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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.
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APPLICATION NOTE

3850 Group (Spec.A)

Peripheral Function Application

1. Introduction

The following article introduces and shows an application example of peripheral function.

The explanation of this issue is applied to the following condition:
Applicable MCU: 3850 Group (Spec.A)

2. Application

2.1 1/0O port

2.2 Interrupt

2.3 Timer

2.4  Serial I/O

25 PWM

2.6 A-D converter

2.7 Watchdog timer

2.8 Reset

2.9 Clock generating circuit
2.10 Standby function
2.11 Flash memory mode
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/0O port

2.1 1/0O port

This paragraph describes the setting method of 1/0O port relevant registers, notes etc.

2.1.1 Memory map

Address

000016 | Port PO (PO)
000116 | Port PO direction register (POD)
000216 | Port P1 (P1)
000316 | Port P1 direction register (P1D)
000416 | Port P2 (P2)
000516 | Port P2 direction register (P2D)
000616 | Port P3 (P3)
000716 | Port P3 direction register (P3D)
000816 | Port P4 (P4)
000916 | Port P4 direction register (P4D)

~
N

~
~

1£s

v
~

001216 | Port PO, P1, P2 pull-up control register (PULL012)
001316 | Port P3 pull-up control register (PULL3)
001416 | Port P4 pull-up control register (PULL4)

~N ~

ITI

Fig. 2.1.1 Memory map of 1/O port relevant registers

<

2.1.2 Relevant registers

Port Pi

b7 b6 b5 b4 b3 b2 bl b0
| Port Pi(i=0,1,2,3,4)
(Pi: addresses 0016, 0216, 0416, 0616, 0816)

A AL Name Functions Atreset|R iW
i bt =10/ Port Pio e In output mode 0 0:0
I 1 | Port Pix Write esssssss Port latch 0 [OiO
T S S S A 2 | Port Piz Read sseesees Port latch 0 0:0
A S 3 | Port Pis e In input mode 0o [oio
[ [ — 4 Tporpu e e o [0 _J070
Pl bmmmmme e 5 | Port Pis 0 0.0
e e 6 | Port Pie 0 0:0
S E—— 7 | Port Piz (I [e}{e)

Note: When reading bit 5, 6 or 7 of ports 3 and 4, the contents are undefined.

Fig. 2.1.2 Structure of Port Pi (i =0, 1, 2, 3, 4)
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/0 port

Port Pi direction register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | Port Pi direction register (i=0, 1, 2, 3, 4)
(PIiD: addresses 0116, 0316, 0516, 0716, 0916)

i i i i i i i i b Name Functions At reset|R {W
bbb b o[ Port Pidirection 0 : Port Pio input mode 0 X 10
A || register 1 : Port Pio output mode '
A 1 0 : Port Pi1 input mode o [xi0
I A A 1 : Port Pi1 output mode '
Pl i_ ________ B 0 : Port Pi2 input mode 0 XiO
oo 1 : Port Pi2 output mode :
A 3] 0 : Port Pi3 input mode 0 Xi0
Pl | 1: Port Pi3 output mode !
A 4 0 : Port Pis input mode 0 [xO
o 1 : Port Pi4 output mode l
i B3 0 : Port Pis input mode 0 Xi0
Do 1 1 : Port Pis output mode :
i i ____________________ 6 | 0 : Port Pis input mode 0 Xi0
i ] 1 : Port Pis output mode !
e 7 0 : Port Pi7 input mode 0 X 10
1 : Port Pi7 output mode i

Fig. 2.1.3 Structure of Port Pi direction register (i =0, 1, 2, 3, 4)

Port PO, P1, P2 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | Port PO, P1, P2, pull-up control register
(PULLO12 : address 1216)

i b Name Functions At reset R {W
i it b b1 10 [POpull-up control bit | 0 : No pull-up o |[Oi0
EERREE L Puliup |
A 1 | P1 pull-up control bit | 0 : No pull-up 0 0i0
I 1: Pull-up '
T S R 2 | P2 pull-up control bit | 0 : No pull-up 0 O:0
oo 1 : Pull-up

| mmmmmmmmos | 3 | Nothing is arranged for these bits. These are write 0 O X
. 4 | disabled bits. When these bits are read out, the 0 O X
e 5 | contents are "0". 0 O'X

———————————————————— | 6 0 O:X
----------------------- 7 0 01X

Fig. 2.1.4 Structure of Port PO, P1, P2 pull-up control register
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/0O port

Port P3 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0

Port P3 pull-up control register
— 1 (PULL3 : address 1316)

i i i i i i i i b Name Functions At reset|R EW
i1 1 4 1 1 11 |0o]P3opull-up control bit| 0 : No pull-up 0 0i0
A 1: Pull-up !
A A 1 | P31 pull-up control bit| 0 : No pull-up 0 00
A 1:Pull-up :
T T T 2 | P32 pull-up control bit| O : No pull-up 0 0:0
i i i i i 1: Pull-up i
s 3 | P33 pull-up control bit| 0 : No pull-up o [O:iO
I 1: Pull-up !
Pl Ry 4 | P34 pull-up control bit[ 0 : No pull-up 0 ON©)
b 1: Pull-up !
Pl e | 5 | Fix these bits to "0". 0 Qi0
b oo 6] o |00
Rommmmmmmmmmmmmmeeees 7 0 0i0

Fig. 2.1.5 Structure of Port P3 pull-up control register

Port P4 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0
| Port P4 pull-up control register
—L 1 (PULLA4 : address 1416)

A Name Functions Atreset(R IW
i 1114 b1 1o [P4opull-up control bit] 0 : No pull-up o [Oi0
A 1: Pull-up !
A 1 | P41 pull-up control bit 0 : No pull-up 0 Oi0
A 1: Pull-up :
A 2 | P42 pull-up control bit| 0 : No pull-up o [O'O
E i i i i 1: Pull-up i
bl ] temeeeeeees 3 [ P43 pull-up control bit [ 0 : No pull-up 0o [Oi0
i i i i 1: Pull-up :
A 4 | P44 pull-up control bit| 0 : No pull-up 0 0i0
P 1: Pull-up i
{1 teemmmmmmmmmeeeees | 5 | Fix these bits to "0". 0 0:0
e e 6] e}
Fmmmmmm e 7 0 00

Fig. 2.1.6 Structure of Port P4 pull-up control register

2.1.3 Terminate unused pins

Table 2.1.1 Termination of unused pins
Pins/Ports name Termination
PO, P1, P2, P3, P4 » Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ
to 10 kQ. In the port which can select a internal pull-up resistor, the internal pull-
up resistor can be used.
» Set to the output mode and open at “L” or “H” output state.

VRer Connect to Vss (GND).
AVss Connect to Vss (GND).
Xout Open (only when using external clock)
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/2 3850 Group (Spec.A)
- ENESAS 2.1 1/0O port

2.1.4 Notes on 1/O port

1)

(2

Notes in standby state

In standby state™, do not make input levels of an 1/O port “undefined”, especially for 1/O ports of the
N-channel open-drain. When setting the N-channel open-drain port as an output, do not make input
levels of an I/O port “undefined”, too.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

» External circuit

» Variation of output levels during the ordinary operation

e Reason
When setting as an input port with its direction register, the transistor becomes the OFF state,
which causes the ports to be the high-impedance state.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of an 1/O port are “undefined”. This may cause power source current.
In 1/O ports of N-channel open-drain, when the contents of the port latch are “1”, even if it is set
as an output port with its direction register, it becomes the same phenomenon as the case of an
input port.

01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction

Modifying output data with bit managing instruction
When the port latch of an I/O port is modified with the bit managing instruction™, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
*As for bit which is set for input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
*As for bit which is set for output port:
The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following:

Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.

02 Bit managing instructions: SEB and CLB instructions
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/? 3850 Group (Spec.A)
- ENESAS 2.1 1/0 port

2.1.5 Termination of unused pins
(1) Terminate unused pins

O I/O ports :

» Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ. In the port which can select a internal pull-up resistor, the internal pull-up resistor
can be used.

Set the 1/O ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

O The AVss pin when not using the A-D converter :
* When not using the A-D converter, handle a power source pin for the A-D converter, AVss pin
as follows:
AVss: Connect to the Vss pin.

(2) Termination remarks

O Input ports and 1/O ports :
Do not open in the input mode.
e Reason
» The power source current may increase depending on the first-stage circuit.
» An effect due to noise may be easily produced as compared with proper termination 0 shown
on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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RENESAS 3850 Group (Spec.A)

2.2 Interrupt

2.2 Interrupt

This paragraph explains the registers setting method and the notes relevant to the interrupt.

2.2.1 Memory map

003Az16 | Interrupt edge selection register (INTEDGE)

~
'

~
I

(€

v
~

003Ci1s | Interrupt request register 1 (IREQ1)
003D1s | Interrupt request register 2 (IREQ2)
003Ez16 | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

I ~v

T T

Fig. 2.2.1 Memory map of registers relevant to interrupt
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LENESAS

3850 Group (Spec.A)

2.2 Interrupt
2.2.2 Relevant registers
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
| | | | Interrupt edge selection register

A b 11 1 1 (INTEDGE: address 3Ate)

i i i i i i i i b Name Functions At reset|R iW
bbb bbb i _lo|INToactive edge  |0: Falling edge active 0 O:0
A R T I selection bit 1: Rising edge active |
A R T R S 1 [INT1 active edge  |0: Falling edge active 0 00
b selection bit 1: Rising edge active !

i i R R 2 [INT2 active edge 0: Falling edge active 0 O!'o
P selection bit 1: Rising edge active |
A 3 |INTs active edge [0 Falling edge active o |00
Pl selection bit 1: Rising edge active |
R S S — 4 | Serial/O2/INTs 0: INT3 interrupt selected 0 Oi0
Pl interrupt source bit |1: Serial I/O2 interrupt i
bl selected |
o S | 5 [Nothing is arranged for this bit. This is a write 0 OiX
S O — | 6 |disabled bit. When this bit is read out, the 0 O X
] 7 | contents are “0”". 0 O: X

Fig. 2.2.2 Structure of Interrupt edge selection register
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LENESAS

3850 Group (Spec.A)

O: “0” can be set by software, but “1” cannot be set.

2.2 Interrupt
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1
AL L L 11 1 | (IREQ1:address 3Cie)
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 T
bbb |b Name Functions At reset|R {W
bbb [olINTo interrupt 0 : No interrupt request issued 0 oiD
Pl request bit 1 : Interrupt request issued :
SRR A R 1 | When writing to this bit, set “0” to this bit. 0 =
T R R i
1 1 1 1 1 1 !
A 2 | INT1 interrupt 0 : No interrupt request issued 0 oo
Pl request bit 1 : Interrupt request issued i
i i i i i ___________ 3 [INT2 interrupt 0 : No interrupt request issued 0 Oi a
Pl request bit 1 : Interrupt request issued i
A 4 [INT3/Serial 1/02 0 : No interrupt request issued 0 o:0
b interrupt request bit | 1 : Interrupt request issued i
S 5 [When writing to this bit, set “0” to this bit. 0 (OO
P i
i i ____________________ 6 [ Timer X interrupt 0 : No interrupt request issued 0 Oi O
i request bit 1 : Interrupt request issued !
, !
G 7 | Timer Y interrupt 0 : No interrupt request issued 0 Oi O
request bit 1 : Interrupt request issued |
(: “0” can be set by software, but “1” cannot be set.
Fig. 2.2.3 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register 2
11 11 | (IREQ2: address 3Di6)
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 H
A A L Name Functions At reset|R W
bbb bbb Lo | Timer 1 interrupt 0 : No interrupt request issued 0 1 O
A request bit 1 : Interrupt request issued !
A 1 | Timer 2 interrupt 0 : No interrupt request issued 0 Y=
R T R R request bit 1: Interrupt request issued i
1 1 1 1 1 1
N N N 2 | Serial I/O1 receive |0 : No interrupt request issued 0 OE ad
oo interrupt request bit | 1 : Interrupt request issued :
A 3 | Serial I/O1 transmit [ O : No interrupt request issued 0 O:0
i i i i interrupt request bit | 1 : Interrupt request issued !
A 4 | CNTRo interrupt 0 : No interrupt request issued 0 o0
P request bit 1: Interrupt request issued l
1 1 1 N 1
i i A 5 | CNTRu1 interrupt 0 : No interrupt request issued 0 o0
b request bit 1 : Interrupt request issued i
e 6 | A-D converter 0 : No interrupt request issued 0 o0
i interrupt request bit | 1 : Interrupt request issued !
S 7 [Nothing is arranged for this bit. This is a write 0 01X
disabled bit. When this bit is read out, the |
contents are “0". !

Fig. 2.2.4 Structure of Interrupt

request register 2
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LENESAS

3850 Group (Spec.A)

2.2 Interrupt
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
| 0| | | | 0| Interrupt control register 1
AL b bbb | (ICONL : address 3E16)
i i i i i i i i b Name Functions At reset|R W
bbb b il o [INTointerrupt 0 : Interrupt disabled 0 O:0
A enable bit 1 : Interrupt enabled |
A A 1 |Fix this bit to “0”. o |00
bl i_ ________ 2 [INT1 interrupt 0 : Interrupt disabled 0 00
AR enable bit 1 : Interrupt enabled '
S O 3 [ INTz interrupt 0 : Interrupt disabled 0 |OjO
Pobon enable bit 1 : Interrupt enabled :
bl 4 |INT3/Serial /02 0 : Interrupt disabled 0 00
A interrupt enable bit |1 : Interrupt enabled ;
ey 5 [ Fix this bit to “0”, 0 [Oi0
o] 6 | Timer X interrupt |0 : Interrupt disabled 0 [e}{e)
i enable bit 1 : Interrupt enabled i
b e 7 | Timer Y interrupt [0 : Interrupt disabled o |00
enable bit 1: Interrupt enabled i
Fig. 2.2.5 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 | | Interrupt control register 2
AL Lt 1111 (ICON2: address 3Fi6)
A AL Name Functions Atreset|R W
v r 411 fo[Timerlinterrupt |0 : Interrupt disabled 0o |[Oi0
A enable bit 1 : Interrupt enabled :
A 1 [Timer 2interrupt |0 : nterrupt disabled 0 0i0
bbb enable bit 1 : Interrupt enabled :
T A 2 | Serial I/O1 receive |q : Interrupt disabled 0 O:0
Pl interrupt enable bit |1 : nterrupt enabled |
I 3 | Serial I/O1 transmit |0 : |nterrupt disabled o |[O:0
Pl interrupt enable bit |1 : |nterrupt enabled |
T T 4 |CNTRointerrupt [0 : Interrupt disabled 0o |00
{1 enable bit 1 : Interrupt enabled :
I S — 5 [CNTR1interrupt |0 : Interrupt disabled 0 00
o enable bit 1 : Interrupt enabled !
R 6 [A-D converter |0 : Interrupt disabled o |00
| interrupt enable bit |1 : Interrupt enabled :
e 7 | Fix this bit to “0”. 0 [oio

Fig. 2.2.6 Structure of Interrupt control register 2
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LENESAS

3850 Group (Spec.A)
2.2 Interrupt

2.2.3 Interrupt source

The 3850 group permits interrupts of 15 sources. These are vector interrupts with a fixed priority system.
Accordingly, when two or more interrupt requests occur during the same sampling, the higher-priority
interrupt is accepted first. This priority is determined by hardware, but a variety of priority processing can
be performed by software, using an interrupt enable bit and an interrupt disable flag.
For interrupt sources, vector addresses and interrupt priority, refer to Table 2.2.1.

Table 2.2.1 Interrupt sources, vector addresses and priority of 3850 group

o Vector Addresses (Note 1) Interrupt Request
Interrupt Source Priority High Low Generating Conditions Remarks
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo 2 FFFB16 FFFA16 At detection of either rising or External interrupt
falling edge of INTo input (active edge selectable)
Reserved 3 FFF916 FFF816 Reserved
INT1 FFF716 FFF616 At detection of either rising or External interrupt
falling edge of INT1 input (active edge selectable)
INT2 5 FFF516 FFF416 At detection of either rising or External interrupt
falling edge of INT2 input (active edge selectable)
INT3 6 FFF316 FFF216 At detection of either rising or External interrupt
falling edge of INT3 input (active edge selectable)
Serial 1/02 At completion of serial /02 data | Switch by Serial I/02/INT3 interrupt
transfer source bit
Reserved 7 FFFl16 FFFO16 Reserved
Timer X 8 FFEF16 FFEE16 At timer X underflow
Timer Y 9 FFED16 FFEC16 At timer Y underflow
Timer 1 10 FFEB16 FFEA16 At timer 1 underflow STP release timer underflow
Timer 2 11 FFE916 FFE816 At timer 2 underflow
Serial /01 12 FFE716 FFE616 At completion of serial /01 data | Valid when serial I/O1 is selected
received reception
Serial 1/01 13 FFE516 FFE416 At completion of serial I/01 Valid when serial 1/01 is selected
transmit transfer shift or when transmis-
sion buffer is empty
CNTRo 14 FFE316 FFE216 At detection of either rising or External interrupt
falling edge of CNTRo input (active edge selectable)
CNTR1 15 FFE116 FFEO16 At detection of either rising or External interrupt
falling edge of CNTR1 input (active edge selectable)
A-D converter 16 FFDF16 FFDE16 At completion of A-D conversion
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Notes 1: Vector addresses contain interrupt jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.
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RENES s 3850 Gr;uzp (Spec.A)

Interrupt

2.2.4 Interrupt operation
When an interrupt request is accepted, the contents of the following registers just before acceptance of the
interrupt requests are automatically pushed onto the stack area in the order of O, O and O.

OHigh-order contents of program counter (PCr)
OLow-order contents of program counter (PCL)
OContents of processor status register (PS)

After the contents of the above registers are pushed onto the stack area, the accepted interrupt vector
address enters the program counter and consequently the interrupt processing routine is executed.
When the RTI instruction is executed at the end of the interrupt processing routine, the contents of the
above registers pushed onto the stack area are restored to the respective registers in the order of 0, O
and 0; and the microcomputer resumes the processing executed just before acceptance of the interrupts.
Figure 2.2.7 shows an interrupt operation diagram.

Executing routine

> |
Interrupt occurs X |C0ntents of program counter (high-order) are pushed onto stack|

(Accepting interrupt request) Suspended |
operation

| Contents of program counter (low-order) are pushed onto stack |

| Contents of processor status register are pushed onto stack |

Resume processing
1

Interrupt
processing
routine

RTI instruction
I

| Contents of processor status register are popped from stack |

|Contents of program counter (low-order) are popped from stack |

|Contents of program counter (high-order) are popped from stack|

@ : Operation commanded by software

| | . Internal operation performed automatically

Fig. 2.2.7 Interrupt operation diagram
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Interrupt

(1) Processing upon acceptance of interrupt request

Upon acceptance of an interrupt request, the following operations are automatically performed.

OThe processing being executed is stopped.

OThe contents of the program counter and the processor status register are pushed onto the stack
area. Figure 2.2.8 shows the changes of the stack pointer and the program counter upon acceptance
of an interrupt request.

OConcurrently with the push operation, the jump destination address (the beginning address of the
interrupt processing routine) of the occurring interrupt stored in the vector address is set in the
program counter, then the interrupt processing routine is executed.

OAfter the interrupt processing routine is started, the corresponding interrupt request bit is automatically
cleared to “0". The interrupt disable flag is set to “1” so that multiple interrupts are disabled.

Accordingly, for executing the interrupt processing routine, it is necessary to set the jump destination
address in the vector area corresponding to each interrupt.

Stack area
Program counter

PCL| Program counter (low-order) /_\/

PCH| Program counter (high-order) ( Interrupt disable flag = “0” )

Stack pointer (S)

S ) v

Interrupt
request is
accepted

Program counter Stack area

PCL Vector address - /_\/
( Interrupt disable flag = “1” )

PCH_ (from Interrupt vector area)
(s)-3

Stack pointer Processor status register

s (S)-3

Program counter (low-order)

(S)| Program counter (high-order)

/_\/

Fig. 2.2.8 Changes of stack pointer and program counter upon acceptance of interrupt request
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Interrupt

(2) Timing after acceptance of interrupt request
The interrupt processing routine begins with the machine cycle following the completion of the
instruction that is currently being executed.
Figure 2.2.9 shows the time up to execution of interrupt processing routine and Figure 2.2.10 shows
the timing chart after acceptance of interrupt request.

Interrupt request generated Start of interrupt processing

Y v

Stack push an

Main routine Vector fetch Interrupt processing routine
« 0 . . >
! 0to 16 cycles ! 2 cycles ! 5 cycles :
< >
5 7 to 23 cycles 5
: (When f(XiN) =8 MHz, 1.75 pus to 5.75 us) ;

0 When executing DIV instruction
Fig. 2.2.9 Time up to execution of interrupt processing routine
Waiting time for pipeline Push onto stack Interrupt operation starts
post-processing Vector fetch
lq VU N )

¢ o g »
o LI LI LML
SYNC [
o L] L] LI LT L
WR
Address bus PC  XsspsYstseofs2ses BL X BH XAL, AH

Databus X Notused ¥pcnXPcLX Ps ¥ AL X A X:

SYNC : CPU operation code fetch cycle
(This is an internal signal that cannot be observed from the external unit.)
BL, BH : Vector address of each interrupt
AL, AH : Jump destination address of each interrupt
SPS : “0016” or “0116”

Fig. 2.2.10 Timing chart after acceptance of interrupt request
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2.2.5 Interrupt control

The acceptance of all interrupts, excluding the BRK instruction interrupt, can be controlled by the interrupt
request bit, interrupt enable bit, and an interrupt disable flag, as described in detail below. Figure 2.2.11
shows an interrupt control diagram.

Interrupt request bit ——
Interrupt enable bit —— |

|—O > Interrupt request
Interrupt disable flag

BRK instruction
Reset

Fig. 2.2.11 Interrupt control diagram

The interrupt request bit, interrupt enable bit and interrupt disable flag function independently and do not
affect each other. An interrupt is accepted when all the following conditions are satisfied.

e Interrupt request bit........... “1”
e Interrupt enable bit ........... “1"
e Interrupt disable flag ........ “0”

Though the interrupt priority is determined by hardware, a variety of priority processing can be performed
by software using the above bits and flag. Table 2.2.2 shows a list of interrupt control bits according to the
interrupt source.

(1) Interrupt request bits
The interrupt request bits are allocated to the interrupt request register 1 (address 3Cis) and interrupt
request register 2 (address 3Dus).
The occurrence of an interrupt request causes the corresponding interrupt request bit to be set to
“1". The interrupt request bit is held in the “1” state until the interrupt is accepted. When the interrupt
is accepted, this bit is automatically cleared to “0".
Each interrupt request bit can be set to “0”, but cannot be set to “1”, by software.

(2) Interrupt enable bits
The interrupt enable bits are allocated to the interrupt control register 1 (address 003Eis) and the
interrupt control register 2 (address 3Fus).
The interrupt enable bits control the acceptance of the corresponding interrupt request.
When an interrupt enable bit is “0”, the corresponding interrupt request is disabled. If an interrupt
request occurs when this bit is “0”, the corresponding interrupt request bit is set to “1” but the
interrupt is not accepted. In this case, unless the interrupt request bit is set to “0” by software, the
interrupt request bit remains in the “1” state.
When an interrupt enable bit is “1”, the corresponding interrupt is enabled. If an interrupt request
occurs when this bit is “1”, the interrupt is accepted (when interrupt disable flag = “0").
Each interrupt enable bit can be set to “0” or “1” by software.
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2.2 Interrupt

3)

Interrupt disable flag

The interrupt disable flag is allocated to bit 2 of the processor status register. The interrupt disable

flag controls the acceptance of interrupt request except BRK instruction.

When this flag is “1”, the acceptance of interrupt requests is disabled. When the flag is “0”, the
acceptance of interrupt requests is enabled. This flag is set to “1” with the SEI instruction and is set

to “0” with the CLI instruction.

When a main routine branches to an interrupt processing routine, this flag is automatically set to “1”,
so that multiple interrupts are disabled. To use multiple interrupts, set this flag to “0” with the CLI
instruction within the interrupt processing routine. Figure 2.2.12 shows an example of multiple interrupts.

Table 2.2.2 List of interrupt bits according to interrupt source

Interrupt enable bit Interrupt request bit

Interrupt source - -
Address Bit Address Bit

INTo 003Eu1s b0 003C1s b0
INT: 003E:s b2 003Ci1s b2
INT2 003Eu1s b3 003C1s b3
INTs/Serial 1/02 003E1s b4 003Ci1s b4
Timer X 003E1s b6 003C1s b6
Timer Y 003E:s b7 003Ci1s b7
Timer 1 003Fis b0 003D1s b0
Timer 2 003F1s bl 003D1s bl
Serial 1/01 reception 003Fis b2 003D1s b2
Serial I/O1 transmission 003F1s b3 003D1s b3
CNTRo 003Fi6 b4 003D1s b4
CNTR: 003F1s b5 003D1s b5
A-D converter 003F1s b6 003D1s b6
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2.2

Interrupt

Interrupt request

Nesting

 /

Time

Interrupt L
request 1
|| Ci=1 |
IEE
|
Interrupt =1
request 2 > I
[ ce=1 |
|
|| E|

Multiple interrupt

|—( Interrupt2 )

=1

. Interrupt disable flag

. Interrupt enable bit of interrupt 1
. Interrupt enable bit of interrupt 2
: Set automatically.

: Set by software.

Fig. 2.2.12 Example of multiple interrupts
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2.2 Interrupt

2.2.6 INT interrupt

The INT interrupt requests is generated when the microcomputer detects a level change of each INT pin
(INTo—INT3).

(1) Active edge selection
INTo—INTs can be selected from either a falling edge or rising edge detection as an active edge by

the interrupt edge selection register. In the “0” state, the falling edge of the corresponding pin is
detected. In the “1” state, the rising edge of the corresponding pin is detected.

(2) INTs interrupt source selection

Which of interrupt source of the serial I/O2/INTs interrupt source can be selected by the serial 1/02/
INTs interrupt source bit (bit 4 of address 3Ais). (Set this bit to “0” when using INTs.)
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2.2 Interrupt

2.2.7 Notes on interrupts

(1) Change of relevant register settings
When the setting of the following registers or bits is changed, the interrupt request bit may be set
to “1”. When not requiring the interrupt occurrence synchronized with these setting, take the following
sequence.
eInterrupt edge selection register (address 3Ais)
*Timer XY mode register (address 231s)
Set the above listed registers or bits as the following sequence.

Set the corresponding interrupt enable bit to “0”
(disabled) .
!
Set the interrupt edge select bit (active edge switch
bit) or the interrupt (source) select bit to “1".
|
| NOP (One or more instructions) |
!
Set the corresponding interrupt request bit to “0”
(no interrupt request issued).
!
Set the corresponding interrupt enable bit to “1”
(enabled).

Fig. 2.2.13 Sequence of changing relevant register

m Reason

When setting the followings, the interrupt request bit may be set to “1”.

*When setting external interrupt active edge

Concerned register: Interrupt edge selection register (address 3Aus)

Timer XY mode register (address 231s)

*When switching interrupt sources of an interrupt vector address where two or more interrupt
sources are allocated.

Concerned register: Interrupt edge selection register (address 3Aus)
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(2) Check of interrupt request bit
e When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request
register immediately after this bit is set to “0” by using a data transfer instruction, execute one

or more instructions before executing the BBC or BBS instruction.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
!

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 2.2.14 Sequence of check

m Reason

of interrupt request bit

If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”

is read.
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2.3 Timer

2.3 Timer

This paragraph explains the registers setting method and the notes relevant to the timers.

2.3.1 Memory map

Address

/
nv

b))
(s

002016 | Prescaler 12 (PRE12)
002116 | Timer 1 (T1)

002216 | Timer 2 (T2)

002316 | Timer XY mode register (TM)
002416 | Prescaler X (PREX)

002516 | Timer X (TX)

002616 | Prescaler Y (PREY)

002716 | Timer Y (TY)

002816 | Timer count source selection register (TCSS)

I I
N n

(s

“/
N

003C1s6 | Interrupt request register 1 (IREQ1)
003Dz1s | Interrupt request register 2 (IREQ2)

O03E1s6 | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

Fig. 2.3.1 Memory map of registers relevant to timers

2.3.2 Relevant registers

Prescaler 12, Prescaler X, Prescaler Y

b7 b6 b5 b4 b3 b2 bl b0
| Prescaler 12 (PRE12), Prescaler X (PREX), Prescaler Y (PREY)
(addresses 2016, 2416, 2616)

i b Functions At reset

EEREEE R W
R | 0 [+ Set a count value of each prescaler. 1 00
i i i i i i Lo | 1 |+ The value set in this register is written to both 1 0:0
I T T ) S— 2 | each prescaler and the corresponding 1 00
A T 3| prescaler latch at the same time. 1 0'0
T 4 | * When this register is read out, the count value 1 00
Pl — ofth di ler is read out. 5

I 5] of the corresponding prescaler is read ou 1 o) | o)
R e e 6 1 00
e 7 1 0:0

Fig. 2.3.2 Structure of Prescaler 12, Prescaler X, Prescaler Y
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2.3 Timer
Timer 1

b7 b6 b5 b4 b3 b2 bl b0

| | | | Timer 1
AL L1111 (T1: address 2116)
Prr b |b Functions Atreset|R W
i i i i i i i t- | O | * Set timer 1 count value. 1 00
Pl e | 1 |+ The value set in this register is written to both 0 00
A N — 2| thetimer 1 and the timer 1 latch at the same 0 00
I T T T N I~ | time. i
1 1 1 1 3 0 O | O
N R N "4 |+ When the timer 1 is read out, the count value 0 00
R S— E of the timer 1 is read out. 0 00
bt 1 6 | 0 10:0
hommmmmmmmmsoseseeooe- 7 [ [e}{e

Fig. 2.3.3 Structure of Timer 1
Timer 2

b7 b6 b5 b4 b3 b2 bl b0

| | | | Timer 2
L bt (T2: address 2216)
Pl i1 |b Functions Atreset|R W
S R R | 0 |+ Set timer 2 count value. 0 00
A | 1 |* The value set in this register is written to both 0 00
R R 2 | timer 2 and the timer 2 latch at the same time. 0 [eXe)
A T 37| * When timer 2 is read out, the count value of 0 oXle)
i i i e 4] the timer 2 is read out. 0 1) : 0O
T | S | 0 O i O
| temmmmmmmmesoeoee- 6 | 0|00
hommmmmmmmmmom oo 7 0o |00

Fig. 2.3.4 Structure of Timer 2
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Timer X, TimerY

b7 b6 b5 b4 b3 b2 bl b0

Timer X, Timer Y
(TX, TY: addresses 2516, 2716)

P b |b Functions Atreset|R W
pobob bbb -1 0 | Set each timer count value. 1 00
A | 1 |+ The value set in this register is written to both 1 0:i0
B R 2 | eachtimer and the corresponding timer latch 1 00
A T 3| atthe same time. 1 0'!0
I ik When each timer is read out, the count value 1 00
b — ofth ding timer i d out. ;

I 5] of the corresponding timer is read ou 1 o) | o)
R e e | 6 | 1 00
e 7 1 0:0

Fig. 2.3.5 Structure of Timer X, Timer Y
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2.3 Timer

Timer XY mode register

b7 b6 b5 b4 b3 b2 bl b0

[

Timer XY mode register
(TM: address 2316)

b Name Functions Atreset|R EW
: : bl b0 !

0 Egndeg l))(itgperatlng 0 0: Timer mode 0 Oi 0
0 1: Pulse output mode l

T 1 0: Event counter mode 0 o Ye)
1 1: Pulse width i
measurement mode !

2 |CNTRo active edge |Refer to Table 2.3.1 0 00
switch bit i

3 | Timer X count stop |0: Count start 0 00
bit 1: Count stop !
i i bS b4 |

4 E?deé t\)(itgperatlng 0 O: Timer mode 0 Oi o
0 1: Pulse output mode !

5 | 1 0: Event counter mode 0 0 0
1 1: Pulse width !
measurement mode i

6 |CNTR1 active edge [Refer to Table 2.3.1 0 O:0
switch bit |

7 | Timer Y count stop [0: Count start 0 0:0

bit

1: Count stop

Fig. 2.3.6 Structure of Timer XY mode register

Table 2.3.1 CNTRo/CNTR1 active edge switch bit function

Timer X /Timer Y| Set Timer function CNTRo / CNTR1 interrupt request
operation modes | value occurrence source
Timer mode “0” |No influence to timer count CNTRo/CNTR: input signal falling edge

“1”  |No influence to timer count CNTRo/CNTR: input signal rising edge
Pulse output “0” |Pulse output start: Beginning |Output signal falling edge count
mode at “H” level

“1" |Pulse output start: Beginning |Output signal rising edge count

at “L” level

Event counter “0" |Rising edge count Input signal falling edge count
mode “1” |Falling edge count Input signal rising edge count
Pulse width “0” |"“H” level width measurement |Input signal falling edge count
measurement mode | “1" [“L” level width measurement |Input signal rising edge count
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Timer count source selection register

b7 b6 b5 b4 b3 b2 bl b0
| | | | Timer count source selection register
(TCSS: address 2816)

i i i i i i i i b Name Functions At reset|R {W
bbb b L o[ Timer X count 0: f(Xin)/16 (f(Xcin)/16 at o |oio
b source selection bit | low-speed mode) i
I T T N 1: f(Xin)/2 (f(Xcin)/2 at low- '
Pl speed mode) !
bbb bbb [1] TimerYeount [0 f(Xi)/16 (f(Xcn)/16 at 0o |0iO
P source selection bit| low-speed mode) :
oo 1: f(Xin)/2 (f(Xcin)/2 at low- i
I R R A speed mode) |
I 2 |Timer 12 count __|0: f(Xm)/16 (F(Xam)/16 at 0 |00
Pl source selection bit | low-speed mode) !
P 1: f(Xcin) i
T T R S | 3 | Nothing is arranged for this bit. This is a write 0 OiX
T S O —— | 4 | disabled bit. When this bit is read out, the 0 O!X
A 5 | contents are “0”. 0 0OX
S S 6] 0 |OiX
e 7 0o [oix

Fig. 2.3.7 Structure of Timer count source selection register
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2.3 Timer
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1
AL Lt 1111 (IREQL: address 3Ci6)
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 T
bbb b Name Functions Atreset|R iW
i i i i i i i i 0 | INTo interrupt 0 : No interrupt request issued 0 oD
AR request bit 1 : Interrupt request issued |
SRR A R 1 | When writing to this bit, set “0” to this bit. 0 o'
T B A i
1 1 1 1 1 1 !
A 2 [ INTz1 interrupt 0 : No interrupt request issued 0 o0
Pl request bit 1 : Interrupt request issued |
A 3 |INT2 interrupt 0 : No interrupt request issued 0 0:0
Pl request bit 1 : Interrupt request issued i
A 4 | INTs/Serial 1/02 0 : No interrupt request issued 0 oi o
i i i interrupt request bit | 1 : Interrupt request issued l
A 5 [When writing to this bit, set “0” to this bit. 0 0:0
P i
i i ____________________ 6 [ Timer X interrupt 0 : No interrupt request issued 0 Oi O
i request bit 1 : Interrupt request issued !
! !
G 7 [Timer Y interrupt |0 : No interrupt request issued 0 o0
request bit 1 : Interrupt request issued |
: “0” can be set by software, but “1” cannot be set.
Fig. 2.3.8 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt request register 2
AL L 111 | (IREQ2: address 3Di6)
1 1 1 1 1 1 1 1
[ A H
A L Name Functions Atreset|R 'W
i i i i i i i i__|o[Timer1 interrupt 0 : No interrupt request issued 0 i O
A request bit 1: Interrupt request issued !
A 1 | Timer 2 interrupt 0 : No interrupt request issued 0 o'
I T R request bit 1 : Interrupt request issued :
[ T I
I A 2 | Serial I/O1 receive |0 : No interrupt request issued 0 O: 0
oo interrupt request bit | 1 : Interrupt request issued :
A 3 | Serial I/O1 transmit | O : No interrupt request issued 0 o0
i i i i interrupt request bit | 1 : Interrupt request issued !
A 4 | CNTRo interrupt 0 : No interrupt request issued 0 [
P request bit 1: Interrupt request issued i
1 1 1 . 1
N R SR— 5 | CNTRu1 interrupt 0 : No interrupt request issued 0 oo
P request bit 1 : Interrupt request issued i
P 6 | A-D converter 0 : No interrupt request issued 0 o0
i interrupt request bit | 1 : Interrupt request issued !
S 7 [ Nothing is arranged for this bit. This is a write 0 OiX
disabled bit. When this bit is read out, the |
contents are “0”". !
O: “0” can be set by software, but “1” cannot be set.

Fig. 2.3.9 Structure of Interrupt r

equest register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
| 0| | | | 0| Interrupt control register 1
AL L1 11 1 | (ICON1:address 3Ei6)
i i i i i i i i b Name Functions At reset|R {W
bbb bbb 1o [INTo interrupt 0 : Interrupt disabled 0 OH©)
A enable bit 1 : Interrupt enabled ;
A R A 1 |Fix this bit to “0". 0 |0i0
Poror b 2 | INT1 interrupt 0 : Interrupt disabled 0 00
SR enable bit 1 : Interrupt enabled i
A 3 [ INT2 nterrupt 0 : Interrupt disabled 0 |00
P enable bit 1 : Interrupt enabled !
Pl 4 | INTs/Serial 1102 0 : Interrupt disabled 0 00
[ interrupt enable bit |1 : Interrupt enabled i
I R 5 | Fix this bit to “0". 0o |00
o] 6 | Timer X interrupt [0 : Interrupt disabled 0 Oi0
! enable bit 1: Interrupt enabled !
R 7 | Timer Y interrupt |0 : Interrupt disabled o |OiO
enable bit 1 : Interrupt enabled :
Fig. 2.3.10 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 | Interrupt control register 2
A1 1t 11 1 | (ICON2:address 3Fis)
i i i i i i i i b Name Functions At reset|R W
tfr 1t 441 i Jo[TimerLinterrupt o : Interrupt disabled o [OiO0
A enable bit 1 : Interrupt enabled :
A 1 | Timer 2 interrupt [ Q : Interrupt disabled o |00
Pl enable bit 1 : Interrupt enabled :
A 2 |Serial I/O1 receive |q : |nterrupt disabled 0 00
oo interrupt enable bit |1 : |nterrupt enabled i
S N 3 [Serial I/O1 transmit | g : |nterrupt disabled 0 Oi0
Pl interrupt enable bit |1 . |nterrupt enabled [
T R 4 [CNTRointerrupt 10 : Interrupt disabled 0 |Oi0
o enable bit 1 : Interrupt enabled :
R S 5 | CNTR1 interrupt 0 : Interrupt disabled 0 0:0
P enable bit 1 : Interrupt enabled i
A 6 [A-D converter [0 Interrupt disabled 0o |00
| interrupt enable bit |1 : Interrupt enabled i
o] 7 | Fix this bit to “0". 0 [oio

Fig. 2.3.11 Structure of Interrupt control register 2
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2.3 Timer

2.3.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of Event interval (Timer X, Timer Y, Timer 1, Timer 2)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request
occurs.
<Use>
*Generation of an output signal timing
*Generation of a wait time

[Function 2] Control of Cyclic operation (Timer X, Timer Y, Timer 1, Timer 2)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
*Generation of cyclic interrupts
«Clock function (measurement of 250 ms); see Application example 1
«Control of a main routine cycle

[Function 3] Output of Rectangular waveform (Timer X, Timer Y)
The output level of the CNTR pin is inverted each time the timer underflows (in the pulse output
mode).
<Use>
*Piezoelectric buzzer output; see Application example 2
*Generation of the remote control carrier waveforms

[Function 4] Count of External pulses (Timer X, Timer Y)
External pulses input to the CNTR pin are counted as the timer count source (in the event counter
mode).
<Use>
*Frequency measurement; see Application example 3
«Division of external pulses
*Generation of interrupts due to a cycle using external pulses as the count source; count of a
reel pulse

[Function 5] Measurement of External pulse width (Timer X, Timer Y)
The “H” or “L” level width of external pulses input to CNTR pin is measured (in the pulse width
measurement mode).
<Use>
«Measurement of external pulse frequency (measurement of pulse width of FG pulse® for a
motor); see Application example 4
*Measurement of external pulse duty (when the frequency is fixed)

FG pulse® Pulse used for detecting the motor speed to control the motor speed.

REJ05B0770-0100/Rev1.00 November 2005 Page 28 of 117



RENESAS 3850 Group (Spec.A)

2.3 Timer

(2) Timer application example 1: Clock function (measurement of 250 ms)
Outline: The input clock is divided by the timer so that the clock can count up at 250 ms intervals.
Specifications: *The clock f(Xin) = 4.19 MHz (2?2 Hz) is divided by the timer X.
*The clock is counted up in the process routine of the timer X interrupt which occurs
at 250 ms intervals.

Figure 2.3.12 shows the timers connection and setting of division ratios; Figure 2.3.13 shows the
relevant registers setting; Figure 2.3.14 shows the control procedure.

Dividing by 4 with software

Timer X count source Timer X interrupt )
selection bit Prescaler X Timer X request bit -
f(XIN) = 4.19 MHz ——>»{ 1/16 1/256 1/256 Oorl 1/4
250 ms 1 second

0 : No interrupt request issued
1: Interrupt request issued

Fig. 2.3.12 Timers connection and setting of division ratios

Timer count source selection register (address 2816)
b7

b0
ress [ LTI o]

\—> Timer X count source : f(XIN)/16

Timer XY mode register (address 2316)
b7

b0
[ L] ] ofe]

u—» Timer X operating mode: Timer mode
Timer X count: Stop

Clear to “0” when starting count.

Prescaler X (address 2416)
b7 b0

PREX | 255 |

Timer X (address 2516) Set "division ratio - 1

b7 b0
4 | 255 |

Interrupt request register 1 (address 3Czs)
b7 b0

et [ o] [ [ ]]
|

> Timer X interrupt request
(becomes “1” at 250 ms intervals)

Interrupt control register 1 (address 3Eus)
b0

b7
con | o] [J[]]]
|

» Timer X interrupt: Enabled

Fig. 2.3.13 Relevant registers setting
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( RESET ) e X: This bitis not used here. Set it to “0” or “1” arbitrarily.

Initialization
SEI «All interrupts disabled

TM  (address 2316) < XXXX1X002|  «Timer X : Timer mode

IREQL (address 3C1s), bit6 <— 0 Clear Timer X interrupt request bit

ICON1 (address 3Ez1s), bit6 <— 1 *Timer X interrupt enabled

TCSS (address 2816), bit0 <«— O *Timer X count source : f(XIN)/16

PREX (address 241e6) <— 256-1 «Set “division ratio — 1" to Prescaler X and Timer X
TX (address 2516) <— 256-1

TM (address 2316), bit3 <— 0 *Timer X count start

CLI eInterrupts enabled

Main processing

<Procedure for completion of clock set> *Reset Timer to restart count from 0 second after completion of

(Note 1) clock set
™ (address 2316), bit3 <— 1 .
PREX (address 2416) < 256-1 Note 1: Perform proce_dure for completion of clock set only
TX (address 2516) < 256-1 when completing clock set.

IREQ1 (address 3Cue), bit6 <— 0
™ (address 2316), bit3 <— 0

|

2
S

( Timer X interrupt process routine )

|

CLT (Note 2) Note 2: When using Index X mode flag (T)
CLD (Note 3) Note 3: When using Decimal mode flag (D)
Push registers to stack Push registers used in interrupt process routine
Y
«Judge whether clock stops
N
Clock count up (1/4 second to time) «Clock count up
e
<
Pop registers *Pop registers pushed to stack

v
( RTI )

Fig. 2.3.14 Control procedure
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(3) Timer application example 2: Piezoelectric buzzer output
Outline: The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications: *The rectangular waveform, dividing the clock f(Xin) = 4.19 MHz (2% Hz) into about
2 kHz (2048 Hz), is output from the P2:/CNTRo pin.
*The level of the P27/CNTRo pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.3.15 shows a peripheral circuit example, and Figure 2.3.16 shows the timers connection and
setting of division ratios. Figure 2.3.17 shows the relevant registers setting, and Figure 2.3.18 shows
the control procedure.

The “H” level is output while a piezoelectric buzzer output stops.

/—/%
CNTRo output

P27/CNTRo PiPiPi

244 s 244 ps ‘='(] Ml

Set a division ratio so that the
underflow output period of the timer X 3850 Group
can be 244 ps.

Fig. 2.3.15 Peripheral circuit example

Timer X count

source selection Prescaler X . .
bit Timer X Fixed

f(XiN) =4.19 —>»{ 1/16 1 1/64
MHz

1/2 |—> CNTRo

Y

Fig. 2.3.16 Timers connection and setting of division ratios
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2.3 Timer

Timer count source selection register (address 2816)
b7 b0

TCSS 0 |

\—>Timer X count source: f(Xin)/16

Timer XY mode register (address 231s6)
b7 b0

™ 1001|

u—>Timer X operating mode : Pulse output mode

CNTRo active edge switch : Output starting at “H” level
Timer X count : Stop
Clear to “0” when starting count

Timer X (address 2516)
b7 b0

X | 63 |

>< Uty 1ot 1 - ”
Prescaler X (address 2416) Set "division ratio - 1

b7 b0
PREX | 0 |

Interrupt control register 1 (address 3Ezs)
b7 bo

ICON1 | 0

‘ > Timer X interrupt disabled

Fig. 2.3.17 Relevant registers setting
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3850 Group (Spec.A)
2.3 Timer

C RESET )

Initialization

) (address 0416), bit7 <— 1
P2D (address 0516) <— IXXXXXXX2

TCSS (address 2816), bit0 <— 0
ICON1 (address 3Ezs), bit6 <— 0

™ (address 2316) <— XXXX10012
X (address 2516) <— 64-1

PREX (address2416) <— 1-1

\/

Main processing

Output unit

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

*Timer X count source: f(XIN)/16

*Timer X interrupt disabled

*CNTRo output stopped at this point (buzzer output stopped)
«Set (division ratio — 1) to timer X, prescaler X

*Processing buzzer request, generated during main
processing, in output unit

Yes

Buzzer request ?

No

™ (address 2316), bit3 <— 1
TX (address 2516) <— 64-1

output

Stop of piezoelectric buzzer

™

(address 2

316), bit3 <— 0

Start of piezoelectric buzzer output

Fig. 2.3.18 Control procedure
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IZENESAS 2.3 Timer

(4) Timer application example 3: Frequency measurement
Outline: The following two values are compared to judge whether the frequency is within a valid
range.
*A value by counting pulses input to P4o/CNTR: pin with the timer.
A reference value
Specifications: «Clock f(Xin) = 4.19 MHz (2?2 Hz)
*The pulse is input to the P4o/CNTR: pin and counted by the timer Y.
*A count value is read out at about 2 ms intervals, the timer 1 interrupt interval.
When the count value is 28 to 40, it is judged that the input pulse is valid.
*Because the timer is a down-counter, the count value is compared with 227 to 215
(Note).

Note: 227 to 215 = {255 (initial value of counter) — 28} to {255 — 40}; 28 to 40 means the number
of valid value.

Figure 2.3.19 shows the judgment method of valid/invalid of input pulses; Figure 2.3.20 shows the
relevant registers setting; Figure 2.3.21 shows the control procedure.

Input pulse

—— S o
71.4 ps or more 71.4 ps 50 us 50 pus or less
(less than 14 kHz), (14 kHz) (20 kHz) | (20 kHz or more)
Invalid——»« Valid r Invalid
2ms 2ms
—=—>__ =28 counts —="—>__ =40 counts
71.4 us 50 us

Fig. 2.3.19 Judgment method of valid/invalid of input pulses
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2.3 Timer

Timer XY mode register (address 2316)
b7 b0

e afafafo] ]

‘ ‘ » Timer Y operating mode: Event counter mode

» CNTRu1 active edge switch: Falling edge count

» Timer Y count: Stop
Clear to “0” when starting count

Timer count source selection register (address 2816)
b7 b0

ress | | [ [ [ o] []
‘—) Timer 1 count source: f(Xin)/16

Prescaler 12 (address 2016)
b7 b0

PRE12 | 63 |

Timer 1 (address 2116)
b7 b0

T1 | 7 | Set “division ratio — 1”

Prescaler Y (address 2616)
b7 b0

PREY | 0 |

Timer Y (address 2716)
b7 b0

TY | 255 |

Set 255 just before counting pulses
(After a certain time has passed, the number of input
pulses is decreased from this value.)

Interrupt control register 1 (address 3Eus)
b7

b0
cont o] [ ] ][ ]]]

Interrupt control register 2 (address 3Fis)
b7

b0
conz | | [P 1] ] ]

L» Timer 1 interrupt: Enabled

» Timer Y interrupt: Disabled

Interrupt request register 1 (address 3Cise)
b7

b0
et fof J [ ]]]

» Judgment of Timer Y interrupt request bit
(“1” of this bit when reading the count value indicates the 256 or more
pulses input in the condition of Timer Y = 255)

Fig. 2.3.20 Relevant registers setting
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2.3 Timer

( RESET

Initialization
SEI

PRE12 (address 2016) <—64-1
T1 (address 2116) «—8-1
PREY (address2616) <—1-1

ICON1 (address 3Eze), bit7 <— 0
ICON2 (address 3Fi6), bit0 <—1

TM  (address 2316), bit7 <— 0

cLI

TM  (address 2316) <— 1110XXXX2
TCSS (address 2816) <«— XXXXXO0XX2

TY (address 2716) < 296-1

*

( Timer 1 interrupt process routine

CLT (Note 1)
CLD (Note 2)
Push registers to stack

IREQ1(address 3Czis), bit7 ?

(A) <«— TY (address 2716)

214 < (A) < 228

Out of range

>

e X: This bit is not used here. Set it to “0” or “1” arbitrary.

«All interrupts disabled

*Timer Y operating mode : Event counter mode
(Count a falling edge of pulses input from CNTR1 pin.)

Set division ratio so that Timer 1 interrupt will occur at
2 ms intervals.

*Timer Y initial value set

*Timer Y interrupt: Disabled

*Timer 1 interrupt: Enabled

*Timer Y count start

eInterrupts enabled

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
«Push registers used in interrupt process routine

*Process as out of range when the count value is 256 or more

*Read the count value
*Store the count value into Accumulator (A)

In range

Fpulse <« 0

<

reference value

flag Fpulse

| Fpulse <« 1
I

<

TY (address 2716)
IREQ1 (address 3Czis6), hit7 «<— 0

< 256-1

| Process judgment result

Pop registers

C RTI

eInitialize the counter value
«Clear Timer Y interrupt request bit

*Pop registers pushed to stack

eCompare the read value with

*Store the comparison result to

Fig. 2.3.21 Control procedure
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2.3 Timer

(5) Timer application example 4: Measurement of FG pulse width for motor
Outline: The timer X counts the “H” level width of the pulses input to the CNTRo pin. An underflow
is detected by the timer X interrupt and an end of the input pulse “H” level is detected by
the CNTRo interrupt.
Specifications: *The timer X counts the “H” level width of the FG pulse input to the CNTRo pin.

<Example>
When the clock frequency is 4.19 MHz, the count source is 3.8 us, which is obtained by dividing
the clock frequency by 16. Measurement can be made up to 250 ms in the range of FFFFis to
00001s.

Figure 2.3.22 shows the timers connection and setting of division ratio; Figure 2.3.23 shows the
relevant registers setting; Figure 2.3.24 shows the control procedure.

Timer X count source Timer X interrupt
selection bit Prescaler X Timer X request bit
f(XIN) = 4.19 MHz ——>{ 1/16 1/256 1/256 Oorl
250 ms

0 : No interrupt request issued
1 : Interrupt request issued

Fig. 2.3.22 Timers connection and setting of division ratios
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RENESAS 2.3 Timer

Timer XY mode register (address 2316)
b7 b0

L] [afola]s]
u—) Timer X operating mode: Pulse width measurement mode
CNTRo active edge switch: “H” level width measurement
Timer X count: Stop
Clear to “0” when starting count

Prescaler X (address 2416)

b7 b0

PREX | 255 |
Timer X (address 2516) [ Setdivision ratio — 1"

b7 b0

04 | 255 |

Interrupt request register 1 (address 3Cise)
b7 b0

IREQ1 0

» Timer X interrupt request
(Set to “1” automatically when Timer X underflows)

Interrupt control register 1 (address 3Eus)

b7 b0
cont | Jif [ []]]

» Timer X interrupt: Enabled

Interrupt request register 2 (address 3Dzs)
b7 b0

ez | | | ol [ 1]

\—> CNTRo interrupt request

(Set to “1” automatically when “H” level input came to the end)

Interrupt control register 2 (address 3Fis)
b7 b0

conz | [ ] []]]

\—> CNTRo interrupt: Enabled

Fig. 2.3.23 Relevant registers setting
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2.3 Timer

( RESET

)

TX (address 2516) <— 256-1
IREQ1 (address 3Czs), bit6 €«— 0
ICON1 (address 3Euzs), bit6 <«— 1
IREQ2 (address 3D1s), bit4 <«— 0
ICON2 (address 3Fzis), bit4 <— 1

™ (address 2316), bit3 <— 0

cLI

Initialization

SEI

™ (address 2316) <«— XXXX10112
PREX (address 2416) <— 256-1

\
o
N

( Timer X interrupt process routine )

| Error processing

!

( RTI

( CNTRo interrupt process routine

CLT (Note 1)
CLD (Note 2)
Push registers to stack

A < PREX

pulse width measurement
(A) < TX

pulse width measurement
PREX (address 2416) <— 256-1
X (address 2516) <— 256-1

Low-order 8-bit result of <— Inverted (A)

High-order 8-bit result of <— Inverted (A)

| Pop registers

!

( RTI

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

«All interrupts disabled

*Timer X: Pulse width measurement mode

(Measure “H" level of pulses input from CNTRo pin.)

«Set division ratio so that Timer X interrupt will occur at
250 ms intervals.

«Clear Timer X interrupt request bit

*Timer X interrupt enabled

«Clear CNTRo interrupt request bit

*CNTRo interrupt enabled

*Timer X count start

eInterrupts enabled

*Error occured

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

*Read the count value and store it to RAM

«Division ratio set so that Timer X interrupt will
occur at 250 ms intervals.

*Pop registers pushed to stack

Fig. 2.3.24 Control procedure
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2.3 Timer

2.3.4 Notes on timer

e If a value n (between 0 and 255) is written to a timer latch, the frequency division ratio is 1/(n+1).
e When switching the count source by the timer 12, X and Y count source selection bits, the value
of timer count is altered in unconsiderable amount owing to generating of thin pulses in the count
input signals.
Therefore, select the timer count source before set the value to the prescaler and the timer.
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2.4 Serial I/O

2.4 Serial 1/1O

This paragraph explains the registers setting method and the notes relevant to the Serial 1/0.

2.4.1 Memory map

Address

~v
nv

~
N

(&S

001516

Serial 1/02 control register 1 (SIO2CON1

001616

Serial 1/02 control register 2 (SIO2CON2

001716

Serial 1/02 register (S102)

001816

Transmit/Receive buffer register (TB/RB)

001916

Serial 1/01 status register (SIOSTS)

001A16

Serial 1/01 control register (SIOCON)

001B16

UART control register (UARTCON)

001Cz1s

Baud rate generator (BRG)

nv
~ns

~
I

AQY

003A16

Interrupt edge selection register (INTEDGE)

~v
nv

~
N

(&S

003C1s

Interrupt request register 1 (IREQ1)

003D1s6

Interrupt request register 2 (IREQ2)

003E1s6

Interrupt control register 1 (ICON1)

003F16

Interrupt control register 2 (ICON2)

Fig. 2.4.1 Memory map of registers relevant to Serial I/O
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2.4 Serial 1/0

2.4.2 Relevant registers

Serial 1/02 control register 1

b7 b6 b5 b4 b3 b2 bl b0

| Serial I/02 control register 1 (SIO2CON1: address 1516)

E E i i i i i i b Name Functions Atreset|R W
bbb b Lo |Internal b2b1b0 0 00
I synchronous clock 8 8 (1) ;&'Ngﬁe |
T A 1 selection bi f(Xin i
i i i i i i . 1 | selection bits 010 f(Xn)/32 0 @) : O
I T A - 01 1: f(XiN)/64 :
A A 2 11 0: f(X)/128 0 Oi0
I A 11 1: f(Xin)/256 '
A N 3 [ Serial 1102 port  [0: 110 port (P01, P02) 0o |00
Pl selection bit 1: Sour, Scik2 signal output '
A 4 | Srovz output 0: 1/0 port (P03) 0o |00
o enable bit 1: Srovz signal output i
A 5 | Transfer direction [0: LSB first 0 Oi0
Do selection bit 1: MSB first ;
Do 6 | Serial 1102 0: External clock 0 0:0
e synchronous 1: Internal clock |
! clock selection bit :
i 7 | PO1/Sourtz, 0: CMOS output 0 00
i P02/ScLk2 1: N-channel open-drain i
““““““““““““ P-channel output output |
disable bit !
Fig. 2.4.2 Structure of Serial 1/02 control register 1
Serial 1/02 control register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/02 control register 2
Lt 11 (SIO2CON2: address 1616)
A A L Name Functions At reset|R W
I A A A B ' b2b1b0 |
O 0 S{)tlonal transfer 300 1 bit 1 O: O
AR s 00 1: 2 bit :
A P 010: 3 bit !
I L 01 1: 4 bit 1 00
P ] 10 0: 5 bit |
A 2 10 1: 6 bit |
A 110: 7 bit 1 Oi o
Pl 111:8bit :
I S SO — | 3 |Nothing is arranged for these bits. These are 0 o:d
A | 4 |write disabled bits. When these bits are read 0 o0
A D 5 |out, the contents are “0". 0 o0
N S 6 | Serial 1102 0: P43 1/0 o |OiO
i I/O comparison 1: Scmp2 output !
! signal control bit i
] 7 | Sour2 pin control 0: Output active 0 00
bit (P01) 1: Output high-impedance i

Fig. 2.4.3 Structure

of Serial I/O

2 control register 2
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Serial 1/02 register

b7 b6 b5 b4 b3 b2 bl b0
| | | | Serial /02 register
(SI02: address 1716)

i i i i i i i b Name Functions At reset|R iW
i 11 1 111 -1 0 |This register becomes shift register. Undefined| O} O
A | 1 |At transmit: Set transmit data to this register. Undefined| O O
it i At r'eceive: Received data is stored to this Undefined oi O
e | 3 |register. Undefined| O1 O
s [ 4 Undefined| O O
e | 5 | Undefined| O+ O
P bmmmmmmm oo 16 Undefined| O} O
LR LR 7 Undefined[ © 1 O
Fig. 2.4.4 Structure of Serial 1/02 register
Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl bO _ _ _

| | | | Transmit/Receive buffer register (TB/RB: address 1816)

E E i i i i i i b Functions Atreset|R W
i i i i i i i ""'L The transmission data is written to or the Undefined OEO
A | 1 |receive data is read out from this buffer register. [Undefined| O 1O
A — 2 |+ At write: A data is written to the transmit buffer |yndefined| O 1O
R 3 register. _ Undefined| O 1O
P T 4] Atread: The contents of the recelve buffer Iyndefined OO
bt 15 g ' Undefined OEO
| hmmmmmmmemeee oo | 6 | Undefined| O 1O
e 7 Undefined[ © 1O

Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.

Fig. 2.4.5 Structure of Transmit/Receive buffer register
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Serial I/0O1 status register
b7 b6 b5 b4 b3 b2 bl b0
| Serial I/01 status register (SIOSTS: address 1916)

T T T T T : : : .
i i i i i i to1o|b Name Functions Atreset|R EW
bbb i o | Transmit buffer 0: Buffer full 0 0:0
oo i i i empty flag (TBE) 1: Buffer empty !
bbb 1 |Receive buffer full |0: Buffer empty o |oiO0
I A flag (RBF) 1: Buffer full :
Pl o 2 | Transmit shift 0: Transmit shift in progress 0 o0
e register shift 1: Transmit shift completed :
oo completion flag |
BEEE (TSC) a
ool o 3 | Overrun error flag  |0: No error 0 o0
oo (OE) 1: Overrun error !
A 4 [ Parity error flag 0: No error o |O!0
oL (PE) 1: Parity error |
A 5 [Framing error flag  [0: No error 0 o0
i i (FE) 1: Framing error i
S 6 [ Summing error flag [0: (OE) U (PE) U (FE) = 0 0o |00
| (SE) 1: (OE) U (PE) U (FE) = 1 :
i 7 | Nothing is arranged for this bit. This bit is a 1 o
S —— write disabled bit. When this bit is read out, the :

contents are “1”. i

Fig. 2.4.6 Structure of Serial 1/01 status register
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Serial I/0O1 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial /01 control register
(SIOCON: address 1A1e6)

A A L Name Functions At reset|R W
torb b4 b1 L1 0[BRG countsource |0:f(X) 0 0i0
A selection bit (CSS) |1: f(Xin)/4 :
A 1 [Serial /01 When clock synchronous 0 0i0
I R T synchronous clock |serial I/O is selected, !
AR selection bit (SCS) |0: BRG output divided by 4 |
T R T B B 1: External clock input '
oo When UART is selected, |
T A 0: BRG output divided by 16 !
b 1: External clock input |
oo divided by16 !
SRR 2 | Srovz output 0: I/O port (P27) o |OiO
oo enable bit (SRDY) |1: Srovi output pin '
Pl 3 [ Transmit interrupt  [0: Transmit buffer empty o [OiO
I R e, source selection 1: Transmit shift operation !
P bit (TIC) completion i
P 4 | Transmit enable bit |0: Transmit disabled 0 0:0
P (TE) 1. Transmit enabled :
A 5 [ Receive enable bit [0: Receive disabled 0 ‘0
b (RE) 1: Receive enabled :
Pl 6 | Serial /01 mode  |0: UART 0 1O
T SRR EEE selection bit (SIOM) |1: Clock synchronous ;
| serial 1/0 !
i 7 | Serial 1101 enable |0: Serial 1/01 disabled 0 0'0
] bit (SIOE) (P24 to P27: normal I/O pins) |
1: Serial I/O1 enabled !
(P24 to P27: Serial /0 pins) i
Fig. 2.4.7 Structure of Serial I/0O1 control register
UART control register
b7 b6 b5 b4 b3 b2 bl b0
UART control register
(UARTCON: address 1B1s6)
i i i i i i i i b Name Functions At reset|R W
t 14 11 L]0 |character length  |0: 8 bits 0o |[O:iO
A R selection bit (CHAS)|1: 7 bits i
A A S 1 |Parity enable bit 0: Parity checking disabled 0 0:0
T R A (PARE) 1: Parity checking enabled !
P L] 2 |Parity selection bit  [0: Even parity o [Oi0
A (PARS) 1: Odd parity :
A 3 |Stop bit length 0: 1 stop bit 0 00
i i i i selection bit (STPS) |1: 2 stop bits ;
A T S 4 |P2s/TxD P-channel [In output mode 0o |00
o output disable bit 0: CMOS output !
Pl (POFF) 1: N-channel open-drain |
P output !
Pl R | 5 | Nothing is arranged for these bits. These are 00
R | 6 [ write disabled bits. When these bits are read o: 0
IR 7 | out, the contents are “1”. 1 0:0

Fig. 2.4.8 Structure of UART control register
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Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0

| Baud rate generator(BRG : address 1C1e6)

E E i i i i i i b Functions Atreset|R W
t 111111 --10[setacount value of baud rate generator. Undefined| O EO
A Undefined| O 1O
R | 2 | Undefined| O 1O
i i i i [ E Undefined| © 1 O
T | 4 | Undefined| O 1 O
ety 15 | Undefined] © ; O
Pt 16| Undefined| O 1O
Fommmmmmmmmmmeoosoooeo- 7 Undefined[ O : O
Fig. 2.4.9 Structure of Baud rate generator
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt edge selection register
A4 1 1 1.1 (INTEDGE: address 3A1e)
i i Pl b Name Functions At reset| R iW
t 1 b0 11 1 _[o[INToactive edge  |0: Falling edge active 0 0:0
T B selection bit 1: Rising edge active |
I T T T A S 1 [INTz1 active edge  |0: Falling edge active 0 O:0
A selection bit 1: Rising edge active !
A 2 [INT2 active edge 0: Falling edge active 0 0'0
Pobo selection bit 1: Rising edge active |
N 3 |INTz active edge ~ |0: Falling edge active o |00
Pt i i selection bit 1: Rising edge active ;
N R S — 4 | Serial/O2/INTs 0: INT3 interrupt selected 0 Oi0
Pl interrupt source bit |1: Serial 1/02 interrupt |
P selected |
- S | 5 [Nothing is arranged for these bits. These are 0 O X
S O — | 6 |write disabled bits. When these bits are read out,| 0 O: X
] 7 | the contents are “0". 0 O X

Fig. 2.4.10 Structure of Interrupt edge selection register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register 1
AL L b1 | (IREQL : address 3Ci6)
1 1 1 1 1 1 1 1
[ S | [ S | |
A A L Name Functions Atreset|R'W
i i i i i i i i 0 | INTo interrupt 0 : No interrupt request issued 0 O!0
A request bit 1 : Interrupt request issued |
Pobob b 1 |When writing to this bit, set “0” to this bit. 0 o0
[ T !
T T R R |
i i i i i i ________ 2 [INT2 interrupt 0 : No interrupt request issued 0 o0
Pl request bit 1 : Interrupt request issued i
A 3 |INT2 interrupt 0 : No interrupt request issued 0 0! 0
Pl request bit 1: Interrupt request issued |
i i i P 4 | INT3/Serial 1102 0 : No interrupt request issued 0 Oi O
oo interrupt request bit | 1 : Interrupt request issued i
1 1 1 :
o] 5 | When writing to this bit, set “0” to this bit. 0o |00
1 1 !
1 1 :
i i ____________________ 6 | Timer X interrupt 0 : No interrupt request issued 0 Oi O
! request bit 1 : Interrupt request issued i
! A
G 7 | Timer Y interrupt 0 : No interrupt request issued 0 o0
request bit 1 : Interrupt request issued i
[: “0” can be set by software, but “1” cannot be set.
IEig. 2.4.11 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 2
L L I 1 1 1 | (IREQ2:address 3Die)
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 H
Pl bbb Name Functions At reset|R W
bbb o[ Timer 1 interrupt 0 : No interrupt request issued 0 o0
A request bit 1 : Interrupt request issued !
A 1 | Timer 2 interrupt 0 : No interrupt request issued 0 O:0
A request bit 1 : Interrupt request issued |
1 1 1 1 1 1
N R e N 2 | Serial I/O1 receive |0 : No interrupt request issued 0 Oi a
oo interrupt request bit | 1 : Interrupt request issued |
A 3 | Serial /01 transmit [ O : No interrupt request issued 0 O:0
i i i i interrupt request bit | 1 : Interrupt request issued !
A 4 | CNTRo interrupt 0 : No interrupt request issued 0 oD
. request bit 1 : Interrupt request issued |
1 1 1 ~ 1
R - 5 [CNTR1 interrupt 0 : No interrupt request issued 0 O: 0
P request bit 1 : Interrupt request issued i
e 6 | A-D converter 0 : No interrupt request issued 0 (O
i interrupt request bit | 1 : Interrupt request issued !
] 7 | Nothing is arranged for this bit. This is a write 0 01X
disabled bit. When this bit is read out, the |
contents are “0”". !
[: “0” can be set by software, but “1” cannot be set.

Fig. 2.4.12 Structure of Interrupt request register 2
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

| | Ol | | | Ol Interrupt control register 1

AL bbbl | (ICONL : address 3E16)

i i i i i i i i b Name Functions At reset| R W
toro bbb i fo [INTointerrupt 0 : Interrupt disabled 0 O:0
i i i i 5 i i enable bit 1 : Interrupt enabled :
S A A 1 | Fix this bit to “0”. o |00
SRR i_ ________ 2 [INT1 interrupt 0 : Interrupt disabled 0 00
P enable bit 1 : Interrupt enabled i
A 3 | INTz2 nterrupt 0 : Interrupt disabled 0 Oi0
b enable bit 1 : Interrupt enabled :
b 4 | INT3/Serial /102 0 : Interrupt disabled 0 00
A interrupt enable bit |1 : Interrupt enabled ;
e 5 [ Fix this bit to “0". 0 [OiO
A 6 [ Timer X interrupt [0 : Interrupt disabled 0 00
i enable bit 1 : Interrupt enabled |
R 7 | Timer Y interrupt [0 : Interrupt disabled o [O'O

enable bit 1 : Interrupt enabled i
Fig. 2.4.13 Structure of Interrupt control register 1
Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 | | Interrupt control register 2
AL L b b1 | (ICON2: address 3Fi6)
i i i i i i i i b Name Functions Atreset|R EW
toi4r b i _[oTimerlinterrupt o : Interrupt disabled 0o |00
bbb enable bit 1 : Interrupt enabled l
S A A 1 | Timer 2 interrupt |0 : Interrupt disabled o |00
Pl enable bit 1 : Interrupt enabled !
A 2 | Serial /01 receive [g : interrupt disabled o |00
Pl interrupt enable bit |1 : |nterrupt enabled :
A 3 [Serial I/O1 transmit | : |nterrupt disabled 0 Oi0
Pl interrupt enable bit |7 : nterrupt enabled :
T T 4 [CNTRointerrupt 10 : Interrupt disabled o |00
Pono enable bit |
R S — 5 | CNTR1 interrupt 0 : Interrupt disabled 0 0:0
b enable bit 1 : Interrupt enabled i
A 6 |A-D converter |0 Interrupt disabled o |Oi0
i interrupt enable bit |1 : Interrupt enabled i
o] 7 | Fix this bit to “0”. 0 |[oio

Fig. 2.4.14 Structure of Interrupt control register 2
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2.4.3 Serial I/O connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.4.15 shows connection examples of a peripheral IC equipped with the CS pin.
There are connection examples using a clock synchronous serial I/0 mode.

(1) Only transmission (2) Transmission and reception
(Using the RxD pin as an I/O port)

Port CS Port €S
ScLk1 CLK
Sciki CLK <D IN
TxD DATA RxD ouT
3850 group Peripheral IC 3850 group Peripheral IC
(OSD controller etc.) (E2PROM etc.)

(3) Transmission and reception )
(When connecting RxD with TxD) (4) Connection of plural IC
(When connecting IN with OUT in
peripheral IC)

Port CS Port CS
Sciki ——>» CLK Sciki ——>» CLK
TxD IN TxD IN
RxD (j L ouT RxD ouT
3850 group M1 Pzeripheral ICcH2 Port [ | | |Peripheral IC 1
(E°PROM etc.) 3850 group
) . . CS
01: Select an N-channel open-drain output for TXD pin output control.
02: Use the OUT pin of peripheral IC which is an N-channel open- > CLK
drain output and becomes high impedance during receiving data. NN
ouT
Notes 1: “Port” means an output port controlled by software.

2: When serial 1/02 is used, Sout2 and SIN2 are used, Peripheral IC 2
not TxD and RxD.

Fig. 2.4.15 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer
Figure 2.4.16 shows connection examples with another microcomputer.

(1) Selecting internal clock (2) Selecting external clock
Scik1 CLK ScLki CLK
XD IN TxD IN
RxD ouT RxD ouT
3850 group  Microcomputer 3850 group  Microcomputer

(3) Using Srovi signal output function

0
(Selecting an external clock) (4) In UART
SRDY1 RDY
Sciki CLK ™D RxD
TxD IN RxD TxD
RxD OUT
3850 group  Microcomputer 3850 group  Microcomputer

00 When serial 1/02 is used, UART cannot be used.
Note: When serial /02 is used. SouT2 and SiN2 are used. not TxD and RxD.

Fig. 2.4.16 Serial 1/0 connection examples (2)
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2.4.4 Setting of serial I/O transfer data format
A clock synchronous or clock asynchronous (UART) can be selected as a data format of Serial I/O1.
A clock synchronous is used as a data format of Serial 1/02.
Figure 2.4.17 shows the serial I/O transfer data format.

Serial I/01—

— UART —

Serial I/02——

1ST-8DATA-1SP

. ST KB X X X X XX Xvse)/sp

1ST-7DATA-1SP

— ST RSB X X X X X XMsBy/sp

1ST-8DATA-1PAR-1SP

— ST KLse X X X X X X XMseX paRY 'SP

1ST-7DATA-1PAR-1SP

— ST KLsB X X X X X XusBXPARY” sp

1ST-8DATA-2SP

— ST KLse X X X X X X Xuss)yase

1ST-7DATA-2SP

— sT st X X X X X Xuss) 2sp

1ST-8DATA-1PAR-2SP

1ST-7DATA-1PAR-2SP

- ST KLse X X X X X XWmseXPAR Y 2sP

Clock synchronous
Serial 1/0

—— LSB first

ST : Start bit
SP : Stop _bit '
L MSB first (1 to 8 bits optional transfer) | PAR: Parity bit

Clock synchronous |

LSB first (1 to 8 bits optional transfer)
Serial I/0 (

— sT KLse X X X X X X XuseXPaR Y 2sp

Fig. 2.4.17 Serial 1/0 transfer data format
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2.4.5 Serial /O application examples

(1) Communication using clock synchronous serial 1/0 (transmit/receive)
Outline : 2-byte data is transmitted and received, using the clock synchronous serial 1/0O.
The Srov: signal is used for communication control.

Figure 2.4.18 shows a connection diagram, and Figure 2.4.19 shows a timing chart.
Figure 2.4.20 shows a registers setting relevant to the transmitting side, and Figure 2.4.21 shows
registers setting relevant to the receiving side.

Transmitting side Receiving side
P41/INTo SRDY1
ScLk1 Scik1
TxD RxD
3850 group 3850 group

Fig. 2.4.18 Connection diagram

Specifications : ¢ The Serial 1/0 is used (clock synchronous serial 1/0 is selected.)
« Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
* The Srovi (receivable signal) is used.
« The receiving side outputs the Srovi signal at intervals of 2 ms (generated by timer),
and 2-byte data is transferred from the transmitting side to the receiving side.

Sroi || ZZT”"

XD XPoXDiXPXDaXDeXPXDoRD_ XPoXD2xPzXDoxP:XDsXPoX0" 2

s

2ms

I\ S

'
Ml

Fig. 2.4.19 Timing chart
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Transmitting side
Serial /01 status register (Address : 191s)
b7 b0o
SIOSTS
L» Transmit buffer empty flag
« Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.
« When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.
Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1” : Transmit shift completed
Serial /01 control register (Address : 1Az1s)
b7 b0
SIOCON 1{1|0]1 00
\—> BRG count source : f(XIN)
Serial 1/01 synchronous clock : BRG/4
> Transmit enabled
» Receive disabled
> Clock synchronous serial /O
> Serial I/O1 enabled
UART control register (Address : 1B1e)
b7 b0
UARTCON 0
‘ » P25/TxD pin : CMOS output
Baud rate generator (Address : 1Cis)
b7 b0
BRG 7 Set “division ratio — 1”.
Interrupt edge selection register (Address : 3A1e)
b7 b0
INTEDGE 0
\—> INTo interrupt edge selection bit : Falling edge active

Fig. 2.4.20 Registers setting relevant to transmitting side
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Receiving side

Serial /01 status register (Address : 191s)
b7 b0

SIOSTS

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
{“1” : At completing reception
“0” : At reading out contents of Receive buffer register

Serial 1/01 control register (Address : 1A1s)
b7 b0

SIOCON |1]1]|1]|1 111

‘—» Serial /01 synchronous clock : External clock
Srov1 OUtput enabled

Transmit enabled
Set this bit to “1”, using Srov1 output.
Receive enabled

\/

\/

\/

Clock synchronous serial I/O
Serial I/01 enabled

\ 4

Fig. 2.4.21 Registers setting relevant to receiving side
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Figure 2.4.22 shows a control procedure of the transmitting side, and Figure 2.4.23 shows a control

procedure of the receiving side.

( RESET )

Initialization

BRG (Address : 1C16) <« 8-1
UARTCON (Address : 1B1s6), bit4 <= 0
SIOCON (Address : 1A16) <— 1101xx002
INTEDGE (Address : 3A16), bit0O <= 0

IREQ1 (Address : 3C16), bitO<—0

The first byte of a

TB/RB (Address : 1816)€transmission data

A

SIOSTS (Address : 1916), bit0?

. The second byte of a
[TB/RB (Address : 1816)« transmission data

e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

« Detection of INTo falling edge

» Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

» Judgment of transferring from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

 Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

 Judgment of transferring from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

« Judgment of shift completion of Transmit shift register

(Transmit shift register shift completion

flag)

Fig. 2.4.22 Control procedure of transmitting side
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( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIOCON (Address : 1A16) < 1111x11x2

N
Pass 2 ms? « An interval of 2 ms generated by Timer
Y
TB/RB (Address : 1816) «— Dummy data « Srov1 output
Srov1 signal is output by writing data to the TB.
< Using the Srovi, set Transmit enable bit

(bit4) of the SIOCON to “1".

0

SIOSTS (Address : 191), bitl? » Judgment of completion of receiving

(Receive buffer full flag)

1
Read out reception data from * Reception of the first byte data
TB/RB (Address : 1816) Receive buffer full flag is set to “0” by reading data.

&

SIOSTS (Address : 1916), bitl? « Judgment of completion of receiving

(Receive buffer full flag)

Read out reception data from - Reception of the second byte data.
TB/RB (Address : 1816) Receive buffer full flag is set to “0” by reading data.

Fig. 2.4.23 Control procedure of receiving side
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(2) Output of serial data (control of peripheral IC)
Outline : 4-byte data is transmitted and received, using the clock synchronous serial 1/0.
The CS signal is output to a peripheral IC through port P4a.

Figure 2.4.24 shows a connection diagram, and Figure 2.4.25 shows a timing chart.

P43 Cs g P43 Cs cs
ScCLK1 CLK CLK ScLk2 CLK CL
DATA DATA K
TxD DATA SouT?2 DATA
3850 group Peripheral IC 3850 group Peripheral IC
(1) Example for using Serial 1/01 (2) Example for using Serial 1/02

Fig. 2.4.24 Connection diagram

Specifications : ¢ The Serial 1/0 is used (clock synchronous serial 1/O is selected.)
e Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
e Transfer direction : LSB first
* The Serial 1/O interrupt is not used.
* Port P4s is connected to the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port P4s is controlled by software.

] —

K > X X XK

DATA XDOOX XDOlX XDOzX XDO3><

Note: When serial I/01 is used, the level of the last bit is held. When serial
1/02 is used, Sout2 pin is in the high-impedance state after the transfer
is completed.

Fig. 2.4.25 Timing chart (Serial 1/01)
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Figure 2.4.26 shows registers setting relevant to Serial 1/01, and Figure 2.4.27 shows a setting of
serial 1/01 transmission data.

Serial /01 control register (Address : 1A1s)
b7 b0

SIOCON 1]11j0(1|1)j0|0|O

|—> BRG count source : f(Xin)
Serial /01 synchronous clock : BRG/4

Srov1 output disabled
> Transmit interrupt source : Transmit shift operating completion
» Transmit enabled
> Receive disabled

> Clock synchronous serial I/O
> Serial /01 enabled

UART control register (Address : 1B1e)
b7 b0

UARTCON 0

| > P25/TxD pin : CMOS output

Baud rate generator (Address : 1Cis)
b7 b0

BRG 7 Set “division ratio — 1”.

Interrupt control register 2 (Address : 3F1s)
b7 b0

ICON2 0

> Serial 1/01 transmit interrupt : Disabled
Interrupt request register 2 (Address : 3D1s6)
b7 b0

IREQ2 0

> Serial I/O1 transmit interrupt request
Confirm completion of transmitting
1-byte data by one unit.

“1" : Transmit shift completion

Fig. 2.4.26 Registers setting relevant to Serial 1/01

Transmit/Receive buffer register (Address : 181s)
b7 b0

Set a transmission data.

TB/RB Confirm that transmission of the previous data is
completed (bit 3 of the Interrupt request register 2
is “1”) before writing data.

Fig. 2.4.27 Setting of serial I/O1 transmission data
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Example for using Serial 1/01
When the registers are set as shown in Figure 2.4.26, the Serial I/O1 can transmit 1-byte data by
writing data to the transmit buffer register.
Thus, after setting the CS signal to “L”, write the transmission data to the transmit buffer register by
each 1 byte, and return the CS signal to “H” when 4-byte data has been transmitted.
Figure 2.4.28 shows a control procedure of Serial I/O1.

( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

BRG (Address : 1Cis) < 8-1 «Serial I/01 set
UARTCON (Address : 1Bzis), bit4 <= 0
SIOCON (Address : 1A16)<-110110002

ICON2 (Address : 3Fzis), bit3 <= 0 «Serial 1/01 transmit interrupt : Disabled
P4 (Address : 081s), bit3 <« 1

P4D (Address : 0916) < XXXX1XXX2 «CS signal output port set
: (“H” level output)

T

|
N
|

P4 (Address : 0816), bit3 «<—0 «CS signal output level to “L” set

>
y o

«Serial I/01 transmit interrupt

IREQ2 (Address : 3Dz1s), bit3 «— 0 request bit set to “0”

. a transmission -Transmission data write
TB/RB (Address : 181) < data (Start of transmit 1-byte data)

R A . ) 'Judg nent of con pletion of transn |ttlng
| EQ2 ( ddress : 3D16)1 bit37 1- yt t

*Use any of RAM area as a counter for
counting the number of transmitted bytes

«Judgment of completion of transmitting 4-
byte data

P4 (Address : 0816), bit3 «— 1 *Return the CS signal output level to “H”
when transmission of 4-byte data is
completed

Fig. 2.4.28 Control procedure of Serial 1/01
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Figure 2.4.29 shows registers setting relevant to Serial 1/02, and Figure 2.4.30 shows a setting of
serial 1/02 transmission data.

Serial I/02 control register 1 (Address : 1516)
b7 b0

$0200N1|o|1|o|o|1|o|1|0|

|—|—|—> Synchronous clock : f(XIN)/32
Serial /02 used

> Srov2 output not used

> LSB first

» Internal clock

» P01/Sout2, P02/Scik2 pin : CMOS output

Serial I/02 control register 2 (Address : 1616)
b7 b0

&ochNzl 0 1)1 1|

p\
L;Transfer bit : 8 bits

> P43 :1/0O port

Interrupt edge selection register (Address : 3A1s)
b7 b0

INTEDGE | 1

| » Serial 1/02/ INT3 interrupt source selection : Serial I/02 interrupt

Interrupt control register 1 (Address : 3Ez1e)
b7 b0

ICON1 | 0

» Serial /02 interrupt : Disabled

Interrupt request register 1 (Address : 3Cis)
b7 b0

IREQ1 | 0

» Serial /02 interrupt request
Confirm completion of transmitting
1-byte data by one unit.

“1" : Transmit shift completion

Fig. 2.4.29 Registers setting relevant to Serial 1/02

Serial /02 register (Address : 1716)
b7 b0

Set a transmission data.

SI02 Confirm that transmission of the previous data is
completed (bit 4 of the Interrupt request register 1
is “1”) before writing data.

Fig. 2.4.30 Setting of serial I/02 transmission data
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Example for using Sreial 1/02
When the registers are set as shown in Fig. 2.4.29, the Serial 1/02 can transmit 1-byte data by writing
data to the serial 1/02 register.
Thus, after setting the CS signal to “L”, write the transmission data to Serial /02 by each 1 byte, and
return the CS signal to “H” when 4-byte data has been transmitted.
Figure 2.4.31 shows a control procedure of Serial 1/02.

RESET e x: This bit is not used here. Setitto “0” or “1” arbitrarily.

)

Initialization

SIO2CON1(Address :
SIO2CON2(Address :
INTEDGE (Address :

1516) < 010010102
2616) € XOxxx1112
3A16) €= XXXIXXXX2

Serial 1/02 control register set

Serial I/O2/INT3 interrupt source selection

ICON1 (Address : 3Ez1s), bit4 < 0 *Serial /02 interrupt : Disabled
P4 (Address : 0816), bit3 <« 1 «CS signal output port set
(Address : 0916) <= XXXX1XXX2 (“H” level output)

: Serial 1/02 interrupt

PAD

y
Y

P4 (Address : 0816), bit3 «— 0 «CS signal output level set to “L”

y
Y a

IREQ1 (Address : 3Cus), bit4 «<— 0 «Serial 1/02 interrupt request bit set to “0”

*Transmission data write

transmission :
a ransmissio (Start of transmit 1-byte data)

SIO02 (Address : 1716) <— data

«Judgment of completion of transmitting 1-
byte data

*Use any of RAM area as a counter for
counting the number of transmitted bytes

«Judgment of completion of transmitting 4-
byte data

Complete to transmit 4-byte data?

«Return the CS signal output level to “H”
when transmission of 4-byte data is
completed

P4 (Address : 0816), bit3 «— 1

Fig. 2.4.31 Control procedure of Serial 1/02
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(3) Cyclic transmission or reception of block data (data of specified number of bytes) between

two microcomputers

Outline : When the clock synchronous serial 1/0 is used for communication, synchronization of the
clock and the data between the transmitting and receiving sides may be lost because of
noise included in the synchronous clock. It is necessary to correct that constantly, using
“heading adjustment”.
This “heading adjustment” is carried out by using the interval between blocks in this
example.

Figure 2.4.32 shows a connection diagram.

SciLki ScLk1
RxD TxD
TxD RxD
Master unit Slave

Fig. 2.4.32 Connection diagram

Specifications :

The serial 1/01 is used (clock synchronous serial I/O is selected).

Synchronous clock frequency : 125 kHz (f(Xin) = 4 MHz is divided by 32)

Byte cycle: 500 us

Number of bytes for transmission or reception : 8 byte/block

Block transfer cycle : 16 ms

Block transfer term : 4 ms

Interval between blocks : 12 ms

¢ Heading adjustment time : 8 ms

Master side control

e Data is transmitted and received by interrupt routine executed every byte cycle
(500 ps)

Slave side control

« Data is transmitted and received by serial I/O1 receive interrupt routine.

e The heading adjustment is carried out by interrupt routine executed every 1 ms.

Limitations of specifications :

* Reading of the reception data and writing of the next transmission data must be
completed within the time obtained from “byte cycle — time for transferring 1-byte
data” (in this example, the time taken from generating of the serial 1/0O1 receive
interrupt request to input of the next synchronous clock is 436 us).

* “Heading adjustment time < interval between blocks” must be satisfied.
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The communication is performed according to the timing shown in Figure 2.4.33. In the slave unit,
when a synchronous clock is not input within a certain time (heading adjustment time), the next clock
input is processed as the beginning (heading) of a block.

When a clock is input again after one block (8 byte) is received, the clock is ignored.

Figure 2.4.34 shows relevant registers setting.

D1 D2

v}
S

=9

NN

yte cycle

4654

|

Block transfer term

——

:

<—>
Interval between blocks

>y

A

Block transfer gycle

Byte cycle

X
|

TR

' Heading adjustment time

[

Processing for heading adjustmentl

IS 20 28
=

Fig. 2.4.33 Timing chart

Master unit

Serial /01 control register (Address : 1A1e)
b7 b0

SIOCON |1|1|1|1| |0|0|0|

l»BRG count source : f(XIN)
Synchronous clock : BRG/4
Srov1 output disabled

Not use the serial /01
transmit interrupt

Transmit enabled
Receive enabled

> Clock synchronous serial I/O
»Serial I/01 enabled

Baud rate generator (Address : 1Cis)
b7 b0

8-1

BRG Set “division ratio — 1".

Slave unit

Serial /01 control register (Address : 1Az16)
b7 b0

SIOCON |1|1|1|1| |o|1| |

LL:Not affected by external clock
Synchronous clock : External clock
Srovi output disabled
Not use the serial I/O1 transmit interrupt

Transmit enabled

Receive enabled
— > Clock synchronous serial I/0
> Serial /01 enabled

Both of units

UART control register (Address : 1B16)
b7 b0

vartcon| | [ o] [ | ] |

;;PZWTXD pin : CMOS output

Fig. 2.4.34 Relevant registers setting
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Control procedure :

e Control in the master unit
The master unit starts transmission or reception by writing transmission data to the transmit buffer
register in the interrupt routine executed every 500 ps. In this interrupt routine, read the reception
data before the next transmission data is written to the transmit buffer register. Additionally,
transmission and reception of one block (8 bytes) is controlled and the block interval is generated.
Figure 2.4.35 shows the control procedure of the master unit.

Timer X
Interrupt processing routine/ Executed every 500 ps

CLT Note 1: When using the Index X mode flag (T).
CLD Note 2: When using the Decimal mode flag (D).
Push register to stack *Push the register used in the interrupt processing routine into the stack

A received byte
counter #0 ?

Read a reception data

Block interval
counter=07?

A received byte counter - 1

Block interval counter — 24 -1 Block interval counter - 1

|

A received byte counter ~ 8

Write the first transmission data
(first byte) in a block

A received byte
counter =0 ?

Write a transmission data

Y
L

Pop registers

|
C RTI D)

Fig. 2.4.35 Control procedure of master unit
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e Control in the slave unit
After setting the relevant registers as shown in Figure 2.4.34, the slave unit becomes the state
where a synchronous clock can be received at any time, and the serial 1/O receive interrupt
request bit is set to “1” each time an 8-bit synchronous clock is received.
In the serial 1/0 receive interrupt processing routine, the data to be transmitted next is written to
the transmit buffer register after the received data is read out.
However, if no serial 1/01 receive interrupt occurs for a certain time (heading adjustment time or
more), the following processing will be performed in the interrupt routine executed every 1 ms.
1. Serial I/O1 is initialized.
2. The first 1-byte data of the transmission data in the block is written into the transmit buffer register.
3. Since the data to be received next is processed as the first 1 byte of the received data in the

block, the receive byte counter is initialized.

Figure 2.4.36 shows a control procedure of the slave unit.

Serial /01 receive Interrupt routine
interrupt routine executed every 1 ms
‘ I
CLT (Note 1) « Push the register used in | CLT (Note 1) * Push the register used in
CLD (Note 2) the interrupt routine into CLD (Note 2) the interrupt routine into
Push register to stack the stack. Push register to stack | the stack.

l
Heading adjustment
counter — 1

* Confirm the received
byte counter to judge
N the block transfer term.

Received byte
counter # 0?

eading adjustment
counter = 0?

Read a reception data

l

Received byte counter -1 Transmit and
received initializing
l

\Write the first transmission
data (first byte) in a block

l

Write a transmission data Write dummy data (FFas) Areceived byticountere 8

> T = . . S
< Pop registers Pop registers which is

eInitialize 1 ms timer for interrupt [ pushed to stack.
executed every 1 ms

*Heading adjustment counter ~ 8 C RTI )

(Note 3)

Received byte
counter = 0?

‘ Notes 1: When usin

. . C : g the Index X mode flag (T).
Pop registers I;Sghr:glts;e;tsa\é\ll(hlch IS 2: When using the Decimal mode flag (D).
[ : 3: In this example, set the value which is

equal to the heading adjustment time

C RTI ) divided by the timer interrupt cycle as the
initial value of the heading adjustment
counter.

Fig. 2.4.36 Control procedure of slave unit
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(4) Communication (transmit/receive) using asynchronous serial 1/0 (UART)
Outline : 2-byte data is transmitted and received, using the asynchronous serial 1/0.
Port P4o is used for communication control.

Figure 2.4.37 shows a connection diagram, and Figure 2.4.38 shows a timing chart.

Transmitting side Receiving side
P4o P4o
TxD RxD
3850 group 3850 group

Fig. 2.4.37 Connection diagram

Specifications : «The Serial 1/01 is used (UART is selected).
e Transfer bit rate : 9600 bps (f(Xin) = 4.9152 MHz is divided by 512)
e« Communication control using port P4o
(The output level of port P4o is controlled by software.)
« 2-byte data is transferred from the transmitting side to the receiving side at intervals
of 10 ms generated by the timer.

P4o_l |_” _|7 .....

™D ST Ao XD1 XDz XDs XD XDs XDs XD7Y SP(2)\ST Do X D1 XD2 XDs XD4XDs XDs XD sP(2) W \srooY ...

10 ms
P> 4 AN
< r o

Fig. 2.4.38 Timing chart (using UART)
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Table 2.4.1 and Table 2.4.2 show setting examples of the baud rate generator (BRG) values and
transfer bit rate values; Figure 2.4.39 shows registers setting relevant to the transmitting side; Figure

2.4.40 shows registers setting relevant to the receiving side.

Table 2.4.1 Setting examples of Baud rate generator values and transfer bit rate values (1)

BRG count source ) Transfer bit rate (bps) (Note 2)
(Note 1) BRG setting value at f(XIN) = 4.9152 MHz at f(XIN) = 8 MHz
f(XIN)/4 255(FF16) 300 488.28125
f(XIN)/4 127(7F16) 600 976.5625
f(XIN)/4 63(3F16) 1200 1953.125
f(XIN)/4 31(1Fue) 2400 3906.25
f(XIN)/4 15(0F16) 4800 7812.5
f(XIN)/4 7(0716) 9600 15625
f(XIN)/4 3(0316) 19200 31250
f(XIN)/4 1(0116) 38400 62500
f(XIN) 3(0316) 76800 125000
f(XIN) 1(0116) 153600 250000
f(XIN) 0(0016) 307200 500000

Table 2.4.2 Setting examples of Baud rate generator values and transfer bit rate values (2)

BRG count source ) Transfer bit rate (bps) (Note 2)
(Note 1) BRG setting value at f(XIN) = 7.9872 MHz
f(XIN)/4 207(CF16) 600
f(XIN)/4 103(6716) 1200
f(XIN)/4 51(3316) 2400
f(XIN)/4 25(1916) 4800
f(XIN)/4 12(0C16) 9600
f(XIN) 25(1916) 19200
f(XIN) 12(0C16) 38400

Notes 1: Select the BRG count source with bit O of the serial 1/01 control register (Address : 1A16).
2: Equation of transfer bit rate:

Transfer bit rate (bps) =

Om: When bit 0 of the serial 1/01 control register (Address :

f(XIN)

(BRG setting value + 1) 0 16 0 m©

is 1.

1A16) is set to “0”, a value of m

When bit 0 of the serial 1/01 control register (Address : 1A16) is set to “1”, a value of m

is 4.
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Transmitting side

Serial /01 status register (Address : 191s)
b7 b0

SIOSTS

|—> Transmit buffer empty flag
* Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.
» When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

Ly Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1" : Transmit shift completed

Serial I/01 control register (Address : 1A1s)
b7 b0

SIOCON (1]0|0]1 0|01

|—> BRG count source : f(Xin)/4
Serial /01 synchronous clock : BRG/16

Srov1 output disabled

Transmit enabled

Receive disabled

Asynchronous serial I/0 (UART)
Serial /01 enabled

\4

\ 4

\ 4

A 4

UART control register (Address : 1B1e)
b7 b0

UARTCON 01 0]0

|—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits
TxD : CMOS output

\ 4

Baud rate generator (Address : 1Cis)
b7 b0

f(Xin)
BRG 7 Set -1
Transfer bitrate 0 16 O m ©
0 When bit 0 of the Serial 1/01 control register (Address : 1A1s) is setto “0”,
a value of mis 1.
When bit 0 of the Serial 1/01 control register (Address : 1A1s) is setto “1",
a value of mis 4.

Fig. 2.4.39 Registers setting relevant to transmitting side
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Receiving side
Serial 1/0O1 status register (Address : 191s)
b7 )

SIOSTS

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
(“1” : At completing reception
. “0" : At reading out contents of Receive buffer register

Overrun error flag
“1" : When data is ready in Receive shift register while Receive buffer
register contains the data.

Framing error flag
“1” : When stop bits cannot be detected at the specified timing.

\ 4

Summing error flag
“1" : When any one of the following errors occurs.
» Overrun error
 Framing error

\4

Serial I/O1 control register (Address : 1Az1s)
b7 bo

SIOCON |1]0]1]0 o[o|1

|—> BRG count source : f(Xin)/4
Serial 1/01 synchronous clock : BRG/16

Srov1 out disabled

Transmit disabled

Receive enabled

» Asynchronous serial I/O(UART)
Serial /01 enabled

\ 4

v

UART control register (Address : 1B16)
b7 b0

UARTCON 1 0|0

|—> Character length selection bit : 8 bits
Parity enable bit : Parity checking disabled

Stop bit length selection bit : 2 stop bits

Baud rate generator (Address : 1Cis)
b7 bo

f(Xin)

BR Set -1
G 7 Transfer bit rate 0 16 0 m©

0 When bit 0 of the Serial I/O1 control register (Address : 1Azs) is setto “0”,
a value of mis 1.
When bit 0 of the Serial /01 control register (Address : 1A16) is setto “1”,
a value of mis 4.

Fig. 2.4.40 Registers setting relevant to receiving side
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Figure 2.4.41 shows a control procedure of the transmitting side, and Figure 2.4.42 shows a control
procedure of the receiving side.

( RESET ) e x: This bit is not used here. Setitto “0” or “1” arbitrarily.

Initialization

BRG  (Address:1Ci) < 8-1
UARTCON (Address : 1B16) <« XXx01x002
SIOCON (Address : 1A16) < 1001x0012

P4 (Address : 081s), bit0 <« 0 — |
P4AD (Address : 0916) < XXXXXX12 * Port P4o set for communication contro
N . .
Pass 10 ms?  An interval of 10 ms generated by Timer
Y
P4 (Address : 0816), bit0 <« 1 « Communication start

|

TB/RB (Address : 1816)< | N€ first byte of a
transmission data

 Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

le

» Judgment of transferring data from Transmit
buffer register to Transmit shift register

SIOSTS (Address : 191s), bit0?
(Transmit buffer empty flag)

 Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

The second byte of

TB/RB (Address : 1816) « a transmission data

le

» Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

SIOSTS (Address : 191s), bit0?

 Judgment of shift completion of Transmit shift register

: it2?
SIOSTS (Address : 191), bit2? (Transmit shift register shift completion flag)

P4 (Address : 0816), bit0O <«— 0 » Communication completion

Fig. 2.4.41 Control procedure of transmitting side
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( RESET ) e x: This bit is not used here. Setitto “0” or “1” arbitrarily.

Initialization

BRG (Address : 1Ci6) < 8-1

UARTCON (Address : 1B16) <« XXXx1x002
SIOCON  (Address : 1A16) «- 1010x0012
P4D (Address : 0916) < XXXXXxX02

SIOSTS (Address : 1916), bit1?

» Judgment of completion of receiving
(Receive buffer full flag)

_ » Reception of the first byte data
Read out a reception data Receive buffer full flag is set
from RB (Address : 1816) to “0” by reading data.

1 « Judgment of an error flag

SIOSTS (Address : 1916), bit6?

* Judgment of completion of
receiving
(Receive buffer full flag)

SIOSTS (Address : 1916), bit1?

» Reception of the second byte data
Receive buffer full flag is set
to “0” by reading data.

Read out a reception data
from RB (Address : 181s)

1 « Judgment of an error flag
SIOSTS (Address : 1916), bit6?

Processing for error

P4 (Address : 08zs), bit0?

SIOCON (Address : 1A16) <— 0000x0002 * Countermeasure for a bit slippage
SIOCON (Address : 1A16) <—1010x0012

Fig. 2.4.42 Control procedure of receiving side
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2.4.6 Notes on serial 1/0
(1) Notes when selecting clock synchronous serial 1/0 (Serial 1/01)

O Stop of transmission operation
Clear the serial 1/01 enable bit and the transmit enable bit to “0” (Serial I/01 and transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial 1/01 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as 1/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

O Stop of receive operation
Clear the receive enable bit to “0” (receive disabled), or clear the serial I/O1 enable bit to “0”
(Serial 1/01 disabled).

O Stop of transmit/receive operation
Clear the transmit enable bit and receive enable bit to “0” simultaneously (transmit and receive
disabled).
(when data is transmitted and received in the clock synchronous serial I/O mode, any one of data
transmission and reception cannot be stopped.)

e Reason

In the clock synchronous serial /0O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial /01 enable bit to
“0” (Serial I/O1 disabled) (refer to (1) O).
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(2)

3

4)

Notes when selecting clock asynchronous serial 1/0 (Serial 1/01)

O Stop of transmission operation
Clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/0O1 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

O Stop of receive operation
Clear the receive enable bit to “0” (receive disabled).

0 Stop of transmit/receive operation
Only transmission operation is stopped.
Clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/0O1 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
Clear the receive enable bit to “0” (receive disabled).

SRDY1 output of reception side

When signals are output from the SRDY1 pin on the reception side by using an external clock in the
clock synchronous serial 1/0 mode, set all of the receive enable bit, the SrRDY1 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

Setting serial I/01 control register again (Serial 1/01)
Set the serial 1/01 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0".

Clear both the transmit enable bit (TE)
and the receive enable bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial 1/01 control register
! Can be set with the LDM instruction at the same time
Set both the transmit enable bit (TE) and
the receive enable bit (RE), or one of
them to “1”

Fig. 2.4.43 Sequence of setting serial 1/01 control register again
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®)

(6)

)

(8)

Data transmission control with referring to transmit shift register completion flag (Serial 1/01)
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

Transmission control when external clock is selected (Serial 1/01)

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the ScLk1 input level. Also, write the transmit data to the transmit buffer
register at “H” of the ScLK1 input level.

Transmit interrupt request when transmit enable bit is set (Serial 1/01)

When the transmit interrupt is used, set the transmit interrupt enable bit to transmit enabled as shown
in the following sequence.

Set the interrupt enable bit to “0” (disabled) with CLB instruction.

Prepare serial I/O for transmission/reception.

Set the interrupt request bit to “0” with CLB instruction after 1 or more instruction has been
executed.

O Set the interrupt enable bit to “1” (enabled).

I |

e Reason

When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”. The interrupt request is generated and the transmission
interrupt bit is set regardless of which of the two timings listed below is selected as the timing for
the transmission interrupt to be generated.

e Transmit buffer empty flag is set to “1”

« Transmit shift register completion flag is set to “1”

Transmit data writing (Serial 1/02)
In the clock synchronous serial I/O, when selecting an external clock as synchronous clock, write the
transmit data to the serial 1/02 register (serial I/O shift register) at “H” of the transfer clock input level.
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This paragraph explains the registers setting method and the notes relevant to the PWM.

2.5.1 Memory map

Address A
001D16 | PWM control register (PWMCON)
001Ei1e | PWM prescaler (PREPWM)
001F16 | PWM register (PWM)
¥ T

Fig. 2.5.1 Memory map of registers relevant to PWM

2.5.2 Relevant registers

PWM control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | PWM control register (PWMCON: address 1Dz16)

bbb bbb Name Functions At reset|R iW
bbb bbb 1o [PwWM function 0 : PWM disabled o [oio
i i i i i i i enable bit 1: PWM enabled !

A 1 | Count source 0 : f(XIN) o |00
A selection bit 1 : f(XIN)/2 |

i | 2 | Nothing is arranged for these bits. These are 0 oiQ
et 3 | write disabled bits. When these bits are read 0 o0
A et 4 | out, the contents are “0”". 0 o'
I 5 0o |oiO
P bemmmmmmmmoom oo 1 6 0 o:0
tommmmmmmmm ooy 7 0o lo:o

Fig. 2.5.2 Structure of PWM control register
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PWM prescaler
b7 b6 b5 b4 b3 b2 bl b0
| | | PWM prescaler
A1 11 1 (PREPWM: address 1Ez16)
bbb bbb Functions Atreset|R iW
Porb bbb [ o[eSet the PWM period. Undefined OEO
A R A 1 | *The value set in this register is written to both [ jnqefined| O 1O
I A A — PWM prescaler pre-latch and PWM prescaler - :
. | 2| latch at the same time. Undefined) O 1 O
R A S — 3 | * When data is written to this register during Undefined| O : (@)
Pl — PWNM output, the pulse corresponding to . .
e | 4] changed value is output at the next period. Undefined) O | o
Pl e 5 |« When this register is read out, the count value |Undefined| OO
e 5| of the PWM prescaler latch is read out. Undefinedl O 'O
o] 7 Undefined OEO
Fig. 2.5.3 Structure of PWM prescaler
PWM register
b7 b6 b5 b4 b3 b2 bl b0
PWM register
AL 111 I (PWM: address 1F1e6)
bbb bbb Functions At reset|R iW
bbb b i Lo setthe PWM “H” level output interval. Undefined OEO
A A A 1 | * The value set in this register is written to both [ jnqefined| O 1O
A — PWM register pre-latch and PWM register - :
e | 2| latch at the same time. Undefined) O 1 O
A T S — 3 | * When data is written to this register during Undefined| O : O
Pl — PWNM output, the pulse corresponding to . .
e | 4| changed value is output at the next period. Undefined) O | o
Pl e 5 | » When this register is read out, the contents of |Undefined| O 'O
e 5| the PWM register latch is read out. Undefinedl O 'O
o] 7 Undefined OEO

Fig. 2.5.4 Structure of PWM register
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2.5.3 PWM output circuit application example

<Motor control>
Outline : The rotation speed of the motor is controlled by using PWM (pulse width modulation) output.

Figure 2.5.5 shows a connection diagram ; Figures 2.5.6 shows PWM output timing, and Figure 2.5.7
shows a setting of the related registers.

P44/PWM —)@

D-A converter Motor driver

3850 group

Fig. 2.5.5 Connection diagram

Specifications : < Motor is controlled by using the PWM output function of 8-bit resolution.
* Clock f(XIN) = 5.0 MHz
« “T", PWM cycle : 102 us
« “t”, “H” level width of output pulse : 40 us (Fixed speed)
0 A motor speed can be changed by modifying the “H” level width of output pulse.

PWM output

E T =102 ps

<+

Y

Fig. 2.5.6 PWM output timing
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PWM control register (Address : 1Die)
b7 b0

|—> PWM output: Enabled (Note)
Count source: f(XIN)

PWM prescaler (Address : 1Ez1s)

b7 bo _
PREPWM n Se_t T”, PWM cycle [Equation]
n=1 T_ 2550 (n+1)
- f(XIN)
PWM register (Address : 1Fis)
b7 b0 _
PWM m SeE t", “H” level width of PWM [Equation]
m =100 t= TOm
T 255

Note: The PWM output function has priority even when bit 4 (corresponding bit to P44 pin)
of Port P4 direction register is set to “0” (input mode).

Fig. 2.5.7 Setting of relevant registers

<About PWM output>
1. Set the PWM function enable bit to “1” : The P44/PWM pin is used as the PWM pin.
The pulse beginning with “H” level pulse is output.
2. Set the PWM function enable bit to “0” : The P44/PWM pin is used as the port P44.
Thus, when fixing the output level, take the following procedure:
(1) Write an output value to bit 6 of the port P4 register.
(2) Write “000100002" to the port P4 direction register.
3. After data is set to the PWM prescaler and the PWM register, the PWM waveforms corresponding to updated
data will be output from the next repetitive cycle.

PWM output H

Change PWM From the next repetitive cycle,
output data output modified data

Fig. 2.5.8 PWM output
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Control procedure : By setting the related registers as shown by Figure 2.5.7, PWM waveforms are output to
the externals. This PWM output is integrated through the low pass filter, and that
converted into DC signals is used for control of the motor.

Figure 2.5.9 shows control procedure.

A~ e X: Thig bit is not used ht.ere..
’T/ Set it to “0” or “1” arbitrarily.
P4 (Address : 0816), bit4 «<— 0 « “L” level output from P44/PWM pin

P4D (Address : 0916) < XXXIXXXX2

PREPWM (Address : 1E16)<«—1 * PWM period setting

PWM (Address : 1F16) <— 100 * “H” level width of PWM setting

PWMCON (Address : 1D16)(_ XXXXXX012 * PWM count source selected, PWM output enabled
=~

Fig. 2.5.9 Control procedure

2.5.4 Notes on PWM
The PWM starts after the PWM enable bit is set to enable and “L” level is output from the PWM pin.
The length of this “L* level output is as follows:

e fOXm) k :(Xl ) sec. (Count source selection bit = 0, where n is the value set in the prescaler)
° IN
—?(X )1 sec. (Count source selection bit = 1, where n is the value set in the prescaler)
IN
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2.6 A-D converter

This paragraph explains the registers setting method and the notes relevant to the A-D converter.

2.6.1 Memory map

Address
003416 | A-D control register (ADCON)
003516 | A-D conversion register (low-order) (ADL)
003616 | A-D conversion register (high-order) (ADH)
003716 | A-D input selection register (ADSEL)
~ ~y
003Dz1s6 | Interrupt request register 2 (IREQ2)
~ o4
003F16 | Interrupt control register 2 (ICON2)
Fig. 2.6.1 Memory map of registers relevant to A-D converter
2.6.2 Relevant registers
A-D control register
b7 b6 b5 b4 b3 b2 bl b0
| | | | A-D control register
——1 1 1 1. 1 (ADCON: address 3416)
i i i i i i i i b Name Functions At reset|R W
bbb i ofAnaloginputpin izeino, (Notel)  (Noe2) [ 0[O0
AR || selection bits 00 0:: P30/ANo ;ori PO4/ANs | |
I 1 00 1:; P31/AN1:or: POs/AN6 ! 0 00
ol T 01 0:: P32/AN2 :or: PO6/AN7 : |
bbb ] 01 1::P33/AN3ior; PO7/ANs ;
A 2 10 0:; P34/AN4;or: |0 Oio
S 3 [ Nothing is arranged for this bit. This is a write 0 O!X
Pl disabled bit. When this bit is read out, the |
ol contents are 0. !
T T S S 4 | AD conversion 0: Conversion in progress 1 00
Pobo completion bit 1: Conversion completed |
i i e | 5 | Nothing is arranged for these bits. These are 0 O X
I T 6 | write disabled bits. When these bits are read 0 01X
] 7| out, the contents are 0. 0 O IB%
Notes 1: When bit 0 of the A-D input selection register (address 3716) is set to "0",
it is selected here as the analog input pin.
2: When bit 0 of the A-D input selection register (address 3716) is set to "1",
it is selected here as the analog input pin.

Fig. 2.6.2 Structure of A

-D control register
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A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
| | | | A-D conversion register (high-order)
A4 11 1 | (ADH: address 3616)
A A A AR A A Functions At reset| R {W
i 4111111 [o]Thisis A-D conversion result stored bits. This is [Undefined[ O | X
i i i i i i i read exclusive register. !
A KN b7 10-bitread bo Undefined| O : X
BEREE [T Toohs] |
A | 2 | Nothing is arranged for these bits. These are 0 O X
N 3 | write disabled bits. When these bits are read out, 0 O''X
S 2 | the contents are “0”. 0 0 X
I — B T Jorx
R [ 6 | 0 |OX
b e 7 0 |oix
Fig. 2.6.3 Structure of A-D conversion register (high-order)
A-D conversion register (low-order)
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (low-order)
Attt L1 (ADL: address 3516)
i i i i i i i i b Functions Atreset|R iW
i1 111 -1 0 Thisis A-D conversion result stored bits. This is |Undefined| O i X
T | 1 | read exclusive register. Undefined| O 1 X
s 2 8-bit read Undefined| O 1 X
e E |E;|b8|b7|b6|b5|b4|b3|zg| Undeined| O X
R R — [ 4] Undefined| O 1 X
{ o} demeemmeeeecoeeeas 5 b7 10-bitread Undefined[ O | X
L P ——— 6| Undefined| O | X
! — b7|b6]|b5[b4{b3|b2]b1)b0 - T
——————————————————————— 7 lb7lb6lb5hbab3b2lb1od Undefined] O ' X
Fig. 2.6.4 Structure of A-D conversion register (low-order)
A-D input selection register
b7 b6 b5 b4 b3 b2 bl b0
A-D input selection register
(ADSEL: address 3716)
b Name Functions At reset|R W
0 [ Analog input port  [0: P30/ANo-P34/AN are o |00
selection switch bit selected as analog input pins. :
1: P04/AN5-PO7/ANS are |
selected as analog input pins. i
| 1 |Nothing is arranged for these bits. These are 0 OX
2 | write disabled bits. When these bits are read 0 O X
3] out, the contents are "0". 0 O'X
4 0 01X
5 | Fix this bit to "0". 0 oi0
6 | Nothing is arranged for this bit. This is write 0 01X
disabled bit. When this bit is read out, the i
contents are "0". i
7 | Fix this bit to "0". 0 0i0

Fig. 2.6.5 Structure of A-D input selection register
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Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register 2

11111 | (IREQ2: address 3Di6)

A A L Name Functions At reset| R W

bbb b Lo |Timer 1 interrupt 0 : No interrupt request issued 0 OO0

A request bit 1 : Interrupt request issued '

A 1 [ Timer 2 interrupt 0 : No interrupt request issued 0 o0

I T T B request bit 1 : Interrupt request issued i

i i i i i ih ________ 2 | Serial I/O1 receive |0 : No interrupt request issued 0 Oi O

oo interrupt request bit | 1 : Interrupt request issued :

A 3 | Serial I/O1 transmit [ O : No interrupt request issued 0 oD

Pl interrupt request bit | 1 : Interrupt request issued !

A 4 | CNTRo interrupt 0 : No interrupt request issued 0 o'

P request bit 1 : Interrupt request issued i

I SR 5 | CNTR1 interrupt 0 : No interrupt request issued 0 OO0

P request bit 1 : Interrupt request issued i

v 6 | A-D converter 0 : No interrupt request issued 0 o

i interrupt request bit | 1 : Interrupt request issued !

:. _______________________ 7 | Nothing is arranged for this bit. This is a write 0 Oi X
disabled bit. When this bit is read out, the i
contents are “0". ;

(: “0” can be set by software, but “1” cannot be set.
Fig. 2.6.6 Structure of Interrupt request register 2
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0

0 | | Interrupt control register 2

AL bbbl | (ICON2: address 3Fis)

A A L Name Functions Atreset|R EW

toro4r 4 r i _[oTimerlinterrupt 0 : Interrupt disabled 0 00

A enable bit 1 : Interrupt enabled l

A 1 |Timer 2 interrupt |0 : Interrupt disabled 0 OiO

bbb enable bit 1 : Interrupt enabled !

I A 2 |Serial /01 receive |0 : Interrupt disabled 0 |00

Pl interrupt enable bit |1 : |nterrupt enabled i

S A 3 [Serial I/O1 transmit | o : |nterrupt disabled 0 0:0

Pl interrupt enable bit |3 : Interrupt enabled :

T T 4 |CNTRointerrupt |0 : Interrupt disabled 0 0:0

P enable bit |

R S — 5 | CNTR1 interrupt 0 : Interrupt disabled 0 0:0

P enable bit 1 : Interrupt enabled i

R 6 [A-D converter [0 : Interrupt disabled 0 0:0

i interrupt enable bit |1 : Interrupt enabled i

o] 7 | Fix this bit to “0”. 0 |[0i0

Fig. 2.6.7 Structure of Interrupt control register 2
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2.6 A-D converter

2.6.3 A-D converter application examples
(1) Conversion of analog input voltage
Outline : The analog input voltage input from a sensor is converted to digital values.

Figure 2.6.8 shows a connection diagram, and Figure 2.6.9 shows the relevant registers setting.

P30/ANo Sensor

3850 Group

Fig. 2.6.8 Connection diagram

Specifications : «The analog input voltage input from a sensor is converted to digital values.
*P30/ANo pin is used as an analog input pin.

A-D input selection register (address 3716)
b7 b0

ADSEL

Analog input pin : P30/AN0-P34/AN4 selected

A-D control register (address 3416)
b0

ADCON

o

E\‘
o
o

o]

.

Analog input pin : P30/ANo selected
A-D conversion start

A-D conversion register (high-order); (address 3616)
b7 b0

j (Read-only)

-

A-D conversion register (low-order); (address 3516)
b7 b0

ADH

ADL | | (Read-only)

v

\—> A result of A-D conversion is stored (Note).

Note: After bit 4 of ADCON is set to “1”, read out that contents.
When reading 10-bit data, read address 003616 before address 003516;
when reading 8-bit data, read address 003516 only.

Fig. 2.6.9 Relevant registers setting
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2.6 A-D converter

An analog input signal from a sensor is converted to the digital value according to the relevant
registers setting shown by Figure 2.6.9 Figure 2.6.10 shows the control procedure for 8-bit read, and
Figure 2.6.11 shows the control procedure for 10-bit read.

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

2

Y

ADSEL (address 3716) <— 000000002

*P30/ANo pin selected as analog input pin
ADCON (address 3416) <— XXX0X0002 +A-D conversion start

|
i
P2

ADCON (address 3416), bit4 ? «Judgment of A-D conversion completion

Read out ADL (address 3516) *Read out of conversion result

|

Fig. 2.6.10 Control procedure for 8-bit read

e X: This bitis not used here. Set it to “0” or “1” arbitrarily.
N

T\/

ADSEL (address 3716) <— 000000002

*P30/ANo pin selected as analog input pin
ADCON (address 3416) <— XXX0X0002 «A-D conversion start

ADCON (address 341s), bit4 ? «Judgment of A-D conversion completion

Read out ADH (address 3616) *Read out of high-order digit (b9, b8) of conversion result
Read out ADL (address 3516) Read out of low-order digit (b7 — b0) of conversion result
N
N

Fig. 2.6.11 Control procedure for 10-bit read
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2.6 A-D converter

2.6.4 Notes on A-D converter

1)

(2)

3)

Analog input pin

Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01 pF to 1 pF. Further, be sure to verify the operation of application products on the
user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

A-D converter power source pin

The AVss pin is A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect it as following :

* AVss : Connect to the Vss line

e Reason
If the AVsSs pin is opened, the microcomputer may have a failure because of noise or others.

Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock

frequency is too low. Thus, make sure the following during an A-D conversion.

« f(XIN) is 500 kHz or more in middle-/high-speed mode.

« Do not execute the STP instruction.

« When the A-D converter is operated at low-speed mode, f(Xin) do not have the lower limit of
frequency, because of the A-D converter has a built-in self-oscillation circuit.
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2.7 Watchdog timer

This paragraph explains the registers setting method and the notes relevant to the watchdog timer.

2.7.1 Memory map

Address

003916 | Watchdog timer control register (WDTCON)

~ ~
003B16 | CPU mode register (CPUM)
Fig. 2.7.1 Memory map of registers relevant to watchdog timer
2.7.2 Relevant registers
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
| Watchdog timer control register
B S I N N (WDTCON: address 3916)
i i i i i i i i b Name Functions At reset|R 'W
i1 111 1 -0 |Watchdog timer H 1 o
I T T S S S M 1 | (for read-out of high-order 6 bit) 1 o'
R o0
I B 3 100
I 4| 1 [oiD
I 5 1100
A 6 | STP instruction 0: STP instruction enabled 0 0.0
i disable bit 1: STP instruction disabled !
i 7 | watchdog timer H | 0: Watchdog timer L 0 0.0
““““““““““““ count source selection|  underflow !
bit 1: f(XIN)/16 or f(XcIN)/16 i

Fig. 2.7.2 Structure of Watchdog timer control register
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CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

CPU mode register
(CPUM: address 3B16)

1 0: @=f(XcIN)/2
(low-speed mode)
1 1: not available

b Name Functions Atreset| R W
bl b0 i

0 | Processor mode | g : Single-chip mode 0 o | o
| bits 01: i

1 10:} Not available o |00
11: i

2 | Stack page 0: 0 page 0 00
selection bit 1:1 page i

3 | Fix this bit to “1”. 1 Oi0

4 | Port Xc switch bit [ 0: I/O port function 0 0:0
(stop oscillating) :
1: XcIN-XcouT oscillation !
function |

5 | Main clock (XIN- 0: Oscillating 0 0i0
Xour) stop bit 1: Stopped i

6 | Main clock division [ 1 |00
ratio selection bits |0 0 ¢=f(XIN)/2 !
(high-speed mode) i
0 1: @=f(XIN)/8 i

7 (middle-speed mode) 0 00

Fig. 2.7.3 Structure of CPU mode register
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2.7 Watchdog timer

2.7.3 Watchdog timer application examples

(1) Detection of program runaway
Outline: If program runaway occurs, let the microcomputer reset, using the internal timer for detection
of program runaway.

Specifications: <An underflow of watchdog timer H is judged to be program runaway, and the
microcomputer is returned to the reset status.
*Before the watchdog timer underflows, “0” is set into bits 6 and 7 of the watchdog
timer control register at every cycle in a main routine.
*High-speed mode is used as a main clock division ratio.
*An underflow signal of the watchdog timer L is supplied as the count source of
watchdog timer H.

Figure 2.7.4 shows a watchdog timer connection and division ratio setting; Figure 2.7.5 shows the
relevant registers setting; Figure 2.7.6 shows the control procedure.

Fixed Watchdog timer L Watchdog timer H

f(XIN) = 8 MHz ——m| 1/16 > 1/256 - 1/256

RESET O—@}—

STP instruction disable bit
STP instruction

» REset | o Internal reset
circuit

Fig. 2.7.4 Watchdog timer connection and division ratio setting
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REN ESAS 2.7 Watchdog timer

CPU mode register (address 3B16)
b7 b0

CPUM |0|0|0| Ill |O|O|

L‘—> Processor mode: Single-chip mode
Fix to “1”

> Main clock (XIN-XouT): Operating
» Main clock division ratio: f(XiN)/2 (high-speed mode)

Watchdog timer control register (address 3916)
b7 b0

wereon Jofo| | | | | | |

Watchdog timer H (for read-out of high-order 6 bits)
Enable STP instruction
Watchdog timer H count source: Watchdog timer L underflow

YVYY

Fig. 2.7.5 Relevant registers setting

C D

Initialization
SEI «All interrupts disabled
CLT
CLD *Processor mode: Single-chip mode

CPUM (address 3B16) «—— 000X1X002 *Main clock f(XiN): Operating
: *High-speed mode selected as main clock division ratio

|

WDTCON (address 3916), bit7, bit6 «— 002 | «Watchdog timer L underflow selected as Watchdog
timer H count source

*STP instruction enabled
(“FF16” is set to Watchdog timer H and Watchdog
timer L, respectively.)

Main processing

Fig. 2.7.6 Control procedure

2.7.4 Notes on watchdog timer
e Make sure that the watchdog timer does not underflow while waiting Stop release, because the watchdog

timer keeps counting during that term.
e When the STP instruction disable bit has been set to “1”, it is impossible to switch it to “0” by a program.
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2.8 Reset

2.8 Reset

2.8.1 Connection example of reset IC

1 I . Vcc

Power source|

me2022L  |° Output RESET

Delay capacity
4

GND L o1ur
3 T Vss

3850 Group

777

Fig. 2.8.1 Example of poweron reset circuit

Figure 2.8.2 shows the system example which switches to the RAM backup mode by detecting a drop of
the system power source voltage with the INT interrupt.

System power

source voltage— 1> " Vee
+5V 7
; 7
77 Vcel =
RESET |° RESET
2 Vcc2 INT 8 INT

AN,
vy

Vss
VL gyp ©8 J; 3850 Group
7
777 777 7L

M62009L,M62009P,M62009FP

Fig. 2.8.2 RAM backup system
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2.8.2 Notes on RESET pin

1)

(2)

Connecting capacitor

In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :

* Make the length of the wiring which is connected to a capacitor as short as possible.

» Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

Reset release after power on

When releasing the reset after power on, such as power-on reset, release reset after Xinw passes more
than 20 cycles in the state where the power supply voltage is 2.7 V or more and the X oscillation
is stable.

e Reason
To release reset, the RESET pin must be held at an “L” level for 20 cycles or more of X in the
state where the power source voltage is between 2.7 V and 5.5 V, and X oscillation is stable.
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2.9 Clock generating circuit

This paragraph explains how to set the registers relevant to the clock generating circuit and describes an

application example.

2.9.1 Relevant registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0
| | | | 1 | | | CPU mode register
(CPUM: address 3B16)

1 0: @=f(XcIN)/2
(low-speed mode)
1 1: not available

i i i i i i i i b Name Functions Atreset|R W
T T T T R b1 b0 T
A T T A R R A 0 Processor mode 00 : Single-chip mode 0 ©) :O
A A A S |1 01: :
A S 10 :> Not available o |00
REREE 11 ;
A A R 2 | Stack page 0: 0 page 0 0.0
Pl selection bit 1:1 page |
A 3 | Fix this bit to “1”. 1 |0i0
ol 4 [Port Xc switch bit | 0: /O port function 0 |O0i0
Poron (stop oscillating) :
b T 1: XcIN-XcouT oscillation !
P function |
i i i 5 | Main clock (XIN- 0: Oscillating 0 0:0
N Xour) stop bit 1: Stopped !
P 6 | Main clock division |2 T oo
A ratio selection bits |0 0° @=f(XIN)/2 :
i (high-speed mode) !
i 0 1: g=f(XIN)/8 i
| 7] (middle-speed mode) 0 00

Fig. 2.9.1 Structure of CPU mode register
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2.9 Clock generating circuit

2.9.2 Clock generating circuit application example
(1) Status transition during power failure
Outline: The clock counts up every second by using the timer interrupt during a power failure.

Input port «——— Power failure detection signal
(Note)

3850 Group

Note: A signal is detected when input to input port, interrupt
input pin, or analog input pin.

Fig. 2.9.2 Connection diagram

Specifications: *Reducing power dissipation as low as possible while maintaining clock function
*Clock: f(Xin) = 8 MHz, f(Xcn) = 32.768 kHz
*Port processing
Input port: Fixed to “H” or “L" level externally.
Output port: Fixed to output level that does not cause current flow to the external.
(Example) Fix to “H” for an LED circuit that turns on at “L” output
level.
I/O port: Input port — Fixed to “H” or “L” level externally.
Output port — Output of data that does not consume current
Vrer pin: Stop Vrker current dissipation by terminating A-D conversion operation.

Figure 2.9.3 shows the status transition diagram during power failure and Figure 2.9.4 shows the
setting of relevant registers.

Reset released Power failure detected

' '

xen | AT

Internal system clock mg’;e'efpee‘jx High-speed mode Low-speed mode
Change internal system After detection, change internal system clock to
T clock to high-speed mode  low-speed mode and stop oscillating Xin-Xout

Xcin-XcouT oscillation function selected

Fig. 2.9.3 Status transition diagram during power failure
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CPU mode register (address 3B16)

b7 b0
cpuM |ofofo]of1] [ofo]

Main clock: High-speed mode (f(Xin)/2) (Note 1)

CPU mode register (address 3B16)

b7 b0
cpuMm |ofo]of1]1] ]ofo]
(Note 2)

Port Xc: Xcin—XcouT oscillation function

CPU mode register (address 3B16)

b7 b0
cPuM [1o]ofz]1] |ofo]

Internal system clock: Low-speed mode (f(XciN)/2)

CPU mode register (address 3B16)

b7 b0

cpuM [1]o]1f1]1]| [o]o]

Main clock f(Xin): Stopped

Notes 1: This setting is necessary only when selecting the high-speed mode.

2: When selecting the middle-speed mode, bit 6 is “1”.

Fig. 2.9.4 Setting of relevant registers

REJO05B0770-0100/Rev1.00 November 2005

Page 94 of 117




3850 Group (Spec.A)

u {ENESAS 2.9 Clock generating circuit

Control procedure: To prepare for a power failure, set the relevant registers in the order shown
below.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
CPUM (address 3Bs), b@t?, bit6 <4— 0,0 When selecting main clock f(Xin)/2 (high-speed mode)
CPUM (address 3B1s), bit 4 1 Port Xc: Xcin-Xcout oscillation function

Detect power failure ?

x

Internal system clock: f(Xcin)/2 (low-speed mode)
<4— 1 (Note) Main clock f(Xin) oscillation stopped

CPUM (address 3Bus), bit7, bit 64— 1, 0 (Note)

CPUM (address 3Bus), bits

Set timer interrupt to occurs every second. At power failure, clock count is performgd during
Execute WIT instruction. timer interrupt processing (every second).

Return condition from power failure
completed ?

Return processing from power failure

Note: Do not switch simultaneously.

Fig. 2.9.5 Control procedure
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2.10 Standby function
The 3850 group is provided with standby functions to stop the CPU by software and put the CPU into the
low-power operation.
The following two types of standby functions are available.

*Stop mode usi
*Wait mode usi

2.10.1 Releva

ng STP instruction
ng WIT instruction

nt registers

MISRG

b7 b6 b5 b4 b3 b2 bl b0

[ ——

MISRG
(MISRG: address 3816)
b Name Functions At reset|R (W
0 | Oscillation stabilizing |0: Automatically set (Note 1 0 Oi0
time set after STP 1: Autimatically set disabled !
instruction released bit i
1 [Middle-speed mode |0: Not set automatically 0 Oi0o
automatic switch set|1: Automatic switching |
bit enabled (Note 2) |
2 |Middle-speed mode [O: 4.5 to 5.5 machine cycles 0 oi0
automatic switch 1: 6.5 to 7.5 machine cycles !
wait time set bit i

3 |Middle-speed mode |0: Invalid 0 0.0
automatic switch 1: Automatic switch start |
start bit (Note 2) i
(Depending on |
program) :

4 | Nothing is arranged for these bits. These are 0 oin
? write disabled bits. When these bits are read 0 o[
L~ | out, the contents are “0”. i

6 0 o:d

7 0 oi0

Notes 1: “0116” is set to Timer 1, “FF16” is set to Prescaler 12.
2: When automatic switch to middle-speed mode from low-speed mode occurs,
the values of CPU mode register (003B16) change.

Fig. 2.10.1 Structure of MISRG
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2.10.2 Stop mode

The stop mode is set by executing the STP instruction. In the stop mode, the oscillation of both clocks
(Xin—Xout, Xcin—Xcout) stop and the internal clock ¢ stops at the “H” level. The CPU stops and peripheral
units stop operating. As a result, power dissipation is reduced.

(1) State in stop mode
Table 2.10.1 shows the state in the stop mode.

Table 2.10.1 State in stop mode

ltem State in stop mode

Oscillation Stopped.

CPU Stopped.

Internal clock ¢ Stopped at “H” level.

I/O ports PO-P4 Retains the state at the STP instruction execution.

Timer Stopped. (Timers 1, 2, X, Y)
However, Timers X and Y can be operated in the event counter
mode.

PWM Stopped.

Watchdog timer Stopped.

Serial 1/01, Serial 1/02 Stopped.
However, these can be operated only when an external clock
is selected.

A-D converter Stopped.
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2.10 Standby function

(2) Release of stop mode
The stop mode is released by a reset input or by the occurrence of an interrupt request. Note the
differences in the restoration process according to reset input or interrupt request, as described

be

low.

m Restoration by reset input

The stop mode is released by holding the RESET pin to the “L” input level during the stop mode.
Oscillation is started when all ports are in the input state and the stop mode of the main clock (Xi-
Xour) is released.

Oscillation is unstable when restarted. For this reason, time for stabilizing of oscillation (oscillation
stabilizing time) (Note) is required. The input of the RESET pin should be held at the “L” level until
oscillation stabilizes.

When the RESET pin is held at the “L” level for 20 cycles or more of X after the oscillation has
stabilized, the microcomputer will go to the reset state. After the input level of the RESET pin is
returned to “H”, the reset state is released in approximately 10.5 to 18.5 cycles of the X input.
Figure 2.10.2 shows the oscillation stabilizing time at restoration by reset input.

At release of the stop mode by reset input, the internal RAM retains its contents previous to the
reset. However, the previous contents of the CPU register and SFR are not retained.

For more details concerning reset, refer to “2.8 Reset”.

Note: For the setting of oscillation stabilizing time, refer to MISRG (address 00381s).

., Stop mode . stabilizing time  more of Xin . Operating mode
< — - »: <

vee | s | !
i 5 : Time to hold internal reset state =
: approximately 10.5 to 18.5 cycles of Xin input
: : ; P

RESET i | i | i
xin SUUUVUUV IV VAV VATV VAVRVAVRVAVRCAVAVATAVAVAVA

Oscillation 20 cycles or

4>,
(Note) V¥ . :
Execute Stop instruction

Note: Some cases may occur in which no waveform is input to Xin (in low-speed mode).

Fig. 2.10.

2 Oscillation stabilizing time at restoration by reset input
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m Restoration by interrupt request
The occurrence of an interrupt request in the stop mode releases the stop mode. As a result,
oscillation is resumed. The interrupts available for restoration are:
*INTo—INTs
*CNTRo, CNTR:
«Serial 1/0 (1, 2) using an external clock
*Timer X, Y using an external event count
However, when using any of these interrupt requests for restoration from the stop mode, in order
to enable the selected interrupt, you must execute the STP instruction after setting the following
conditions.

[Necessary register setting]

O Interrupt disable flag | = “0” (interrupt enabled)

O Timer 1 interrupt enable bit = “0” (interrupt disabled)

O Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request
issued)

O Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)

For more details concerning interrupts, refer to “2.2 Interrupts”.

Oscillation is unstable when restarted. For this reason, time for stabilizing of oscillation (oscillation
stabilizing time) is required. For restoration by an interrupt request, waiting time prior to supplying
internal clock ¢ to the CPU is automatically generated™ by Prescaler 12 and Timer 1. This
waiting time is reserved as the oscillation stabilizing time on the system clock side. The supply of
internal clock ¢ to the CPU is started at the Timer 1 underflow.

Figure 2.10.3 shows an execution sequence example at restoration by the occurrence of an INTo
interrupt request.

01: If the STP instruction is executed when the oscillation stabilizing time set after STP instruction
released bit is “0”, “FF16” and “0lis” are automatically set in the Prescaler 12 counter/latch and
Timer 1 counter/latch, respectively. When the oscillation stabilizing time set after STP instruction
released bit is “1”, nothing is automatically set to either Prescaler 12 or Timer 1. For this
reason, any suitable value can be set to Prescaler 12 and Timer 1 for the oscillation stabilizing
time.

02: Immediately after the oscillation is started, the count source is supplied to the prescaler 12
so that a count operation is started.
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e When restoring microcomputer from stop mode by INTo interrupt (rising edge selected)

Stop mode : Oscillation stabilizing time

P ) |
Xin or XcIN M -
(System clock) e VAV AVRVAVAVATAVAVAVAVAVAVAVAVAVAVAVAATA
i Xc; in high-impedance state

INTo pin

512 counts

'
] |
W b
< »

Prescaler 12 counter \,—\l\l\

{0116” ] !
Timer 1 counter T :

| |
INTo interrupt request bit
Peripheral device  operaing| Stopped Operating
CPU  Operatig| Stopped Operating
A A A
*Execute STP +INTo interrupt signal +512 counts down by
instruction input (INTo interrupt prescaler 12
request occurs) -Start supplying internal
+Oscillation start clock @to CPU
-Prescaler 12 count start  «Accept INTo interrupt
request

Note: f(Xin)/16 or f(Xcin)/16 is input as the prescaler 12 count source.

Fig. 2.10.3 Execution sequence example at restoration by occurrence of INTo interrupt request

(3) Notes on using stop mode
m Register setting
Since values of the prescaler 12 and Timer 1 are automatically reloaded when returning from the
stop mode, set them again, respectively. (When the oscillation stabilizing time set after STP
instruction released bit is “0")

m Clock restoration

After restoration from the stop mode to the normal mode by an interrupt request, the contents of
the CPU mode register previous to the STP instruction execution are retained. Accordingly, if both
main clock and sub clock were oscillating before execution of the STP instruction, the oscillation
of both clocks is resumed at restoration.

In the above case, when the main clock side is set as a system clock, the oscillation stabilizing
time for approximately 8,000 cycles of the X input is reserved at restoration from the stop mode.
At this time, note that the oscillation on the sub clock side may not be stabilized even after the
lapse of the oscillation stabilizing time of the main clock side.
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2.10.3 Wait mode

The wait mode is set by execution of the WIT instruction. In the wait mode, oscillation continues, but the
internal clock @ stops at the “H” level.
The CPU stops, but most of the peripheral units continue operating.

(1) State in wait mode
The continuation of oscillation permits clock supply to the peripheral units. Table 2.10.2 shows the

state in the wait mode.

Table 2.10.2 State in wait mode

Item State in wait mode
Oscillation Operating.
CPU Stopped.
Internal clock ¢ Stopped at “H” level.
I/O ports PO-P4 Retains the state at the WIT instruction execution.
Timer Operating.
PWM Operating.
Watchdog timer Operating.
Serial 1/01, Serial 1/02 Operating.
A-D converter Operating.
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(2) Release of wait mode
The wait mode is released by reset input or by the occurrence of an interrupt request. Note the
differences in the restoration process according to reset input or interrupt request, as described
below.
In the wait mode, oscillation is continued, so an instruction can be executed immediately after the
wait mode is released.

m Restoration by reset input
The wait mode is released by holding the input level of the RESET pin at “L” in the wait mode.
Upon release of the wait mode, all ports are in the input state, and supply of the internal clock
@to the CPU is started. To reset the microcomputer, the RESET pin should be held at an “L” level
for 20 cycles or more of Xin. The reset state is released in approximately 10.5 cycles to 18.5 cycles
of the Xiv input after the input of the RESET pin is returned to the “H” level.
At release of wait mode, the internal RAM retains its contents previous to the reset. However, the
previous contents of the CPU register and SFR are not retained.
Figure 2.10.4 shows the reset input time.
For more details concerning reset, refer to “2.8 Reset”.

: Wait mode ! : Operating mode
“——> «
Vee f §
5 Time to hold internal reset state =
: 20 cycles of Xin i approximately 10.5 to 18.5 cycles of XN input
E - P
RESET | l g

v (Note) i

Execute WIT instruction

Note: Some cases may occur in which no waveform is input to Xin (in low-speed mode).

Fig. 2.10.4 Reset input time
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m Restoration by interrupt request
In the wait mode, the occurrence of an interrupt request releases the wait mode and supply of the
internal clock ¢ to the CPU is started. At the same time, the interrupt request used for restoration
is accepted, so the interrupt processing routine is executed.
However, when using an interrupt request for restoration from the wait mode, in order to enable
the selected interrupt, you must execute the WIT instruction after setting the following conditions.

[Necessary register setting]

O Interrupt disable flag | = “0” (interrupt enabled)

O Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request
issued)

O Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)

For more details concerning interrupts, refer to “2.2 Interrupts”.

(3) Notes on wait mode
m Clock restoration
If the wait mode is released by a reset when Xcm is set as the system clock and X oscillation is
stopped during execution of the WIT instruction, Xcin oscillation stops, X oscillations starts, and
Xin is set as the system clock.
In the above case, the RESET pin should be held at “L” until the oscillation is stabilized.
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2.11 Flash memory mode
This paragraph explains the registers setting method and the notes relevant to the flash memory version.

2.11.1 Overview

The functions of the flash memory version are similar to those of the mask ROM version except that the
flash memory is built-in and some of the SFR area differ from that of the mask ROM version (refer to

“2.11.2 Memory map”).

In the flash memory version, the built-in flash memory can be programmed or erased by using the following

three modes.
« CPU rewrite mode
* Parallel 1/O mode

* Standard serial /O mode

2.11.2 Memory map

M38507F8FP/SP have 32 Kbytes of built-in flash memory.
Figure 2.11.1 shows the memory map of the flash memory version.

000016

004016

RAM

043F16
044016

OFF016

OFFF16
100016

800016

808016

FFFF16

F00016

SFR area

Internal RAM
area
(1 Kbyte)

Not used

800016/

SFR area

Not used

Reserved ROM area

Built-in flash memory
area
(32 Kbytes)

FFFF16

Boot ROM area

4 Kbytes

FFFF16

Pararell I/O mode-
CPU rewrite mode

Note: Access to boot ROM area

User ROM area

32 Kbytes

Read/Write avilable

————————— Read only available
Standard serial mode------- Read only available

Fig. 2.11.1 Memory map of flash memory version for 3850 Group
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2.11.3 Relevant registers

i

Address
OFFEz16 | Flash memory control register (FMCR)

Fig. 2.11.2 Memory map of registers relevant to flash memory

Flash memory control register

b7 b6 b5 b4 b3 b2 bl b0
| Flash memory control register
(FMCR : address OFFEz1s)

AR A A b Name Functions At reset|R iW
i i i i i i i ' | o |RrRY/BY status flag [0 : Busy (being written or 1 O i X
A erased) ’
AERREE 1 Readly |
A 1 [CPU rewrite mode [0 : Normal mode (Software [ 0  [O!O
P select bit (Note 1) commands invalid) i
P 1: CPU rewrite mode |
P (Software commands :
A acceptable) i
A 2 |CPU rewrite mode  |0: Normal mode 0 01X
P entry flag 1: CPU rewrite mode |
A 3 | Flash memory reset | 0: Normal operation 0 0!0
A bit (Note 2) 1: Reset i
I 4 | User area/Boot 0: User ROM area 0 00
P area selection bit 1: Boot ROM area '
T N | 5 | Nothing is arranged for these bits. When write, |Undefined| X X
N S 6 | set “0”. When these bits are read out, the Undefined| X1 X
] |7 | contents are undefined. Undefined| X1 X

Notes 1: For this bit to be set to “1”, the user needs to write a “0” and then a
“1"to it in succession.

2: In order to perform flash memory reset by setting of this bit, set

this bit to “1” in state of the CPU rewriting mode select bit = “1”",

and then set to “0” to release the reset state.

Fig. 2.11.3 Structure of Flash memory control register
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2.11.4 Parallel I/O mode

In the parallel /0 mode, program/erase to the built-in flash memory can be performed by a EPROM
programmer (EFP-I).

The memory area of program/erase is from 0F000:s to OFFFFis (boot ROM area) or from 0800016 to
OFFFFis (user ROM area). Be especially careful when erasing; if the memory area is not set correctly, the
products will be damaged eternally.

Table 2.11.1 shows the setting of programmers when programming in the parallel /0 mode.

*EFP-1 provided by Suisei Electronics System Co., Ltd. (http://www.suisei.co.jp/index_e.htm)

(product available in Asia and Oceania only)

Table 2.11.1 Setting of programmers when parallel programming

Products Parallel unit Boot ROM area User ROM area
M38507F8FP EF3850F-42E 0F000:6 to OFFFF 0800016 to OFFFF
M38507F8SP EF3850F-42S w0 to * w0 to *

2.11.5 Standard serial 1/O mode

Table 2.11.2 shows a pin connection example (4 wires) between the programmer (EFP-I; Serial unit
EF1SRP-01U is required additionally) and the microcomputer when programming in the serial 1/O0 mode.
*EFP-I provided by Suisei Electronics System Co., Ltd. (http://www.suisei.co.jp/index_e.htm)

(product available in Asia and Oceania only)

Table 2.11.2 Connection example to programmer when serial programming (4 wires)

EFP-1 (EF1SRP-01U) 3850 Group flash memory version
Function Signal name EF1RP-01U side Pin name Pin number
connector Line number
Transfer clock input T_SCLK1 9 P26/Scik1 10
Serial data input T_RXD 11 P2s/TxD 11
Serial data output T_TXD 10 P24/RxD 12
Transmit/Receive enable output T_BUSY 12 P27/CNTRo/Srov1 9
5 V input T_VPP 3 CNVss 15
Reset input T _RESET 14 RESET (Note 1) 18
Target board power source monitor input| T_VDD (Note 2) 4 Vee (Note 2) 1
GND GND (Note 3) 1, 2,15, 16 Vss, AVss (Note 3)| 21, 3

Notes 1: Since reset release after write verification is not performed, when operating MCU after writing,
separate a target connection cable.
2: Supply Vcc of EFP-I side from user side so that the power supply voltage of the output buffer used
by the EFP-I side becomes the same as user side power supply voltage (Vcc).
3: Four pins (No. 1, 2, 15, and 16) of the EF1SRP-01U side connector are prepared for GND signal.
When connecting with a target board, although connection of only one pin does not have a
problem, we recommend connecting with two or more pins.
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2.11.6 CPU rewrite mode

In the CPU rewrite mode, issuing software commands through the Central Processing Unit (CPU) can
rewrite the built-in flash memory. Accordingly, the contents of the built-in flash memory can be rewritten
with the microcomputer itself mounted on board, without using the programmer.

Store the rewrite control program to the built-in flash memory in advance. The built-in flash memory cannot
be read in the CPU rewrite mode. Accordingly, after transferring the rewrite control program to the internal
RAM, execute it on the RAM.

The following commands can be used in the CPU rewrite mode: read array, read status register, clear
status register, program, erase all block, and block erase. For details concerning each command, refer to
“CHAPTER 1 Flash memory mode (CPU rewrite mode)”.

(1) CPU rewrite mode beginning/release procedures
Operation procedure in the CPU rewrite mode for the built-in flash memory is described below.
As for the control example, refer to “2.11.7 (2) Control example in the CPU rewrite mode”.

[Beginning procedure]

O

O
O
g

O

O

Apply 5 V+10 % to the CNVss/Ver pin (at selecting boot ROM area).

Release reset.

Set bits 6 and 7 (main clock division ratio selection bits) of the CPU mode register.

After CPU rewrite mode control program is transferred to internal RAM, jump to this control
program on RAM. (The following operations are controlled by this control program).

Apply 5 V10 % to the CNVss/Vee pin (in single-chip mode).

Set “1” to the CPU rewrite mode select bit (bit 1 of address OFFE:s).

For this bit to be set to “1”, the user needs to write “0” and then “1” to it in succession.
Read the CPU rewrite mode entry flag (bit 2 of address OFFE1s) to confirm that the CPU rewrite
mode is set to “1".

Flash memory operations are executed by using software commands.

Note: The following procedures are also necessary.

» Control for data which is input from the external (serial 1/O etc.) and to be programmed
to the flash memory.

« Initial setting for ports, etc.

« Writing to the watchdog timer

[Release procedure]

g
U

Execute the read command or set the flash memory reset bit (bit 3 of address OFFEus).
Set the CPU rewrite mode select bit (bit 0 of address OFFE1s) to “0”.
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Also, execute the following processing before the CPU reprogramming mode is selected so that
interrupts will not occur during the CPU reprogramming mode.

» Set the interrupt disable flag (1) to “1”

When the watchdog timer has already started, write to the watchdog timer control register (address
1Ei6) periodically during the CPU reprogramming mode in order not to generate the reset by the
underflow of the watchdog timer H.

During the program or erase execution, watchdog timer is automatically cleared. Accordingly, the
inernal reset by underflow does not occur.

When the interrupt request or reset occurs in the CPU reprogramming mode, the microcomputer
enters the following state;

* Interrupt occurs

This may cause a program runaway because the read from the flash memory which has the interrupt
vector area cannot be performed.

» Underflow of watchdog timer H, reset

This may cause a microcomputer reset; the built-in flash memory control circuit and the flash memory
control register are reset. When reset state is released with CNVss = “H”, CPU starts in the boot
mode.

Also, when the above interrupt and reset occur during program/erase, error data may still exist after
reset release because the reprogramming of the flash memory is not completed, so that reprogramming
of the flash memory in the parallel /O mode or serial /O mode is required.

REJO5B0770-0100/Rev1.00 November 2005 Page 108 of 117



RENESAS 3850 Group (Spec.A)

2.11 Flash memory mode

2.11.7 Flash memory mode application examples
The control pin processing example on the system board in the serial I/O mode and the control example
in the CPU rewrite mode are described below.

(1) Control pin connection example on the system board in serial /O mode
As shown in Figure 2.11.4, in the serial 1/0O mode, the built-in flash memory can be rewritten with the
microcomputer mounted on board. Connection examples of control pins (P24/RxD, P2s/TxD,

P26/Sciki, P27/Srovi, P41, CNVss, and RESET pin) in the serial I/O mode are described below.

| — [-RS232C  gerial programmer

‘

Fig. 2.11.4 Rewrite example of built-in flash memory in serial I/O mode
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O When control signals are not affected to user system circuit

When the control signals in the serial /O mode are not used or not affected to the user system
circuit, they can be connected as shown in Figure 2.11.5.

Target board

01
Not used or to user system circuit

M38507F8FP/SP

“ — | TXD(P2s) -

ScLk1(P2e) ‘
RxD(P24) vee
N hd Busy(P27)

Q’\/\/\/i (P41) AVss

*'VPP(CNVss)

VN

\4

Vss

R 777
ED RESET XN~ Xout
User reset signal (Low active) ﬁui

01: When not used, set to input mode and pull up or pull down, or set to output mode and open.
02: It is necessarv to applv Vcc to Sciki (P26) pin onlv when reset is released in the serial I/O mode.

Fig. 2.11.5 Connection example in serial /O mode (1)

Yte

O When control signals are affected to user system circuit-1

Figure 2.11.6 shows an example that the jumper switch cut-off the control signals not to supply
to the user system circuit in the serial I/0O mode.

Target board

PRRAA + » | To user system circuit

M38507F8FP/SP
« food
0 556 TxD(P2s) J
oh *|ScLk1(P26) Vcc
. Yoo " RxD(P24)
Busy(P27)
(P41) AVss
o R Vss
‘_/W\/? —® % VPP(CNVss) 1

ser reset signal (Low active)

ED "RESET XN~ Xout
: R

O: It is necessary to apply Vcc to Sciki (P26) pin only when reset is released in the serial I/O mode.

Fig. 2.11.6 Connection example in serial /O mode (2)

REJ05B0770-0100/Rev1.00 November 2005 Page 110 of 117



RENESAS 3850 Group (Spec.A)

2.11 Flash memory mode

O When control signals are affected to user system circuit-2
Figure 2.11.7 shows an example that the analog switch (74HC4066) cut-off the control signhals not
to supply to the user system circuit in the serial 1/0 mode.

Target board

74HC4066

L
JSa,
[ VVVS

To user system circuit

M38507F8FP/SP
3 *» TxD(P25)
® * ScLk1(P2s) Vv
. > RxD(P24) ce
. Busy(P27)
(P41) AVss
7);,\/\/\/_? _n;);._—’VPP(CNVSS) \V/ss

User reset signal (Low active)

777
ED RESET XN Xout
Rid

O: It is necessary to apply Vcc to Sciki (P26) pin only when reset is released in the serial I/O mode.

Fig. 2.11.7 Connection example in serial /O mode (3)
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(2) Control example in CPU rewrite mode

In this example, data is received by using serial 1/0, and the data is programmed to the built-in flash
memory in the CPU rewrite mode.
Figure 2.11.8 shows an example of the reprogramming system for the built-in flash memory in the
CPU rewrite mode. Figure 2.11.9 shows the CPU rewrite mode beginning/release flowchart.

Clock input
BUSY output
Data input
Data output

M38507F8FP/SP

— | P4

A

A

Vce
» SCLK1
SRDY1(BusY) AVss
* RxD Vss
TXD

VPP power source input
(Note 1)

I3

Note 1: Apply 4.5 to 5.5 V to the Vprp power source.

RESET 4—\
CNVss

User reset signal

Fig. 2.11.8 Example of rewrite system for built-in flash memory in CPU rewrite mode
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C START )

|

Single-chip mode or boot mode (Note 1)

v

Set CPU mode register (Note 2)

Transfer CPU rewrite mode control
program to built-in RAM

Jump to transferred control program on RAM
(The following operations are controlled by
the control program on this RAM)

Set “1” to CPU rewrite mode select bit (by
writing “0” and then “1” in succession)

'

Check CPU rewrite mode entry flag

Using software command execute erase,
program, or other operation

Execute read command or set flash
memory reset bit (by writing “0” and then
“1" in succession) (Note 3)

Set “0” to CPU rewrite mode select bit

y
C END )

Notes 1: When MCU starts in the single-chip mode, it is necessary to apply
5V £ 10 % to dhe CNVss pin until confirming of the CPU rewrite
mode entry flag.

2: Set bits 6 and 7 (main clock division ratio selection bits) of the
CPU mode register (address 003Bzs).
3: Before releasing the CPU rewrite mode after completing erase or

program operation, always be sure to execute a read command or
reset the flash memory.

Fig. 2.11.9 CPU rewrite mode beginning/release flowchart
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2.11.8 Notes on CPU rewrite mode

(1) Operation speed
During CPU rewrite mode, set the internal clock ¢ 4 MHz or less using the main clock division ratio
selection bits (bits 6 and 7 of address 003Bus).

(2) Instructions inhibited against use
The instructions which refer to the internal data of the flash memory cannot be used during the CPU
rewrite mode.

(3) Interrupts inhibited against use
The interrupts cannot be used during the CPU rewrite mode because they refer to the internal data
of the flash memory.

(4) Watchdog timer
In case of the watchdog timer has been running already, the internal reset generated by watchdog
timer underflow does not happen, because of watchdog timer is always clearing during program or
erase operation.

(5) Reset
Reset is always valid. In case of CNVss = “H” when reset is released, boot mode is active. So the
program starts from the address contained in address FFFCis and FFFDis in boot ROM area.
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3. Reference Program Example

Please find the reference program on the Renesas Technology website.
Click the upper left menu of the screen “Application Notes” on the 740 family.

4. Reference

Data Sheet
3850 Group (Spec.A) Data Sheet

Technical News/Technical Update

Before using this material, please visit our website to verify that this is the most updated document
available.

5. Website and Support

Renesas Technology Corporation Semiconductor Home Page
http://www.renesas.com

E-mail Support
E-mail: csc@renesas.com
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REVISION HISTORY 3850 Group (Spec.A) Peripheral Function Application
Description
Rev. Date
Page Summary
1.00 Nov 14, 2005 - This application note is issued using the information of "Chapter 2
APPLICATION" in the 3850 Group (Spec.A) User's Manual Rev.1.00.
30 Fig.2.3.14 Control procedure is partly revised
53 Fig.2.4.20 Registers setting relevant to transmitting side is partly revised
55 Fig.2.4.22 Control procedure of transmitting side is partly revised
59 Fig.2.4.28 Control procedure of Serial /01 is partly revised
61 Fig.2.4.31 Control procedure of Serial /02 is partly revised
62 Specifications, Limitations of specifications are revised
63 Fig.2.4.33 Timing chart is revised
Fig.2.4.34 Relevant registers setting is partly revised
64 e Control in the master unit is revised
65 e Control in the slave unit is revised
Fig.2.4.37 Control procedure of slave unit is revised
70 Fig.2.4.41 Control procedure of transmitting side is partly revised
71 Fig.2.4.42 Control procedure of receiving side is partly revised
89 Fig.2.7.6 Control procedure is partly revised
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Keep safety first in your circuit designs!

1. Renesas Technology Corporation puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them. Trouble
with semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or a third party.

2. Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs,
algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements
or other reasons. It is therefore recommended that customers contact Renesas Technology
Corporation or an authorized Renesas Technology Corporation product distributor for the latest
product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corporation assumes no responsibility for any damage, liability or other loss resulting
from the information contained herein.

5. Renesas Technology Corporation semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at stake.
Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation
product distributor when considering the use of a product contained herein for any specific
purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear,
or undersea repeater use.

6. The prior written approval of Renesas Technology Corporation is hecessary to reprint or reproduce
in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corporation for further details on these materials or the
products contained therein.
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