
Renesas Electronics America Inc - UPD78F9210MA-FAA-AX Datasheet

Welcome to E-XFL.COM

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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3.3.4  Register addressing 

 

[Function] 

The register pair (AX) contents to be specified with an instruction word are transferred to the program counter 

(PC) to branch. 

This function is carried out when the BR AX instruction is executed. 

 

[Illustration] 

 
7 0

rp

0 7

A X

15 0

PC

8 7
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Caution 6. When TOE00 is 0, set TOE00, LVS00, and LVR00 at the same time with the 8-bit memory 

manipulation instruction.  When TOE00 is 1, LVS00 and LVR00 can be set with the 1-bit 

memory manipulation instruction. 

 

 (4) Prescaler mode register 00 (PRM00) 

This register is used to set the 16-bit timer counter 00 (TM00) count clock and the TI000, TI010 pin input valid 

edges. 

PRM00 is set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation sets the value of PRM00 to 00H. 

 

Figure 6-8.  Format of Prescaler Mode Register 00 (PRM00) 

 

Address: FF61H After reset: 00H R/W      

Symbol 7 6 5 4 3 2 1 0 

PRM00 ES110 ES100 ES010 ES000 0 0 PRM001 PRM000 

         

 ES110 ES100 TI010 pin valid edge selection 

 0 0 Falling edge 

 0 1 Rising edge 

 1 0 Setting prohibited 

 1 1 Both falling and rising edges 

         

 ES010 ES000 TI000 pin valid edge selection 

 0 0 Falling edge 

 0 1 Rising edge 

 1 0 Setting prohibited 

 1 1 Both falling and rising edges 

         

 PRM001 PRM000 Count clock selection 

 0 0 fXP (10 MHz) 

 0 1 fXP/22 (2.5 MHz) 

 1 0 fXP/28 (39.06 kHz) 

 1 1 TI000 pin valid edgeNote 

 

Remarks 1. fXP: Oscillation frequency of clock supplied to peripheral hardware 

 2. ( ):  fXP = 10 MHz 
 

Note The external clock requires a pulse longer than two cycles of the internal count clock (fXP). 
 

Cautions 1. Always set data to PRM00 after stopping the timer operation. 

 2. If the valid edge of the TI000 pin is to be set as the count clock, do not set the clear/start 

mode and the capture trigger at the valid edge of the TI000 pin. 
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Figure 6-30.  Control Register Settings for PPG Output Operation 

 

(a)  Capture/compare control register 00 (CRC00) 
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CR000 used as compare register

CR010 used as compare register 
 

(b)  16-bit timer output control register 00 (TOC00) 

 
7

0

OSPT00

0

OSPE00

0

TOC004

1

LVS00

0/1

LVR00

0/1

TOC001

1

TOE00

1TOC00

Enables TO00 output.

Inverts output on match between TM00 and CR000.

Specifies initial value of TO00 output F/F (setting "11" is prohibited).

Inverts output on match between TM00 and CR010.

Disables one-shot pulse output.  
 

(c)  Prescaler mode register 00 (PRM00) 

 
ES110

0/1

ES100

0/1

ES010

0/1

ES000

0/1

3

0

2

0

PRM001

0/1

PRM000
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Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.) 
 

(d)  16-bit timer mode control register 00 (TMC00) 
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0
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0
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0
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TMC003
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TMC002
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TMC001

0

OVF00

0TMC00

Clears and starts on match between TM00 and CR000. 
 

Cautions 1. Values in the following range should be set to CR000 and CR010: 

  0000H < CR010 < CR000 ≤ FFFFH 

 2. The cycle of the pulse generated through PPG output (CR000 setting value + 1) has a duty of 

(CR010 setting value + 1)/(CR000 setting value + 1). 

 

Remark ×:  Don’t care 
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8.4 Operation of Watchdog Timer  
 

8.4.1 Watchdog timer operation when “low-speed internal oscillator cannot be stopped” is selected by 

option byte 

The operation clock of watchdog timer is fixed to low-speed internal oscillation clock. 

After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCS0) of 

the watchdog timer mode register (WDTM) = 1, 1, 1).  The watchdog timer operation cannot be stopped. 

 

The following shows the watchdog timer operation after reset release. 

 

1. The status after reset release is as follows. 

 • Operation clock:  Low-speed internal oscillation clock 

 • Cycle:  218/fRL (546.13 ms: At operation with fRL = 480 kHz (MAX.)) 

 • Counting starts 

2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation 

instructionNotes 1, 2. 

 • Cycle:  Set using bits 2 to 0 (WDCS2 to WDCS0) 

3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting. 

 

Notes 1. The operation clock (low-speed internal oscillation clock) cannot be changed.  If any value is written to 

bits 3 and 4 (WDCS3, WDCS4) of WDTM, it is ignored. 

 2. As soon as WDTM is written, the counter of the watchdog timer is cleared. 

 

Caution In this mode, operation of the watchdog timer cannot be stopped even during STOP instruction 

execution.  For 8-bit timer H1 (TMH1), a division of the low-speed internal oscillation clock can be 

selected as the count source, so clear the watchdog timer using the interrupt request of TMH1 

before the watchdog timer overflows after STOP instruction execution.  If this processing is not 

performed, an internal reset signal is generated when the watchdog timer overflows after STOP 

instruction execution. 

 

A status transition diagram is shown below 
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(5) Successive approximation register (SAR) 

This register compares the sampled analog voltage and the voltage of the D/A converter, and converts the result, 

starting from the most significant bit (MSB). 

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D 

conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR). 

 

(6) 10-bit A/D conversion result register (ADCR) 

The result of A/D conversion is loaded from the successive approximation register to this register each time A/D 

conversion is completed, and the ADCR register holds the result of A/D conversion in its lower 10 bits (the higher 

6 bits are fixed to 0). 

 

(7) 8-bit A/D conversion result register (ADCRH) 

The result of A/D conversion is loaded from the successive approximation register to this register each time A/D 

conversion is completed, and the ADCRH register holds the result of A/D conversion in its higher 8 bits. 

 

(8) Controller 

When A/D conversion has been completed, INTAD is generated. 

 

(9) VDD pin 

This is the positive power supply pin. 

In the 78K0S/KY1+, VDD functions alternately as the A/D converter reference voltage input.  When using the A/D 

converter, stabilize VDD at the supply voltage used (2.7 to 5.5 V). 

 

(10) VSS pin 

This is the ground potential pin.  

In the 78K0S/KY1+, VSS functions alternately as the ground potential of the A/D converter.  Be sure to connect 

VSS to a stabilized GND (= 0 V). 

 

(11) A/D converter mode register (ADM) 

This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the 

conversion operation. 

 

(12) Analog input channel specification register (ADS) 

This register is used to specify the port that inputs the analog voltage to be converted into a digital signal. 

 

(13) Port mode control register 2 (PMC2) 

This register is used when the P20/ANI0/TI000/TOH1, P21/ANI1/TI010/TO00/INTP0, P22/ANI2, and P23/ANI3 

pins are used as the analog input pins of the A/D converter. 
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Figure 12-3.  Timing of Reset by Overflow of Watchdog Timer 
 

<1> With high-speed internal oscillation clock or external clock input 

 

Hi-ZPort pin

Normal operation
in progressCPU clock

Reset period
 (oscillation stops)

Normal operation (reset processing, CPU clock)

Internal reset signal

High-speed internal oscillation clock or
external clock input

Operation stops because option 
byte is referencedNote.Watchdog overflow

 
 

Note The operation stop time is 277 μs (MIN.), 544 μs (TYP.), and 1.075 ms (MAX.). 

 

Caution The watchdog timer is also reset in the case of an internal reset of the watchdog timer. 

 

<2> With crystal/ceramic oscillation clock 

 

Hi-ZPort pin

Normal operation
in progress

Reset period
 (oscillation stops)

Oscillation stabilization 
time (210/fX to 217/fX)

Normal operation
(reset processing, CPU clock)

Internal reset signal

Crystal/ceramic
 oscillation clock

Operation stops because option 
byte is referencedNote.

CPU clock

Watchdog overflow

 
 

Note The operation stop time is 276 μs (MIN.), 544 μs (TYP.), and 1.074 ms (MAX.). 

 

Caution The watchdog timer is also reset in the case of an internal reset of the watchdog timer. 

 

Remark fX:  System clock oscillation frequency 

 



CHAPTER  12   RESET  FUNCTION 

User’s Manual  U16994EJ6V0UD 201

Figure 12-4.  Reset Timing by RESET Input in STOP Mode 
 

<1> With high-speed internal oscillation clock or external clock input 

 

Hi-Z

RESET

Port pin

Delay

Normal
operation

in progress
CPU clock

Reset period
 (oscillation stops)

Normal operation (reset processing, CPU clock)

Internal reset signal

High-speed internal oscillation clock or
external clock input

Delay

Operation stops because option 
byte is referencedNote.

Stop status
 (oscillation stops)

STOP instruction is executed.

100 ns (TYP.) 100 ns (TYP.)

 
 

Note The operation stop time is 277 μs (MIN.), 544 μs (TYP.), and 1.075 ms (MAX.). 

 

<2> With crystal/ceramic oscillation clock 

 

Hi-Z

RESET

Port pin

Delay

Normal
operation

in progress
CPU clock Normal operation 

(reset processing, CPU clock)

Internal reset signal

Crystal/ceramic
 oscillation clock

Delay

Operation stops because option 
byte is referencedNote.

Reset period
 (oscillation stops)

Stop status
 (oscillation stops)

STOP instruction is executed.

Oscillation stabilization 
time (210/fX to 217/fX)

100 ns (TYP.) 100 ns (TYP.)

 
 

Note The operation stop time is 276 μs (MIN.), 544 μs (TYP.), and 1.074 ms (MAX.). 

 

Remarks 1. For the reset timing of the power-on-clear circuit and low-voltage detector, refer to CHAPTER 13 

POWER-ON-CLEAR CIRCUIT and CHAPTER 14 LOW-VOLTAGE DETECTOR. 

2. fX:  System clock oscillation frequency 
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Figure 14-5.  Timing of Low-Voltage Detector Interrupt Signal Generation 

 

<2>

<1>
Note 1

<3>

<5>
Note 2

Note 2

Supply voltage (VDD)

LVI detection voltage
(VLVI)

POC detection voltage
(VPOC)

LVIF flag

INTLVI

LVIIF flag

Internal reset signal

LVIMK flag
(set by software)

LVION flag
(set by software)

Time

<6>
Cleared by software

<7> Cleared by software

<4> 0.2 ms or longer

Note 2

 
 

Notes 1. The LVIMK flag is set to “1” by reset signal generation. 

 2. An interrupt request signal (INTLVI) may be generated, and the LVIF and LVIIF flags may be set to 1. 

 
Remark <1> to <7> in Figure 14-5 above correspond to <1> to <7> in the description of “when starting operation” 

in 14.4 (2) When used as interrupt. 
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15.2  Format of Option Byte 
 

 Format of option bytes is shown below. 

 

Figure 15-2.  Format of Option Byte (1/2) 

 

 Address: 0080H 

 7 6 5 4 3 2 1 0 

 1 DEFOSTS1 DEFOSTS0 1 RMCE OSCSEL1 OSCSEL0 LIOCP 

 

DEFOSTS1 DEFOSTS0 Oscillation stabilization time on power application or after reset release 

0 0 210/fx (102.4 μs) 

0 1 212/fx (409.6 μs) 

1 0 215/fx (3.27 ms) 

1 1 217/fx (13.1 ms) 

Caution The setting of this option is valid only when the crystal/ceramic oscillation clock is selected 

as the system clock source.  No wait time elapses if the high-speed internal oscillation clock 

or external clock input is selected as the system clock source.   

 

RMCE Control of RESET pin 

1 RESET pin is used as is. 

0 RESET pin is used as input port pin (P34). 

Caution Because the option byte is referenced after reset release, if a low level is input to the RESET 

pin before the option byte is referenced, then the reset state is not released. 

Also, when setting 0 to RMCE, connect the pull-up resistor. 

 

OSCSEL1 OSCSEL0 Selection of system clock source 

0 0 Crystal/ceramic oscillation clock 

0 1 External clock input 

1 × High-speed internal oscillation clock 

Caution Because the X1 and X2 pins are also used as the P23/ANI3Note and P22/ANI2Note pins, the 

conditions under which the X1 and X2 pins can be used differ depending on the selected 

system clock source. 

(1) Crystal/ceramic oscillation clock is selected 

The X1 and X2 pins cannot be used as I/O port pins or analog input pins of A/D  

converterNote because they are used as clock input pins. 

(2) External clock input is selected 

Because the X1 pin is used as an external clock input pin, P23/ANI3Note cannot be used as 

an I/O port pin or an analog input pin of A/D converterNote. 

(3) High-speed internal oscillation clock is selected 

P23/ANI3Note and P22/ANI2Note pins can be used as I/O port pins or analog input pins of 

A/D converterNote. 

 

Note μPD78F921x only 

 

Remark × : don’t care 

<R>
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CHAPTER  16   FLASH  MEMORY 
 

 

16.1  Features 
 

The internal flash memory of the 78K0S/KY1+ has the following features. 

 

 Erase/write even without preparing a separate dedicated power supply 

 Capacity: 1/2/4 KB 

 • Erase unit: 1 block (256 bytes) 

 • Write unit:  1 block (at on-board/off-board programming time), 1 byte (at self programming time) 

 Rewriting method 

 • Rewriting by communication with dedicated flash memory programmer (on-board/off-board programming) 

 • Rewriting flash memory by user program (self programming) 

 Supports rewriting of the flash memory at on-board/off-board programming time through security functions 

 Supports security functions in block units at self programming time through protect bytes 
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16.8.5  Example of shifting self programming mode to normal mode 

The operating mode must be returned from self programming mode to normal mode after performing self 

programming. 

An example of shifting to normal mode is explained below. 

 

<1> Clear FLCMD (FLCMD = 00H). 

<2>  Clear the flash status register (PFS). 

<3>  Set normal mode using a specific sequence. 

•  Write the specific value (A5H) to PFCMD. 

•  Write 00H to FLPMC (writing in this step is invalid) 

•  Write 0FFH (inverted value of 00H) to FLPMC (writing in this step is invalid) 

•  Write 00H to FLPMC (writing in this step is valid) 

<4>  Check the execution result of the specific sequence using bit 0 (FPRERR) of PFSNote. 

Abnormal → <2>, normal → <5> 

<5>  Enable interrupt servicing (by executing the EI instruction and changing MK0) to restore the original state. 

<6>  Mode shift is completed 

 

Note Restore the CPU clock to its setting before self programming, after normal completion of the specific 

sequence. 

 

Caution Be sure to perform the series of operations described above using the user program at an 

address where data is not erased or written. 
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An example of a program when the command execution time (from write to internal verify) should be minimized in 

self programming mode is shown below. 

 

;--------------------------------------------------------------------- 

;START 

;--------------------------------------------------------------------- 

 MOV  MK0,#11111111B  ; Masks all interrupts 

 MOV  FLCMD,#00H ; Clears FLCMD register 

 DI 

 

ModeOnLoop:  ; Configure settings so that the CPU clock ≥ 1 MHz 

 MOV  PFS,#00H ; Clears flash status register 

 MOV  PFCMD,#0A5H  ; PFCMD register control 

 MOV  FLPMC,#01H  ; FLPMC register control (sets value) 

 MOV  FLPMC,#0FEH  ; FLPMC register control (inverts set value) 

 MOV  FLPMC,#01H  ; Sets self programming mode with FLPMC register control  

   ; (sets value) 

 

 NOP  

 HALT 

 BT PFS.0,$ModeOnLoop ; Checks completion of write to specific registers 

    ; Repeats the same processing when an error occurs 

 

FlashWrite: 

 MOVW HL,#DataAdrTop ; Sets address at which data to be written is located 

 MOVW DE,#WriteAdr ; Sets address at which data is to be written 

FlashWriteLoop: 

 MOV  FLCMD,#05H  ; Sets flash control command (byte write) 

 MOV A,D 

 MOV  FLAPH,A  ; Sets address at which data is to be written 

 MOV A,E 

 MOV  FLAPL,A  ; Sets address at which data is to be written 

 MOV A,[HL] 

 MOV  FLW,A ; Sets data to be written 

 

 MOV  WDTE,#0ACH  ; Clears & restarts WDT 

 HALT   ; Self programming is started 

 MOV  A,PFS 

 CMP  A,#00H 

 BNZ $StatusError ; Checks write error 

   ; Performs abnormal termination processing when an error  

   ; occurs. 

 

 INCW HL ; address at which data to be written is located + 1 

 MOVW AX,HL 

 CMPW AX,#DataAdrBtm ; Performs internal verify processing 

 BNC $FlashVerify ; if write of all data is completed 
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 INCW DE ; Address at which data is to be written + 1  

 BR FlashWriteLoop 

 

FlashVerify: 

 MOVW HL,#WriteAdr ; Sets verify address  

 

 MOV  FLCMD,#02H  ; Sets flash control command (internal verify 2) 

 MOV A,H 

 MOV  FLAPH,A ; Sets verify start address 

 MOV A,L 

 MOV  FLAPL,A  ; Sets verify start address 

 MOV A,D 

 MOV  FLAPHC,A  ; Sets verify end address 

 MOV A,E 

 MOV  FLAPLC,A ; Sets verify end address 

 

 MOV  WDTE,#0ACH  ; Clears & restarts WDT 

 HALT   ; Self programming is started 

 MOV  A,PFS 

 CMP  A,#00H 

 BNZ $StatusError ; Checks internal verify error 

   ; Performs abnormal termination processing when an error  

   ; occurs. 

 

 MOV  FLCMD,#00H ; Clears FLCMD register 

ModeOffLoop: 

 MOV  PFS,#00H ; Clears flash status register 

 MOV  PFCMD,#0A5H  ; PFCMD register control 

 MOV  FLPMC,#00H  ; FLPMC register control (sets value) 

 MOV  FLPMC,#0FFH  ; FLPMC register control (inverts set value) 

 MOV  FLPMC,#00H  ; Sets normal mode via FLPMC register control (sets value) 

 

 BT PFS.0,$ModeOffLoop ; Checks completion of write to specific registers 

    ; Repeats the same processing when an error occurs 

    ; Restore the CPU clock to its setting before the self  

    ; programming, after normal completion of the specific  

    ; sequence 

 MOV  MK0,#INT_MK0    ; Restores interrupt mask flag 

  

 EI 

 

 BR StatusNormal 

 

;--------------------------------------------------------------------- 

;END (abnormal termination processing); Perform processing to shift to  

      normal mode in order to return to normal processing 

;--------------------------------------------------------------------- 

StatusError: 
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CHAPTER  18   INSTRUCTION  SET  OVERVIEW 
 

 

This chapter lists the instruction set of the 78K0S/KY1+.  For details of the operation and machine language 

(instruction code) of each instruction, refer to 78K/0S Series Instructions User’s Manual (U11047E). 

 

18.1  Operation 
 

18.1.1  Operand identifiers and description methods 

Operands are described in “Operand” column of each instruction in accordance with the description method of the 

instruction operand identifier (refer to the assembler specifications for details).  When there are two or more 

description methods, select one of them.  Uppercase letters and the symbols #, !, $, and [ ] are key words and are 

described as they are.  Each symbol has the following meaning.  

 

• #: Immediate data specification 

• !: Absolute address specification  

• $: Relative address specification  

• [ ]: Indirect address specification  

 

In the case of immediate data, describe an appropriate numeric value or a label.  When using a label, be sure to 

describe the #, !, $ and [ ] symbols.  

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in 

parentheses in the table below, R0, R1, R2, etc.) can be used for description.  

 

Table 18-1.  Operand Identifiers and Description Methods 

Identifier Description Method 

r 

rp 

sfr 

X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7) 

AX (RP0), BC (RP1), DE (RP2), HL (RP3) 

Special function register symbol 

saddr 

saddrp 

FE20H to FF1FH  Immediate data or labels 

FE20H to FF1FH  Immediate data or labels (even addresses only) 

addr16 

addr5 

0000H to FFFFH  Immediate data or labels (only even addresses for 16-bit data transfer instructions) 

0040H to 007FH  Immediate data or labels (even addresses only) 

word 

byte 

bit 

16-bit immediate data or label  

8-bit immediate data or label  

3-bit immediate data or label 

Remark For symbols of special function registers, see Table 3-3  Special Function Registers. 
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• μ PD78F9210FH-2A2-A, 78F9211FH-2A2-A, 78F9212FH-2A2-A 

 

16-PIN FBGA (WAFER LEVEL BGA) (2.24x1.93)

ITEM DIMENSIONS
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