Conversion time With 20 pF load capacitance — — 10 — — 10 µs 

With 2 MΩ load resistance — ±1.0 ±1.5 — ±1.0 ±1.5 Absolute accuracy 

With 4 MΩ load resistance — — ±1.0 — — ±1.0 

LSB 
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Item Symbol Min. Typ. Max. Unit 
Test 
Conditions 

During A/D conversion — 0.5 1.0 

During A/D, D/A 
conversion 

— 2.0 5.0 

mA  Reference 
power 
supply 
current*4 

Idle 

Alref 

— 0.01 5.0 µA  

4.5 — 5.5 Operating Analog power supply voltage*1 AVCC 

2.0 — 5.5 

V 

Idle/not 
used 

RAM standby voltage VRAM 2.0 — — V  

Notes: 1. Do not leave the AVCC and AVSS pins open even if the A/D converter and D/A converter 
are not used. 

  Even if the A/D converter and D/A converter are not used, apply a voltage in the range 
from 2.0 V to 5.5 V by connecting the AVCC pin to the power supply (VCC), or some other 
method. 

 2. Current consumption values are for VIH min. = VCC – 0.2 V and VIL max. = 0.2 V with all 
output pins unloaded and the on-chip pull-up MOSs disabled. 

 3. The values are for VRAM ≤ VCC < 4.5 V, VIH min. = VCC– 0.2 V and  
VIL max. = 0.2 V. 

 4. The reference power supply current (Alref) is added to the analog power supply current 
(AlCC). 

 


