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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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• Transmitting Serial Data (Asynchronous Mode) 

Figure 16.4 shows a sample flowchart for serial transmission. Use the following procedure for 
serial data transmission after enabling the SCI for transmission. 

Start of transmission

Read TDRE flag in SCSSR

TDRE = 1?

Write transmit data in SCTDR
and clear TDRE bit in SCSSR to 0

All data transmitted?

Read TEND flag in SCSSR

TEND = 1?

Break output?

Clear SPB0DT bit to 0

Clear TE bit in SCSCR to 0

End of transmission

No

Yes

No

Yes

No

Yes

No

Yes

[1] SCI status check and transmit data 
write: 

 Read SCSSR and check that the 
TDRE flag is set to 1, then write 
transmit data to SCTDR, and clear 
the TDRE flag to 0.

[2] Serial transmission continuation 
procedure: 

 To continue serial transmission, read 
1 from the TDRE flag to confirm that 
writing is possible, then write data to 
SCTDR, and then clear the TDRE 
flag to 0.

 When the DTC is activated by a 
transmit data empty interrupt (TXI) 
request to write data to SCTDR, 
clearing of the TDRE flag is automatic 
except when the transfer counter = 0 
or DISEL = 1 as shown in the 
flowchart of DTC operation in section 
8, Data Transfer Controller (DTC).

 When the transfer counter = 0 or 
DISEL = 1, clear the TDRE flag in the 
interrupt handling routine.

[3] Break output at the end of serial 
transmission:

 To output a break in serial 
transmission, clear the SPB0DT bit to 
0 and set the SPB0IO bit to 1 in 
SCSPTR, then clear the TE bit in 
SCSCR to 0.

 

Figure 16.4   Sample Flowchart for Transmitting Serial Data 
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  001 010 011 100 101 110 111 TSG2 

  2 3 4 5 6 7 8 TSEG2 

TSG1 TSEG1         

0011 4 No 1-3 No No No No No  

0100 5 1-2 1-3 1-4 No No No No  

0101 6 1-2 1-3 1-4 1-4 No No No  

0110 7 1-2 1-3 1-4 1-4 1-4 No No  

0111 8 1-2 1-3 1-4 1-4 1-4 1-4 No  

1000 9 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1001 10 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1010 11 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1011 12 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1100 13 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1101 14 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1110 15 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

1111 16 1-2 1-3 1-4 1-4 1-4 1-4 1-4  

 

Example 1: To have a Bit rate of 500 Kbps with a frequency of fclk = 40 MHz it is possible to set: 
BRP = 43, TSEG1 = 6, TSEG2 = 3. 

Then the configuration to write is BCR1 = 5200 and BCR0 = 0003. 

Example 2: To have a Bit rate of 250 Kps with a frequency of 35 MHz it is possible to set:  
BPR = 4, TSEG1 = 8, TSEG2 = 5. 

Then the configuration to write is BCR1 = 7400 and BCR0 = 0004. 
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Port A of SH7285 is an I/O port with 17 pins shown in figure 24.2. 

PA23 (I/O) / CKE (output) / TIC5W (input) / POE0 (input) / IRQ1 (input) / AH (output) 

PA22 (I/O) / CASL (output) / TIC5V (input) / POE4 (input) / IRQ2 (input) / CASU (output) 

PA21 (I/O) / RASL (output) / TIC5U (input) / POE8 (input) / IRQ3 (input) / RASU (output) 

PA15 (I/O) / CK (output) 

PA14 (I/O) / RD (output) 

PA13 (I/O) / WRL (output) / DQMLL (output) 

PA12 (I/O) / WRH (output) / DQMLU (output) / POE8 (input) 

PA9 (I/O) / CKE (output) / TCLKD (input) / RXD3 (input) 

PA8 (I/O) / TCLKC (input) / TXD3 (output) / RDWR (output) 

PA7 (I/O) / CASL (output) / TCLKB (input) / SCK3 (I/O) 

PA6 (I/O) / RASL (output) / TCLKA (input) 

PA5 (I/O) / SCK1 (I/O) / SSCK (I/O) / CS5 (output) 

PA4 (I/O) / TXD1 (output) / SSO (I/O) / CS4 (output) / TRST (input) 

PA3 (I/O) / RXD1 (input) / SSI (I/O) / CS3 (output) / TMS (input) 

PA2 (I/O) / SCK0 (I/O) / SCS (I/O) / CS2 (output) / TCK (input) 

PA1 (I/O) / TXD0 (output) / CS1 (output) / TDO (output) 

PA0 (I/O) / RXD0 (input) / CS0 (output) / TDI (input) 

Port A

 

Figure 24.2   Port A (SH7285) 
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19.5 Interrupt Requests 

There are six interrupt requests in this module; transmit data empty, transmit end, receive data full, 
NACK detection, STOP recognition, and arbitration lost/overrun error. Table 19.4 shows the 
contents of each interrupt request. 

Table 19.4 Interrupt Requests 

Interrupt Request Abbreviation Interrupt Condition 
I2C Bus 
Format 

Clocked Synchronous 
Serial Format 

Transmit data Empty TXI (TDRE = 1) • (TIE = 1) √ √ 

Transmit end TEI (TEND = 1) • (TEIE = 1) √ √ 

Receive data full RXI (RDRF = 1) • (RIE = 1) √ √ 

STOP recognition STPI (STOP = 1) • (STIE = 1) √ ⎯ 

NACK detection √ ⎯ 

Arbitration lost/ 
overrun error 

NAKI {(NACKF = 1) + (AL = 1)} • 
(NAKIE = 1) √ √ 

 

When the interrupt condition described in table 19.4 is 1, the CPU executes an interrupt exception 
handling. Note that a TXI or RXI interrupt can activate the DMAC or DTC if the setting for 
DMAC or DTC activation has been made. In such a case, an interrupt request is not sent to the 
CPU. In cases other than data transfer by the DMAC or DTC, interrupt sources should be cleared 
in the exception handling. The TDRE and TEND bits are automatically cleared to 0 by writing the 
transmit data to ICDRT. The RDRF bit is automatically cleared to 0 by reading ICDRR. The 
TDRE bit is set to 1 again at the same time when the transmit data is written to ICDRT. Therefore, 
when the TDRE bit is cleared to 0, then an excessive data of one byte may be transmitted. 
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Bit 4 - Receive Error Counter Warning Interrupt Flag (IRR4): This bit becomes set if the 
receive error counter (REC) reaches a value greater than 95 when RCAN-ET is not in the Bus Off 
status. The interrupt is reset by writing a '1' to this bit position, writing '0' has no effect. 

Bit 4: IRR4 Description 

0 [Clearing condition] Writing 1 (Initial value) 

1 Error warning state caused by receive error 

[Setting condition] When REC ≥ 96 and RCAN-ET is not in Bus Off 

 

Bit 3 - Transmit Error Counter Warning Interrupt Flag (IRR3): This bit becomes set if the 
transmit error counter (TEC) reaches a value greater than 95. The interrupt is reset by writing a '1' 
to this bit position, writing '0' has no effect. 

Bit 3: IRR3 Description 

0 [Clearing condition] Writing 1 (Initial value) 

1 Error warning state caused by transmit error 

[Setting condition] When TEC ≥ 96 

 

Bit 2 - Remote Frame Request Interrupt Flag (IRR2): flag indicating that a remote frame has 
been received in a mailbox. This bit is set if at least one receive mailbox, with related MBIMR not 
set, contains a remote frame transmission request. This bit is automatically cleared when all bits in 
the Remote Frame Receive Pending Register (RFPR), are cleared. It is also cleared by writing a '1' 
to all the correspondent bit position in MBIMR. Writing to this bit has no effect. 

Bit 2: IRR2 Description 

0 [Clearing condition] Clearing of all bits in RFPR (Initial value) 

1 at least one remote request is pending 

[Setting condition] When remote frame is received and the corresponding 
MBIMR = 0 

 

Bit 1 – Data Frame Received Interrupt Flag (IRR1): IRR1 indicates that there are pending Data 
Frames received. If this bit is set at least one receive mailbox contains a pending message. This bit 
is cleared when all bits in the Data Frame Receive Pending Register (RXPR) are cleared, i.e. there 
is no pending message in any receiving mailbox. It is in effect a logical OR of the RXPR flags 
from each configured receive mailbox with related MBIMR not set. It is also cleared by writing a 
'1' to all the correspondent bit position in MBIMR. Writing to this bit has no effect. 



 
Section 23   Pin Function Controller (PFC) 

R01UH0229EJ0300  Rev.3.00   Page 1233 of 1778 
Mar 23, 2011   

 
SH7280 Group, SH7243 Group  

• Port D Control Register L2 (PDCRL2) 

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

Initial value:
R/W:

0 0 0 0* 0 0 0 0* 0 0 0 0* 0 0 0 0*
R R/W R/W R/W R R/W R/W R/W R R/W R/W R/W R R/W R/W R/W

- - - -PD6MD[2:0] PD5MD[2:0]PD7MD[2:0] PD4MD[2:0]

Note:  *  The initial value is 1 during  the on-chip ROM disabled external extension mode.  
 

Bit Bit Name 
Initial 
Value R/W Description 

15 ⎯ 0 R Reserved 

This bit is always read as 0. The write value should 
always be 0. 

14 to 12 PD7MD[2:0] 000* R/W PD7 Mode 

Select the function of the PD7/D7/TIC5WS pin.  

000: PD7 I/O (port) 

001: D7 I/O (BSC) 

010: Setting prohibited 

011: Setting prohibited 

100: TIC5WS input (MTU2S) 

101: Setting prohibited 

110: Setting prohibited 

111: Setting prohibited 

11 ⎯ 0 R Reserved 

This bit is always read as 0. The write value should 
always be 0. 

10 to 8 PD6MD[2:0] 000* R/W PD6 Mode 

Select the function of the PD6/D6/TIC5VS pin.  

000: PD6 I/O (port) 

001: D6 I/O (BSC) 

010: Setting prohibited 

011: Setting prohibited 

100: TIC5VS input (MTU2S) 

101: Setting prohibited 

110: Setting prohibited 

111: Setting prohibited 
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(2) Programming/Erasing Initialization 

The on-chip programming/erasing program to be downloaded includes the initialization program. 

The specified period pulse must be applied when programming or erasing. The specified pulse 
width is made by the method in which wait loop is configured by the CPU instruction. The 
operating frequency of the CPU must be set. Since the user branch function is supported, the user 
branch destination address must be set. 

The initial program is set as a parameter of the programming/erasing program which has 
downloaded these settings. 

(2.1) Flash Programming/Erasing Frequency Parameter (FPEFEQ: General Register R4 of 
CPU) 

This parameter sets the operating frequency of the CPU. 

For the operating frequency of this LSI, see section 31.3.1, Clock Timing. 

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

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

- - - - - - - - - - - - - - - -

F15 F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 F0

 
 



 
Section 26   Flash Memory (ROM) 

R01UH0229EJ0300  Rev.3.00   Page 1447 of 1778 
Mar 23, 2011   

 
SH7280 Group, SH7243 Group  

(2) State Transitions 

State transitions that can follow booting-up in USB boot mode are shown in figure 26.10. 

Initiation in boot mode
(reset in boot mode)

Erasure of
whole user mat

Enumeration

Waiting for inquiry-setting
commands

Waiting for programming
and erasure commands

Execution of inquiry-setting
command processing

Execution of READ, CHECK
command processing

Reception of READ, CHECK, etc. commands

Erase-block contains data.

Waiting for data
to be programmed

Reception of H'55

Reception of inquiry command

Response to inquiry command

Response to command

(Reception of
erasure-selection command)

(Reception of programming-selection command)

(Reception of data to be programmed)

(Erasure complete)
(Programming
complete)

1.

2.

3.

4.

 

Figure 26.10   USB Boot Mode 
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Module 
Name 

Register 
Abbreviation 

Bit 
31/23/15/7 

Bit 
30/22/14/6

Bit 
29/21/13/5

Bit 
28/20/12/4

Bit 
27/19/11/3

Bit 
26/18/10/2

Bit 
25/17/9/1 

Bit 
24/16/8/0 

        TGRV_5S  

        

        TGRW_5S 

        

TCNTCMPCLRS — — — — — CMPCLR5U CMPCLR5V CMPCLR5W 

TSTRS CST4 CST3 — — — CST2 CST1 CST0 

TSYRS SYNC4 SYNC3 — — — SYNC2 SYNC1 SYNC0 

TRWERS — — — — — — — RWE 

TOERS — — OE4D OE4C OE3D OE4B OE4A OE3B 

TOCR1S — PSYE — — TOCL TOCS OLSN OLSP 

TOCR2S BF[1:0] OLS3N OLS3P OLS2N OLS2P OLS1N OLS1P 

TGCRS — BDC N P FB WF VF UF 

        TCDRS 

        

        TDDRS 

        

        TCNTSS 

        

        TCBRS 

        

TITCRS T3AEN 3ACOR[2:0] T4VEN 4VCOR[2:0] 

TITCNTS — 3ACNT[2:0] — 4VCNT[2:0] 

TBTERS — — — — — — BTE[1:0] 

TDERS — — — — — — — TDER 

TSYCRS CE0A CE0B CE0C CE0D CE1A CE1B CE2A CE2B 

TWCRS CCE — — — — — SCC WRE 

MTU2S 

TOLBRS — — OLS3N OLS3P OLS2N OLS2P OLS1N OLS1P 

POE3F POE2F POE1F POE0F — — — PIE1 ICSR1 

POE3M[1:0] POE2M[1:0] POE1M[1:0] POE0M[1:0] 

OSF1 — — — — — OCE1 OIE1 OCSR1 

— — — — — — — — 

POE7F POE6F POE5F POE4F — — — PIE2 ICSR2 

POE7M[1:0] POE6M[1:0] POE5M[1:0] POE4M[1:0] 

OSF2 — — — — — OCE2 OIE2 OCSR2 

— — — — — — — — 

— — — POE8F — — POE8E PIE3 

POE2 

ICSR3 

— — — — — — POE8M[1:0] 


