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78K/0R

16-Bit

20MHz

3-Wire SIO, I2C, LINbus, UART/USART
DMA, LVD, POR, PWM, WDT
50

128KB (128K x 8)

FLASH

8K x 8

1.8V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFBGA
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Notice

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.

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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

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.

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.

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.

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.

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.

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.

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.

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

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.




CHAPTER 3 CPU ARCHITECTURE

Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 007FFH | OOH 10000H to 107FFH | 20H 20000H to 207FFH | 40H 30000H to 307FFH | 60H
00800H to 0OFFFH | 01H 10800H to 10FFFH | 21H 20800H to 20FFFH | 41H 30800H to 30FFFH |61H
01000H to 017FFH | 02H 11000H to 117FFH | 22H 21000H to 217FFH | 42H 31000H to 317FFH | 62H
01800H to 01FFFH | O3H 11800H to 11FFFH | 23H 21800H to 21FFFH | 43H 31800H to 31FFFH | 63H
02000H to 027FFH | 04H 12000H to 127FFH | 24H 22000H to 227FFH | 44H 32000H to 327FFH | 64H
02800H to 02FFFH | 05H 12800H to 12FFFH | 25H 22800H to 22FFFH | 45H 32800H to 32FFFH | 65H
03000H to 037FFH | 06H 13000H to 137FFH | 26H 23000H to 237FFH | 46H 33000H to 337FFH | 66H
03800H to 03FFFH | 07H 13800H to 13FFFH | 27H 23800H to 23FFFH | 47H 33800H to 33FFFH | 67H
04000H to 047FFH | 08H 14000H to 147FFH | 28H 24000H to 247FFH | 48H 34000H to 347FFH | 68H
04800H to 04FFFH | 09H 14800H to 14FFFH | 29H 24800H to 24FFFH | 49H 34800H to 34FFFH | 69H
05000H to 057FFH | OAH 15000H to 157FFH | 2AH 25000H to 257FFH | 4AH 35000H to 357FFH | 6AH
05800H to 05FFFH | OBH 15800H to 15FFFH | 2BH 25800H to 25FFFH | 4BH 35800H to 35FFFH | 6BH
06000H to 067FFH | OCH 16000H to 167FFH | 2CH 26000H to 267FFH | 4CH 36000H to 367FFH | 6CH
06800H to 06FFFH | ODH 16800H to 16FFFH | 2DH 26800H to 26FFFH | 4DH 36800H to 36FFFH | 6DH
07000H to 077FFH | OEH 17000H to 177FFH | 2EH 27000H to 277FFH | 4EH 37000H to 377FFH | 6EH
07800H to 07FFFH | OFH 17800H to 17FFFH | 2FH 27800H to 27FFFH | 4FH 37800H to 37FFFH | 6FH
08000H to 087FFH | 10H 18000H to 187FFH | 30H 28000H to 287FFH | 50H 38000H to 387FFH | 70H
08800H to 08FFFH | 11H 18800H to 18FFFH | 31H 28800H to 28FFFH | 51H 38800H to 38FFFH | 71H
09000H to 097FFH | 12H 19000H to 197FFH | 32H 29000H to 297FFH | 52H 39000H to 397FFH | 72H
09800H to 09FFFH | 13H 19800H to 19FFFH | 33H 29800H to 29FFFH | 53H 39800H to 39FFFH | 73H
0AOO0OH to 0OA7FFH | 14H 1A000H to 1A7FFH | 34H 2A000H to 2A7FFH | 54H 3A000H to 3A7FFH | 74H
0A800H to OAFFFH | 15H 1A800H to 1AFFFH | 35H 2A800H to 2AFFFH | 55H 3A800H to 3AFFFH | 75H
0BOOOH to OB7FFH | 16H 1B0O0OH to 1B7FFH | 36H 2B000H to 2B7FFH | 56H 3B000H to 3B7FFH | 76H
0B80OH to OBFFFH | 17H 1B800H to 1BFFFH | 37H 2B800H to 2BFFFH | 57H 3B800H to 3BFFFH | 77H
0COO0OH to 0C7FFH | 18H 1CO00H to 1C7FFH | 38H 2C000H to 2C7FFH | 58H 3C000H to 3C7FFH | 78H
0C800H to OCFFFH | 19H 1C800H to 1CFFFH | 39H 2C800H to 2CFFFH | 59H 3C800H to 3CFFFH | 79H
ODOOOH to OD7FFH | 1AH 1DO00H to 1D7FFH | 3AH 2D000H to 2D7FFH | 5AH 3D000H to 3D7FFH | 7AH
0D800H to ODFFFH | 1BH 1D800H to 1DFFFH | 3BH 2D800H to 2DFFFH | 5BH 3D800H to 3DFFFH | 7BH
OEOO0O0H to OE7FFH | 1CH 1E000H to 1E7FFH | 3CH 2EO000H to 2E7FFH | 5CH 3EO000H to 3E7FFH | 7CH
OE800H to OEFFFH | 1DH 1E800H to 1EFFFH | 3DH 2E800H to 2EFFFH | 5DH 3E800H to 3EFFFH | 7DH
OFO0O0OH to OF7FFH | 1EH 1FO00H to 1F7FFH | 3EH 2F000H to 2F7FFH | 5EH 3F000H to 3F7FFH | 7EH
OF800H to OFFFFH | 1FH 1F800H to 1FFFFH | 3FH 2F800H to 2FFFFH | 5FH 3F800H to 3FFFFH | 7FH

Remark pPD78F1142, PD78F1142A: Block numbers 00H to 1FH
1PD78F1143, PD78F1143A: Block numbers 00H to 2FH
#PD78F1144, PD78F1144A: Block numbers 00H to 3FH
#PD78F1145, PD78F1145A: Block numbers 00H to 5FH
1PD78F1146, PD78F1146A: Block numbers 00H to 7FH
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CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function
Port functions are controlled by the following six types of registers.

e Port mode registers (PMO to PM7, PM12, PM14)

o Port registers (PO to P7, P12 to P14)

o Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)
e Port input mode register (PIMO)

e Port output mode register (POMO)

e A/D port configuration register (ADPC)

(1) Port mode registers (PMO to PM7, PM12, PM14)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Settings of
Port Mode Register and Output Latch When Using Alternate Function.
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CHAPTER 4 PORT FUNCTIONS

(6) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7 pins to digital I/O of port or analog input of A/D converter.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 10H.

Address: FO017H

Figure 4-33. Format of A/D Port Configuration Register (ADPC)

After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 ADPC4 ADPC3 ‘ ADPC2 ‘ ADPCH ‘ ADPCO
ADPC4 | ADPC3 | ADPC2 | ADPC1 | ADPCO Analog input (A)/digital /O (D) switching
ANI7/ | ANI6/ | ANI5/ | ANI4/ | ANI3/ | ANI2/ | ANI1/ | ANIO/
P27 | P26 | P25 | P24 | P23 | P22 | P21 P20
0 0 0 0 0 A A A A A A A A
0 0 0 0 1 A A A A A A A D
0 0 0 1 0 A A A A A A D D
0 0 0 1 1 A A A A A D D D
0 0 1 0 0 A A A A D D D D
0 0 1 0 1 A A A D D D D D
0 0 1 1 0 A A D D D D D D
0 0 1 1 1 A D D D D D D D
0 1 0 0 0 D D D D D D D D
1 0 0 0 0 D D D D D D D D
Other than above Setting prohibited
Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode registers 2
(PM2).
2. Do not set the pin set by ADPC as digital I/O by analog input channel specification register
(ADS).
3. When using all ANIO/P20 to ANI7/P27 pins as digital I/O (D), the setting can be done by
ADPC4 to ADPCO = either 01000 or 10000.
4. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the
A/D port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as analog inputs,
start designing from P27/ANI7.
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CHAPTER 6 TIMER ARRAY UNIT

(b) Start timing in event counter mode

<1> While TEOn is set to 0, TCRON holds the initial value.
<2> Writing 1 to TSOn sets 1 to TEOn.

<3> As soon as 1 has been written to TSOn and 1 has been set to TEOn, the "TDROnN value" is loaded to
TCRON to start counting.

<4> After that, the TCROn value is counted down according to the count clock.

Figure 6-11. Start Timing (In Event Counter Mode)

e JULTU UL UL L

TSOn (write)

N

TEOn <1> )
—_—<2>

Count clock
TSOn (write) hold signal /

Start trigger detection signal

<1> )<3>
TCRONn _Initial value ¥ TDROnN value TDRON value-1

(c) Start timing in capture mode

<1> Writing 1 to TSOn sets TEOn = 1

<2> The write data to TSOn is held until count clock generation.

<3> TCRON holds the initial value until count clock generation.

<4> On generation of count clock, 0000H is loaded to TCROn and count starts.

Figure 6-12. Start Timing (In Capture Mode)

e MUy e

TSOn (write)

N

<1>

TEOn

Count clock

TSOn (write) hold signal <2>

Start trigger detection signal

<3> <4>
TCRON Initial value ¥ 0000H

\
\

INTTMON | |

""" When MDORO = 1 is set

Caution In the first cycle operation of count clock after writing TSOn, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start
by setting MDONO = 1.
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CHAPTER 6 TIMER ARRAY UNIT

(e) Start timing in capture & one-count mode

<1> Writing 1 to TSOn sets TEOn = 1
<2> Enters the start trigger input wait status, and TCROn holds the initial value.
<3> On start trigger detection, 0000H is loaded to TCROn and count starts.

Figure 6-14. Start Timing (In Capture & One-count Mode)

e LTI L

TSOn (write) <1>

)

TEON

<R> TIOn edge detection signall

Count clock Nete ]

TSOn (write) hold signal

Start trigger detection signal

<2> ) <3>
TCRON Initial value d 0000H

> >
-t -

Start trigger input wait status

Note When the capture & one-count mode is set, the operation clock (MCK) is selected as count clock
(CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger
detection (The error is one count clock when TIOk is used).
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CHAPTER 6 TIMER ARRAY UNIT

6.7.3 Operation as frequency divider (channel 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TI00 pin and outputs the
result from TOOO.

The divided clock frequency output from TOO0O can be calculated by the following expression.

¢ When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
¢ When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDR0O + 1)

TCROO operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS00) is set to 1, TCRO0O loads the value of TDR0O when the TIO0 valid edge is
detected. If MDOOO of TMROO = 0 at this time, INTTMOO is not output and TOOQO is not toggled. If MD0OOO of TMROO =
1, INTTMOO is output and TOOQO is toggled.

After that, TCROO counts down at the valid edge of TIOk. When TCROO = 0000H, it toggles TO00. At the same
time, TCROO loads the value of TDROO again, and continues counting.

If detection of both the edges of TIOO is selected, the duty factor error of the input clock affects the divided clock
period of the TOO00 output.

The period of the TOO0O0 output clock includes a sampling error of one period of the operation clock.

Clock period of TO00 output = Ideal TO0O0 output clock period + Operation clock period (error) |

TDROO can be rewritten at any time. The new value of TDR0O becomes valid during the next count period.

Figure 6-43. Block Diagram of Operation as Frequency Divider

c
S

Edge g

TI00 pin ©@—= . 3 Timer counter Output .
detection
! £ . (TCROO) controller ©T000pin
5
S /T
[&]
§ Data register
TS00 5 (TDRO0O0)

3
=
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CHAPTER 6 TIMER ARRAY UNIT

Figure 6-64. Operation Procedure of One-

Shot Pulse Output Function (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMROn and TMROm registers of two channels Channel stops operating.
default to be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An output delay is set to the TDROn register of the
master channel, and a pulse width is set to the TDROm
register of the slave channel.
Sets slave channel. The TOOm pin goes into Hi-Z output state.
The TOMOm bit of the TOMO register is set to 1
(combination-operation mode).
Sets the TOLOm bit.
Sets the TOOm bit and determines default level of the
TOOm output. p The TOOm default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets TOEOmM to 1 and enables operation of TOOm. TOOm does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOOm pin outputs the TOOm set level.
Remark n=0,2,4
m=n+1
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CHAPTER 10 A/D CONVERTER

(12) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 10-28. Internal Equivalent Circuit of ANIn Pin

R1

Ct1 c2

Table 10-6. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVrer R1 (o} c2
40V<Vop<55V 8.1 kQ 8 pF 5 pF
2.7V<Voo<4.0V 31 kQ 8 pF 5 pF
23V<Von<27V 381 kQ 8 pF 5 pF

Remarks 1. The resistance and capacitance values shown in Table 10-6 are not guaranteed values.
2. n=0to7

<R> (13) Starting the A/D converter
Start the A/D converter after the AVRer voltage stabilize.
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CHAPTER 11 SERIAL ARRAY UNIT

(9) Serial channel start register m (SSm)
SSm is a trigger register that is used to enable starting communication/count by each channel.
When 1 is written a bit of this register (SSmn), the corresponding bit (SEmn) of serial channel enable status
register m (SEm) is set to 1. Because SSmn is a trigger bit, it is cleared immediately when SEmn = 1.
SSm can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of SSm can be set with an 1-bit or 8-bit memory manipulation instruction with SSmL.
Reset signal generation clears this register to 0000H.

Figure 11-12. Format of Serial Channel Start Register m (SSm)

Address: FO122H, FO123H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| 5503 | 5502 | 5501 | 8500 |

o

sss [o]o o olo o o] oo o] o]

Address: FO162H, FO163H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SS1 | 0 ‘ 0 ‘ 0 | 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | |SS13|SS12‘ 0 ‘ 0 |

o

SSmn Operation start trigger of channel n

0 No trigger operation

1 Sets SEmn to 1 and enters the communication wait status (if a communication operation is already under
execution, the operation is stopped and the start condition is awaited).

Caution Be sure to clear bits 15 to 4 of SSO0, and bits 15 to 4, 1 and 0 of SS1 to “0”.

Remarks 1. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3), mn = 00 to 03, 12, 13
2. When the SSm register is read, 0000H is always read.
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CHAPTER 11 SERIAL ARRAY UNIT

(3) Processing flow (in single-reception mode)

Figure 11-36. Timing Chart of Master Reception (in Single-Reception Mode) (Type 1: DAPOn = 0, CKPOn = 0)

SSOn
STon M
SEOn ]
— Receive data 1 Receive data 2 Receive data 34
SDROn Dummy data for reception X Dummy data X Dummy data !
AWrite AWrite Awyrite
ARead ARead Redd A
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
register on Y fecepticr & it pperior) faecpptior & sfift ppersfion ) )ecgptior & shitt gpergion( X
INTCSIp 1
Data reception (8-bit length) Data reception (8-bit length) Data reception (8-bit length)
TSFOn

Remark n: Channel number (n =0, 2), p: CSI number (p = 00, 10)
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CHAPTER 11 SERIAL ARRAY UNIT

(2) Operation procedure

Figure 11-41. Initial Setting Procedure for Master Transmission/Reception

(Starting initial setting>

‘ Setting PERO register ‘

‘ Setting SPSO register ‘

‘ Setting SMROnN register ‘

‘ Setting SCRON register ‘

‘ Setting SDRON register ‘

‘ Setting SOO register ‘

‘Changing setting of SOEO register ‘

‘ Setting port ‘

‘ Writing to SSO register

(Starting communicatioD

Caution
have elapsed.

Release the serial array unit from the

reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate.

Manipulate the SO0On and CKOOn bits

and set an initial output level.

Set the SOEON bit to 1 and enable data
output of the target channel.

Enable data output and clock output of
the target channel by setting a port

register and a port mode register.

SEOn = 1 when the SSOn bit of the target
channel is set to 1.

Set transmit data to the SIOp register
(bits 7 to 0 of the SDROnN register) and
start communication.

After setting the PERO register to 1, be sure to set the SPS0 register after 4 or more clocks

Figure 11-42. Procedure for Stopping Master Transmission/Reception

(Starting setting to stoD

Setting STO register

Changing setting of SOEOQ
register

@opping communicatioD

Write 1 to the STOn bit of the target
channel.

Set the SOEQ register and stop the
output of the target channel.

Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the

SO0 register (see Figure 11-43 Procedure for Resuming Master Transmission/Reception).
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CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-47. Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)

Starting CSI communication

Setting SAUTEN and SAUOEN
bits of PERO register to 1
Setting operation clock by
SPSO register
[

SMRON, SCRON: Setting communication Perform initial setting when SEOn = 0.
SDRON[15:9]: Setting transfer rate )
500, SOEO: Setting output and SCKp output <1> Select the buffer empty interrupt.

‘ Port manipulation ‘

‘ Writing 1 to SSOn bit ‘

»|

i
<
«

Writing transmit data to
<2>
SIOp (=SDRON[7:0])
‘:
No
Buff ty interrupt

Yes

Reading receive data from
SIOp (=SDRO0N[7:0])

Communication data M
exists?

No

<4>

<5>

Clearing 0 to MDONO bit ‘

Transfer end interrupt
generated?

Reading receive data from
SIOp (=SDRO0N[7:0])

Writing 1 to MDONO bit

<8>

Writing 1 to STON bit ‘

[
Clearing SAUTEN and SAUOEN

bits of PERO register to 0
End of communication

Caution After setting the PERO register to 1, be sure to set the SPSO register after 4 or more clocks
have elapsed.

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 11-46 Timing Chart of Master
Transmission/Reception (in Continuous Transmission/Reception Mode).
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CHAPTER 11 SERIAL ARRAY UNIT

(1) Register setting
Figure 11-97. Example of Contents of Registers for Data Transmission of Simplified I°C (1IC10)

(a) Serial output register 0 (SO0) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SO0 CKO02 CKO00 S002 S000
0 0 0 0 1 |0/1" 1 X 0 0 0 0 1 [0o/1™°] 1 X

(b) Serial output enable register 0 (SOEQ) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEO SOE02 SOE00

(c) Serial channel start register 0 (SS0) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SS0 SS03 | SS02 | SSo1 | SS00
0 0 0 0 0 0 0 0 0 0 0 0 X 0N x X

(d) Serial mode register 02 (SMR02) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRO02 |cksozf|ccsoz STS02 S1S020 MD022 | MD021 | MD020
o1 o 0 0 0 0 0 0 0 0 1 0 0 1 0 0
(e) Serial communication operation setting register 02 (SCR02) ... Do not manipulate the bits of this

register, except the TXEO02 and
RXEO02 bits, during data
transmission/reception.

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

SCRO02 [JTxE02 | RXEO2 | DAPO2 | CKPO2
1 0 0 0 0

EOCO2 | PTC021 | PTC020 | DIR02 SLCO021 | SLC020
0 0 0 0 0 0 1

DLS022 | DLS021 | DLS020
0 1 1 1

(f) Serial data register 02 (SDR02) (lower 8 bits: SIO10)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDR02

Baud rate setting 0 Transmit data setting

SIO10

Note The value varies depending on the communication data during communication operation.

Remark @: Setting is fixed in the 1IC mode, [ ]: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user

User's Manual U17854EJ9VOUD 457



CHAPTER 11 SERIAL ARRAY UNIT

(2) Processing flow

Figure 11-98. Timing Chart of Data Transmission

SS02 ¢
SE02 “p E
SOEO02 o .
SDR02 X Transmit data 1 X
SCL10 output -:||||||||||||||||||
SDA10 output + X b7 X oe X b5 X b4 X o3 X b2 X bt X Do X~~~
SDA10 input b7 X b6 b5 X b4 X D3 D2 X b1 X Do \ACK [
Shift — — ;
register 02 : :X:X X X Xsmftoperanonx X X X :
INTIIC10 oo |'|_
TSF02 b L
Figure 11-99. Flowchart of Data Transmission
Address field
transmission completed
<Starting data transmissioD
Writing data to SIO10
(SDR02[7:0])
generated?
Yes

Parity error (ACK error) flag
EF02=17

ACK reception error

Data transfer completed?

Yes

Data transmission
completed

1

Stop condition generation
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CHAPTER 15 INTERRUPT FUNCTIONS

Table 15-1. Interrupt Source List (2/2)

Interrupt Default Interrupt Source Internal/ | Vector Basic
Type Priority™" External | Table Configuration
Name Trigger Address Type"?
Maskable 24 INTAD End of A/D conversion Internal 0034H (A)
25 INTRTC Fixed-cycle signal of real-time counter/alarm 0036H
match detection
26 INTRTCI Interval signal detection of real-time counter 0038H
27 INTKR Key return signal detection External 003AH (©)
28 INTTMO4 End of timer channel 4 count or capture Internal 0042H (A)
29 INTTMO5 End of timer channel 5 count or capture 0044H
30 INTTMO6 End of timer channel 6 count or capture 0046H
31 INTTMO7 End of timer channel 7 count or capture 0048H
32 INTP6 Pin input edge detection External 004AH (B)
33 INTP7 004CH
34 INTP8 004EH
35 INTP9 0050H
36 INTP10 0052H
37 INTP11 0054H
Software - BRK Execution of BRK instruction - 007EH (D)
Reset - RESET RESET pin input - 0000H -
POC Power-on-clear
LVI Low-voltage detection"**®
WDT Overflow of watchdog timer
TRAP Execution of illegal instruction"**
Notes 1. The default priority determines the sequence of interrupts if two or more maskable interrupts occur
simultaneously. Zero indicates the highest priority and 37 indicates the lowest priority.
2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 15-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
4. When the instruction code in FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip
debug emulator.
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CHAPTER 15 INTERRUPT FUNCTIONS

Figure 15-7. Interrupt Request Acknowledgment Processing Algorithm

( Start )

No

xxXIF =1?

Yes (interrupt request generation)

<>t

Yes

Interrupt request held pending

(xxPR1, xxPRO0) No (Low priority)

< (ISP1, ISPO)

Interrupt request held pending

Higher priority
than other interrupt requests
simultaneously
generated?,

No

Interrupt request held pending

Yes

Higher default priority"'
than other interrupt requests
simultaneously

No
generated?
Interrupt request held pending
Yes
o>t
e CIEELED)

Interrupt request held pending

Vectored interrupt servicing

xx|F: Interrupt request flag

xxMK: Interrupt mask flag

xxPRO: Priority specification flag 0

xxPR1: Priority specification flag 1

IE: Flag that controls acknowledgment of maskable interrupt request (1 = Enable, 0 = Disable)

ISPO, ISP1: Flag that indicates the priority level of the interrupt currently being serviced (see Figure 15-6)

Note For the default priority, refer to Table 15-1 Interrupt Source List.
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CHAPTER 16 KEY INTERRUPT FUNCTION

16.1 Functions of Key Interrupt

A key interrupt (INTKR) can be generated by setting the key return mode register (KRM) and inputting a falling
edge to the key interrupt input pins (KRO to KR7).

16.2 Configuration of Key Interrupt

Table 16-1. Assignment of Key Interrupt Detection Pins

Flag Description
KRMO Controls KRO signal in 1-bit units.
KRM1 Controls KR1 signal in 1-bit units.
KRM2 Controls KR2 signal in 1-bit units.
KRM3 Controls KR3 signal in 1-bit units.
KRM4 Controls KR4 signal in 1-bit units.
KRM5 Controls KR5 signal in 1-bit units.
KRM6 Controls KR6 signal in 1-bit units.
KRM7 Controls KR7 signal in 1-bit units.

The key interrupt includes the following hardware.

<R>

KR7/P77/INTP11
KR6/P76/INTP10
KR5/P75/INTP9
KR4/P74/INTP8
KR3/P73
KR2/P72
KR1/P71

KRO/P70

598

Table 16-2. Configuration of Key Interrupt

ltem

Configuration

Control register

Key return mode register (KRM)
Port mode register 7 (PM7)

Figure 16-1. Block Diagram of Key Interrupt

L

[KRM7|KRM6|KRMS [KRM4|KRM3|KRM2|KRM1|KRMO|

Key return mode register (KRM)
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CHAPTER 23 FLASH MEMORY

Table 23-3. Relationship Between FLMDO Pin and Operation Mode After Reset Release

FLMDO Operation Mode
0 Normal operation mode
Vop Flash memory programming mode

23.6.3 Selecting communication mode
Communication mode of the 78KOR/KE3 is as follows.

Table 23-4. Communication Modes

Communication Standard Setting"™" Pins Used
Mode Port Speed"*? Frequency | Multiply Rate
1-line mode UART 115,200 bps, — - TOOLO
(single-line 250,000 bps,
UART) 500,000 bps,
1 Mbps

Notes 1. Selection items for Standard settings on GUI of the flash memory programmer.
2. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART

communication, thoroughly evaluate the slew as well as the baud rate error.

23.6.4 Communication commands
The 78KOR/KE3 communicates with the dedicated flash memory programmer by using commands. The signals
sent from the flash memory programmer to the 78KOR/KE3 are called commands, and the signals sent from the

78KOR/KES to the dedicated flash memory programmer are called response.
Figure 23-9. Communication Commands

PG-FP5, FL-PR5 QB-MINI2

<>

PG-FP4, FL-PR4

Command

Response

78KOR/KE3

Dedicated flash
memory programmer

The flash memory control commands of the 78KOR/KES3 are listed in the table below. All these commands are
issued from the programmer and the 78KOR/KES3 perform processing corresponding to the respective commands.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)

(A) Grade Products

DC Characteristics (2/10)
(TA=-40to +85°C, 1.8 V<Vpb=EVpD<5.5V, 1.8 V< AVREF < VDD, Vss = EVss = AVss =0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, | lov1 Per pin for POO to P02, P05, P06, 40V<Vop<55V 8.5 mA
low"*"" P10 to P17, P30, P31, P40 to P43, 27V <Vop<4.0V 1.0 mA
P50 to P55, P70 to P77, P120, P130,
P140, P141 1.8V<Vop<27V 0.5 mA
Per pin for P03, P04 40V<Vop<55V 8.5 mA
27V<Vop<4.0V 1.5 mA
1.8V<Vm<27V 0.6 mA
Per pin for P60 to P63 40V<Vop<55V 15.0 mA
27V<Vop<4.0V 3.0 mA
1.8V<Vom<27V 2.0 mA
Total of POO to P04, P40 to P43, 40V<Vop<55V 20.0 mA
P120, P130, P140, P141 27V<Vop<4.0V 150 | mA
(When duty = 70%"*%) 18V <Von <27V 9.0 mA
Total of P05, P06, P10 to P17, P30, |40V <Vopo<55V 45.0 mA
P31, P50 to P55, P60 to P63, 27V <Vop<4.0V 35.0 mA
P70 to P77
1.8V<Vom<27V 20.0 mA
(When duty = 70% "%
Total of all pins 40V<Vop<55V 65.0 mA
(When duty = 60% "% 27V<Vop<4.0V 50.0 mA
1.8V<Vom<27V 29.0 mA
loL2 Per pin for P20 to P27 AVRer < Vop 0.4 mA

Notes 1.

Value of current at which the device operation is guaranteed even if the current flows from an output
pin to EVss, Vss, and AVss pin.
Specification under conditions where the duty factor is 60% or 70%.
The output current value that has changed the duty ratio can be calculated with the following
expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (loL x 0.7)/(n x 0.01)

<Example> Where loL = 20.0 mA and n = 50%

Total output current of pins = (20.0 x 0.7)/(50 x 0.01) = 28.0 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port

pins.
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