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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 sal es 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.

Y ou should not ater, 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. Y ou 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. 'Y ou 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




CHAPTER 1 OUTLINE

100-pin plastic LQFP (fine pitch) (14x14)

(1) «PD78F150xA

1.3.2 78KOR/LG3

78KOR/Lx3

<R>

NHHEAY/GLINV/LS L] O=—nf
OLINV/EStd O~

6INV/ISId O

+2dINV/BINV/0SEd O=—n
OcdNV/LINV/Led O=—n]
~¢dNV/9INV/9¢d O=—n
T1LdINV/SINY/SSd O=—n
OLdAV/VINV/Yed O=—nf
-LdNV/EINV/ESd O=—n
+0dNV/CINV/eed O=—
OO0dNV/HINV/Led O=—
-0dINV/0INV/02d O=—n

0€hd O=—

9001/901L/8dLNI/Y€d O=—n
£001/L01L/€dLNI/EED O=—n
0ZNg10d/00L/101L/SdLINI/CEd O=—n
+ZNE10d/100.14/AId0.LH/€001/00IL/ed NI/ €d O=—n
ZH1D14H/0001/€011/LdLNI/0Ed O=—r
G00L/SOIL/0LdLINI/OLH O=—n
0LT10S/0IMOS/LAINI/S ] O=—n
01vas/Laxd/0HS/ydINI/v Ed O=—n
LaX1/0LOS/00L/ELd O=—nf
¢dx1/0¢0S/e00L/2td O=—n
0cvAdsS/ecaxyd/0cIS/9dLNI/Ld O=—n
0210S/0eXIS/0kd O=—n

65 [—=O COM4/SEGO
64 —O COMS5/SEG1
63 —O COMB6/SEG2
62 —=O COM7/SEG3

75 ——O Vrerout/AVRerp
61 —O SEG4

74 ——C0O AVss

72 (+~—O P111/ANO1
71 |+=—0O P110/ANOO

70 ——O AVbp1
69 —O COMO
68 —O CcOoMA1
67 —O COM2
66 —O COM3
60 —O SEG5
59 —O SEG6
58 —=O SEG7
57 —=O SEGS8
56 —O SEG9
55 —O SEG10
54 —=O SEG11
53 —O SEG12
52 —O SEG13
51 —=O SEG14

73 ——O AVbno

O

10099989796 9594 93929190898887 868584 8382818079787776
26272829303132333435363738394041424344454647 484950

~—(O G193S/001d
~—O 91935/.v1d
~—=O L193S/971d
<~—=O 81935/5v1d
~—O 6193S/vvid
~—O 0¢93s/evid
~—O 1¢93S/evid
<—O ¢¢O3S/Ivid
~—O €293S/0v1d
~—O ¥¢9©35/.6d
~—0O §¢93S/96d
~—O 9¢9©35/56d
~—O L¢93S/¥6d
~—O 82¢935/€6d
~—O 6¢93S/c6d
~—O 0€93S/l6d
~—O 1€93S/06d
~—O ¢€935/.59d
~—0O €€93S/95d
~—O ¥£935/99d
-—=0O §€93S/¥Sd
~—=O ¥011/9€93S/€5d
-—=O ¢011/.£€93S/eSd
~—O €0X1/8693S/ISd
~—O €0dXd/6£€93S/05d

Vice O—— 10

Vict O— 11

Vico O—— 12
RESET O——{ 13
P124/XT2 O——{ 14
P123/XT1 O—{ 15
Vss O—— 20

EVss O—— 21

Voo O— 22

EVoo O—— 23

FLMDO O—— 16
P60/SCLO O=—~ 24

P122/X2/EXCLK O—— 17
REGC O— 19

P02/Vics O-=—» 9
P121/X1 O——{ 18
P61/SDA0 O=—{ 25

P120/EXLVI/INTPO O=—n 1
P41/TOOL1 O~=—+ 2
P40/TOOLO O=—~{ 3

P80/INTP11/SCKO0 O-=— 4

P81/INTP9/RxD0/SI00 O=—={ 5
P82/TxD0/SO00 O—=—{ 6
POO/CAPH O=—17
P0O1/CAPL O=— 8

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
RENESAS

Cautions 1. Make AVss the same potential as Vss.
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78KOR/Lx3 CHAPTER 4 PORT FUNCTIONS

Figure 4-29. Block Diagram of P120

EVop
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Alternate
function
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Qutput latch
© (P120) © P120/INTPO/EXLVI
WRpm
PM12
S PM120
~_/

P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal

WRxx: Write signal
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78KOR/Lx3

CHAPTER 5 CLOCK GENERATOR

Caution 1.

When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the

broken lines in the Figures 5-10 and 5-11 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Note that the XT1 oscillator is designed as a low-gain circuit for achieving low-power consumption.

Note the following points when designing the XT1 oscillator.

e The pins and circuit board include parasitic capacitance. Therefore, confirm that there are no
problems by performing oscillation evaluation on the circuit board to be actually used.

o When low-consumption oscillation or super-low-consumption oscillation is selected, lower
power consumption than when selecting normal oscillation can be achieved. However, in this
case, the XT1 oscillation margin is reduced, so perform sufficient oscillation evaluation of the
resonator to be used for XT1 oscillation before using the resonator.

o Keep the wiring length between the XT1 and XT2 pins and resonator as short as possible and
parasitic capacitance and wire resistance as small as possible. This is particularly important
when super-low-consumption oscillation (AMPHS1 = 1) is selected.

e Configure the circuit board by using material with little parasitic capacitance and wire
resistance.

o Place a ground pattern that has the same potential as Vss (if possible) around the XT1 oscillator.

o Do not cross the signal lines between the XT1 and XT2 pins and the resonator with other signal
lines. Do not route the signal lines near a signal line through which a high fluctuating current
flows.

o Moisture absorption by the circuit board and condensation on the board in a highly humid
environment may cause the impedance between the XT1 and XT2 pins to drop and disable
oscillation. When using the circuit board in such an environment, prevent the circuit board
from absorbing moisture by taking measures such as coating the circuit board.

e Coat the surface of the circuit board by using material that does not generate capacitance or
leakage between the XT1 and XT2 pins.

Figure 5-12 shows examples of incorrect resonator connection.
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78KOR/Lx3

CHAPTER 6 TIMER ARRAY UNIT

6.2 Configuration of Timer Array Unit

The timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

ltem

Configuration

Timer/counter

Timer counter register mn (TCRmn)

Register Timer data register mn (TDRmn)

Timer input

Tlpq pin, RxD3 pin (for LIN-bus)

Timer output

TOpq pins, output controller

Control registers

<Registers of unit setting block>

o Peripheral enable register 0 (PERO)
» Timer clock select register m (TPSm)
» Timer channel enable status register m (TEm)
o Timer channel start register m (TSm)

o Timer channel stop register m (TTm)

o Timer input select registers 0, 1 (TISO, TIS1)
o Timer output enable register p (TOEp)

o Timer output register p (TOp)

o Timer output level register p (TOLp)

o Timer output mode register p (TOMp)

<Registers of each channel>

e Timer mode register mn (TMRmn)
o Timer status register pq (TSRpq)
 Input switch control register (ISC) (channel 7 of timer array unit 0 only)
» Noise filter enable registers 1, 2 (NFEN1, NFEN2)

o Port mode registers 1, 3, 5, 8 (PM1, PM3, PM5, PM8)

o Port registers 1, 3, 5, 8 (P1, P3, P5, P8)

Remark mn: Unit number + Channel number, pg: Unit number + Channel number (only for channels provided with

timer 1/O pins)

78KOR/LF3: m=0,1,mn=00to 07, 10to 13, pq =0, pq = 00 to 04, 07
78KOR/LG3: m=0,1,mn=00to 07,10to 13, pq =0, pg = 00 to 07
78KOR/LH3: m=0,1,mn=00t0 07,10t0 13,pq=0, 1, pq=00to 07, 10 to 13

Figures 6-1 and 6-2 show block diagrams.

RO1UHO004EJ0501 Rev.5.01
Jun 20, 2011
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78KOR/Lx3 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-39. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/3)

(1) When CKmO or CKm1 is selected as count clock

(a) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRBRmMn |cksmn CCSmn T“E"F’?rsnn STSmn2|STSmn1|STSMNO|CISmn1 |CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1/0
| I I | |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

| __Selection of edge of timer input
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Cleared to 0 when independent function is selected.

| Count clock selection
0: Selects operation clock.

| Operation clock selection
0: Selects CKmO as operation clock of channel n.
1: Selects CKm1 as operation clock of channel n.

(b) Timer output register p (TOp)

Bit q
TOp TOpq 0: Outputs 0 from TOpgq.
1/0 1: Outputs 1 from TOpgq.

(c) Timer output enable register p (TOEp)

Bit q
TOEp |TOEpq 0: Stops the TOpq output operation by counting operation.
1/0 1: Enables the TOpq output operation by counting operation.

(d) Timer output level register p (TOLp)
Bit g
TOLp TOLpq 0: Cleared to 0 when TOMpq = 0 (toggle mode)
0

(e) Timer output mode register p (TOMp)
Bit g
TOMp | TOMpq 0: Sets toggle mode.
0

Remark mn: Unit number + Channel number, pq: Unit number + Channel number (only for channels provided with timer I/O pins)
78KOR/LF3: m=0, 1, mn =00 to 07, 10 to 13, pq = 00 to 04, 07
78KOR/LG3: m=0, 1, mn =00 to 07, 10 to 13, pq = 00 to 07
78KOR/LH3: m =0, 1, mn =00 to 07, 10 to 13, pq =00 to 07, 10 to 13

RO1UHO004EJ0501 Rev.5.01 301
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78KOR/Lx3

CHAPTER 7 REAL-TIME COUNTER

7.4.2 Shifting to STOP mode after starting operation
Perform one of the following processing when shifting to STOP mode immediately after setting RTCE to 1.
However, after setting RTCE to 1, this processing is not required when shifting to STOP mode after the first INTRTC

interrupt has occurred.

e Shifting to STOP mode when at least two subsystem clocks (fsus) (about 62 x s) have elapsed after setting RTCE to 1
(see Figure 7-20, Example 1).
e Checking by polling RWST to become 1, after setting RTCE to 1 and then setting RWAIT to 1. Afterward, setting
RWAIT to 0 and shifting to STOP mode after checking again by polling that RWST has become 0 (see Figure 7-20,

Example 2).

Figure 7-20. Procedure for Shifting to STOP Mode After Setting RTCE to 1

Example 1

=

RTCE =1

Waiting at least for 2
fsus clocks

STOP mode

A

Sets to counter operation
start

Shifts to STOP mode No

Example 2

(

RTCE =1

RWAIT =1

é

Yes

RWAIT =0

%\

Yes

STOP mode

¢

Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to STOP mode
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78KOR/Lx3

CHAPTER 12 OPERATIONAL AMPLIFIER (« PD78F150xA only)

Caution When an operational amplifier is used, AMPn+, AMPn—, and AMPnO pins are used, so the alternative
analog input functions cannot be used. The operational amplifier output signals, however, can be
used as analog inputs.

Table 12-4. Setting Functions of ANI9/P151 and ANI10/AM152 Pins

ADPC PM15 register ADS register ANI9/P151 and ANI10/AM152 Pins
register
Digital I/O Input mode - Digital input
selection Output mode - Digital output
Analog input Input mode Selects ANI. Analog input (to be converted)
selection Does not select ANI. Analog input (not to be converted)
Output mode - Setting prohibited

Remark 78KOR/LF3:
78KOR/LG3, 78KOR/LH3:

ANI9/P151 and ANI10/AM152 are not mounted.
ANI9/P151, ANI10/AM152

Table 12-5. Setting Functions of ANI15/AVRerm/P157 Pin

ADPC PM15 register ADREF bit ADS register ANI15/AVREFM/P157 Pin
register
Digital I/O Input mode 0 - Digital input
selection 1 - Setting prohibited
Qutput mode 0 - Digital output
1 - Setting prohibited
Analog input | Input mode 0 Selects ANI. Analog input (to be converted)
selection Does not select ANI. Analog input (not to be converted)
1 - Negative reference voltage input of
A/D converter
Output mode - - Setting prohibited

RO1UHO004EJ0501 Rev.5.01
Jun 20, 2011
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78KOR/Lx3 CHAPTER 14 SERIAL ARRAY UNIT

14.7.2 Data transmission
Data transmission is an operation to transmit data to the target for transfer (slave) after transmission of an address field.
After all data are transmitted to the slave, a stop condition is generated and the bus is released.

Simplified I’c 1IC10 1IC20
Target channel Channel 2 of SAUO Channel 0 of SAU1
Pins used SCL10, SDA10™" SCL20, SDA20 ™"
Interrupt INTIC10 INTIIC20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Parity error detection flag (PEFmn)

Transfer data length 8 bits

Transfer rate Max. fcik/4 [MHz] (SDRmn [15:9] = 1 or more) fewk: System clock frequency
However, the following condition must be satisfied in each mode of I°C.

e Max. 400 kHz (first mode)

e Max. 100 kHz (standard mode)

Data level Forward output (default: high level)

Parity bit No parity bit

Stop bit Appending 1 bit (for ACK reception timing)
Data direction MSB first

Note To perform communication via simplified I°C, set the data I/O pins (SDA10, SDA20) in the N-ch open-drain output
(Voo tolerance) mode (POM14 = 1, POM11 = 1) by using the port output mode register 1 (POM1) (see 4.3
Registers Controlling Port Function for details). When communicating with an external device with a different
potential, set the N-ch open-drain output (Voo tolerance) mode (POM15 = 1, POM10 = 1) also for the clock
input/output pins (SCL10, SCL20) (see 4.4.4 Connecting to external device with different potential (2.5 V, 3 V)
for details).

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2)

RO1UHO004EJ0501 Rev.5.01 558
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78KOR/Lx3 CHAPTER 14 SERIAL ARRAY UNIT

Table 14-9. Relationship between register settings and pins
(Channel 0 of unit 1: CSI20, UART2 transmission, 11C20)

SE (MD | MD |SOE| SO |CKO|TXE|RXE| PM | P10 [ PM [P11| PM | P12 | Operation mode Pin Function
Note2
JO 11021 101] 10 | 10 | 10 | 10 | 10 | 10 o 12 SCK20/ | sl20/spA20/|  so20/
SCL20/P10 | RxD2/INTP6&/ TxD2/
P11 | TO02/P12
0 0 1 1 0 0 x x x x x x Operation stop P10 INTP6/P11 | TO02/P12
Note3 | Note3 | Note3 | Note3 | Note3 | Note3 d
mode RxD2/INTP6/
P11
1 INTP6/P11
1 0 0 1 1 0 1 1 X 1 X X x Slave CSI20 SCK20 SI120 TOO02/P12
Note3 | Note3 . .
reception (input)
1 [0/ 1 1 0 1 X X X 0 1 Slave CSI20 SCK20 INTP6/P11 S0O20
Note4 Note3 | Note3 e .
transmission (input)
1 [0/ 1 1 1 1 X 1 X 0 1 Slave CSI20 SCK20 SI120 S0O20
Note4 .. . .
transmission/reception (input)
0 1 ]01] 0 1 0 1 1 X X X Master CSI20 SCK20 SI120 TO02/P12
Note4 Note3 | Note3 reception (output)
1 [0/1|0M 1 0 0 1 X X 0 1 Master CSI20 SCK20 INTP6/P11 S020
Note4 | Note4 Note3 | Note3 transmission (output)
1 101 (0N 1 1 0 1 1 X 0 1 Master CSI20 SCK20 SI20 S0O20
Noted | Noted transmission/reception|  (output)
0 1 (oA 1 1 0 X X X X 0 1 UART2 P10 RxD2/INTP6/ TxD2
Note4 Note3 | Note3 | Note3 | Note3 . . Note5
transmission P11
0 1 0 (01]01 | O 0 0 1 0 1 X X 1IC20 SCL20 SDA20 TO02/P12
Note6 | Note6 Note3 | Note3 .
1 0 start condition
0 1
1 1 0/1 | 0/1 1 0 0 1 0 1 X X 11C20 address field SCL20 SDA20 TO02/P12
Note4 | Note4 Note3 | Note3 L
transmission
1 10/ |0N1 1 0 0 1 0 1 X X 1IC20 data SCL20 SDA20 TO02/P12
Note4 | Note4 Note3 | Note3 .
transmission
1 [0 ]01 | O 1 0 1 0 1 x X 1IC20 data SCL20 SDA20 TOO02/P12
Note4 | Note4 Note3 | Note3 .
reception
0 0 |01]01 ]| O 0 0 1 0 1 x X 1IC20 SCL20 SDA20 TOO02/P12
Note7 | Note7 Note3 | Note3 .
1 0 stop condition
0 1
Notes 1. The SE1 register is a read-only status register which is set using the SS1 and ST1 registers.
2. When channel 1 of unit 1 is set to UART2 reception, this pin becomes an RxD2 function pin (refer to Table 14-
10). In this case, operation stop mode or UART2 transmission must be selected for channel 0 of unit 1.
3. This pin can be set as a port function pin.
4. Thisis 0 or 1, depending on the communication operation. For details, refer to 14.3 (12) Serial output register
m (SOm).
5. When using UART2 transmission and reception in a pair, set channel 1 of unit 1 to UART2 reception (refer to
Table 14-10).
6. Set the CKO10 bit to 1 before a start condition is generated. Clear the SO10 bit from 1 to 0 when the start
condition is generated.
7. Set the CKO10 bit to 1 before a stop condition is generated. Clear the SO10 bit from 0 to 1 when the stop

condition is generated.

Remark X: Don’t care
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78KOR/Lx3

CHAPTER 15 SERIAL INTERFACE I[ICA

(1) Master operation in single-master system

Figure 15-28. Master Operation in Single-Master System

IICF « OXH
Setting STCEN, IICRSV =0

IICCTLO «- 0XX111XXB
ACKE = WTIM = SPIE = 1

Initial setting

IICCTLO « 1XX111XXB
IICE=1

Setting port

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to 0 (see 15.3 (8) Port mode register 6 (PM6)).

Sets a transfer clock.
Sets a local address.

Sets a start condition.

Set the port from input mode to output mode and enable the output of the I°C bus
(see 15.3 (8) Port mode register 6 (PM6)).

INTIICA
interrupt occurs?

Prepares for starting communication
(generates a stop condition).

Waits for detection of the stop condition.

Prepares for starting communication
(generates a start condition).

Starts communication
(specifies an address and transfer
direction).

Communication processing

Waits for data
reception.

Waits for detection
of acknowledge.

Note Release (SCLO and SDAO pins = high level) the I°C bus in conformance with the specifications of the product
that is communicating. If EEPROM is outputting a low level to the SDAO pin, for example, set the SCLO pin in
the output port mode, and output a clock pulse from the output port until the SDAO pin is constantly at high level.

Remark Conform to the specifications of the product that is communicating, with respect to the transmission and

reception formats.
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Figure 16-1. Block Diagram of LCD Controller/Driver

Internal bus S
LCD clock control LCD display mode LCD boost level control Display data memory
register 0 (LCDCO) register (LCDM) register (VLCD)
00H 03H 04H 35H
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8 Prescaler |
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25 | 26| 27| 28| 20
LCD PSSP A O A O I OO
clock LCDCL Timing
selector controller
Clock genarator] [[Giock genarator VLCON 76543210 76543210 76543210 76543210
INTRTC selector | T selector selector selector

capacitor split

for voltage boost

[l
<

Capacitor split| | Voltage boost
circuit circuit

Il

I

LCDON w

LCDON w

controller

LCD drive voltage controller

Segment voltage |

)

© ©
CAPH CAPL Vice Vict Vico

Remark 78KOR/LF3: 31 segment signals (SEGO to SEG30), 8 common signals (COMO to COM7)
78KOR/LG3: 40 segment signals (SEGO to SEG39), 8 common signals (COMO to COM7)
78KOR/LH3: 54 segment signals (SEGO to SEG53), 8 common signals (COMO0 to COM7)

Common voltage . Segment Segment Segment
controller C Gommon driver | driver | T d?iver driver
‘ |
© ©
COMO + » + + COM3COM4/ « + « » COM7/ SEG4
SEGO SEG3

Segment
driver
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78KOR/Lx3 CHAPTER 16 LCD CONTROLLER/DRIVER

Cautions 1. Bits 3, 6, and 7 must be set to 0.
2. Set the LCD clock (LCDCL) to no more than 512 Hz when the internal voltage boost method has
been set.
Remark fcik:  CPU/Peripheral hardware clock frequency
fsus:  Subsystem clock frequency

(4) LCD boost level control register (VLCD)
This register is used to select the reference voltage that is to be generated when operating the voltage boost
circuit (contrast adjustment). The reference voltage can be selected from 20 stages.
VLCD is set using an 8-bit memory manipulation instruction.
Reset signal generation sets VLCD to OFH.

Figure 16-5. Format of LCD Boost Level Control Register (VLCD)

Address: FFF43H After reset: OFH R/W

Symbol 7 6 5 4 3 2 1 0
VLCD 0 0 0 VLCD4 VLCD3 VLCD2 VLCD1 VLCDO
VLCD4 VLCD3 VLCD2 VLCDA1 VLCDO Reference voltage Vico voltage
selection 1/3bias |  1/4 bias
(contrast adjustment)
0 0 0 0 0 1.75V 525V [ Setting
0 0 0 0 1 1.70V 5.10V |prohibited "
0 0 0 1 0 1.65V 495V
0 0 0 1 1 1.60 V 480V
0 0 1 0 0 155V 465V
0 0 1 0 1 150V 450V
0 0 1 1 0 145V 435V
0 0 1 1 1 140V 420V
0 1 0 0 0 1.35V 4.05V
0 1 0 0 1 1.30V 3.90V [5.20V
0 1 0 1 0 125V 3.75V [5.00V
0 1 0 1 1 1.20V 360V [480V
0 1 1 0 0 115V 345V [460V
0 1 1 0 1 1.10V 330V [440V
0 1 1 1 0 1.05V 3.15V [420V
0 1 1 1 1 1.00V 3.00V [4.00V
(default)
1 0 0 0 0 0.95V 285V [3.80V
1 0 0 0 1 0.90V 270V [3.60V
1 0 0 1 0 0.85V 255V [3.40V
1 0 0 1 1 0.80V 240V [3.20V
Other than above Setting prohibited

Note These settings are prohibited because Vico > 5.5 V.
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78KOR/Lx3

CHAPTER 19 INTERRUPT FUNCTIONS

PR10L, PR10H, PR11L, PR11H, PR12L, PR12H) (78KOR/LH3) (1/2)

Figure 19-10. Format of Priority Specification Flag Registers (PROOL, PROOH, PRO1L, PRO1H, PRO2L, PRO2H,

Address: FFFE8H  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROOL PPRO05 PPR0O4 PPR0O3 PPRO2 ‘ PPRO1 ‘ PPROO ‘ LVIPRO ‘ WDTIPRO
Address: FFFECH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PR10L PPR15 PPR14 PPR13 PPR12 PPR11 PPR10 LVIPR1 WDTIPR1
Address: FFFE9H  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROOH SREPROO | CSIPR001 | CSIPR000 | DMAPRO1 | DMAPROO | SREPR03 | SRPRO03 STPRO3
SRPRO00 STPROO
Address: FFFEDH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PR10H SREPR10 | CSIPR101 | CSIPR100 | DMAPR11 | DMAPR10 | SREPR13 | SRPR13 STPR13
SRPR10 STPR10
Address: FFFEAH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PRO1L TMPRO003 | TMPR0O02 | TMPROO1 | TMPRO0OO IICAPRO | SREPRO1 SRPR0O1 | CSIPRO10
IICPRO10
STPRO1
Address: FFFEEH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PR11L TMPR103 | TMPR102 | TMPR101 | TMPR100 IICAPR1 SREPR11 SRPR11 | CSIPR110
IICPR110
STPR11
RO1UHO0004EJ0501 Rev.5.01 759
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78KOR/Lx3 CHAPTER 23 POWER-ON-CLEAR CIRCUIT

23.4 Cautions for Power-on-Clear Circuit
In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the POC detection voltage

(VPor, VrDR), the system may be repeatedly reset and released from the reset status. In this case, the time from release
of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.

<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software
counter that uses a timer, and then initialize the ports.

Figure 23-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

(e )

Initialization ; Check the reset source, etc.Not®2
processing <1>

Power-on-clear

; fok = Internal high-speed oscillation clock (4.08 MHz (MAX.)) (default)
Source: foik (4.08 MHz (MAX.))/2"",
where comparison value = 100: = 50 ms
Timer starts (TSOn = 1).

Setting timer array unit
(to measure 50 ms)

Clearing WDT

Note 1

50 ms has passed?
(TMIFOn = 17?)

Initialization ; Initial setting for port.
processing <2> Setting of division ratio of system clock,
such as setting of timer or A/D converter.

Notes 1. If reset is generated again during this period, initialization processing <2> is not started.
2. Aflowchart is shown on the next page.

Remark n=0to7
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78KOR/Lx3

CHAPTER 24 LOW-VOLTAGE DETECTOR

(2) When detecting level of input voltage from external input pin (EXLVI)
¢ When starting operation

<1>

<2>

<3>

<4>

<5>

<6>
<7>

<8>

Mask the LVI interrupt (LVIMK = 1).
Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).
Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when the level is detected) (default value).
Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).
Use software to wait for the following periods of time (Total 210 us).
¢ Operation stabilization time (10 us (MAX.))
¢ Minimum pulse width (200 us (MIN.))
Confirm that “input voltage from external input pin (EXLVI) > detection voltage (Vexcvi = 1.21 V (TYP.))”
when detecting the falling edge of EXLVI, or “input voltage from external input pin (EXLVI) < detection
voltage (Vexwvi = 1.21 V (TYP.))” when detecting the rising edge of EXLVI, at bit 0 (LVIF) of LVIM.
Clear the interrupt request flag of LVI (LVIIF) to 0.
Release the interrupt mask flag of LVI (LVIMK).
Execute the El instruction (when vector interrupts are used).

Figure 24-10 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in this

timing chart correspond to <1> to <7> above.

Caution Input voltage from external input pin (EXLVI) must be EXLVI < Vop.

¢ When stopping operation

Be sure to clear (0) LVION by using a 1-bit memory manipulation instruction.

RO1UHO004EJ0501 Rev.5.01 821

Jun 20, 2011

RENESAS



78KOR/Lx3 CHAPTER 29 BCD CORRECTION CIRCUIT

29.3 BCD Correction Circuit Operation
The basic operation of the BCD correction circuit is as follows.
(1) Addition: Calculating the result of adding a BCD code value and another BCD code value by using a

BCD code value
<1> The BCD code value to which addition is performed is stored in the A register.

<2>

<3>

An example is shown below.

By adding the value of the A register and the second operand (value of one more BCD code to be added) as
are in binary, the binary operation result is stored in the A register and the correction value is stored in the

BCDADJ register.

Decimal correction is performed by adding in binary the value of the A register (addition result in binary) and

the BCDADJ register (correction value), and the correction result is stored in the A register and CY register.

Caution The value read from the BCDADJ register varies depending on the value of the A register
when it is read and those of the CY and AC flags. Therefore, execute the instruction <3>
after the instruction <2> instead of executing any other instructions. To perform BCD
correction in the interrupt enabled state, saving and restoring the A register is required
within the interrupt function. PSW (CY flag and AC flag) is restored by the RETI instruction.

Examples 1: 99 + 89 = 188

Instruction A Register | CY Register AC Flag BCDADJ
Register
MOV A, #99H ;o <1> 99H - - -
ADD A, #89H ; <2> 22H 1 66H
ADD A, !BCDADJ ; <3> 88H 1 0 -
Examples 2: 85 + 15 =100
Instruction A Register | CY Register AC Flag BCDADJ
Register
MOV A, #85H ; <1> 85H - - -
ADD A, #15H ; <2> 9AH 0 0 66H
ADD A, !BCDADJ ; <3> 00H 1 1 -
Examples 3: 80 + 80 = 160
Instruction A Register CY Register AC Flag BCDADJ
Register
MOV A, #80H ; <1> 80H — — _
ADD A, #80H ; <2> O00H 1 0 60H
ADD A, !BCDADJ ; <3> 60H 1 0 -
RO1UHO0004EJ0501 Rev.5.01 855
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CHAPTER 31 ELECTRICAL SPECIFICATIONS

LCD Characteristics (4/4)

(3) Capacitor split method

» 1/3 bias method (Ta = —40 to +85°C, 2.2 V < Vob = EVpob < 5.5 V, Vss = EVss = 0 V)

(Segment)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Vico voltage Vico C11to C4 =047 uF*?* Vop Vv

Vier voltage Viet C1to C4 =047 uF**® 2/3 Vico | 2/3 Vico | 2/3 Vico Vv
-0.1 +0.1

Viez voltage Vicz C1to C4=0.47 uF*?® 1/3 Vico | 1/3 Vico | 1/3 Vico Vv
-0.1 +0.1

Capacitor split wait time"*" tvawarT 100 ms

LCD output resistor"***? Rooc lo =145 zA 40 kQ

(Common)

LCD output resistor "2 Rocs lo=+1 A 200 kQ

Notes 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
2. The output resistor is a resistor connected between one of the Vico, Vic1, Viceand Vss pins, and either of the

SEG and COM pins.

3. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vico and GND

C3: A capacitor connected between Vici and GND

C4: A capacitor connected between V.c. and GND
C1=C2=C3=C4=0.47 pF+30 %
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78KOR/Lx3 APPENDIX C LIST OF CAUTIONS
(10/39)
s Function Details of Cautions Page
g S Function
g3
SRE:
(6]
0 | & | Subsystem | XT1/P123, The XT1/P123 and XT2/P124 pins are in the input port mode after a reset release. p.237 O
21| clock XT2/P124
g g control Subsystem clock | When the subsystem clock is used as the CPU clock, the subsystem clock is also | pp.237, O
T supplied to the peripheral hardware (except the real-time counter, timer array unit|238
(when fsus/2, fsus/4, the valid edge of TIOmn input, or the valid edge of INTRTCI is
selected as the count clock), clock output/buzzer output, and watchdog timer). At
this time, the operations of the A/D converter and IICA are not guaranteed. For the
operating characteristics of the peripheral hardware, refer to the chapters describing
the various peripheral hardware as well as CHAPTER 31 ELECTRICAL
SPECIFICATIONS.
g The CMC register can be written only once after reset release, by an 8-bit memory [p.238 O
manipulation instruction.
Therefore, it is necessary to also set the value of the EXCLK and OSCSEL bits at the
same time. For EXCLK and OSCSEL bits, see 5.6.1 (1) Example of setting
procedure when oscillating the X1 clock or 5.6.1 (2) Example of setting procedure
when using the external main system clock.
Be sure to confirm that CLS = 0 when setting XTSTOP to 1. In addition, stop the|p.238 O
peripheral hardware if it is operating on the subsystem clock.
The subsystem clock oscillation cannot be stopped using the STOP instruction. p.238 O
CPU clock - Set the clock after the supply voltage has reached the operable voltage of the clock | pp.241 O
status to be set (see CHAPTER 31 ELECTRICAL SPECIFICATIONS). 242, 245
transition
© & | Timer - Channel 5 of timer array unit 0 of the 78KOR/LF3 can be used only as an interval |p.251 [
% @ array unit timer.
g Channel 6 of timer array unit 0 of the 78KOR/LF3 can be used only as an interval |p.251 [
timer, for PWM output (master channel), and for one-shot pulse output (master
channel when software trigger start is selected).
Channels 0 to 3 of timer array unit 1 of the 78KOR/LF3 and 78KOR/LG3 can be used |p.251 [0
only as interval timers.
Channels 1, 5 to 7 of timer array unit 0 and channels 0 to 3 of timer array unit 1|p.251 [
cannot be used as frequency dividers.
TCRmn: The count value is not captured to TDRmn even when TCRmn is read. p.255 O
Timer/counter
register mn
TDRmn: Timer | TDRmn does not perform a capture operation even if a capture trigger is input, when |p.260 [
data register mn |it is set to the compare function.
PERQO: When setting the timer array unit, be sure to set TAUmMEN to 1 first. If TAUMEN =0, |p.262 O
Peripheral writing to a control register of the timer array unit is ignored, and all read values are
enable register 0 | default values.
TPSm: Timer Be sure to clear bits 15 to 8 to “0”. p.268 O
clock select
register m
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APPENDIX D REVISION HISTORY

(10/14)

Edition

Description

Chapter

3rd Edition

Modification of and addition of Note to Figure 14-98 Timing Chart of Stop
Condition Generation

Addition of Caution to 14.7.5 Calculating transfer rate

Modification of Note 2 in Table 14-4 Selection of operation clock

CHAPTER 14 SERIAL
ARRAY UNIT

(continuation)

Addition of Caution 3 to Figure 15-3 Format of IICA Shift Register (IICA)

Modification of description in 15.2 (2) Slave address register (SVA)

Modification of description in Figure 15-4 Format of Slave Address Register
(SVA)

Addition of Note 3 to and modification of Caution in Figure 15-6 Format of lICA
Control Register 0 (IICCTLO) (1/4)

Addition of description to Figure 15-6 Format of IICA Control Register 0
(ICCTLO) (2/4)

Modification of description in Figure 15-6 Format of IICA Control Register 0
(IICCTLO) (3/4)

Addition of description to Figure 15-9 Format of IICA Control Register 1
(ICCTL1) (1/2)

Modification of 15.4.2 (1) Setting transfer clock on master side

Modification of Figure 15-23 Flow When Setting WUP = 0 upon Address Match
(Including Extension Code Reception)

Modification of Figure 15-24 When Operating as Master Device after Releasing
STOP Mode other than by INTIICA and deletion of Figure 15-25 When Operating
as Slave Device after Releasing STOP Mode other than by INTIICA (When Not
Required to Operate as Master Device) in old edition

Modification of 15.5.14 (1) When communication reservation function is enabled
(bit 0 (IICRSV) of IICA flag register (IICF) = 0)

Modification of Note 1 in Figure 15-27 Communication Reservation Protocol

Modification of Note in Figure 15-29 Master Operation in Multi-Master System
(2/3)

CHAPTER 15 SERIAL
INTERFACE IICA

Modification of Figure 16-1 Block Diagram of LCD Controller/Driver

CHAPTER 16 LCD

Addition of Caution 4 to and modification of Caution 5 in Figure 16-3 Format of CONTROLLER/DRIVER

LCD Display Mode Register

Modification of Figure 16-4 Format of LCD Clock Control Register

Addition of Caution 5 to and modification of Figure 16-5 Format of LCD boost

level control register (VLCD)

Addition of <8> to 16.5 (2) Internal voltage boosting method

Addition of Caution to Figure 16-31 Examples of LCD Drive Power Connections

(External Resistance Division Method)

Modification of description in 19.2 Interrupt Sources and Configuration CHAPTER 19
INTERRUPT
FUNCTIONS

Modification of Table 21-2 Operating Statuses in STOP Mode CHAPTER 21

STANDBY FUNCTION

Modification of Caution 1

Modification of Figure 22-1 Block Diagram of Reset Function

Modification of Table 22-1 Operation Statuses During Reset Period

Modification of Table 22-2 Hardware Statuses After Reset Acknowledgment

Modification of 22.1 Register for Confirming Reset Source

Modification of and addition of Caution 2 to Figure 22-5 Format of Reset Control
Flag Register (RESF)

CHAPTER 22 RESET
FUNCTION
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