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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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M30245 Group

The M30245 group is a 16-bit microcomputer based on the M16C family core technology that uses a high
performance silicon gate CMOS process with an M16C/62 Series CPU core. It comes packaged in a 100-pin
molded plastic LQFP. They are single-chip USB peripheral microcontrollers that operate at Full Speed (12
Mbps) and are compliant with the Universal Serial Bus (USB) Version 2.0 specification. They also include many
built-in peripherals including: A/D converter, Timers, UARTS, Serial Sound Interface, 12C, DMAC, CRC and
more. These microcontrollers operate using sophisticated instructions featuring a high level of instruction effi-
ciency, making them capable of executing instructions at high speed.

Features

Number of inStructions.......cccoeeeeeevvirvvvvvnnne.
Shortest instruction execution time.............

USB features: .........ooovvvvviiiiiieeeeeeeeeeeeevnenn,

Frequency synthesizer ..........ccoccceeviieeen.

MemOry CapacCity .........ccceevveerneeeiiiee e

Supply voltage .......cccevceieiiiieini e
Processor modes .......ccoceeeeeeeeeiiieiieiivnnnnnn.

INTEITUPLS ..o

Multifunction 16-bit timer .............cccevvvvvennnn..

Serial Communication .........ccccvvvveveeeeeeennn.

CRC calculation CirCuit .........cccccvrerveeerinneen.
Watchdog timer .........ccocevvveeiiiiiiieee e,
Key-0n Wake UP .....oovvieeeiiieeiiice e
Programmable /O ........cccocveiviiciiiecieee
AND flash control Circuit .............ccccceveieennne.

Clock-generating CirCuit .......ccceeeviviereeennnns

62.5ns f(XIN)=16MHz, Vcc=3V with no wait
Supports full-speed operation (12 Mbps)

3.25K programmable FIFO, 9 endpoints
Integrated transceiver

Conforms to USB V 2.0 Specification

PLL for 48MHz clock

64K ROM / 5K RAM (M30245M8-XXXGP)
128K ROM /10K RAM (M30245MC-XXXGP)
128K Flash /10K RAM (M30245FCGP)

3.0t0 3.6V (f(XIN)=16MHz)

Single chip, Memory expansion, Microprocessor
31 internal and 5 external interrupt sources

4 software interrupt sources

7 levels (including key input interrupt X 8)

5 16-bit timers

2 X 71819, 2 X 7/8/9/16/24/32 bits

Configurable for synchronous or asynchronous mode,

Serial Sound Interface, 12C Bus

4 channels

10 bits X 8 channels

2 polynomials with MSB/LSB selectable
1 line

8 inputs

82 lines

Built-in

2 built-in clock generation circuits

(built-in feedback resistor, and external ceramic or quartz oscillator)
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M30245 Group Description
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M30245 Group Description

Applications

USB peripherals, such as telephones, audio systems, office equipment, communications equipment, portable
devices, scanners, digital cameras, and memory card readers.

Block Diagram

Figure 1.1 is a block diagram of the M30245 group.

TS P T

|PortP0| |PortP1 |PortP2| |PortP3| |PortP4| |PortP5| |PortP6||PortP7|

Internal Peripheral Functions System Clock Generator Memory
Xin - Xout ~
Timers Xcin - Xcout USB FIFO
(3.25K bytes) |
Timer TAO (16 bits) CRC Arithmetic Circuit ROM/FLASH '
Timer TA1 (16 bits) (X 184X 124541, X 184X 184X 2+41) (Note 1)
Timer TA2 (16 bits) ’
Timer TA3 (16 bits) RAM
Timer TA4 (16 bits) DMAC (Note 2) N
(4 channels)

M16C/62 16-bit CPU Core

|

|

|

|

|

I UART/Clock Synchronous SI/O
| (8 bits X 4 channels) Registers Program counter
|

|

|

|

|

[0Ld vod| [€6d Z6d Oed'sHod| [8dmod | [ d vod |

A/D Converter
Vector tabl ﬁ»
(10 bits X 8 channels) - R N
R3
Watchdog Timer AO Stack pointer |
(15 bits) A1 ISP '
FB USP |
AND flash control circuit
'
USB Function FLG Multiplier 4#?»
with frequency synthesizer P o
Note 1: ROM size depends on MCU type
Note 2: RAM size depends on MCU type
Figure 1.1. Block diagram of M30245 group
Rev.2.00 Oct 16,2006 page 3 of 264 RENESAS
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M30245 Group

Description

Performance outline

Table 1.1 is a performance outline of the M30245 group.

Table 1.1. M30245 Group performance outline

Parameters Function Description

Number of basic Instructions 91
Shortest Instruction execution time 62.5 ns f(Xin)= 16 MHz, Vcc = 3V
Memory size ROM 128/64 Kbytes

RAM 10/5 Kbytes

PO to P8, P10 (excl P85)| I/O | 8 bits x 10

Input/Output ports

P85 I 1 bitx 1

P9 I/0 | 4 bits x 1
Multifunction timer TAO, TA1, TA2, TA3, TA4 16 bits x 5

UARTO to 1 UART (or clock synchronous or Serial Sound Interface) x 2
Serial 1/0

UART2to 3 UART (or clock synchronous) x 2
A/D converter 10 bits x 8 channels
DMAC 4 channels (31 trigger sources)
CRC calculation circuits CRC-CCITT and CRC-16
AND flash control circuit Communicate with external AND type flash memory
Watchdog timer 15 bits x 1 (with prescaler)
Interrupts 31 internal, 4 external sources, 4 software, 7 levels
Clock-generating circuit 2 built-in clock generating circuits

(built in feedback resistor, and external ceramic or quartz oscillator)
Supply voltage 3.0 ~ 3.6, f(XIN)=16MHz
Power consumption 25mA (Vce=3.3V, f(XIN)=16MHz no division, USB ON)
16mA (Vce=3.3V, f(XIN)=16MHz no division, USB OFF)
Operating temperature -20 to 85°C
Package 100-pin plastic mold LQFP
Rev.2.00 Oct 16,2006 page 4 of 264 REN ESAS

REJ03B0005-0200




M30245 Group

Description

Pin Configuration

Figure 1.2 shows the pin configuration (top view). Table 1.2 lists the pin cross references and Table 1.3 describes the

pin functions.

i‘ «»P1D,
E‘ <»P1,D,
E‘ <»P1D,
E‘ P10,
E‘ «»P1,/D,
E‘ P27,
E‘ «»P2/A,
E‘ - P2/A,
E‘ - P2/A,

2 | 4»P2/A,

E‘ < P2/A,
E‘ - P2A,
E‘ <»P2JA,
E‘ -—Vss

E‘ > P3 /A,
E‘ -« Vece

E‘ € P3/A,
E‘ «»-P32A,
E‘ -»P3A,
E‘ «»P3/A,

o] ~=P3A,
- P3/A,

!
B

54

<
=
a

3

P1,/D,,/AND_OE 4

©
4
~
R

P1,/D,/AND_WE &

O

P1/D,/AND_SC E
P0/D,/AND_DATA7 <& E
PQ/DJAND_DATAG <& E
PQ/DJAND_DATAS 4= E
P0/D,/AND_DATA4 <4~ E
PO/D/AND_DATA3 <4 E
PO/D,/AND_DATA2 49 E
PO/D,/AND_DATA1 - IE
PQ/D/AND_DATAQ -t E

P10,/AN /KT, E
P10/AN /K|
P10, /AN KT b
P10,/AN,/KI
P10,/ANJKI et
P10,/AN,/KI, 5
P10,/AN,/KI, -

AVss—

LPF—»

VREF—#

Z
3
1

98 ][97][96 ‘95“94”93“92“91HQOHSQ‘ 88

O

2
5
>
z
ES

/Kl
P9 /ADTRG w1 | §

P9,/SOF g | 8

M30245Mx/FC

100-pin QFP (0.5mm pitch)

O

S| =+ pyate
& | paja19
& | < Pa,/CSO

- P4,/CS1
- P4,/CS2
<« P4,/CS3
< P5/WRLWR
- P5/WRH/BHE
- P5,/RD

<> p5 /BCLK
-« P5/HLDA

- P5,/HOLD

<« P5/ALE

©
N

< P5/RDY

9€‘GEHOVHWHZVHEVHVVHSV‘917 pA4

E‘ <> PG /CTSO/RSTO/SSOMSO

E‘ 4> P6,/CLKO/SCKO

E‘ «-» P6,/RXDO/SCLO/STXDO/RX0

E‘ > P6,/TXDO/SDAO/SRXDO/XMTo

E‘ -« P6,[CTS1/RTS1SSIWS1

E‘ <> P6,/CLK1/SCK1

E‘ «-» P6/RDISCLISTXOIRX1

E‘ > PB,/TXD1/SDAT/SRXD1/XMT1

E‘ <-» P7,/TXD2/SDAZ/SRXD2/TAOOUT/LEDO
| > P7,/RXD2/SCL2ISTXD2/TAONILED1

1 | <4 P7,/CLK2/TA10UT/SCK2/LED2

VbusDTCT b
P9 /ATTACH E
UVee —w E

USB D+ E
USB D- E
BYTE —» E
CNVss — E

P8 /XCIN -4 E
P8,/XCour E

B

XouT ~— E
Vss —® E
Xin — E

Vee —w- E

El

=]

P8,/INTO

P8/INT1 I:Q

h ~
=]

P8 TAdN 4 [
P8,/ TAdour > [y
8

RESET —»
P8, /NMI —#
P8,/INT2

P7,/CTS3/RTS3/SS3/TA3 NLED7 b=

2]
%]

P7,/RxD3/SCL3/STXD3/TA2IN/LEDS -

23 || 24

P7,/CLK3/SCK3/TA30uT/LED6 -
P7,/TxD3/SDA3/SRXD3/TA20UT/LED4 ~t—

W

P7,/CTS2/RTS2/SS2/TA1INLED3 -t

Figure 1.2. Pin Configuration (top view)
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M30245 Group Description
Table 1.2. Pin cross reference

::': Control | Port | Interrupt | Timer USgg / SPI 2c sﬁ:felr?ac:;nd Ag;:?’ Bus Control
1 Vbus DTCT
2 P90 ATTACH
3 UVce
4 USB D+
5 USB D-
6 BYTE
7 CNVss
8 XCIN P8,
9 Xcout P8g
10  |RESET
1 XouT
12 Vss
13 XIN
14 Vce
15 P85  |NMI
16 P8, |INT2
17 P8;  |INT1
18 P8, |INTO
19 P8, TA4IN
20 P8g TAdouT
21 P7; TA3IN CTS3/RTS3  |SS3 LED7
22 P76 TA30UuT  |CLK3 SCK3  |CLK3 LED6
23 P75 TA2IN RxD3 STxD3  |SCL3 LED5
24 P74 TA2ouT  |TxD3 SRxD3  |SDA3 LED4
25 P75 TATIN CTS2/RTS2 |SS2 LED3
26 P75 TATouT  |CLK2 SCK2  |CLK2 LED2
27 P7, TAON RxD2 STxD2 |SCL2 LED1
28 P7, TAOOUT  |TxD2 SRxD2  |SDA2 LEDO
29 P6; TxD1 SRxD1  |SDA1 XMT1
30 P6g RxD1 STxD1  |SCL1 RX1
31 P65 CLK1 SCK1 CLK1 SCK1
32 P6, CTS1/RTS1 |SS1 WSH1
33 P63 TxDO SRxDO [SDAO  |XMTo
34 P6, RxDO STxDO  |SCLO RXo
35 P64 CLKO SCKO  |CLKO SCKO
36 P6y CTSO/RTSO  |SSO WSO
37 P5; RDY
38 P56 ALE
39 P55 HOLD
40 P5, HLDA
41 P55 BCLK
42 P5, RD
43 P5, WRH/BHE
44 P5, WRL/WR
45 P4, Cs3
46 P4 cs2
47 P4g cs1
48 P4, [ =)
49 P4g A19
50 P4, A18
51 P4, A17
Rev.2.00 Oct 16,2006 page 6 of 264 RENESAS
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M30245 Group Description
Table 1.2 Pin cross reference

::':_ Control | Port | Interrupt | Timer U:‘gBT ! SPI 12c Sﬁ::::a%ind Agtarl“;?/ Bus Control
52 P4, A6
53 P3; Ass
54 P3g As
55 P35 Az
56 P34 Az
57 P3, A
58 P3, Ao
59 P3, Ag
60 Vce
61 P3, Ag
62 Vss
63 P2, A
64 P2 Ag
65 P25 As
66 P2, Ay
67 P2, As
68 P2, A,
69 P2, A
70 P2, Ao
71 P1, Dis
72 P1g D14
73 P15 D3
74 Py Do
75 P1; Dy
76 P1, AND_OE  |D1g
77 P1, AND WE  |Dg
78 P1o AND_SC  |Dg
79 PO, AND_DATA? | Dy
80 P06 AND_DATA6 D6
81 P05 AND_DATAS5 | Dy
82 P04 AND_DATA4 |Dy
83 P03 AND_DATA3 D3
84 PO, AND_DATA2 |D,
85 PO, AND_DATA1 |D4
86 POy AND_DATAO | Dy
87 P10; |KIz AN;
88 P10g |Kl5 ANg
89 P105 |Kiz AN;
90 P10, |Kiz AN,
91 P10; |Ki3 ANj
92 P10, |Ki3 AN,
93 P10, |KIf AN
94 AVss
95 |LPF
96 VRer
97 AVcc
98 P10, |Kl5 ANy
99 P9, ADTRG
100 P9, SOF
Rev.2.00 Oct 16,2006 page 7 of 264 REN ESAS
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M30245 Group

Description

Table 1.3 Pin description

Port Function Pin Name 110 Description
Power supply input Vee 3.0t0 3.6V
V/ss ov
CPU mode switch CNVss | [ Connect to Vss: single-chip or memory expansion mode

Connect to Vcc: Microprocessor mode only

External data bus width select
input

BYTE

Selects external memory data bus width.
Connect to Vss: 16-bit.
Connect to Vcc: 8-bit.

Reset input RESET || "L" resets the microcomputer.
Clock input XIN | | These pins support the main clock generating circuit. Connect a crystal between
Clock output XouT 0 the XIN anq XouT pins. To use an external clock, input it to the XIN pin and leave
the XouT pin open.
Analog power supply input  |AVce Connect to Vcc.
AVss Connect to Vss.
Reference voltage input VREF || This is a reference voltage for A/D converter.
Low pass filter LPF O | Loop filter for the frequency synthesizer circuit.
USB power supply input UVce Power pin for USB
Vbus detect VbusDTCT || Detects USB host power
USB D+ USB D+ I/0 | USB D+ voltage line interface
USB D- USB D- I/l0 | USB D- voltage line interface
PO |I/O port POy to P07 I/0 | This is an 8-bit CMOS I/0 port. The input/output port direction register allows
each pin to be set individually. When used for input, the port can be set to
include internal pull-up resistors in 4-pin blocks.
Data bus Doto Dy I/0 | These pins input and output 8 low-order data bits when set as a separate bus.
AND Flash control IAND_DATAOQ to 7 I/0 | Data pins for communicating with AND type flash memory devices
P1 |l/O port P1yto P17 I/0 | This is an 8-bit I/O port equivalent to PO.
Data bus DgtoDys I/0 | These pins input and output 8 high-order data bits when set as a separate bus.
AND Flash control AND_SC O | Control signal pins for communicating with AND type flash memory devices
IAND_WE
IAND_OE
P2 |I/O port P2yto P27 I/O | This is an 8-bit I/O port equivalent to PO.
Address bus Agto A7 O | These pins output 8 low-order address bits.
P3  |I/O port P3;to P3; I/0 | This is an 8-bit I/O port equivalent to PO.
Address bus AgtoAqs O | These pins output 8 middle-order address bits.
P4 |I/O port P4 to P4, I/0 | This is an 8-bit I/O port equivalent to PO.
Address bus AgtoAqg O | These pins output 4 high-order address bits.
Chip select CS0to CS3 O | P4,to P45 are chip select output pins that specify access areas.
P5 |I/O port P5qto P57 I/O | This is an 8-bit I/O port equivalent to PO.
Bus control WRLWR O | Ouput WRL, WRH (WR, BHE), and RD bus control signals. Using WRL and
WRH/BHE 0 WRH or WRali BHE can be switched using software control.
__ B WRL, WRH, and RD selected.
RD O | With a 16-bit external data bus, data is written to even addresses when the
WRL signal is "L", and to the odd addresses when the WRH signal is "L". Data
is read when RD is "L".
B WR, BHE, and RD selected. .
Data is written when WR is "L". Data is read when RD is "L". Odd addresses are
accessed when BHE is "L". Use this mode when using an 8-bit external data bus.
BCLK O | Output operation clock for the CPU.
HOLD I | While the HOLD pin input is "L", the MCU is placed in the Hold state.
HLDA O | The HLDA pin output is "L" while the MCU is in the hold state.
ALE O | The ALE pin can be used to latch the address.
RDY | | While the RDY pin inputis "L", the MCU is in the ready state.
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M30245 Group

Description

Table 1.3 Pin description

Port Function Pin Name 110 Description
P6 |I/O port P6, to PG, 1/0 |This is an 8-bit I/O port equivalent to PO.
UART/SSI CTS/RTS/SS/WS I/0  |P6qto P63 are I/O ports for UARTO.
CLK/SCK P6, to P67 are I/0 ports for UART1.
.I'?:gllssgkgg);g;;\xﬂ These pins can be used for Serial Sound Interface, 12C and SPI communication.
P7 |I/O port P7yto P7; /0 |This is an 8-bit I/0O port equivalent to PO. P7y and P74 are N-channel open drain
output.
Timer A TAIN I |P7oto P77 are I/O ports for Timer AQ to A3.
TAOUT @)
UART CTS/RTS/SS/WS P7,to P75 are I/O ports for UART2.
CLK/SCK /o |P74to P77are I/ ports for UARTS.
?:DD//SSS,IA_SFT{?B These pins can be used for | 2¢C and SPI communication.
LED drive LEDqyto LED 5 O |These pins are capable of sinking 20mA for driving LEDs.
P8 |I/0 port P8,to P8,,P8g, P87 | 1/0 [This is a 7-bit I/O port equivalent to PO.
External interrupt input INTO to INT2 | P8, to P8, are external interrupt input ports.
Input PSS/W | Input port for NMI interrupt.
Sub-Clock XCIN, XCouTt I, 0 |P8gand P85, connect an oscillator between these pins for sub-clock generation.
P9 |I/O port P9g, P95, P93 I/0 |This is a 3-bit I/O port equivalent to PO.
A/D Eﬁ | P9 is an A/D trigger input port.
USB-ATTACH ATTACH O |P9g can be used to attach or detach from the USB host without disconnecting th
USB cable.
USB SOF SOF O |P92is an output for the USB start of frame signal pulse.
P10 |I/O port P10q to P107 /0 |This is an 8-bit I/O port equivalent to PO.
Key-input interrupt Klg to KI7 | P10, to P10 are key-input interrupt ports.
Analog input ANgto AN, | P10y to P10 are analog input ports for A/D converter.
Rev.2.00 Oct 16,2006 page 9 of 264 REN ESAS
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M30245 Group Description

Renesas plans to release the following products in the M30245 group:

(1) Support for Flash memory version and mask ROM versions

(2) ROM capacity: 128 or 64 Kbytes

(3) Package: 100P6Q-A Plastic molded LQFP
Figure 1.3 shows the type number, memory size and package for the M30245 group. Table 1.4 lists the package
number , type, ROM and RAM capacity for the M30245 group.

TypeNo.M 30 24 5 FE C - XXX GP

\— Package type: GP: Package PLQPO0100KB-A

ROM No.: Omitted for flash memory version

ROM capacity: 4: 32Kbytes
8: 64Kbytes
A: 96Kbytes
C: 128Kbytes
G: 256Kbytes

Memory type: M: Mask ROM version
F:Flash memory version

Part type: The value itself has no specific meaning

M16C/24 Group

M16C Family

Figure 1.3. Type number, memory size, and package

Table 1.4. Package number, type, ROM and RAM capacity for M30245 group

Type ROM Capacity | RAM Capacity Package Type Remarks
M30245FCGP 128K bytes 10K bytes PLQPO0100KB-A | Flash Memory Version
M30245MC-XXXGP | 128K bytes 10K bytes PLQP0100KB-A | Mask ROM Version
M30245M8-XXXGP 64K bytes 5K bytes PLQP0100KB-A | Mask ROM Version
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M30245 Group Description

USB Overview

The M30245 group is a single-chip PC peripheral microcontroller that is compliant with the Universal Serial Bus (USB)
Version 2.0 specification for full-speed USB operation (12Mbps). This device provides an interface between a USB-
equipped host computer and PC peripherals such as telephones, audio systems, and digital cameras. The M30245
architectural overview is shown in Figure 1.4.

The USB function control unit of the M30245 group supports full-speed operation and all four data transfer types
listed in the USB specification. Each transfer type is used for controlling a different set of PC peripherals.

* Isochronous transfers provide guaranteed bus access, a constant data rate, and error tolerance for devices such
as computer-telephone integration (CTI) and audio systems.

* Interrupt transfers are designed to support human input devices (HID) that communicate small amounts of data
infrequently.

* Bulk transfers are necessary for devices such as digital cameras and scanners that communicate large
amounts of data to the PC as bus bandwidth becomes free.

» Control transfers are supported and are useful for bursty, host-initiated type communication where bus manage-
ment is the primary concern.

1-16MHz

s

frequency | 48 MHz
synthesizer
:‘é‘
UART x 4 RAM %
- LED Drivers| | _ ROM o . D+
(X 8) Timers x5 c 0 -
e D »
© 3 R
L_»{M16C CPU 5 S >
Watchdog ; = D-
Timer Ly )
DMAC x 4 - -
A/D
— ™| Converter | IcRC Circui
FIFOs
(Normal MCU or DMA Transfer)
1/0 Ports (PO to P10)

Figure 1.4. M30245 architectural overview
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M30245 Group Functional Block Operation

Functional Block Operation

The M30245 group contains many functional blocks in a single chip. These blocks include ROM and RAM to
store instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations.
Also included are peripheral blocks such as Timer A, serial I/O, DMAC, CRC calculation circuit, A/D con-
verter, and I/O ports.

Memory

Figure 1.5 is a memory map of the M30245 group. The address space extends the 1M bytes from address
0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30245MC-XXXGP, there is 128K bytes
of internal ROM from E000016 to FFFFF16. The vector table for fixed interrupts such as the reset and NMI are
mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is stored here. The address of the
vector table for timer interrupts, etc., can be set as desired using the internal register (INTB). See the section on
interrupts for details.

From 0040016 up is RAM. For example, in the M30245MC-XXXGP, 10K bytes of internal RAM is mapped to the
space from 0040016 to 02BFF16. In addition to storing data, the RAM also stores the stack used when calling
subroutines and when interrupts are generated.

The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for peripheral
devices such as 1/O ports, A/D converter, serial I/0, and timers, etc. Any part of the SFR area that is not occupied
is reserved and cannot be used for other purposes.

The special page vector table is mapped to FFE0016 to FFFDBA16. If the starting addresses of subroutines or the
destination addresses of jumps are stored here, subroutine call instructions and jump instructions can be used
as 2-byte instructions, reducing the number of program steps.

In memory expansion mode and microprocessor mode, some memory areas are reserved and cannot be used.
For example, in the M30245MC-XXXGP, the following areas cannot be used.

» The space between 02C0016 and 03FFF16 (Memory expansion and microprocessor modes)

» The space between D000016 and E000016 (Memory expansion mode)

0000016
SFR area

For details, see
Table 1.6t0 1.13

0040016 i

. FFE0016

Internal RAM area '

) '
XXXXX16 / Special page
! vector table

Internal reserved /
area (Note 1) !

0400016 !

External area K FFFDC16 £ {jndefined insiruction 3
! E Overflow

' E_ BRKnstruction

Type No.

/Address XXXXX16

Address YYYYY1s

M30245FCGP

02BFF16

E000016

M30245MC-XXXGP

02BFF16

E000016

M30245M8-XXXGP

017FF16

F000016

D000016

YYYYY16

FFFFF16

Internal reserved
area (Note 2)

Internal ROM area
(Note 3)

FFFFF16 E

Address match

Watchdog timer

DBC

NMI
Reset

Single step 3

Note 1: Cannot be used during memory expansion and microprocessor modes.
Note 2: Cannot be used in memory expansion mode.
Note 3: Write nothing to internal ROM area in masked ROM.

Figure 1.5. Memory map
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M30245 Group Central Processing Unit

Central Processing Unit

The CPU has a total of 13 registers shown in Figure 1.6. Seven of these registers (RO, R1, R2, R3, A0, A1, and
FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
b15 b8 b7 b0 b19 b0
R1 (Note)
I PC lllllllllllllllllllllPreramcounter
Data
registers
b15 b0 b19 b0
R0 [l INTB[ o ] L | oiertupt table
—J Ll Tl register
b15 b0 b15 b0
R3(Note) | UsP m User stack pointer
b15 b0 b15 b0
Address
15 b0 registers bi5 b0 .
register
b15 b0 b15 b0
i) registers

(TP T [ eEEED

Note: These registers consist of two register banks.

Figure 1.6. Central processing unit register

Dataregisters (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)

Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.

Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0/R3R1).

Address registers (A0 and Al)

Address registers (A0 and A1) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address
register relative addressing.

In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1AO0).
Frame base register (FB)

Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
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M30245 Group Central Processing Unit

Program counter (PC)
Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
Interrupt table register (INTB)

Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector
table.

Stack pointer (USP/ISP)

The stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each
configured with 16 bits.

The desired type of stack pointer (USP or ISP) can be selected by the stack pointer select flag (U flag).
This flag is located at bit 7 of the flag register (FLG).

Static base register (SB)
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.7 shows the flag register
(FLG). The following explains the function of each flag:

« Bit 0: Carry flag (C flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
*Bit 1: Debug flag (D flag)

This flag enables a single-step interrupt.

When this flag is "1", a single-step interrupt is generated after instruction execution. This flag is cleared to
"0" when the interrupt is acknowledged.

* Bit 2: Zero flag (Z flag)

This flag is set to "1" when an arithmetic operation resulted in 0; otherwise, cleared to "0".
* Bit 3: Sign flag (S flag)

This flag is set to "1" when an arithmetic operation resulted in a negative value; otherwise, cleared to "0".
« Bit 4: Register bank select flag (B flag)

This flag chooses a register bank. Register bank 0 is selected when this flag is "0"; register bank 1 is
selected when this flag is "1".

* Bit 5: Overflow flag (O flag)

This flag is set to "1" when an arithmetic operation resulted in overflow; otherwise, cleared to "0".

« Bit 6: Interrupt enable flag (I flag)
This flag enables all maskable interrupts.

Interrupts are disabled when this flag is "0", and are enabled when this flag is "1". This flag is cleared to
"0" when an interrupt is acknowledged.
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M30245 Group

Central Processing Unit

* Bit 7: Stack pointer select flag (U flag)

Interrupt stack pointer (ISP) is selected when this flag is "0"; user stack pointer (USP) is selected when

this flag is "1".

This flag is cleared to "0" when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. 0 to 31 is executed.

» Bits 8to 11: Reserved area

* Bits 12 to 14: Processor interrupt priority level (IPL)

Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight proces-
sor interrupt priority levels from level 0 to level 7.

If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt is

enabled.

* Bit 15: Reserved area

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for

details.

b15

b0

IPL
I 1

. [ r]oles[Z]p[C] Fiag register (FLG)

'— Carry flag

Debug flag

Zero flag

Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority

Reserved area

Figure 1.7. Flag register
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M30245 Group Reset

Reset
There are two kinds of resets: software and hardware. In both cases, operation is the same after the reset.

Software Reset

Writing a "1" to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset with the following excep-
tions:

 The contents of internal RAM are preserved in a software reset.
» The contents of all USB and PLL SFR values are preserved in a software reset.

* For bit 0 and 1 of processor mode register 0 (address 000416), and bit 1 of pull-up control register 1
(address 03FD1s), the value after software reset will be different from the value after hardware reset.

When performing a software reset, select the main clock for the CPU clock source, and set the PMO03 bit to
"1" only when the main clock is stabilized.

Hardware reset

When the supply voltage is in the range where operation is guaranteed, a reset is executed by holding the
reset pinto "L" level (0.2VCC max.) for at least 20 cycles. When the reset pin level is then returned to the "H"
level while the main clock is stable, the device exits reset and the program execution resumes from the
address in the reset vector table.

Figure 1.8 shows an example reset circuit. Figure 1.9 shows the reset sequence.

0.2Vcc or below

IJ; ov

3.3V
£ Recommended
vee ! 1 Operation Voltage
o |
RESET Vce 3.3V =
’_/\é\/\/_‘ RESET i E

> -

Supply a clock with 20 or more cycles to

The above applies to Vcc = 3.3V the XIN pin

Figure 1.8. Reset circuit

I/O Status during Reset

When the RESET pin level is "L", all ports change to input mode (floating) Table 1.5 shows the status of the
other pins while the RESET pin level is "L".
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M30245 Group

Reset

XIN

Hﬂﬂm

~— ™ More than 20 cycles are needed

Microprocessor
mode BYTE = “H”

uuuuuuuuuuuuuuuuuuuuuuuuJUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUI

Address

Single chip
mode

RESET 4 BCLK 24cycles

rrrrrrrrrrrrrrrrrrrrrrrrrrrr SO e P e e e e 0 g
P # Content of reset vector
Address ( FFFFC16 X FFFFD16 FFFFE16 X N
RD [ ] [ I B
WR
(o<1 [
ml\gi:j:gog:;)_lgészs O[ Content of reset vector
Address ( FFFFCis | FFFFE16 ) ! )
RD [ I
WR
€S0 |

FFFFC16

Content of reset vector

v
{ | FFFFE®s

Figure 1.9. Reset sequence

Table 1.5. Pin status when RESET pin level is "L"

Status
Pin name CNVss=Vcc
CNVss=Vss
BYTE=Vss BYTE=Vcc
Po Input port (floating) Data input (floating) Data input (floating)
Py Input port (floating) Data input (floating) Input port (floating)

P,,P 3, P4gto P45

Input port (floating)

Address output (undefined)

Address output (undefined)

P4, Input port (floating) CSO0 output (“H” level is output) CS0 output (“H” level is output)
. Input port (floating) Input port (floating)
P45 to P4
sto 47 Input port (floating) (pull-up resistor is on) (pull-up resistor is on)
P5q Input port (floating) WR output ("H” level is output) WR output ("H” level is output)
P54 Input port (floating) BHE output (undefined) BHE output (undefined)
P5, Input port (floating) RD output (“H” level is output) RD output (“H” level is output)
P53 Input port (floating) BCLK output BCLK output
HLDA output (The output value HLDA output (The output value
P54 Input port (floating) depends on the input to the depends on the input to the
HOLD pin) HOLD pin)
P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P5¢ Input port (floating) ALE output (“L” level is output) ALE output (“L” level is output)
P5; Input port (floating) RDY input (floating) RDY input (floating)

P6, P7, P8y to P8y,
P8s, P87, P9, P10

Input port (floating)

Input port (floating)

Input port (floating)
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M30245 Group

Special Function Registers

Special Function Registers

Tables 1.6 to 1.13 show the peripheral control registers, their addresses, names, acronyms, and values after

reset.

Table 1.6. SFR Map (1)

Address
000046
000146
00024¢
00034¢
000446
000546
000646
000746
000846
00094¢
000A16
000B4g
000C+¢
000D+
000E 16
000F 16
00104¢
001146
001246
001346
001446
001546
001646
001746
00184
001946
001A46
001B+¢g
001C+g
001D+
001E+6
001F 44
002046
002144
002244
002346
002445
002546
00266
002746
002844
002946
002Ag
002B¢
002C+g
002D
002E ¢
002F ¢
003045
003146
00324
003346
003444
003546
00365
003746
003846
003946
003Ag
003B4g
003C1g

Register name

Acronym

Processor mode register 0 (Note 3)

PMO

Processor mode register 1

PM1

System clock control register 0

CMOo

System clock control register 1

CcM1

Chip select control register

CSR

Address match interrupt enable register

AIER

Protect register

PRCR

USB control register

USBC

Watchdog timer start register

WDTS

Watchdog timer control register

wDC

Address match interrupt register 0

RMADO

Address match interrupt register 1

RMAD1

Chip select expansion register

CSE

Reserved

USB Attach/Detach register

USBAD

DMAO source pointer

SARO

DMAQO destination pointer

DARO

DMAO transfer counter

TCRO

DMAO control register

DMOCON

DMA1 source pointer

SAR1

DMA1 destination pointer

DAR1

DMA1 transfer counter

TCR1

DMA1 control register

DM1CON

Value after reset

0046
0 0
4846
2046
0|0[0j0]jO|O|O|1
0|0
0jojo0
0046

ofofo]?[?]?[?]?

0046

004

I oJo] o]0

0046

004¢

o [oTo o

0046

0046

oJoJoJoJoJ?JoJo

oJoJoJoJoJ?JoJo

? . Undefined

.: Nothing is mapped
to this bit

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.

Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.

Note 3: For hardware reset, when Vcc is applied to the CNVss pin, it is 0316 at reset. For software reset, the contents of bit 0 and 1
are preserved as before the reset.
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Special Function Registers

Table 1.7. SFR Map (2)

Address
004046
00414¢
00424
004346
004446
004546
004646
004746
00484
004946
004A1¢
004B ¢
004C+¢
004D4¢
004E+¢
004F ¢
00504¢
00514¢
00524
005316
005446
005544
005644
005744
005816
005916
005A+¢6
005B ¢
005C+¢
005D4¢
005E+¢
005F 4

018044
018146
018244
018344
018446
01854
018646
018744
0188,
01896
018A+g
018B1g
018C1g
018D4g
018E+g
018F 45
019046
019144
019246
019344
019446
01956
01966
019744
019844
01996
019Ag
019B4g
019C+g
019D+
019E4
019F 44

Register name

Key input interrupt control register

UART?2 receive/ACK interrupt control register

UART1/3 Bus collision interrupt control register

INT1 interrupt control register

Timer A1 interrupt control register

USB Endpoint 0 interrupt control register

Timer A2 interrupt control register

UART1 receive/ACK/SSI1 interrupt control register

UARTO0/2 Bus collision interrupt control register

UARTO receive/ACK/SSIO0 interrupt control register

AD conversion interrupt control register

DMAOQ interrupt conrol register

UARTS3 transmit/NACK interrupt control register

DMA1 interrupt control register

UART2 transmit/NACK interrupt control register

DMA2 interrupt control register

UART1 transmit/NACK/SSI1 interrupt control register

DMAZ3 interrupt control register

UARTO transmit/NACK/SSIO interrupt control register

Timer AO interrupt control register

UARTS3 receive/ACK interrupt control register

USB suspend interrupt control register

Timer A3 interrupt control register

USB resume interrupt control register

Timer A4 interrupt control register

USB reset interrupt control register

USB SOF interrupt control register

USB Vbus detect interrupt control register

USB function interrupt control register

INT2 interrupt control register

INTO interrupt control register

DMAZ2 source pointer

DMA2 destination pointer

DMAZ2 transfer counter

DMAZ2 control register

DMAS source pointer

DMAZ3 destination pointer

DMAS3 transfer counter

DMAS control register

Acronym

KUPIC
S2RIC
S13BCNIC
INT1IC
TA1IC
EPOIC
TA2IC
S1RIC
S02BCNIC
SORIC
ADIC
DMOIC
S3TIC
DM1IC
S2TIC
DM2IC
S1TIC
DM3IC
SOTIC
TAOIC
S3RIC
SUSPIC
TASIC
RSMIC
TA4IC
RSTIC
SOFIC
VBDIC
USBFIC
INT2IC
INTOIC

SAR2

DAR2

TCR2

DM2CON

SAR3

DAR3

TCR3

DM3CON

Value after reset

Polarity

Polarity

Polarity

Polarity

RS IESE IEVY VY BN IRV IECE IRV ) IRV IEVH [EV] IEVY IRV IEVE RGN IEVE [EV] IEN] EV] IECE RG] RG] V] RV ] [EV] V] V] VR V] RV ) (V]
[=]=] o] o] o} o] jo] fo] fo] jo} jo} o} o] fo] fo] jo] o} jo} o] o] o] jo] fo] jo} o} fo] o] fo] fo] Fo ) o)
[=] =] o] o] o] jo] jo] fo] fo] jo] jo} o} o] fo] fo] jo] fo} jo} o] o] o] jo] [o] jo} o} fo] o] fo] fo] Fo ) o)
[=]=] o] o] jo] o] jo] fo] jo] jo] jo} o} o] jo] fo] jo] fo] jo} o] o] o] jo] fo] o} o} fo] o] fo] fo] fo ) o)

Polarity

ofoJoJoJo]?]o]o

ofoJoJoJo]?]o]o

? . Undefined

.: Nothing is mapped
to this bit

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
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Special Function Registers

Table 1.8. SFR Map (3)

Address
028016
02814¢
028244
02834
028444
028544
0286
028746
0288
02896
028A1¢
028Bg
028C1g
028D4g
028E g
028F 1
02904¢
02914¢
029246
029346
029446
029544
029644
029744
029846
029946
029A16
029B 4
029C4g
029D+
029E4¢
029F 4
02A01¢
02A14g
02A24¢
02A3¢
02A446
02A5:6
02A616
02A746
02A84¢
02A94¢
02AAg
02AB g
02ACqg
02AD4g
02AE ¢
02AF ¢
02B04g
02B14g
02B24¢
02B3¢
02B4,¢
02B5,¢
02B6¢
02B746
02B8g
02B94g
02BAg
02BBg
02BCg
02BD4g
02BE g
02BF g

Register name

USB address register

USB power management register

USB interrupt status register

USB interrupt clear register

USB interrupt enable register

USB frame number register

USB ISO control register

USB endpoint enable register

USB DMAO request register

USB DMA1 request register

USB DMAZ2 request register

USB DMAS request register

USB EPO control/status register

USB EPO max packet size register

USB EPO write count register

USB EP1 IN control/status register

USB EP1 IN max packet size register

USB EP1 IN FIFO configuration register

USB EP2 IN control/status register

USB EP2 IN max packet size register

USB EP2 IN FIFO configuration register

USB EP3 IN control/status register

USB EP3 IN max packet size register

USB EP3 IN FIFO configuration register

USB EP4 IN control/status register

USB EP4 IN max packet size register

USB EP4 IN FIFO configuration register

USB EP1 OUT control/status register

USB EP1 OUT max packet size register

USB EP1 OUT write count register

USB EP1 OUT FIFO configuration register

USB EP2 OUT control /status register

Acronym

USBA
USBPM
USBIS
USBIC
USBIE
USBFN
USBISOC
USBEPEN
USBDMAO
USBDMA1
USBDMA2
USBDMA3
EPOCS
EPOMP
EPOWC
EP1ICS
EP1IMP
EP1IFC
EP2ICS
EP2IMP
EP2IFC
EP3ICS
EP3IMP
EP3IFC
EP4ICS
EPAIMP
EP4IFC
EP10CS
EP10MP
EP1WC
EP10FC

EP20CS

Value after reset

000045

000046

00004

000045

01FF4¢

00006

000046

000045

000045

000044

00004

000045

200044

000846

00006

000345

000045

000044

000346

000045

000045

000344

00004

00004

000345

000045

00006

00006

000044

000045

000044

000044

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
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Special Function Registers

Table 1.9. SFR Map (4)

Address
02C04¢
02C14¢
02C244
02C34¢
02C44¢
02C54¢
02C64¢
02C74¢
02C84¢
02C94¢
02CAq¢
02CByg
02CCqq
02CD4g
02CEqg
02CF4g
02D04¢
02D14¢
02D24¢
02D34¢
02D44¢
02D54¢
02D64¢
02D74¢
02D84¢
02D94¢
02DAg
02DB;g
02DC g
02DD4¢
02DE g
02DF ¢
02E04¢
02E14¢
02E24¢
02E34¢
02E44¢
02E54¢
02E64¢
02E74¢
02E8,¢
02E9¢
02EA4g
02EBg
02EC1g
02ED1g
02EE ¢
02EF,¢
02F04¢
02F14¢
02F24¢
02F34¢
02F44¢
02F54¢
02F64¢
02F74¢
02F84¢
02F94¢
02FA16
02FB4g
02FCqg
02FDqg
02FEqg
02FF ¢

Register name

USB EP2 OUT max packet size register

USB EP2 OUT write count register

USB EP2 OUT FIFO configuration register

USB EP3 OUT control/status register

USB EP3 OUT max packet size register

USB EP3 OUT write count register

USB EP3 OUT FIFO configuration register

USB EP4 OUT control/status register

USB EP4 OUT max packet size register

USB EP4 OUT write count register

USB EP4 OUT FIFO configuration register

USB reserved

USB reserved

USB reserved

USB reserved

USB reserved

USB reserved

USB reserved

USB reserved

USB EPO IN FIFO

USB EPO OUT FIFO

USB EP1 IN FIFO

USB EP1 OUT FIFO

USB EP2 IN FIFO

USB EP2 OUT FIFO

USB EP3 IN FIFO

USB EP3 OUT FIFO

USB EP4 IN FIFO

USB EP4 OUT FIFO

Flash memory control register 0 (Note 3)

Reserved

Reserved

Acronym

EP20MP

EP2WC

EP20OFC

EP30CS

EP30OMP

EP3WC

EP30OFC

EP40CS

EP40OMP

EP4WC

EP40FC

EPOI

EPOO

EP11

EP10

EP2I

EP20

EP3I

EP30

EP4I

EP40

FMRO

Value after reset

000046

000045

000045

000045

000045

000045

000045

00006

00006

000045

000046

0146

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
Note 3: This register exists only in the flash memory version.
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Special Function Registers

Table 1.10. SFR Map (5)

Address
030046
030146
030246
030346
030444
030544
03066
030746
030816
030946
030A6
030B+g
030C+4g
030D4¢
030E4¢
030F 14
031046
031146
031244
031345
031444
031544
031644
031746
031846
031946
031A46
031B4g
031C4q
031D4¢
031E4¢
031F 46
032046
03214¢
032244
032344
03244
032544
032644
032745
032844
032944
032A46
032B4¢
032C44
032D4¢
032E4¢
032F 14
033046
033146
033244
033345
033445
033545
033644
033746
033845
03394
033A46
033B4¢
033C1g
033D4g
033E4¢
033F ¢

Register name

Serial Sound Interface 0 mode register 0

Serial Sound Interface 0 mode register 1

Reserved

Reserved

Serial Sound Interface 0 transmit buffer register

Serial Sound Interface 0 receive buffer register

Serial Sound Interface 0 rate feedback register

Reserved

Reserved

UARTS3 special mode register 4

UART3 special mode register 3

UARTS3 special mode register 2

UARTS3 special mode register

UARTS3 transmit / receive mode register

UARTS bit rate generator

UARTS transmit buffer register

UARTS3 transmit / receive control register 0

UARTS3 transmit / receive control register 1

UARTS receive buffer register

UART2 special mode register 4

UART2 special mode register 3

UART2 special mode register 2

UART2 special mode register

UART2 transmit / receive mode register

UART?2 bit rate generator

UART2 transmit buffer register

UART2 transmit / receive control register 0

UART2 transmit / receive control register 1

UART2 receive buffer register

Acronym

SSIOMRO
SSIOMR1

SSI0TXB
SSIORXB

SSIORF

U3SMR4
U3SMR3
U3SMR2
U3SMR
U3MR
U3BRG

u3TB

u3co
U3C1

U3RB

U2SMR4
U2SMR3
U2SMR2
U2SMR
U2MR
U2BRG

uz2TB

u2co
uz2c1

U2RB

Value after reset

004

0046

00004

000044

000044

004¢

0046

004¢

004¢

004¢

084¢

0246

0046

004¢

004

0046

0046

084¢

0246

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
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Special Function Registers

Table 1.11. SFR Map (6)

Address
034046
034144
034246
034346
034446
034546
034646
034746
03486
034946
034A¢
034B4¢
034Cg
034D4g
034E4¢
034F 44
035046
035144
035246
035346
035446
035544
035646
035744
03586
03596
035A4¢
035B+¢
035C4¢
035D4¢
035E4¢
035F 44
036046
036146
036246
036346
036446
036546
036646
036746
03686
03696
036A4¢
036B4¢
036C1g
036D4g
036E4¢
036F4¢
037046
037144
037246
037346
037446
037546
037646
037746
037846
03796
037A4¢
037B4¢
037Cqg
037Dqg
037E4¢
037F 44

Register name

Interrupt cause select register

UART1 special mode register 4

UART1 special mode register 3

UART1 special mode register 2

UART1 special mode register

UART1 transmit / receive mode register

UART1 bit rate generator

UART1 transmit buffer register

UART1 transmit / receive control register 0

UART1 transmit / receive control register 1

UART1 receive buffer register

Serial Sound Interface 1 mode register 0

Serial Sound Interface 1 mode register 1

Reserved

Reserved

Serial Sound Interface 1 transmit buffer register

Serial Sound Interface 1 receive buffer register

Serial Sound Interface 1 rate feedback register

Reserved

Reserved

Acronym

IFSR

U1SMR4
U1SMR3
U1SMR2
U1SMR
UTMR
U1BRG

U1TB

u1co
u1C1

U1RB

SSI1MRO
SSI1MR1

SSIMTXB

SSI1RXB

SSIMRF*

Value after reset

004¢

0046

004

0046

0046

004

0846

0246

0046

0046

0000,¢

0000,

000044

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
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Special Function Registers

Table 1.12. SFR Map (7)

Address
03801
03814¢
038246
03834
038444
03851
038646
038746
03884
038946
038A16
038B1g
038Cqg
038D4g
038E ¢
038F ¢
039046
039146
039246
039344
039444
039544
039646
039746
039844
039946
039A16
039B4g
039C+¢
039D4¢
039E ¢
039F4¢
03A01¢
03A146
03A246
03A346
03A44g
03A54¢
03A64g
03A716
03A84¢
03A94g
03AA4¢
03AB4¢
03AC4g
03AD1g
03AE g
03AF4¢
03B04¢
03B14g
03B24g
03B34g
03B41g
03B516
03B64g
03B74¢
03B81g
03B91g
03BA4¢
03BBg
03BCyg
03BD4g
03BE g
03BF4¢

Register name

Count start flag

Clock prescaler reset flag

One-shot start flag

Trigger select register

Up-down flag

Timer AO

Timer A1

Timer A2

Timer A3

Timer A4

Timer AO mode register

Timer A1 mode register

Timer A2 mode register

Timer A3 mode register

Timer A4 mode register

UARTO special mode register 4

UARTO special mode register 3

UARTO special mode register 2

UARTO special mode register

UARTO transmit / receive mode register

UARTO bit rate generator

UARTO transmit buffer register

UARTO transmit / receive control register 0

UARTO transmit / receive control register 1

UARTO receive buffer register

DMAZ2 cause select register

DMAZ3 cause select register

CRC snoop address register

CRC mode register

DMAO cause select register

DMA1 cause select register

CRC data register

CRC input register

Acronym
TABSR
CPSRF
ONSF
TRGSR
UDF

TAO

TA1

TA2

TA3

TA4

TAOMR
TATMR
TA2MR
TASMR
TA4AMR

UOSMR4
UOSMR3
UOSMR2
UOSMR
UOMR
UOBRG

uoTB

uoco
uocC1

UORB
DM2SL

DM3SL

CRCSAR

CRCMR

DMOSL

DM1SL

CRCD
CRCIN

Value after reset
0/0|0|0]|0
0 ? : Undefined

0/0 0jojojaojo .:Nothing is mapped
0046 to this bit

004¢

004

0046

0046

004

0046

0046

0046

004

004

0046

0846

0246

004

0046

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.
Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.
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Special Function Registers

Table 1.13. SFR Map (8)

Address
03C04¢
03C14g
03C246
03C344
03C44g
03C54¢
03C61¢
03C74¢
03C84¢
03C94¢
03CAg
03CByg
03CCyg
03CD4g
03CEqg
03CF4g
03D04¢
03D14¢
03D24¢
03D344
03D44¢
03D544
03D6¢
03D74¢
03D81¢
03D9¢
03DAg
03DBg
03DCqg
03DD4g
03DEqg
03DF4g
03E04¢
03E144
03E24¢
03E34g
03E44¢
03E54¢
03E64g
03E71¢
03E84¢
03E94g
03EA+g
03EB1g
03EC+g
03EDqg
03EE+g
03EF 44
03F04¢
03F14g
03F24¢
03F344
03F444
03F54¢
03F64¢
03F74¢
03F8¢
03F94¢
03FA4g
03FB1g
03FCqg
03FD4g
03FE ¢
03FF4g

Register name Acronym Value after reset
AD register 0 ADO
AD register 1 AD1
AD register 2 AD2
AD register 3 AD3
AD register 4 AD4
AD register 5 AD5
AD register 6 ADG6
AD register 7 AD7
AD control register 2 Aapconz [ 0
AD conrol register 0 ADCONO [o]oJoJoJo]?]?[?
AD conrol register 1 ADCON1 004¢
Frequency synthesizer clock control FSCCR 004¢
Frequency synthesizer control FSC 6046
Frequency synthesizer multiplier control FSM FFi6
Frequency synthesizer prescaler control FSP FFi6
Frequency synthesizer divider FSD FFie
Port PO PO
Port P1 P1
Port PO direction register PDO 0046
Port P1 direction register PD1 004¢
Port P2 P2
Port P3 P3
Port P2 direction register PD2 0046
Port P3 direction register PD3 004¢
Port P4 P4
Port P5 P5
Port P4 direction register PD4 0046
Port P5 direction register PD5 004¢
Port P6 P6
Port P7 P7
Port P6 direction register PD6 0046
Port P7 direction register PD7 004¢
Port P8 P8
Port P9 P9 0
Port P8 direction register PD8 0
Port P9 direction register PD9 0
Port P10 P10
Port P10 direction register PD10 0046
Key-input mode register KUPM 004¢
P7 drive capacity P7DR 004¢
Pull-up control register 0 PURO 004¢
Pull-up control register 1 (Note 3) PUR1 004¢
Pull-up control register 2 PUR2 0/0 0(0]0
Port control register PCR 0

? : Undefined
.: Nothing is mapped
to this bit

Note 1: The contents of other registers and RAM is undefined when the microcomputer is reset. The initial value must therefore be set.

Note 2: Locations in the SFR area where nothing is assigned are reserved areas. Do not access these areas for read or write.

Note 3: For hardware reset, when Vcc is applied to the CNVss pin, it is 0246 at reset. For a software reset, if bit 1 and bit 0 of the
processor mode register 0 (address 00041g) are [102] or [112], then it becomes 021¢ at a reset.
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Processor Modes

One of three processor modes can be selected: single-chip mode, memory expansion mode, and microprocessor
mode. The functions of some pins, the memory map, and the access space differ according to the selected
processor mode. Figure 1.10 shows the processor mode register 0 and 1.

® Single-chip mode

In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be accessed.
However, if microprocessor mode is set ("H" applied to the CNVss pin) when coming out of reset, the internal
ROM cannot be accessed even if the CPU shifts to single-chip mode.

Ports PO to P10 can be used as programmable 1/O ports or I/O ports for the internal peripheral functions.
®* Memory expansion mode

In memory expansion mode, external memory can be accessed in addition to the internal memory space (SFR,
internal RAM, and internal ROM). However, if microprocessor mode is set ("H" applied to CNVss pin) when
coming out of a reset, the internal ROM cannot be accessed even if the CPU shifts to memory expansion mode.

In memory expansion mode, some of the pins function as the address bus, the data bus, and as control
signals. The number of pins assigned to these functions depends on the bus and register settings. (See "Bus
Settings"for details.)

® Microprocessor mode

In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed. However, the
internal ROM area cannot be accessed.

In this mode, some of the pins function as the address bus, the data bus, and as control signals. The number
of pins assigned to these functions depends on the bus and register settings. (See "Bus Settings" for details).
Setting Processor Modes

The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address 000416).
Do not set the processor mode bits t 0 "102".

Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. However, the
processor mode bits cannot be changed to "012" (memory expansion mode) or "112" (microprocessor mode)
at the same time the PM07-PMO02 bits are rewritten. Also do not attempt to change to or from microprocessor
mode within the program stored in the internal ROM area.

* Applying Vss to CNVss pin

The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode is
selected by writing "012" to the processor mode bits in the Processor Mode register 0 (000416).

* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.

Figure 1.11 shows the applicable memory maps for each mode. Figure 1.12 shows the memory maps and
chip-select areas in normal mode.
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Processor mode register 0 (Note 1)

""""""""""""" 1: BCLK is not output
(Pin is left floating)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
PMO 000416 0016 (Note 2)
L fojof [ 1 1]

i+ 4 4 1+ 1+ 1 .| Bitsymbol Bit name Function RiW
[ R - 160 T
' PMOO Processor mode bit 0 0: Single-chip mode :
- 0 1: Memory expansion mode 1
e PMO1 1 0: Inhibited |
oo e T 1 1: Microprocessor mode |
A PMO2 R/W mode select bit 0: RD,BHE,WR :
A 1: RD,WRH,WRL :
E i i i E PMO03 Software reset bit The device is reset when this bit is set 3
R to "1". The value of this bit is "0" when |
voor o read. |
o ] PMO04 :
P Reserved Must always be set to "0"
. PMO05 !
PM06 Port P40 to P43 function 0 : Address output
Pt select bit (Note 3) 1 : Port function |
. (Address is not output) |
: PMO7 BCLK output disable bit | 0 : BCLK is output :

Note 1: Set bit 1 of the protect register (address 000A16) to "1" before writing new
values to this register.
Note 2: For hardware reset: If Vcc voltage is applied to the CNVss pin, the value of this
register when reset is 0316. (PM0O and PMO1 are both set to "1".)
For software reset: the value of PM0OO and PMO1 are preserved as before the reset.
Note 3: Valid in microprocessor and memory expansion modes.

Processor mode register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
PM1 000516 00000XX02
o] Tofolo]XPXo]
'
i :
i | Bit symbol Bit name Function RIW
{1 Reserved bit Must always be set to "0" 00
Nothing is assigned.
Write "0" when writing to these bits. The value is indeterminate if read. T
Reserved bit Must always be set to "0" OEO
— 0 : Normal l
PM16 WR length control bit 1 - Extended 00
Reserved bit Must always be set to "0" 00

Note 1: Set bit 1 of the protect register (address 000A16) to "1" before writing new
values to this register.

Figure 1.10. Processor mode register 0 and 1
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Single-chip mode Memory expansion mode Microprocessor mode

0000016
SFR area SFR area SFR area Type No. Address XXXXX16 | Address YYYYY16
0040016 """ - M30245FCGP 02BFF16 E000016
1 M30245MC-XXXGP|___ 02BFF1s E000016
Internal Internal Internal M30245M8-XXXGP 017FF 16 F000016
RAM area RAM area RAM area
XXXXXwe | | . . .
Internaly Internally |:| External area : Accessing this area aIIovys
reserved area reserved area the user to access a device
0400016 | [T T connected externally to
the microcomputer.
Inhibited External External
area area
100100 I N
Internally
reserved area
YYYyvys [ [ CTCTCTCTC"T""Y“[TF—— [Tttt
Internal Internal
ROM area ROM area
FFFFFee

Figure 1.11. Memory map of each processor mode

Memory expansion mode Microprocessor mode Type No. Address XXXXX16 | Address YYYYY16
________________ M30245FCGP 02BFF16 E000016
0000016 SFR area SFR area M30245MC-XXXGP) 02BFF16 E000016
0040016 ————————f -ttt M30245M8-XXXGP| 017FF 16 F000016
Internal RAM area Internal RAM area
XXXXXwe |

Internal area reserved Internal area reserved
0400016 [ [T A — T

e | ¥ CSB(I6Kbytes)
0800016

CS2 (128Kbytes)
2800016 [ [Tl B
CS1 (32Kbytes)
3000016 [T
External area External area cso
Memory expansion mode: 640K bytes

D000016 Microprocessor mode: 832K bytes

Internal area reserved

YYYYYi6
Internal ROM area

FFFFFe L | . Y

Note 1: The memory maps in single-chip mode are omitted.

Figure 1.12. Memory maps and chip-select areas

Bus Settings

The BYTE pin and bit 6 of the processor mode register 0 (address 000416) are used to change the bus

settings. Table 1.14 shows the factors used to change the bus settings.

Table 1.14. Switching bus settings

Bus setting

Switching f actor

Switching external address bus width

b6 of processor mode register 0

Switching external data bus width

BYTE pin
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Selecting external address bus width

The address bus width for external output in the 1M bytes of address space can be set to 16 bits (64K bytes
address space) or 20 bits (1M bytes address space). When bit 6 of the processor mode register 0 is set to "1",
the external address bus width is set to 16 bits, and P2 and P3 become part of the address bus. P40 to P43 can
be used as programmable I/O ports. When bit 6 of processor mode register 0 is set to "0", the external address
bus width is set to 20 bits, and P2, P3, and P40 to P43 become part of the address bus.

Selecting external data bus width
The external data bus width can be set to 8 or 16 bits. When the BYTE pin is "L", the bus width is set to 16 bits;
when "H", it is set to 8 bits. (The internal bus width is permanently set to 16 bits.) While operating, fix the BYTE

pin either to "H" or to "L". When the BYTE pin is "H", the data bus is set to 8 bits and PO functions as the data bus
and P1 as a programmable 1/O port. When the BYTE pin is "L", the data bus is set to 16 bits and PO and P1 are

both used for the data bus. A software wait can also be added.

Table 1.15. Pin functions for each processor mode

Processor mode Single-chip mode Memory expansion mode/microprocessor mode
Data bus width 8 bits 16 bits
BYTE pin level E— BYTE = "H" BYTE ="L"

POg to PO, I/O port Data bus Data bus
P1pto P17 I/O port I/O port Data bus
P2, I/0 port Address bus Address bus
P2, to P2, I/O port Address bus Address bus
P3g I/O port Address bus Address bus
P34 to P37 I/O port Address bus Address bus
(funct:?)Lrl\Ost(eoI;:":e;ait =1) /O port /O port VO port
P4, to P43
(function select bit =0) I/O port Address bus Address bus
P44 t0 P Opor | Gelcp s rogmmatie 10 por
Py 10 PS; OBt o s conr o sy
P5, /0 port HLDA HLDA
P55 I/O port HOLD HOLD
P5¢ I/O port ALE ALE
PS5, I/O port RDY RDY
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Bus Control

The following explains the signals required for accessing external devices and software waits. The signals
required for accessing the external devices are valid when the processor mode is set to memory expansion
mode and microprocessor mode. The software waits are valid in all processor modes.

Address bus/data bus
The address bus consists of the 20 pins Ao to A19 for accessing the 1M bytes of address space.

The data bus consists of the pins for data 1/0. When the BYTE pin is "H", the 8 ports (Do to D7) function as the data
bus. When BYTE is "L", the 16 ports (Do to D15) function as the data bus.

When a change is made from single-chip mode to memory expansion mode, the value of the address bus is
undefined until external memory is accessed.

Chip select signal

The chip select signal is output using the same pins as P44 to P47. Bits 0 to 3 of the chip select control register
(address 000816) set each pin to function as an 1/O port or to output the chip select signal. The chip select control
register is valid in memory expansion mode and microprocessor mode. In single-chip mode, P44 to P47
function as programmable 1/O ports regardless of the value in the chip select control register.

In microprocessor mode, only CS0 outputs the chip select signal after reset. CS1 to CS3 function as input ports.
Figure 1.13 shows the chip select control register.

The chip select signal can be used to split the external area into as many as four blocks. Table 1.16 shows the
external memory areas specified using the chip select signal.

Chip select control register
b7 b6 b5 b4 b3 b2 b1 bO Symbol Address When reset
LT T TTTT] CSR 0008:¢ ots
Porod
i E i Bit Symbol Bit Name Function Ri W
. —
Pl ] cso CS0 output enable bit oio
b —
b cst CS1 output enable bit oo
R — 0 : Chip select output disabled (Normal port pin)
CS2 CS2 output enable bit 1 : Chip select output enabled o
CSs3 CS3 output enable bit 0! 0
CSOW | CSOwait bit oio
Ccs1w CS1wait bit 0 : Wait state inserted 00
—— 1: No wait state
CSs2w CS2wait bit 010
cs3w | CS3wait bit oio
Chip select expansion register
b7 b6 b5 b4 b3 b2 bt b0 Symbol Address When reset
(T T TTTTT ] cse 001816 0016
Bit Symbol Bit Name Function Ri W
CSEOW CSO0wait expansion bit 0 0:1 Wait state o
— . . 0 1:2 Wait states
CSE1W CS1wait expansion bit 1 0: 3 Wait states (ohie}
— - - 1 1: Inhibited
CSE2W CS2wait expansion bit [oX1N6)
CSE3W CS3wait expansion bit
Note :Set CSEiW bits (i = 0 to 3) after setting the corresponding CSiW bit (i = 0 to 3) of the CSR register
to "0". When CSiW bits are set to "1", CSEiW bits must be returned to "002".

Figure 1.13. Chip-select control register
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Table 1.16. External areas specified by the chip select signals

Processor Chip-select signal
mode Cso CTs1 Cs2 Cs3
Memory 3000046 to CFFFF 44
expansion mode | (640 Kbytes) 2800046 to 2FFFF; | 0800044 to 27FFF; | 040004 to 07FFF g
Microprocessor 3000044 to FFFFF,g | (32 Kbytes) (128 Kbytes) (16 Kbytes)
mode (832 Kbytes)

Read/write signals

With a 16-bit data bus (BYTE pin ="L"), bit 2 of the processor mode register 0 (address 000416) selects the
combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With an 8-hit data bus (BYTE pin =
"H"), use the combination of RD, WR, and BHE signals. (Set bit 2 of the processor mode register 0 (address
000416) to "0".) Tables 1.17 and 1.18 show the operation of these signals.

After a reset, the combination of RD, WRR, and BHE signals is automatically selected.

When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of the
processor mode register 0 (address 000416) has been set . Before attempting to change the contents of the
processor mode register 0, set bit 1 of the protect register (address 000A16) to "1".

Table 1.17. Operation of RD, WRL, and WRH signals

Data bus width RD WRL WRH External data bus status
L H H Read data
H L H Write 1 byte of data to even address
16-bit (BYTE ="L")
H H L Write 1 byte of data to odd address
H L L Write data to both even and odd addresses
Table 1.18. Operation of RD, WR, and BHE signals
Data bus width RD WRL BHE AO External data bus status
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
(BYTE ="L") L H H L Read 1 byte of data from even address
H L L L Write data from both even and odd addresses
L H L L Read data from both even and odd addresses
8-bit H L Not used H/L Write 1 byte of data
(BYTE ="H") L H Not used HIL Read 1 byte of data
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The ALE signal

The ALE signal can be used by an external device to latch the address from the address bus. This signal
indicates when the address on the bus is valid. Latch the address when the ALE signal falls.

The RDY signal

RDY is a signal that facilitates access to an external device that requires long access time. As shown in Figure
1.14, if an "L" is input to the RDY at the BCLK falling edge, the bus turns to the wait state. If an "H" is being input
to the RDY pin at the BCLK falling edge, the bus cancels the wait state. Table 1.19 shows the state of the
microcomputer with the bus in the wait state. Figure 1.15 is an example of the RD signal prolonged by the RDY
signal.

The RDY signal is valid when accessing the external area during the bus cycle in which bits 4 to 7 of the chip
select control register (address 000816) are set to "0". The RDY signal is invalid when setting "1" to all bits 4 to
7 of the chip select control register (address 000816), but the RDY pin should still be connected properly as it is
when not used.

Table 1.19. Microcomputer status in ready state (Note)

Iltem Status

Oscillation On

R/W signal, address bus, data bus, CS
ALE signal, HLDA, programmable 1/O ports

Maintain status when RDY signal received

Internal peripheral circuits On

Note: The RDY signal cannot be received immediately before a software wait.

sk /
w T
(?j?wa) _\

RDY

tsu(RDY - BCLK)

Accept timing of RDY signal

@ :Wait using RDY signal
sz :Wait using software

Figure 1.14. Example of RD signal extended by RDY signal

Rev.2.00 Oct 16,2006 page 32 of 264 RENESAS
REJO3B0005-0200



M30245 Group

Processor Mode

HOLDsignal

The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting "L" to the
'HOLD pin places the microcomputer in the hold state at the end of the current bus access. This status is
maintained and "L" is output from the HLDA pin as long as "L" is input to the HOLD pin. Table 1.20 shows the
microcomputer status in the hold state.

Bus priorities listed in descending order are: HOLD, DMAC, and CPU.

Table 1.20. Microcomputer status in HOLD state

ltem Status
Oscillation On
R/W signal, address bus, data bus, CS, BHE Floating
PO, P1, P2, P3, P4, P5 Floating

Programmable I/O ports
P6, P7, P8, P9, P10

Maintains status when hold signal is received

HLDA

Qutput "L"

Internal peripheral circuits

On (Watchdog timer is stopped)

ALE signal

Undefined

External bus status when the internal area is accessed

Table 1.21 shows the external bus status when the internal area is accessed.

Table 1.21. External bus status when the internal area is accessed

Item SFR accessed Internal ROM/RAM accessed
Address bus Address output Zantain status before accessing address of external
When read | Floating Floating
Data
When write | Output data Undefined
RD, WR, WRL, WRH RD, WR, WRL, WRH output | Output "H"

Maintain status before accessing status of external

BHE BHE output

area
cs Output "H" Output "H"
ALE Output "L" Output "L"

BCLKoutput

The user can choose to output BCLK on P53 by use of bit 7 of processor mode register 0 (000416) (Note). When
set to "1", the output is left floating.

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect register
(address 000A16) to "1".
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Software wait

A software wait of one to three BCLK cycles can be inserted by setting bits 4 to 7 of the chip select control
register (address 000816) and the bits in the chip select expansion register (address 001B16).

Software waits can be set independently for each of the 4 chip select memory areas. Bits 4 to 7 of the chip select
control register correspond to chip selects CS0 to CS3. When one of these bits is set to "1", the read bus cycle
is executed in one BCLK cycle and the write bus cycle is executed in two BCLK cycles. When set to "0", the read
and write bus cycles are executed in two, three or four BCLK cycles, depending on the settings in the chip select
expansion register. The bits in the chip select expansion register are only valid when the corresponding bit in
the chip select control register is set to "0". When the bits in the chip select control register are set to "1", the
corresponding bits in the chip select expansion register must be set to "002". The bits in the chip select control
register and chip select expansion register default to "0" after the microcomputer has been reset.

When the user is using the RDY signal, the relevant bit in the chip select control register’s bits 4 to 7 must be
set to "0".

The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits.

Table 1.22 shows the software waits and bus cycles. Figures 1.15 and 1.16 show example bus timing when
using software waits.

Table 1.22. Software waits and bus cycles

Area CSXW CSExW Bus Cycles
(Note 1) (Note 2) Read Write
SFR Invalid Invalid 2 BCLK cycles 2 BCLK cycles
Internal ROM/RAM Invalid Invalid 1 BCLK cycle 1 BCLK cycle
0 00 2 BCLK cycles 2 BCLK cycles
0 01 3 BCLK cycles 3 BCLK cycles
External memory area 0 10 4 BCLK cycles 4 BCLK cycles
0 11 Inhibited Inhibited
1 00 1 BCLK cycle 2 BCLK cycles

Note 1: When using the RDY signal, always set this bit to "0".
Note 2: Set the CSxW bit to 0 before setting these bits. Also, when setting the CSxW bit to 1, be sure to reset these bits to ‘002’ first.
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No Wait

BCLK

Read signal

Write signal
PM16=0

Data bus
PM16=0

Write signal
PM16=1

Data bus
PM16=1

Address bus

Chip select

With 1 Wait

BCLK

Read signal

Write signal
PM16=0

Data bus
PM16=0

Write signal
PM16=1

Data bus
PM16=1

Address bus

Chip select

Bus cycle(Note)

————————————— |

Bus cycle(Note)

[l —— |

L

]

— { ouput ) {inpu)

X Address ><

XAddressx ><

Bus cycle(Note)

Bus cycle(Note)

| .

L

‘\ Output |} {Input
_{ Output /‘ Input

X Address X

X Address

>

IR

Note : These example timing charts indicate bus cycle length.
After this bus cycle sometimes come read and write cycles in succession.

Figure 1.15. Typical bus timings using software wait (1)
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With 2 Waits

Bus cycle(Note)

-

Bus cycle(Note)

BCLK

L]

Read signal

Write signal

PM16=0
Data bus

PM16=0

Write signal
PM16=1

Lo

{ Output )

=3
°

c

=

Data bus /
PM16=1

Output \

S
k=]
c

Address X Address

A

Address

Address bus X

Chip select W

With 3 Waits

Bus cycle(Note)

1M

Bus cycle(Note)

BCLK _|

L LT L

Read signal
Write signal  —
PM16=0

Data bus
PM16=0

Write signal
PM16=1

Output \

Data bus
PM16=1

_<

Output

{ Input

N

Address bus ><

Address >

Address

K

Chip select —‘

Note : These example timing charts indicate bus cycle length.
After this bus cycle sometimes come read and write cycles in succession.

Figure 1.16. Typical bus timings using software wait (2)
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event that
the program runs out of control. Figure 1.17 shows the protect register. The values in the processor mode
register 0 (address 000416), processor mode register 1 (address 000516), system clock control register 0
(address 000616) and system clock control register 1 (address 000716) can only be changed when the
respective bit in the protect register is set to "1". Setting the respective bits in the protect register to "0" will write
protect these registers and not allow them to be changed.

Protect register

b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address When reset
K‘K‘VAK‘K‘E.. PRCR 000A16 XXXXX0002

Bit symbol Bit name Function R W

Enables writing to system clock
control registers 0 and 1 (addresses | ( - Write-inhibited ;
PRCO 000616 and 000716) and frequency | 1 : Write-enabled 0.0
synthesizer registers (addresses |

03DB16 to 03DF16)

Enables writing to processor mode 0 : Write-inhibited !
PRC1 registers 0 and 1 (addresses 000416 | 1 : Write-enabled 00
and 000516) 1

Reserved Must always be set to "0" 00

Nothing is assigned. i
Write "0" when writing to these bits. -
The values are indeterminate when read.

Figure 1.17. Protect register
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System Clock

Clock-generating Circuit

The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the CPU and
internal peripheral units. Figure 1.18 shows the block diagram of the clock-generating circuit. Table 1.23 lists the main
clock-generating circuits.

Table 1.23. Main clock-generating circuits

Microcomputer Microcomputer
(Built-in feedback resistor)
XIN Xout XIN XouT
Open
(Note)
Rd

) ||:| Externally derived clock
| Cin 1 Cour vee
fr— fr— Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable.

cMo4 fe32

Sub clock

XIN Xout

D fusb (48MHz)

faD

o | >
. ——{>— fisi02

) > f1
ﬁ} 185102
H} 1328102

E 32

b |c

Frequency
Synthesizer

CMos Circuit

CM10"1"
Write signal

RESET. Divider

Software
reset
NMI
Interrupt request
level judgment
output

WAIT instruction

CM06=0
CM17,CM16=11

CMO06=0
CM17,CM16=10

CM06=0

CM17,CM16=01
CMOi:  Bitiat address 000616

CM06=0
CM17,CM16=00
CM1i: Bitiataddress 000716

FSCCRI: Bit i at address 03DB16 Details of divider

Figure 1.18. Block diagram of the clock-generating circuit
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Figure 1.19 shows some examples of the main clock circuit, one using an oscillator connected to the circuit, and the
other one using an externally derived clock for input. Figure 1.20 shows some examples of subclock circuits, one using
an oscillator connected to the circuit, and the other one using an externally derived clock for input. Circuit constants in
Figure 1.19 and Figure 1.20 vary with each oscillator used. Use the values recommended by the manufacturer of your

oscillator.

(Built-in feedback resistor)

Microcomputer

Xout

(Note)
Rd
+—l
; Cin ; Cout

Microcomputer

XIN Xout

T Open

Externally derived clock

Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive

capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable.

Figure 1.19. Examples of main clock

XciN

Microcomputer
(Built-in feedback resistor)

Xcout

— Ccin

I

(Note 1)
Recd
0
€T

Ccout

Microcomputer

XciN Xcout

T Open

Externally derived clock

Vcc (Note 2)

v LI LTI

Note 1: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive

capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between Xcin

and Xcourt following their instructions.

Note 2: Reference XCIN to Vcc supply.

Figure 1.20. Examples of sub-clock
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Clock Control
Main clock

The main clock is generated by the main clock oscillation circuit. After a reset, this clock is divided by 8 to produce the
BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the clock, after
switching the operating clock source of CPU to the subclock, reduces the power dissipation.

After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock oscillation
circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address 000716). Reducing the drive capacity
of the main clock oscillation circuit reduces power dissipation. This bit changes to "1" when shifting from high-speed/
medium-speed mode to stop mode and at a reset. When shifting from low-speed/low power dissipation mode to stop
mode, the value before stop mode is retained.

Subclock

The subclock is generated by the subclock oscillation circuit. No subclock is generated after a reset. After oscillation is
started using the port Xc select bit (bit 4 at address 000616), the subclock can be selected as the BCLK by using the
system clock select bit (bit 7 at address 000616). However, be sure that the subclock oscillation has fully stabilized
before switching.

After the oscillation of the subclock oscillation circuit has stabilized, the drive capacity of the subclock oscillation circuit
can be reduced using the XCIN-XcouT drive capacity select bit (bit 3 at address 000616). Reducing the drive capacity of
the subclock oscillation circuit reduces the power dissipation. This bit changes to "1" when changing to stop mode and
at a reset.

BCLK

The BCLK is the clock that drives the CPU, and is equal to fc or the clock that is derived by dividing the main clock by 1,
2,4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset. The BCLK signal can be output from the
BCLK pin (P53) by use of the BCLK output disable bit (bit 7 at address 000416) in the memory expansion and the
microprocessor modes.

The main clock division select bit O (bit 6 at address 000616) changes to "1" when shifting from high-speed/medium-
speed to stop mode and at reset. When shifting from low-speed/low power dissipation mode to stop mode, the value
before stop mode is retained.

Peripheral function clock (f1, fs, f32, f1si02, f8si02, f325102, fAD)

The clock for the peripheral devices is derived from the main clock or by dividing it by 1, 8, or 32. The peripheral function
clock is stopped by stopping the main clock or by setting the WAIT peripheral function clock stop bit (bit 2 at 000616) to
"1" and then executing a WAIT instruction.

fcaz

This clock is derived by dividing the subclock by 32. It is used for the Timer A counts.

fc

This clock has the same frequency as the subclock. It is used for the BCLK and for the watchdog timer.

fuse

This clock provides a 48 MHz signal required for USB operation. It is derived from the Frequency Synthesizer circuit.
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System clock control registers

Figure 1.21 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0

0(0 Symbol Address When reset
. Y|
! CMO 0006, 48,5
¥ Bit Symbol Bit Name Function Ri{W
!
v Reserved bit Always set to "0" 0:i0
WAIT peripheral function 0 : Do not stop in wait mode
CM02 clock stop bit 1: Stop in wait mode (Note 8) 0io
XciN-XcouT drive capacity - LOW
CMO3 select bit (Note 2) (1) : H?GH 0i0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . 0 : 1/0 port
CMo4 Port Xc select bit 1: XC\Np-XCOUT generation 0{0
Main clock (XiN-XouT) 0:0n
CMO5 stop bit (Note 3, 4, 5) 1.0 00
Main clock division select "
. 0: CM16 and CM17 valid
CMo6 bit 0 (Note 6) 1 : Divide-by-8 mode o0io
System clock select bit .
0 : XiN, Xout
Cmorz (Note 7) 1 : XcIN, Xcout ©:0

Note 1: Set bit 0 of the protect register (address 000A,) to "1" before writing to this register.

Note 2: Changes to "1" when changing to Stop mode and Reset.

Note 3: When entering power saving mode, main clock is stopped using this bit. When returning from
stop mode and operating in XIN, set this bit to "0". When main clock oscillation is operating
by itself, set system clock select bit (CMO07) to "1" before setting this bit to "1".

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is
acceptable.

Note 5: If this bit is set to "1", XouT becomes "H". The built-in feedback resisbr remains connected,
so XIN becomes pulled up to XouT ("H") using the feedback resistor.

Note 6: This bit changes to "1" when changing from high-speed/medium mode to stop mode and at
reset. When shifting from low-speed/low power dissipation mode to stop mode, the value
before stop mode is retained.

Note 7: Set Port Xc select bit (CM04) to "1" and stabilize the sub clock oscillating before setting to
this bit from "0" to "1". Do not write to both bits at the same time. Also, set the main clock
stop bit (CM05) to "0" and stabilize the main clock oscillating before setting this bit from '1"
to "0".

Note 8: fc32 is not included. Do not set to "1" when using low-speed or low power dissipation mode.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
1] lololololll cM1 0007, 20,
Bit Symbol Bit Name Function
— All clock stop control bit 0 : Clock on
CM10 (Note 4) 1 : All clocks off (stop mode) 0:0
Reserved bit Always set to "0" oio
cM15 XiN-XouT drive capacity 0:LOW olo
select bit (Note 2) 1:HIGH
Main clock division select | 7
Cm16 bit |1 (Note 3)M : 0 0: No division mode 00
0 1 : Divide-by-2 mode
1 0: Divide-by-4 mode oio
cm17 1 1 : Divide-by-16 mode

Note 1: Set bit "0" of the protect register (address 000A,,) to "1" before writing to this register.

Note 2: This bit changes to "1" when shifting from high-speed/medium speed mode to stop mode an
at reset. When shifting from low-speed/low power dissipation mode to stop mode, the value
before stop mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 0006 ) is "0". If
"1", divide mode is fixed at 8.

Note 4: If this bit is set to "1", XouT becomes "H" and the built-in feedback resistoris cut off.

XcIN and XcouT become high impedance state.

Figure 1.21. Clock control registers 0 and 1
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Stop Mode

Writing "1" to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcomputer enters
stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc remains above 2V.

Because the oscillation of BCLK, f1 to f32, f1si02 to f32s102, fc, fc32 and fAD stops in stop mode, peripheral functions
such as the A/D converter and watchdog timer do not function. However, timer A operates, provided that the event
counter mode is set to an external pulse, and UARTI (i = 0 to 3) functions provided an external clock is selected. Table
1.24 shows the status of the ports in stop mode.

Stop mode is cancelled by a hardware reset or interrupt. If an interrupt is to be used to cancel stop mode, that interrupt
must first be enabled and the interrupt priority of any interrupts not used to cancel stop mode should be set to "0". The
| flag must also be set prior to stopping for an interrupt to cancel it. When returning by an interrupt, that interrupt routine
is executed. If only a hardware reset or an NMI interrupt is used to cancel stop mode, change the priority level of all
interrupts to "0", then change to stop mode.

After coming out of stop mode, it is recommended that four "NOP" instructions be executed to clear the instruction
queue.

When changing from high-speed/medium speed mode to stop mode and at reset, the main clock division select bit 0
(bit 6 at 000616) is set to "1". When changing from low-speed/low power dissipation mode to stop mode, the value
before stop mode is retained.

Table 1.24. Port status during stop mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CS0 to CS3, Retains status before stop mode
BHE
RD, WR, WRL, WRH "H"
HLDA, BCLK "H"
ALE "H"
Port Retains status before stop mode Retains status before stop mode
Rev.2.00 Oct 16,2006 page 42 of 264 RENESAS

REJ03B0005-0200



M30245 Group

System Clock

Wait Mode

When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this mode,
oscillation continues but the BCLK and watchdog timer stop. Writing "1" to the WAIT peripheral function clock stop bit
and executing a WAIT instruction stops the clock being supplied to the internal peripheral functions, allowing power
dissipation to be reduced. However, the peripherial function clock fc32 does not stop during wait mode and thus
does not contribute to any power savings. When the MCU is running in low-speed or low power dissipiation mode,
do not enter WAIT mode with this bit set to "1". Table 1.25 shows the status of the ports in wait mode.

Wait mode is cancelled by a hardware reset or interrupt. If an interrupt is used to cancel wait mode, that interrupt
must first be enabled and the interrupt priority levels of all other interrupts that are not used to cancel wait mode must
be set to "0". When returning from an interrupt, the microcomputer restarts using as BCLK the clock that had been
selected when the WAIT instruction was executed, and the program continues from the interrupt routine. If only a
hardware reset or NMI interrupt is used to cancel wait mode, change the priority level of all interrupts to "0", then shift

to wait mode.

Table 1.25. Port status during wait mode

Pin

Memory expansion mode
Microprocessor mode

Single-chip mode

Address bus, data bus, CS0 to CS3

Retains sta tus before wait mode

“H
HLDA, BCLK “H
ALE “H
Port Retainssta tus before wait mode

Retains status before wait mode

BCLK Status transition

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for BCLK. Table

1.26 shows the operating modes corresponding to the settings of system clock control registers 0 and 1.

When reset, the device starts in division by 8 mode. The main clock division select bit 0 (bit 6 at address 000616)
changes to "1" when shifting from high-speed/medium-speed to stop mode and at a reset. When shifting from low-
speed/low power dissipation mode to stop mode, the value before stop mode is retained. The following shows the

operational modes of BCLK.
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Table 1.26. System clock control registers 0 and 1 operating mode settings

CM17 CM16 CMo07 CMO06 CMo05 CMo4 BCLK operating mode
0 1 0 0 0 Invalid Divide-by-2mode
1 0 0 0 0 Invalid Divide-by-4 mode
Invalid Invalid 0 1 0 Invalid Divide-by-8 mode
1 1 0 0 0 Invalid Divide-by-16mode
0 0 0 0 0 Invalid No divisionmode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode

« Divide by 2 mode

The main clock is divided by 2 to obtain the BCLK.
* Divide by 4 mode

The main clock is divided by 4 to obtain the BCLK.
« Divide by 8 mode

The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this mode. Before the
user can go from this mode to no division mode, division by 2 mode, or division by 4 mode, the main clock oscillator
must be stable. When going to low-speed or lower power consumption mode, make sure the subclock's oscillator is
stable.

* Divide by 16 mode

The main clock is divided by 16 to obtain the BCLK.
*No-division mode

The main clock is divided by 1 to obtain the BCLK.
* Low-speed mode

fc is used as the BCLK.

Note: Oscillation of both the main and sub-clocks must have stabilized before transferring from this mode to another or
vice versa. At least 2 to 3 seconds are required after the subclock starts. Therefore, write the program to wait until this
clock has stabilized after powering up and after returning from stop mode.

* Low power dissipation mode
fc is the BCLK and the main clock is stopped.

Note: Before the count source for BCLK can be changed from XiN to XCIN or vice versa, the new count source's oscillator
must first be stable. Allow some wait time in software for the oscillation to stabilize before switching the clock over.
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Power control

The following is a description of the three available power control modes. Figure 1.22 shows the state transition diagram
for these modes.

Normal operation mode
» High-speed mode

Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the internal clock selected. Each
peripheral function operates according to its assigned clock.

* Medium-speed mode

Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the BCLK. The CPU operates
according to the internal clock selected. Each peripheral function operates according to its assigned clock.

* Low-speed mode

fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the secondary clock. Each
peripheral function operates according to its assigned clock.

* Low power consumption mode
The main clock operating in low-speed mode is stopped. The CPU operates according to the fc clock. The fc clock is

supplied by the secondary clock. The only peripheral functions that operate are those with the subclock selected as the
count source.

Wait mode

The CPU operation is stopped. The oscillators do not stop.

Stop mode

All oscillators stop. The CPU and all built-in peripheral functions stop. Of the three modes discusses, the stop mode is
the most effective in decreasing power consumption.
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State Transitions for Stop and Wait modes

All oscillators stopped

Stop Mode

(

All oscillators stopped

)

Stop Mode

All oscillators stopped

CMO06 = "1"

Interrupt
Stop Mode ;
CM10="1"

RESET

(

High speed /
Medium-speed mode

A ¥
Low-speed / Low poweD

( dissipation mode

)
)]
)

4 WAIT CPU operation stopped
Interrupt Medium-speed mode instruction .
(divided-by-8 mode) 4—( Wait mode
CM10 = "1" - Interrupt
\ et 4 * WAIT CPU operation stopped

instruction .
e waitmose
Interrupt

WAIT CPU operation stopped

~— Normal Mode -/

State Transitions for normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

(~ BCLK: f(Xin)/8

Main clock is oscillating
Sub clock is oscillating

A
CM04 = "0

\CM07 ="0" CM06 = "1/,

¥ CM04 = "1" (Notes 1, 3)

instruction .
Wait mode
Interrupt

CMO07 ="0" (Note 1)
CMO06 ="1"

-~
High-speed mode

Medium-speed mode
(divided-by-2 mode)

BCLK ; f(Xin)
CM07 = "0" CM06 = "0" | | CMO7 = "0" CM06 = "0"
CM17 = "0" CM16 = "0%/ \CM17 = "0" CM16 = "1’

BCLK ; f(Xin)/2

Medium-speed mode
(divided-by-8 mode)

Main clock is oscillating
Sub clock is oscillating

CMO7 ="0" Low-speed mode

CM17 ="

BCLK : f(Xin)/4 BCLK : f(Xin)/4
CMO07 ="0" CM06 ="0"| | CM07 ="0" CMO06 ="
N

1" CM16 = "0"

OD
CM17 ="1"CM16 ="1"
v

TV Note 1, 3
Medium-speed mode Medium-speed mode B%I|_\I/|(o7f(=xné)/8 <ot BCLK : f(Xcin)
(divided-by-4 mode) (divided-by-16 mode) CMO6 = "1" oMO7 = 17 CMO7 ="1"
[ BCLK : f(Xin)/4 ] [ BCLK : f(Xin)/4 ] (Notg 2)
CMO07 = "0" CMO6 = "0" | | CMO7 = "0" CM06 = "0"
CM17 ="1" CM16 ="0"Y \CM17 ="1" CM16 ="1"
A I / CMO5 = "0" CMO05 = "1"
— Main clock is oscillatin —nqn
cMo4 ="0 Y Subclockis stoppedg CMo4 ="1
4 Medium-speed mode A Main clock is stopped
High-speed mode (divided-by-2 mode) Sub clock is oscillating
BCLK ; f(Xin) [ BCLK ; f(Xin)/2 ) Low-power dissipation mode
CMO7 = "0"'CM06 = "0"| | CMO7 = "0" CM06 = "0"
[CMW 10" CM16 = "o) CM17 = "0" CM16 = "1" £MO7 = "1" (Note 2) [ BCLK: f(Xcin) ]
- . . CMO05 ="1" CMO7 = "{"
CMO06 = "0" Medium-speed mode Medium-speed mode
(Notes 1, 3) (divided-by-4 mode) (divided-by-16 mode)

CMO7 = "0" (Note 1)
CMO6 = "0" (Note 3)

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.

Note 3: Change CMO06 after changing CM17 and CM16.
Note 4: Transit in accordance with arrow.

Figure 1.22. Power control mode state transition diagram
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Frequency synthesizer circuit

The frequency synthesizer circuit generates a 48MHz clock (fusB) needed by the USB block and a clock fSyN that
are a multiple of the external input reference clock f(XIN). A block diagram of the circuit is shown in Figure 1.23.

fuss

USBC5

fsyn

: f f >
f(Xin) PN | Frequency veo Frequency »
——wPrescaler—ps \iitiplier Divider
A A A A

1 —‘ t FSCCRO

@ @ LS

L=<} (=]

8 Bit
FsP | [ FsM | | FscC | FsD | [FsccRr|

03DE 03DD, 03DC, 03DF, 03DB
ﬁ ﬁ @ ﬁ Data Busﬁ
| |

Figure 1.23. Frequency Synthesizer Circuit

The frequency synthesizer consists of a prescaler, frequency multiplier, a frequency divider, and five registers:
FSP; FSM; FSC; FSD; and FSCCR. Clock f(XIN) is prescaled down using FSP to generate fPIN. fPIN is multiplied
by FSM to generate an fvco clock, which is then divided by FSD to produce the clock fsyN. The fvco clock is
optimized for 48 MHz operation and is buffered and sent out of the frequency synthesizer block as signal f{USB.
This signal is used by the USB block.

The FSCO bit in the FSC Control Register enables the frequency synthesizer block. When disabled (FSCO ="0"),
fvco is held at either a high or low state. When the frequency synthesizer control bit is active (FSCO = "1"), a lock
status (LS ="1") indicates that fsSyN and fvco are the correct frequency. The LS and FSCO control bits in the FSC
Control register are shown in Figure 1.24.

When using the frequency synthesizer, a low-pass filter must be connected to the LPF pin. Once the frequency
synthesizer is enabled, a delay of 2-5ms is recommended before the output of the frequency synthesizer is
used. This is done to allow the output to stabilize. It is also recommended that none of the registers be modified
once the frequency synthesizer is enabled as it will cause the output to be temporarily (2-5ms) unstable.

The MCU clock source is selected via the Frequency Synthesizer Clock Control register (FSCCR). See Figure
1.25.

Note: None of the registers must be written to once the frequency synthesizer is enabled and used as the system
clock source (FSCCR register, address 03DB1s, bit '0' set to '1") because it will cause the output of the PLL
to freeze. Switch system back to f(XIN) and disable before modifying PLL registers.
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Frequency Synthesizer Control register
b7 b6 b5 b4 b3 b2 bl b0
‘ ‘ ‘ ‘ 0‘ 0‘ ‘ ‘ Symbol Address When reset
. FsC 03DC,¢ 60,4
Bit Symbol Bit Name Function RiW
i FSE Frequency Synthesizer enable bit 0 : Disabled [eRNe}
1: Enabled
b2 b1
VCO0 0 0:Lowest gain [eRNe]
VCO Gain Control 0 1:Low gain
H 1 0: High gain (Note )
Lo VvCo1 1 1 : Highest gain 0:0
Reserved bit Must always be set to "0" 0:0
06 65
CHGO 0 0: Disabled [ORINe)
0 1:Low current
LPF Current Control 10 : Medium current (Note) | 5| o
CHG1 1 1: High current
0 : Unlocked oio
LS Frequency Synthesizer Lock Status 1: Locked
Note: Recommended
Figure 1.24. Frequency Synthesizer Control register (FSC)
Frequency Synthesizer Clock Control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Add Wh !
ymbol ress en resel
‘0‘0‘0‘ ‘0‘0‘0‘ | FSCCR 03DB, 00,
Bit Symbol Bit Name Function RiwW
i . 0:Xin
""" FSCCRO Clock source selection 1:fsyn o
Reserved Must always be set to "0" oio
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, FCCR4 Divide-by-3 option 0: N_ormal
1 : Divide-by-3
Reserved Must always be set to "0" 00

Figure 1.25. Frequency Synthesizer Clock Control register (FSCCR)

Prescaler

Clock fpPIN is a divided down version of clock f(XIN) (see Figure 1.26). The relationship between frPIN and
the clock f(XIN) input to the prescaler is as follows:

« fPIN = f(XIN) / 2(n+1) where n is the decimal equivalent loaded into the FSP.
* Setting FSP to 255 disables the prescaler and fPIN = f(XIN).

Note: frIN frequency below 1 MHz is not recommended.

LSB Address: 03DE 4¢

’\7ASB| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit 2 | Bit 1 ’ Bit0 | 0
Access: RW
FSP Reset: FFig
fen Dec(n) Hex(n) fxm)

12 MHz 255 FF 12.00 MHz
1 MHz 7 07 16.00 MHz
1 MHz 5 05 12.00 MHz
2 MHz 3 03 16.00 MHz
2 MHz 2 02 12.00 MHz
3 MHz 1 01 12.00 MHz
6 MHz 0 00 12.00 MHz

fo = f(XIN)72(n+1)

Figure 1.26. Frequency Synthesizer Prescaler register (FSP)

Rev.2.00 Oct 16,2006 page 48 of 264 RENESAS
REJO3B0005-0200



M30245 Group

Frequency Synthesizer Circuit

Multiplier

Clock fvco is a multiplied up version of clock fPIN (See Figure 1.27). The relationship between fvco and

the clock (fPIN) input to the multiplier from the prescaler is as follows:

« fvco = fPIN x 2(n+1) where n is the decimal equivalent of the value loaded in FSM.

* Setting FSM to 255 disables the multiplier and fvco = fPIN.

Note 1: n must be chosen such that fvco equals 48 MHz.

Note 2: Minimum fPIN is 1 MHz. Maximum fPIN is 12 MHz.

MSB

7

fvco = fein X 2(n+1)

| Bit 7 | Bit6 | Bit5 | Bit 4 | Bit3 | Bit 2 | Bit 1 | Bit0 | LB
foin FSM fuco
Dec(n) Hex(n)

1 MHz 23 17 48.00 MHz
2 MHz " 0B 48.00 MHz
4 MHz 5 05 48.00 MHz
6 MHz 3 03 48.00 MHz
8 MHz 2 02 48.00 MHz
12 MHz 1 01 48.00 MHz

Address: 03DD4g
Access: R/W
Reset: FFg

Figure 1.27. Frequency Synthesizer Multiply register (FSM)

Divider

Clock fsyN is a divided down version of clock fvco (See Figure 1.28). The relationship between fsyN and the
clock (fvco) input to the divider from the multiplier is as follows:

* fsYN = fvco / 2(m+1) where m is the decimal equivalent of the value loaded in FSD.

NOTE: fsyN =fvco / (m+1) when the divide by 3 option (bit 4 at address 03DB16) is set and when m = 2.

« Setting FSD to 255 disables the divider and fsyN = fvco.

MSB
7

LSB Address: 03DF4g

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Access: RIW
FSD Reset: FFqg
fveo Dec(m) Hex(m) fsvn
48.00 MHz |1 01 12.00 MHz
48.00 MHz |2 02 8.00 MHz
48.00 MHz |2 02 16.00 MHz (Note)
48.00 MHz |3 03 6.00 MHz
48.00 MHz (127 7F 187.50 KHz

fsyn =fvco 12(m+1)

Note: fgyy =fygo/ (M+1) if FSCCR4 = 1and m = 2

Figure 1.28. Frequency Synthesizer Divide register (FSD)
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Interrupts

Figure 1.29 lists the types of interrupts.
* Maskable: An interrupt that can be enabled or disabled by the interrupt enable flag (I flag) or can have its interrupt
priority changed by the priority level.

« Non-maskable: An interrupt that cannot be enabled or disabled by the interrupt enable flag (I flag) or cannot have its
interrupt priority changed by the priority level.

Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction

Software

INT instruction

Interrupt " Reset

NMI

DBC

Special T 4 Watchdog timer
Single step
Address match

Hardware =~ ———

Peripheral 1/0O (Note) -

Note : Peripherall/Ointerruptsaregeneratedbytheperipheralfunctionsbuiltintothemicrocomputersystem.

Figure 1.29. Interrupt classification

Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable interrupts.
e Undefined instruction interrupt
An undefined instruction interrupt occurs when executing the UND instruction.
e Overflow interrupt

An overflow interrupt occurs when an executing arithmetic instruction overflows. The instructions that set an O flag when
an overflow occurs are: ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

*BRK interrupt

A BRK interrupt occurs when executing the BRK instruction.

*INT interrupt

An INT interrupt occurs when specifying one of the software interrupt numbers 0 through 63 and executing the INT
instruction. Software interrupt numbers 0 through 31 are assigned to peripheral 1/O interrupts, so executing the INT
instruction executes the same interrupt routine as the peripheral 1/O interrupt.

The stack pointer (SP), used for the INT interrupt, is dependent on which software interrupt number is selected.

As far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack pointer assign-
ment flag (U flag) when it accepts an interrupt request. The U flag is set to "0" selecting the interrupt stack pointer then
the interrupt sequence is executed. When returning from the interrupt routine, the U flag is returned to its previous state
before accepting the interrupt request.

As far as software numbers 32 through 63 are concerned, the stack pointer does not change.
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Hardware Interrupts
Hardware interrupts are classified into two types - special interrupts and peripheral 1/0 interrupts.
Special interrupts
Special interrupts are non-maskable interrupts.
* Reset
Reset occurs if an "L" is input to the RESET pin.
* NMl interrupt
An NMI interrupt occurs if an "L" is input to the NMI pin.
«DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.
* Watchdog timer interrupt
Generated by the watchdog timer.
* Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug flag (D flag) set to "1",
a single-step interrupt occurs after one instruction is executed.
» Address match interrupt

An address match interrupt occurs immediately before the instruction held in the address indicated by the address
match interrupt register is executed with the address match interrupt enable bit set to "1". If an address other than the
first address of the instruction in the address match interrupt register is set,
Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of the built-in peripheral functions. Built-in peripheral functions are
dependent on classes of products, so the interrupt factors are also dependent on classes of products. The interrupt
vector table is the same as the one for software interrupt numbers 0 through 31 the INT instruction uses. Peripheral I/
O interrupts are maskable interrupts.
* Bus collision detection interrupt
This is an interrupt that the serial 1/0 bus collision detection generates.
*« DMAO through DMA3 interrupt
These are interrupts the DMA generates.
« Key-inputinterrupt
A key-input interrupt occurs if an "L" is input to any of the KIz1 to KI7 pins.
« A/D conversion interrupt
This is an interrupt that the A/D converter generates.
* UARTO, UART1, UART2, UART3 transmit / NACK / SSIO, SSI1 transmit interrupt
These are interrupts that the serial 1/0, I2C, and SSI generate.
*« UARTO, UART1, UART2, UART3receive / ACK / SSIO, SSI1 receive interrupt
These are interrupts that the serial I/O, 12C, and SSI generate.
* Timer AO interrupt through Timer A4 interrupt
These are interrupts that Timer A generates
*INTO through INT2 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or both edges are input to one of the INT pins.
*USB interrupts (EPO, Suspend, Resume, SOF, Reset, USB Function)
These are interrupts that are generated from USB.
* VBus Detect interrupt
This interrupt is generated from the USB VBus detection circuitry.
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Interrupt Routine

Interrupt vector tables

1If an interrupt request is accepted, program execution branches to the interrupt routine set in the interrupt vector table.
Set the first address of the interrupt routine in each vector table. Figure 1.30 shows the format for specifying the address.
Two types of interrupt vector tables are available - fixed vector table in which addresses are fixed and variable vector
table in which addresses can be varied by the setting.

MSB LSB

L dd
Vector address + 0 ow address

Vector address + 1 Mid address

High
Vector address + 2 0000 add?ess
Vector address + 3 0000 0000

Figure 1.30. Format for specifying interrupt vector addresses

Fixed vector tables

The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area extending from
FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of interrupt routine in each vector
table. Table 1.27 shows the interrupts assigned to the fixed vector tables and addresses of vector tables.

Table 1.27. Interrupt vectors with fixed addresses

Interrupt source Vector table addresses Remarks
Address(L) to Address(H)

Undefined instruction FFFDC4g to FFFDF g Interrupt on UND instruction
Overflow FFFEQg to FFFE344 Interrupt on INTO instruction
BRKinsiucion | FFFEAgI0FFFET1 | o o thevestor e vaiale voctor .
Address Match FFFE84¢ to FFFEB g There is an address-matching interrupt enable bit
Single Step (Note) FFFEC4g to FFFEF g Do not use
Watchdog timer FFFFO4¢ to FFFF3 46
DBC (Note) FFFF44g to FFFF744 Do not use
NMI FFFF84g to FFFFB4g External interrupt by NMI pin
Reset FFFFC4g to FFFFF4g

Note: Interrupts used for debugging purposes only.
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Variable vector tables

The addresses in the variable vector table can be modified, according to the user’s settings. Before enabling interrupts,
the user must load the INTB register with the address of the first entry in the table. The 256-byte area subsequent to the
address the INTB indicates becomes the area for the variable vector tables. One vector table comprises four bytes. Set
the first address of the interrupt routine in each vector table.

Table 1.28. Interrupt vectors with variable addresses

. Software Vector table addresses Interrupt source Remarks
interrupt number Address(L) to Address(H)
0 +0 to +3 (Note 1) BRK instruction Cannot be masked by | flag
1 +4 to +7 Key input
2 +8 to +11 UART?2 receive / ACK (Note2)
3 +12to +15 UART1/UART3 Bus collision, Start/stop condition (Note2)
4 +16 to +19 INTL
5 +20 to +23 Timer Al
6 +24 to +27 USB EPO
7 +28to +31 Timer A2
8 +32 to +35 UART1 receive / ACK / SSI1 receive (Note2)
9 +36 to +39 UARTO/UART2 Bus collision, Start/stop condition (Note2)
10 +40 to +43 UARTO receive / ACK / SSIO0 receive (Note2)
11 +44 to +47 A/ID
12 +48 to +51 DMAO
13 +52 to +55 UARTS transmit / NACK (Note2)
14 +56 to +59 DMA1
15 +60 to +63 UART?2 transmit / NACK (Note2)
16 +64 to +67 DMA2
17 +68 to +71 UART1 transmit / NACK / SSI1 transmit (Note2)
18 +72 to +75 DMA3
19 +76 to +79 UARTO transmit / NACK / SSIO transmit (Note2)
20 +80 to +83 Timer AO
21 +84 to +87 UARTS3 receive / ACK (Note2)
22 +88 to +91 USB suspend
23 +92 to +95 Timer A3
24 +96 to +99 USB resume
25 +100 to +103 Timer A4
26 +104 to +107 USB Reset
27 +108 to +111 USB SOF
28 +112 to +115 USB Vbus Detect
29 +116 to +119 USB Function
30 +120 to +123 INT2
31 +124 to +127 INTO
32t063 +252 to +255 Software interrupt Cannot be masked by | flag

Note 1: Address relative to address in interrupt table base address register (INTB).
Note 2: When 1°C mode is selected, NACK/ACK, start/stop condition detection interrupts are selected.
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Interrupt control

The interrupt request bit is set by hardware to "0" when an interrupt request is received. The interrupt request bit can also
be set by software to "0". (Do not set to "1".)

INTO, INTZ1, and INT2 are triggered by the edges of external inputs. The edge polarity is selected using the polarity select
bit. (Other interrupts are described elsewhere.)

An interrupt must first be enabled before it can be used to cancel stop mode.

Peripheral 1/0 interrupts have their own interrupt control registers. Figure 1.31 shows the interrupt control registers.
Table 1.29 shows the addresses of the interrupt control registers.

Interrupt control register

Symbol Address  When reset Symbol Address  When reset
KUPIC 004116 XXXXX0002 S1TIC 005116 XXXXX0002
S2RIC 004216 XXXXX0002 DM3IC 005216 XXXXX0002
S13BCNIC 004316 XXXXX0002 SOTIC 005316 XXXXX0002
TALIC 004516 XXXXX0002 TAOIC 005416 XXXXX0002
EPOIC 004616 XXXXX0002 S3RIC 005516 XXXXX0002
TA2IC 004716 XXXXX0002 SUSPIC 005616 XXXXX0002
SORIC 004A16 XXXXX0002 TA3IC 005716 XXXXX0002
ADIC 004B16 XXXXX0002 RSMIC 005816 XXXXX0002
DMOIC 004C16 XXXXX0002 TAdIC 005916 XXXXX0002
S3TIC 004D16 XXXXX0002 RSTIC 005A16 XXXXX0002
b7 b6 bS b4 b3 b2 bl bO DM1IC 004E16 XXXXX0002 SOFIC 005B16 XXXXX0002
S2TIC 004F16 XXXXX0002 VBDIC 005C16 XXXXX0002
DMm2IC 005016 XXXXX0002 USBFIC 005D16 XXXXX0002
Bit symbol Bit name Function R! W
IVLO Interrupt priority level H
select bit b2b1bo ) ) o o0
000: Level O (interrupt disabled) i
001: Levell
ILVLL 010: Level 2 :
011: Level3 [ N6}
100: Level 4 1
101: Level5
VL2 110: Level6 :
111: Level7 [oNe]
IR Interrupt request bit 0: Interrupt not requested o' 0
1: Interrupt requested (Note)
Nothing is assigned. :
These bits can neither be set nor reset. When read, their contents are - =
indeterminate. !

Note: This bit can only be reset (= 0), but cannot be set ( = 1).

Symbol Address When reset
INT1IC 004416 XX00X0002
SIRIC 004816 XX00X0002
b7 b6 b5 b4 b3 b2 bl b0 004916 XX00X0002
S02BCNIC
}X‘}X‘n. . INT2IC 005E16 XX00X0002
H B H INTOIC 005F16 XX00X0002
: . : Bit symbol Bit name Function R! W
: [ : ILVLO Interrupt priority level
select bit b2b1b0 ) , o
000: Level 0 (interrupt disabled) '
001:Levell |
ILVL1 010:Level 2 '
011:Level3 o' 0
100:Level 4 :
101:Level5
ILvVL2 110:Level6 :
111:Level7 o 0
IR Interrupt request bit 0: Interrupt not requested o! O
1: Interrupt requested {Note 1)
POL Polarity select bit (Note 2) | 0 : Selects falling edge
1: Selects rising edge o I o
Reserved bit Always set to "0" o 0
Nothing is assigned. ;
These bits can neither be set nor reset. When read, their contents are - -
indeterminate.

Note 1: This bit can only be reset (=0), but cannot be set (=1).
Note 2: For S1RIC( 004816) and SO2BCNIC ( 004916), "0" should always be written.

Figure 1.31. Interrupt control registers control registers

Rev.2.00 Oct 16, 2006 page 54 of 264 RENESAS
REJ03B0005-0200



M30245 Group Interrupts

Table 1.29. Addresses in interrupt control register

Symbol Address Interrupt control register Symbol
name name

Interrupt control register Address

Key input KUPIC 004144 DMA2 DM2IC 00504¢

UART?2 receive / ACK S2RIC 00424 gg‘i‘? l;rtz:;“;: q ';'2:: m/its’e”a' sITIC 005144

UART1 / UARTS3 Bus collision S13BCNIC 004344 DMA3 DM3IC 005244

UARTO transmit / NACK / Serial
INTA INT1IC 004446 Sound Interface 0 transmit soTic 005316

Timer A1 TA1IC 004544 Timer AO TAOIC 005446
USB EPO EPOIC 004644 UART3 receive / ACK S3RIC 005544
Timer A2 TA2IC 004746 USB Suspend SUSPIC 005646

UART1 receive / ACK / Serial

ot [ S1RIC 0048, Timer A3 TA3IC 0057 4
UARTO / UART2 Bus collision S02BCNIC | 00494 USB Resume RSMIC 005845
szfﬁol ;f:ﬁg’:e/ oA?e}é e/ if‘:”a' SORIC 004A46 Timer A4 TA4IC 005945
AD ADIC 004B ¢ USB Reset RSTIC 005Aq¢
DMAO DMOIC 004C4g USB SOF SOFIC 005B14
UARTS3 transmit / NACK S3TIC 004D4g USB Vbus Detect VBDIC 005C+g
DMA1 DM1IC 004E ¢ USB Function USBFIC | 005Dsq
UART2 transmit / NACK S2TIC 004F g INT2 INT2IC 005E ¢

INTO INTOIC 005F 4

Rewrite the Interrupt Control Register

(a) The interrupt control register for any interrupt should be modified in places where no requests for that interrupt
may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.

(b) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the
instruction to be used.
e Changing any bit other than the IR bit

e Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to “0” (interrupt not requested).
Therefore, be sure to use the MOV instruction to clear the IR bit.

(c) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as you set
the | flag. (Refer to (b) for details about rewrite the interrupt control registers in the sample program frag-
ments.)

Examples 1 through 3 show how to prevent the | flag from being set to “1” (interrupts enabled) before the interrupt
control register is rewrited, owing to the effects of the internal bus and the instruction queue buffer.
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Example 1:Using the NOP instruction to keep the program waiting until the interrupt control register is

modified
INT_SWITCH1:
FCLR I ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “00h”.
NOP ;
NOP
FSET | ; Enable interrupts.

The number of NOP instruction is as follows.
PM20=1(1 wait) : 2, PM20=0(2 wait) : 3, when using HOLD function : 4.

Example 2:Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “00h”.
MOV.W MEM, RO ; Dummy read.
FSET I ; Enable interrupts.
Example 3:Using the POPC instruction to changing the | flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “00h”.
POPC FLG ; Enable interrupts.

Interrupt Enable Flag (I flag)

The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this flag to "1"
enables all maskable interrupts; setting it to "0" disables all maskable interrupts. This flag is set to "0" after reset.

Interrupt Request Bit

The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is accepted and
jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The interrupt request bit can also
be set to "0" by software. (Do not set this bit to "1").

Interrupt Sequence

The interrupt sequence, described below, is performed during the period from when an interrupt is accepted to when
the interrupt routine is executed.

If an interrupt occurs during execution of an instruction, the processor determines its priority when the execution of the
instruction is completed, and transfers control to the interrupt sequence from the next cycle. If an interrupt occurs during
execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, the processor temporarily suspends the instruction
being executed, and transfers control to the interrupt sequence.

The processor carries out the following in sequence after an interrupt request:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading address 0000016.
(2) Saves the contents of the flag register (FLG) as it was immediately before the start of interrupt sequence in

the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag) to "0" (the U flag,
however does not change if the INT instruction, in software interrupt numbers 32 through 63, is executed).

(4) Saves the contents of the temporary register (Note) within the CPU in the stack area.

(5) Saves the contents of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first address of the
interrupt routine.
Note: This register cannot be utilized by the user.
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Interrupt Response Time

'interrupt response time' is the period between when an interrupt occurs and when the first instruction within the
interrupt routine has been executed. This time comprises the period from the occurrence of an interrupt to the comple-
tion of the instruction under execution at that moment (a) and the time required for executing the interrupt sequence (b).
Figure 1.33 shows the interrupt response time.

Interrupt request generated Interrupt request acknowledged

{} {} —» Time
4 /

Instruction in
interrupt routine

/ 7
S (b) -

Instruction Interrupt sequence

Interrupt response time

g

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 1.33. Interrupt response time

Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the DIVX instruction
(without wait).

Time (b) is as shown in Table 1.30 . Figure 1.34 shows the time required for executing the interrupt sequence.

Table 1.30. Time required for executing the interrupt sequence

Interrupt vector address Stack pointer (SP) value 16-bit bus, without wait 8-bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Note 1: Add 2 cycles for DBC interrupt.
Add 1 cycle for either an address match interrupt or a single-chip interrupt.
Note 2: Locate an interrupt vector address in an even address if possible.
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Internal

Address bus X Address 0000 X Indeterminate X SP-2 X SP-4 X vec X vec+2 X PC
Interrupt .

Internal . p Indeterminate SP-2 contents SP-4 contents vec vec +2

Data bus information contents contents

= I
L

=

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

Figure 1.34. Interrupt sequence timing

Returning from an Interrupt Routine

Executing the REIT instruction at the end of an interrupt routine restores the contents of the flag register (FLG) as it was
immediately before the start of the interrupt sequence and the contents of the program counter (PC), both of which were
saved in the stack area. Then control returns to the program that was being executed before the acceptance of the
interrupt request, so that the suspended process resumes.

Return the other registers that were saved by software within the interrupt routine using the POPM instruction or a
similar instruction before executing the REIT instruction.

Interrupt priority

The order of priority when two or more interrupts are generated simultaneously is determined by both hardware and
software.
The interrupt priority levels determined by hardware are:

RESET > NMI > DBC > Watchdog Timer > Peripheral /O > Single step > Address match

The interrupt priority levels determined by software are set in the interrupt control registers.

When two or more interrupts are generated simultaneously, the interrupt with the higher software priority is selected.
However, if the interrupts have the same software priority level, the interrupt is selected according to the hardware
priority set in the circuit.

The selected interrupt is accepted only when the priority level is higher than the processor interrupt priority level (IPL) in
the flag register (FLG) and the interrupt enable flag (I flag) is "1" Note that the reset, NMI, DBC, watchdog timer, single-
step, address-match, BRK instruction, overflow, and undefined instruction interrupts are accepted regardless of the
interrupt enable flag (I flag).

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)

Set the interrupt priority level using the interrupt priority level select bits, which consists of three interrupt control register
bits. When an interrupt request occurs, the interrupt priority level is compared with the IPL of the CPU flag register. The
interrupt is enabled only when the priority level of the interrupt is higher than the IPL. Therefore, setting the interrupt
priority level to "0" disables the interrupt.
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Table 1.31 shows the settings of interrupt priority levels and Table 1.32 shows the interrupt levels enabled, according
to the contents of the IPL.
The following are conditions under which an interrupt is accepted:

sinterrupt enable flag (I flag) = 1

sinterrupt request bit = 1 (set by hardware)

sinterrupt priority level > IPL
The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are independent, and
they are not affected by one another.

Table 1.31. Interrupt priority level settings

Interrupt priority level select bit Interrupt priority level Priority order

%2 ?)1 %o Level O (interrupt disabled)

00 1 Level 1 Low
010 Level 2

011 Level 3

100 Level 4

101 Level 5

110 Level 6 y
111 Level 7 High

Table 1.32. Interrupt levels enabled according to the contents of the IPL

IPL Enabled interrupt priority levels
IPL2 IPL1 IPLO
000 Interrupt levels 1 and above are enabled
0 01 Interrupt levels 2 and above are enabled
010 Interrupt levels 3 and above are enabled
011 Interrupt levels 4 and above are enabled
100 Interrupt levels 5 and above are enabled
10 1 Interrupt levels 6 and above are enabled
110 Interrupt levels 7 and above are enabled
11 1 All maskable interrupts are disabled
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Interrupt resolution circuit

When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest priority.
Figure 1.35 shows the circuit that judges the interrupt priority.

Level O (initial value)

High

‘ Vbus Detect

\ USB Reset

‘ USB Resume

‘ USB Suspend

[ USB EPO

INT1

é\ N7 E

O USB Function

\ USB SOF

\ Timer Ad

\ Timer A3

Timer A2

Priority of peripheral I/O interrupts

O Timer A1 oty
H (if priority levels are same)

§ ‘ Timer AQ

\ DMA3

\ DMA2

\ DMAT

DMAO

‘ UARTO receive/ACK/SSIO receive

‘ UART1 receive/ACK/SSI1 receive

H UART?2 receive/ACK

L UARTS3 receive/ACK

‘ UARTO transmit/NACK/SSIO transmit

UART1 transmit/NACK/SSI1 transmit

| UART?2 transmit/NACK

dl UART3 transmit/NACK

‘ A/D conversion

‘ UARTO0/2 Bus collision, Start/stop condition

‘ UART1/3 Bus collision, Start/stop condition

Key-input interrupt

R R R R R R e R R R S

[ Processor interrupt priorty level (PL) |

l Interrupt enable flag (I flag) - ’ IP;:LI:::
3
‘ Address match < accepted

Watchdog timer ’—

DbBC
N
Reset

Figure 1.35. Interrupt resolution circuit
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Flag changes

When an interrupt request is received, the stack pointer select flag (U flag) changes to "0" and the flag register (FLG) and
program counter (PC) are saved to the stack area indicated by the interrupt stack pointer (ISP). Thereafter, the interrupt
enable flag (I flag) and debug flag (D flag) change to "0" and the processor interrupt priority level (IPL) at the flag register
(FLG) is replaced by the priority level of the received interrupt. However, when interrupt requests are received for
software interrupts 32 to 63, the flag register (FLG) and program counter (PC) are saved to the stack shown by the stack
pointer select flag (U flag) at the time the interrupt was received. The stack pointer select flag (U flag) does not change.
The value of the processor interrupt priority level (IPL) in the flag register (FLG) differs in the case of reset, NMI, DBC,
watchdog timer, single-step, address-match, BRK instruction, overflow, and undefined instruction interrupts. Table
1.34 shows how the IPL changes when interrupt requests are received.

Table 1.34. Change of IPL state when interrupt request are accepted

Interrupt Change of IPL
Reset Level 0(000,),is set
NMI Level 7 (1115),i s set
DBC Does not change
Watchdog timer Level 7 (111,),i s set
Single step Does not change
Address match Doesnot change
Software interrupt Does not change
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INT interrupt

INTO to INTZ2 are triggered by the edges of external inputs. The edge polarity is selected using the polarity select bit in the
interrupt control register (004416, 005E16, 005F16) and the polarity switching bit in the interrupt request cause select
register (035F16).

For an external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge by setting "1"
in the INTI interrupt polarity switching bit of the interrupt request cause select register (035F16). To select one edge, set
the polarity switching bit of the corresponding interrupt request cause select register to "one edge" ("0"), and set the
polarity select bit in the interrupt control register to rising edge or falling edge.

Interrupt request cause select register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | | | | | | Symbol Address When reset
— T IFSR 035F 16 0016
Bit symbol Bit name Function RIW
INTO interrupt polarity 0 : One edge
IFSRO swiching bit 1 : Two edges O; ®)
- INT1 interrupt polarity 0 : One edge ‘
IFSR1 swiching bit 1 : Two edges o0
H INT2 interrupt polarity 0 : One edge :
--------- IFSR2 swiching bit 1: Two edges Oi ©
L] Nothing is assigned. ‘
Write "0" when writing to these bits. The value is indeterminate when read. - ‘ o
5 ________________________ Bus collision interrupt request 0 : UARTO Bus collision ‘
IFSR6 cause select bit 0 1 : UART2 Bus collision ©: 0
E ___________________________ Bus collision interrupt request 0 : UART1 Bus collision
IFSR7 cause select bit 1 1: UARTS3 Bus collision 0o

Figure 1.36 shows the interrupt request cause select register.

NMI Interrupt

An NMI interrupt is generated when the input to the P85/NMI pin changes from "H" to "L". The NMI interrupt is a non-
maskable external interrupt. The pin level can be checked in the Port P85 register (bit 5 at address 03F016). This pin
cannot be used as a normal port input.

Notes: When not intending to use the NMI function, be sure to connect the NMI pin to Vcc. Because the NMI interrupt is
non-maskable, it cannot be disabled.

When the NMI pin input is "L", do not set the microcomputer in stop mode or wait mode. The NMI interrupt is triggered
by the falling edge, so the "L" level does not need to be maintained longer than necessary.

Key-Input Interrupt

A Key input interrupt can be generated by a falling edge, rising edge or both edges input to any Port 10 pin. It can also
be used as a Key-on wake up function for canceling the wait mode or stop mode. Figure 1.37 shows the block diagram
of the Key-input interrupt.

Figure 1.38 shows the Key-input mode register. It is possible to select both edges or the falling edge of the Key input
interrupt for P10 with bits 0 and 1 of this register. This register is also used to enable or disable Port 10 pins that are to
be used for Key-input interrupts. Port 10 can be configured with pull-up resistors using the pull-up control resistor.
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Port P100-P107 pull-up select bit
Pula —(
transistor Port P107 direction register
KIE3
Port P107 direction register —KISO, KIs1
o @— Key input interrupt control register | (address 004116)
P107KKI7 O i
Pull-up
transistor Port P106 direction register
JE— Edge detect }7
P106/Kls O T \—DQ
[ Pull-up )K'EZ
transistor Port P105 direction register 17
_ j Edge detect ] > Interrupt control circuit H Key input interrupt request
P10s/Kls O T : *} j v inp pired
Pull-up Port P104 direction register
transistor
. T " Edge detect '7
P104/Kl4 O \—D
° KIEO
L]
o Pull-up Port P100 direction register
transistor
P100/Klo O i
Figure 1.37. Block diagram of Key-input interrupt
Key-input mode register
b7 b6 b5 b4 b3 b2 b1l b
‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
. KUPM 0126, 00,4
Bit Symbol Bit Name Function RiwW
,,,,, b1 b0
KISO P10 Key-input edge select 0 00 : Falling edge 0: 0
0 1: Rising edge
10 : Two edges oo
KIS1 P10 Key-input edge select 1 11 : Reserved
0 : Disabled oio
KIEO P10, and P10, Key-input enable bit 1 : Enabled
0 : Disabled olo
KIE1 P10, and P10, Key-input enable bit 1: Enabled
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 : Disabled
KIE2 P10, and P10, Key-input enable bit 1: Enabled 0:0
0 : Disabled
KIE3 P10, and P10, Key-input enable bit | 1 : Enabled 0.0

Nothing is assigned. Write "0" when writing to these bits.
The value is "0" if read.

Figure 1.38. Key-input mode register

Enable/Disable

The key-input interrupts can be enabled and disabled in pairs using the Key-input mode register (03F916) and Key-
input interrupt register (004116). The key-input interrupt is affected by the interrupt priority level (IPL) and the interrupt
enable flag (I flag). The input signal edge that triggers the Key-input interrupt can be selected by setting the P10 Key-
input edge select bits (bits 0 and 1 at 03F916). Also, make sure to set the port direction for the enabled Key-input

interrupt pins to input.
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Occurrence timing of the key-input interrupt

With the Key-input interrupt enabled, Port 10 pins that are enabled in the Key-input mode register are set to input mode
and become Key-input interrupt pins (Klo through Kl7). A Key-input interrupt occurs when the selected edge is input to
a Key-input interrupt pin. At this moment, the level of other key-input interrupt pins must be "H" No interrupt occurs when

the level of any other key-input interrupt pins is "L".

Determining a key-input interrupt

A key-input interrupt occurs when the selected edge is input to one of 8 pins, (if they are all enabled in the Key-input
mode register) but each pin has the same vector address. Therefore, read the input level of Port P10 in the key-input

interrupt routine to determine the interrupted pin.

Related registers

Figure 1.39 shows the memory map of key-input interrupt-related registers.

Address
004046
00414¢

03F0;4
03F 144
03F24g
03F3,4
03F44g
03F5,g
03F64g
03F74g
03F84g
03F94
03FAq4
03FBg
03FCyg
03FD;g
03FE+g
03FF 4

Register name

Key input interrupt register

Port 10

Port 10 direction register

Key-input mode register

Pull-up control register 2

Acronym

KUPIC

P10

PD10

KUPM

PUR2

Figure 1.39. Memory map of Key-input interrupt-related registers
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Address-Match Interrupt

An address-match interrupt is generated when the address-match interrupt address register contents match the
program counter value. Two address-match interrupts can be set, each of which can be enabled and disabled by an
address-match interrupt enable bit. The interrupt enable flag (I flag) does not affect address-match interrupts and
processor interrupt priority level (IPL).

Note: When the external data bus width is set to 8 bits, the address match interrupt cannot be used for external areas.
Figure 1.40 shows the address-match interrupt-related registers.

Address match interrupt enable register
b7 D6 DS b4 b3 b2 b1 b0 Symbol Address When reset
AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
beeend AIERQ  |Address matchinterrupt O | o : nterrupt disabled OEO
enable bit 1 : Interrupt enabled
........... AIER1 Address 'match interrupt 1 0 : Interrupt disabled O§O
enable bit 1: Interrupt enabled !
Nothing is assigned. o
Write 0 when writing to these bits. If read, the value is indeterminate.
Address match interrupt registeri (i =0, 1)
(b23) (b19) (b16)(b15) (b8) Symbol Address When reset
o e 20, b7 b0 b7 2 RMADO  001216to 001016 X0000016
| | | RMAD1 001616 to 001416 X0000016
: Function Values that can be set |R W
e Address setting register for address match interrupt 0000016 to FFFFF16  [O:O
Nothing is assigned.
Write 0 when writing to these bits. If read, the value is indeterminate. i

Figure 1.40. Address-match interrupt-related register Interrupt precautions

Precautions

Reading address 0000016

When maskable interrupt occurs, the CPU reads the interrupt information (the interrupt number and interrupt request
level) in the interrupt sequence. The interrupt request bit of the interrupt written in address 0000016 will then be set to "0".
Do not read address 0000016 by software. Reading address 0000016 by software sets enabled highest priority inter-
rupt source request bit to "0". Though the interrupt is generated, the interrupt routine may not be executed.

Setting the stack pointer

The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt before setting a
value in the stack pointer may cause program runaway. Be sure to set a value in the stack pointer before accepting an
interrupt.

When using the NMI interrupt, initialize the stack pointer at the beginning of a program. Generating any interrupts
including the NMI interrupt is prohibited for the first instruction immediately after reset.
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The NMlinterrupt

The NMI interrupt can not be disabled. Be sure to connect NMI pin to Vcc with a pull-up resistor if unused. Do not go into
stop mode when the NMI pin set to "L".

The NMI pin also serves as P8s, which is exclusively an input. Reading the contents of the P8 register allows the pin
value to be read. Reading this pin is only to be used for establishing the pin level when the NMI interrupt is input.

Do not reset the CPU with the input to the NMI pin in the "L" state.

Do not attempt to go into stop mode when the input to the NMI pin is in "L" state. When the input to the NMl is in "L" state,
CM10 is fixed to "0" thereby refusing to go into stop mode.

Do not attempt to go into wait mode when the input to the NMI pin is in "L" state. When the input to the NMI pin is in"L"
state, the CPU stops but the oscillation does not. This action does not save power. When this occurs, the CPU is
returned to the normal state by a later interrupt.

Signals input to the NMI pin require an "L" level of (2 clocks + 300nS) or more from the operation clock of the CPU.

External interrupt

Either an "H" or "L" level of at least 250 ns width is necessary for the signal input to pins INTO to INT2 regardless of the
CPU operation clock.

When the polarity of the INTO to INT2 pins is changed, the interrupt request bit is sometimes set to "1". After changing
the polarity, reset the interrupt request bit to "0". Figure 1.41 shows the procedure for changing the INT interrupt generate
factor.

Clear the interrupt enable flag to "0"
(Disable interrupt)

Set the interrupt priority level to level 0
(Disable INT interrupt)

Set the polarity select bit

Clear the interrupt request bit to "0"

Set the interrupt priority level 1 to 7
(Enable the INT interrupt requests)

aYaralave

U U

Set the interrupt enable flag to "1"
(Enable interrupt)

Note: Execute the settings individually. Do not execute two or more settings simultaneously.

Figure 1.41. Switching condition of INT interrupt request
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Clearing the Interrupt request bit

Even when the IR bit (bit 3 of the interrupt control register) is cleared to "0" (interrupt not requested), it may not actually
get cleared to "0" depending on the instruction used to clear it. Therefore, use the MOV instruction to clear the IR bit.
Rewriting the interrupt control register

Rewrite the interrupt control register so that it does not generate an interrupt request for that register. If an interrupt
request occurs, rewrite the interrupt control register after the interrupt is disabled. Some program examples are de-
scribed below.

When an instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the interrupt request
bit is not always set even if the interrupt request for that register has been generated. This will depend on the instruction.
If this creates problems, use the instructions below to change the register.

Instructions: AND, OR, BCLR, BSET

Examples 1 through 3 show how to prevent the | flag from being set to "1" (interrupts enabled) before the interrupt control
register is rewritting, due to the effects of the internal bus and the instruction queue buffer.

Example 1:
INT_SWITCH1:
FCLR | :Disable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.
NOP ;Four NOP instructions are required when using the HOLD function.
NOP
FSET ;Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | :Disable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ;Dummy read.
FSET | ;Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ;Push Flag register onto stack
FCLR | ;Diable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.*
POPC FLG ;Enable interrupts.

The reason why two NOP instructions (four using the HOLD function) or adummy read is inserted before "FSET I" in
Examples 1 and 2, is to prevent the interrupt enable flag | from being set before the interrupt control register is
rewritten due to the effects of the instruction queue.
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Watchdog Timer

The watchdog timer can detect a runaway program. It is a 15-bit counter that decrements using the clock derived
from dividing the BCLK by the prescaler. A watchdog timer interrupt is generated when an underflow occurs in the
watchdog timer. The watchdog timer interrupt is a non-maskable interrupt.

When XIN is selected for BCLK, bit 7 (WDC7) of the watchdog timer control register (address 000F16) selects the
prescaler divide ratio to be either 16 or 128. When XcIN is selected for BCLK, the prescaler divide ratio is set to 2
regardless of WDC7. The watchdog timer cycle can be calculated as follows:

When XIN chosen for BCLK:

Watchdog timer period = prescaler dividing ratio (16 or 128) X Watchdog timer count (32768)
BCLK

When XcIN chosen for BCLK:

Watchdog timer period = prescaler dividing ratio (2) X Watchdog timer count (32768)

BCLK
Example:
When BCLK is 12 MHz and the prescaler divide ratio is set to 16, the monitor timer cycle is approximately 43.69 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16), and when a
watchdog timer interrupt request is generated.

The prescaler is initialized only when the microcomputer is reset. After a reset, the watchdog timer and prescaler
are both stopped. The count is started by writing to the watchdog timer start register (address 000E16).

The watchdog timer and the prescaler stop in stop mode, wait mode, and hold state. After exiting these modes,
counting starts from the remaining value. Figure 1.42 shows the block diagram of the watchdog timer. Figure 1.43
shows the watchdog timer-related registers.
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Prescaler
BCLK E Watchdog timer p Watchdog timer
HOLD : ' interrupt request
: s A
Coo]iemor =1
= 12 = o)
Write to the watchdog timer
start register
(address 000E 16) %eé;?:mu
RESET © O[> D
Figure 1.42. Block diagram of Watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
1009 | [ . WDC 000F16  00OXXXXX2
oo Bit symbol Bit name Function RIW
High-order bit of Watchdog timer OI1X
. !
' [ [ |
R RRRGRRCEESEEIEEEES Reserved bit Must always be set to "0" 00
H L
] ) 0 : Divided by 16 1
wbDC7 Prescaler select bit 1 : Divided by 128 0,0
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
Function R W
The W atchdog timer is initialized and starts counting after the first write instruction |
e to this register after reset. Writing any value to this register resets the counter to xl O
7FFF16. !

Figure 1.43. Watchdog

timer control and start registers
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Universal Serial Bus

Features
» USB Specification Revision 2.0 compliant
* Support of full-speed operation (12 Mbps)

* Support of all USB transfer types: ..........ccvveeeenne Isochronous
................................................................. Bulk
................................................................. Control
................................................................. Interrupt

* Built-in 3.25 Kbyte FIFO as endpoint buffer: ......... Endpoint 0: IN/OUT 128-byte/128-byte

................................................................. Endpoint 1: IN/OUT Programmable
................................................................. Endpoint 2: IN/OUT Programmable
................................................................. Endpoint 3: IN/OUT Programmable
................................................................. Endpoint4: IN/OUT Programmable
* 9 endpoints - control endpoint (EPO - bidirectional) plus four IN and four OUT endpoints
« Control endpoint (EPO) continuous transfer mode
» Programmability of transfer type and buffer size for 8 of the 9 endpoints (EP1 - EP4 IN & OUT)
o Transfer type: ... Bulk, Isochronous or Interrupt
Single or double buffer selectable
e BUffer Size:...ccvvvviviiie e, Maximum 1K bytes
When in double buffer mode, effective maximum buffer size up to 2 x 1K bytes
* Bulk endpoints continuous transfer mode
» SOF output and interrupt generation with artificial SOF capability (in the event of corrupt SOF packet)
* 8- or 16-bit CPU access to the FIFO and registers

USB Interrupts

There are six USB interrupts in this device:
» EPO Interrupt (multiple-trigger events)

» USB Function Interrupt (multiple sources)
* USB Reset Interrupt

* USB Resume Interrupt

* USB Suspend Interrupt

» USB Start-of-Frame (SOF) Interrupt

The first five interrupts are used to control the data flow and USB power consumption. The SOF interrupt is
used to monitor the transfer of isochronous (ISO) data. Setting the corresponding bit in the Interrupt Control
Register for each interrupt enables each of the six USB interrupts.
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The USB Function Interrupt has multiple interrupt sources that can be enabled within the USB Function Interrupt Enable
Register (USBIE).

EPO Interrupt
The EPO interrupt is generated when one of the following events occur:
« A data set is successfully received
* A data set is successfully sent
*« EPOCSR3 (DATA_END) flag is cleared. This event is maskable and the default is masked.
« A control transfer ends prematurely (i.e., the USB FCU sets the SETUP_END bit).
USB Function Interrupt
The USB Function interrupt can be triggered by:
* The interrupts from eight endpoints (EP1-EP4 IN/OUT). The interrupts indicate if a data set was either sent or received.
« A data flow error from any of the nine endpoints (including EPO)
* The enabling of any IN endpoint (EP1-EP4 IN).
* The corruption of the final ACK of a Control Read transfer's Data Stage.
Each endpoint interrupt is enabled by setting the corresponding bit in the USB Interrupt Enable register (USBIE).
Interrupt status flags associated with each source are contained in USB Interrupt Status register (USBIS).

USB Reset Interrupt

A USB Reset Interrupt is generated when the USB Function Control Unit (USB FCU) sees a SEO present on D+/D- for
at least 2.5us. When a reset signal is detected by the USB FCU, an internal reset pulse is also generated to reset all
USB internal registers to the default values.

When the CPU recognizes a USB Reset Interrupt, it re-initializes the USB FCU to ensure that the USB operation
functions properly.

The USB Reset Interrupt Control register (RSTIC) contains the USB Reset Interrupt request bit and interrupt priority
select bits used to enable the interrupt and set the software priority level.

USB Resume Interrupt

A USB Resume Interrupt is generated when the USB FCU is in the suspend state and detects non-idle signaling on
the D+/D-.

The USB Resume Interrupt Control register (RSMIC) contains the USB Resume Interrupt request bit and interrupt
priority select bits used to enable the interrupt and set its software priority level.

USB SOF Interrupt

The USB SOF (Start-Of-Frame) Interrupt is used to control the transfer of isochronous data. The USB FCU generates
a USB SOF Interrupt request when a start-of-frame packet is received.

Because the start-of-frame packet could be corrupted, a new frame might start without successful reception of the
SOF packet. For this reason, an artificial SOF is provided. The frame timer signals a time out when a SOF packet is
not received within the allotted time. The device generates an SOF interrupt once every frame. Setting bit 2 of the
USB ISO Control Register to a "1" enables the artificial SOF function.

Register SOFIC contains the USB SOF Interrupt’s request bit and interrupt priority select bits that are used to enable
the interrupt and set its software priority level.
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USB Suspend Interrupt

A USB Suspend Interrupt is generated when the USB FCU does not detect any bus activity on D+/D- (in J-state) for at
least 3ms.

The USB Suspend Interrupt Control register (SUSPIC) contains the USB Suspend Interrupt request bit and interrupt
priority select bits that are used to enable the interrupt and set its software priority level.

USBEndpoint FIFOs

The USB FCU has a built-in 3.25 K bytes FIFO as an endpoint buffer. The EPO (control endpoint) FIFO occupies
a fixed location (from 3K - 3.25K) with fixed buffer sizes (128 bytes each) for its IN and OUT data transfers. The other
8 endpoints (EP1 to EP4 IN and OUT) share a 3K bytes buffer. Each endpoint’s FIFO size and starting location (64
bytes) are programmable by the user. The sum of the 8 endpoint FIFOs can not exceed 3K bytes (3072 bytes).

Note: Throughout the USB Block specification, "data packet" is generally used when continuous mode is disabled;
"data set" (one or more data packets) is generally used when continuous mode is enabled. If a description applies
for both noncontinuous mode and continuous mode, "data set" is used.

Throughout the whole USB Block Specification, "FIFO" and "Buffer" are generally interchangeable terms.

EPOFIFO Operation

The CPU writes data to the EPO IN FIFO Data Register. The write pointer automatically increments by 2 in word
accessing mode or by 1 in byte accessing mode after a write. The CPU must only write data to the EPO IN FIFO Data
Register and "1" to the SET_IN_BUF_RDY bit of the EPO CSR when the IN_BUF_RDY flag is a "0". When a NULL packet
is required to complete a control read request, the CPU must write "1" to the SET_IN_BUF_RDY bit of EPO_CSR
without writing data to the EPO IN FIFO Data Register.

Continuous transfer modes are available for EPO Control Transfers.

EPO IN FIFO with control read continuous transfer mode disabled

The CPU writes "1" to the SET_IN_BUF_RDY bit of the EPO CSR after the CPU finishes writing a data packet to the FIFO,
this updates the IN_BUF_RDY flag to "1". The USB FCU updates the IN_BUF_RDY flag to "0" after the packet has been
successfully transmitted to the host.

EPO IN FIFO with control read continuous transfer mode enabled

The CPU writes "1" to the SET_IN_BUF_RDY bit of the EPO CSR after the CPU finishes writing a data set (up to 128 bytes)
to the FIFO. This updates the IN_BUF_RDY flag to "1". The USB FCU sends out data packets equal to the EPO MAXP size
one at a time, except for the last packet if the data set in the FIFO is not a multiple of EPO MAXP. In this case the USB FCU
sends a short packet. The USB FCU updates the IN_BUF_RDY flag to "0" after the data set has been successfully transmitted
to the host.

The CPU reads data from EPO OUT FIFO Data Register. The read pointer automatically increments by 2 in word
accessing mode or by 1 in byte accessing mode after a read. The CPU must only read data from the EPO OUT FIFO
when the OUT_BUF_RDY flag of the EPO_CSR is "1".

When a SETUP packet is received, an EPO interrupt is generated (both OUT_BUF_RDY and SETUP flags are set)
regardless of the continuous transfer mode bit setting.

EPO OUT FIFO with control write continuous transfer mode disabled

The USB FCU updates the OUT_BUF_RDY flag to "1" after it has successfully received a data packet from the host. The
CPU writes "1" to CLR_OUT_BUF_RDY after the data packet has been unloaded from the FIFO by the CPU (updates the
OUT_BUF_RDY flag to a "0").
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EPO OUT FIFO with control write continuous transfer mode enabled
The USB FCU updates the OUT_BUF_RDY flag to "1" after:
« It has successfully received a data set equal to 128 bytes or a short packet from the host
OR
« A control write status phase has started but there are pending OUT data packets in the buffer.

The CPU writes "1" to CLR_OUT_BUF_RDY after the data set has been unloaded from the FIFO by the CPU (updates
the OUT_BUF_RDY flag to "0").

Special note when using continuous transfer mode in control read request

In continuous transfer mode, the CPU can write multiple data packets to the data buffer before setting the
SET_IN_BUF_RDY to "1". The CPU must write the last data packet separately to the data buffer and sets the
SET_DATA_END bit. For example, if the buffer size=128 bytes, MAXP= 8 bytes, and the CPU sends 64 bytes of data to
the host, the CPU does the following:

» Writes 7x8=56 bytes to the buffer;

« Sets SET_IN_BUF_RDY=1;

« After the 7 packets are successfully sent to host, the IN_BUF_RDY flag changes from "1" to "0";
» Writes the last 8 bytes of data to the buffer;

e Sets SET_IN_BUF_RDY="1"and SET_DATA_END to "1";

The CPU should not write all 64 bytes of data, and set the SET_IN_BUF_RDY and SET_DATA_END bits to "1" at the
same time.

Special note when using continuous transfer mode in control write request

Because the buffer can hold multiple data packets before generating an interrupt, two special cases should be taken
into consideration:

1. The SETUP_END flag usually indicates a premature completion of a control transfer. However, if the data field of a
control write is a multiple of MAXP but not a multiple of the buffer size, the SETUP_END flag may be set without causing
a premature completion of transfer. For example, if MAXP =8, buffer size = 128, wLength = 192 (a multiple of MAXP but
not the buffer size), the following occurs in continuous mode:

After receiving 16 8-byte packets, (128 bytes) from the host, an EPO interrupt is generated to indicate to the CPU that data
unloading can start.

When the host completes sending the remainder of the data field (eight 8-byte packets) an EPO interrupt is not gener-
ated because the buffer is not full and there is no short packet.

When the status phase starts (the host sends an IN token), OUT_BUF_RDY and SETUP_END are set. The
SETUP_END is set because the CPU is unaware of the end of the data phase, thus DATA_END is not set. Whenever
DATA_END is not set and the status stage starts, the protocol state machine will treat it as a premature completion
(data field is less than wLength) and sets the SETUP_END bit.

It is the users responsibility to determine the difference between a premature completion and a normal completion
(data field equals the wLength) when the CPU acknowledges a SETUP_END flag in continuous mode.

2. The device usually returns a stall handshake when the host sends more data than specified in the wLength field.
However, if a host sends more data than specified in wLength in the middle of a continuous transfer burst, the USB FCU
returns ACK to every packet it receives if there are no errors. In this case, when the firmware detects this kind of protocol
error, it must set CLR_OUT_PKT_RDY to "1" and set SEND_STALL to "1" so that the USB FCU returns STALL in the
subsequent data or status phase. For example, if MAXP = 8, buffer size = 128, wLength = 26, the following may occur:
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CASE 1: The host sends three 8-byte packets and one 2-byte packet. When the core receives the last 2-byte packet, the
OUT_BUF_RDY flag is set (because of a short packet) indicating the CPU can unload the data. At the end of unloading,
the CPU should clear the OUT_BUF_RDY flag and set the DATA_END. If the host sends more data after this point, the
core returns STALL automatically.

CASE 2: The host sends 6 8-byte packets (anything greater than 3 for this example) and one 2-byte packet (host may
erroneously send 50 bytes instead of 26). The host ACKs each received packet however, it does not automatically return
a STALL because the DATA_END flag is not set when the excessive packets are received. When the CPU retrieves the
data and detects that the data field is greater than the wLength, it sets the SEND_STALL bit for the core to return STALL.

EP1-4 IN (Transmit) FIFO Operation

The CPU writes data to the endpoint's FIFO Data Register. The write pointer automatically increments by 2 in word
accessing mode or increments by 1 in byte accessing mode after a write. The CPU must only write data to the FIFO
Data Register when the IN_BUF_STS1 flag of the corresponding EPx IN CSR is "0". The IN_BUF_STS0 & IN_BUF_STS1
flags are both "1" after a hardware reset or a USB reset, and become "0" when the corresponding endpoint is first
enabled (Endpoints 1-4 IN & OUT are disabled at reset).

The user can program the buffer size and starting location of each IN Endpoint. Users can assign a buffer size up to
1024 bytes in units of 64 bytes to an endpoint. If double buffer mode is selected, the effective buffer size is 2 x buffer
size specified.

Continuous transfer mode is available for IN EP1-4 for Bulk Transfers only. When the continuous transfer mode is
enabled, it is the user’s responsibility to ensure the buffer size is a multiple of the MAXP value.

AUTO_SET function is available for IN EP1-4 for both noncontinuous and continuous modes. When this function is
enabled, if a short packet or a less than buffer size data set is to be transmitted to the host, the CPU must write a "1"
to the SET_IN_BUF_RDY bit to signify the packet (data set) is ready to send.

AUTO_SET and continuous transfer mode are disabled:

Single Buffer Mode:

The CPU writes a "1" to the SET_IN_BUF_RDY bit of the corresponding EPx IN CSR after the CPU finishes writing a data
packet to the buffer (updates the IN_BUF_STS1 & IN_BUF_STSO flags from 002 to 112). The USB FCU updates the
buffer status flags from 112 to 002 after the data packet has been successfully transmitted to the host.

Double Buffer Mode:

The CPU writes "1" to the SET_IN_BUF_RDY bit of the corresponding EPx IN CSR after the CPU finishes writing a data
packet to the buffer (updates the IN_BUF_STS1 & IN_BUF_STSO flags).

« If the buffer is immediately available to accept another data packet, the buffer status flags transition from 002 to 012.
« If the buffer is not available to accept another data packet, the buffer status flags transition from 012 to 112.
The USB FCU updates the buffers status flags after a data packet has been successfully transmitted to the host.
« If the buffer has one more data packet in it, the buffer status flags transition from 112 to 012.
« If the buffer has no more data packet in it, the buffer status flags transition from 012 to 002.
AUTO_SET is disabled and continuous transfer mode enabled:

Single Buffer Mode:

The CPU writes a "1" to the SET_IN_BUF_RDY bit of the corresponding EPx IN CSR after the CPU finishes writing a
data set up to its buffer size to the buffer (updates the IN_BUF_STS1 & IN_BUF_STSO flags from 002 to 112). The
USB FCU sends out data packets equal to the MAXP size one at a time, except for the last packet, if the data set in
the buffer is not a multiple of the MAXP, the USB FCU sends a short packet.

The USB FCU updates the buffer status flags from 112 to 002 after the data set has been successfully transmitted to
the host.
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Double Buffer Mode:

The CPU writes a "1" to the SET_IN_BUF_RDY bit of the corresponding EPx IN CSR after the CPU finishes writing a data
set up to its buffer size to the buffer (updates the IN_BUF_STS1 & IN_BUF_STSO flags). The USB FCU sends out data

packets equal to the MAXP size one at a time, except for the last packet if the data in the buffer is not a multiple of the
MAXP, the USB FCU sends a short packet.

« If the buffer is immediately available to accept another data set, the buffer status flags transition from 002 to 012.
« If the buffer is not available to accept another data set, the buffer status flags transition from 012 to 112.

The USB FCU updates the buffers status flags after a data set has been successfully transmitted to the host.

« If the buffer has one more data set in it, the buffer status flags transition from 112 to 012.

« If the buffer has no more data set in it, the buffer status flags transition from 012 to 002.
AUTO_SET is enabled and continuous transfer mode disabled:
Single Buffer Mode:

After the CPU writes a data packet equal to the MAXP size to the buffer, the USB FCU updates the corresponding EPx
IN CSR’s IN_BUF_STS1 & IN_BUF_STSO flags from 002 to 112 automatically without the CPU writing "1" to the

SET_IN_BUF_RDY bit. The USB FCU updates the buffer status flags from 112 to 002 after the data packet has been
successfully transmitted to the host.

If the data packet is less than the MAXP size, the CPU must write "1" to the SET_IN_BUF_RDY bit to signify the data
packet is ready to send.

Double Buffer Mode:

After the CPU writes a data packet equal to its MAXP size to the buffer, the USB FCU updates the corresponding EPx
IN CSR’s IN_BUF_STS1 & IN_BUF_STSO flags.

« If the buffer is immediately available to accept another data packet, the buffer status flags transition from 002 to 012.
« If the buffer is not available to accept another data packet, the buffer status flags transition from 012 to 112.

The USB FCU updates the buffers status flags after a data packet has been successfully transmitted to the host.

« If the buffer has one more data packet in it, the buffer status flags transition from 112 to 012.

« If the buffer has no more data packet in it, the buffer status flags transition from 012 to 002.

« If the data packet is less than the MAXP size, the CPU must write "1" to the SET_IN_BUF_RDY bit to signify the data
packet is ready to send.

AUTO_SET and continuous transfer mode are enabled:
Single Buffer Mode:

After the CPU writes a data set equal to the buffer size to the buffer, the USB FCU updates the corresponding EPx IN
CSR's IN_BUF_STS1 & IN_BUF_STSO flags from 002 to 112 automatically without the CPU writing "1" to the
SET_IN_BUF_RDY bit. The USB FCU sends out data packets equal to the MAXP size one at a time, except for the last
packet if the data set in the buffer is not a multiple of its MAXP, the USB FCU sends a short packet. The USB FCU
updates the buffer status flags from 112 to 002 after the data set has been successfully transmitted to the host.

If the data set is less than the buffer size, the CPU must write “1” to the SET_IN_BUF_RDY bit to signify the data set is
ready to send.
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Double Buffer Mode:

After the CPU writes a data set equal to its buffer size to the buffer, the USB FCU updates the IN_BUF_STS1 &
IN_BUF_STSO flags.

« If the buffer is immediately available to accept another data set, the buffer status flags transition from 002 to 012.
« If the buffer is not available to accept another data set, the buffer status flags transition from 012 to 112.

The USB FCU sends out data packets equal to the MAXP size one at a time, except for the last packet.

« If the data in the buffer is not a multiple of the MAXP, the USB FCU sends a short packet.

The USB FCU updates the buffers status flags after a data set has been successfully transmitted to the host.

« If the buffer has one more data set in it, the buffer status flags transition from 112 to 012.

« If the buffer has no more data set in it, the buffer status flags transition from 012 to 002.

« If the data set is less than the buffer size, the CPU must write "1" to the SET_IN_BUF_RDY bhit to signify the data set
is ready to send.

INEndpoint FIFOFlush

A software or a hardware flush causes the USB FCU to act (in both continuous and noncontinuous transfer modes)
as if a data set has been successfully transmitted out to the host. When there is one data set in the buffer, a flush
causes the buffer to be empty. When there are two data sets in the buffer, a flush causes the older data set to be
flushed out from the buffer. A flush also updates the buffer status flags of the corresponding EPx IN CSR.

The Endpoint 1-4 IN buffer status can be obtained from the two status bits of the EPx IN CSR of the corresponding
endpoint as shown in Table 1.35.

Table 1.35. Endpoint 1-4 IN buffer status

IN_BUF_STS1 IN_BUF_STS0 Buffer Status

0 0 No data set in the IN buffer
Single buffer mode: N/A

° 1 Double buffer mode: One data set in the IN Buffer
Single buffer mode: N/A

1 ° Double buffer mode: N/A
Single buffer mode: One data set in the IN buffer

1 1 Double buffer mode: Two data sets in the IN buffer
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EP1-4 OUT (Receive) FIFOs

The CPU reads data from the endpoint’s FIFO Data Register. The read pointer automatically increments by 2 in word
accessing mode or by 1 in byte accessing mode after a read. The CPU must only read data from the FIFO Data Register
when the OUT_BUF_STS1 flag of the corresponding EPx OUT CSR is a "1".
The user can program each OUT endpoint’s buffer size and starting location, and assign a buffer size up to 1024
bytes in units of 64 bytes to an endpoint. If double buffer mode is selected, the effective buffer size is 2 x buffer size
specified.
Continuous transfer mode is available for OUT EP1-4 bulk transfers only. When the continuous transfer mode is enabled,
the user is responsible for ensuring that the buffer size is a multiple of the MAXP value. Also, the user must ensure
that the last data set from the host either contains a short packet or is equal to the buffer size, otherwise there is no
interrupt or status that will signify that the last data set was received.
AUTO_CLR function is available for OUT EP1-4.

AUTO_CLR and continuous transfer mode are disabled:
Single Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags from 002 to 112
after it has successfully received a data packet from the host.

The CPU writes "1" to the CLR_OUT_BUF_RDY bit after the data packet has been unloaded from the buffer by the CPU
(updates the OUT_BUF_STS1 & OUT_BUF_STSO flags from 112 to 002).

Double Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR's OUT_BUF_STS1 & OUT_BUF_STSO flags after it has
successfully received a data packet from the host.

« If the buffer has only one data packet, the buffer status flags transition from 002 to 102.
« If the buffer has two data packets, the buffer status flags transition from 102 to 112.

The CPU writes "1" to the CLR_OUT_BUF_RDY bit after a data packet has been unloaded from the buffer by the
CPU (updates the OUT_BUF_STS1 & OUT_BUF_STSO flags).

« If the buffer has one more data packet in it, the buffer status flags transition from 112 to 102.

« If the buffer has no more data packet in it, the buffer status flags transition from 102 to 002.
AUTO_CLRis disabled and continuous transfer mode enabled:

Single Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags from 002 to
112 after it has successfully received from the host a data set equal to the buffer size, or a short packet.

The CPU writes "1" to the CLR_OUT_BUF_RDY bit after the data set has been unloaded from the buffer by the CPU
(updates the OUT_BUF_STS1 & OUT_BUF_STSO flags from 112 to 002 ).

Double Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags after it has
successfully received a data set equal to its buffer size or a short packet from the host..

« If the buffer has only one data set, the buffer status flags transition from 002 to 102 .

« If the buffer has two data sets, the buffer status flags transition from 102 to 112.
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The CPU writes a "1" to the CLR_OUT_BUF_RDY bit after a data set has been unloaded from the buffer by the CPU
(updates the OUT_BUF_STS1 & OUT_BUF_STSO flags).

« If the buffer has one more data set in it, the buffer status flags transition from 112to 102.

« If the buffer has no more data set in it, the buffer status flags transition from 102 to 002 .
AUTO_CLR s enabled and continuous transfer mode disabled:

Single Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags from 002 to
112 after it has successfully received a data packet from the host.

The USB FCU updates the OUT_BUF_STS1 & OUT_BUF_STSO flags from 112 to 002 automatically when the data
packet has been unloaded from the buffer by the CPU without the CPU writing a "1" to the CLR_OUT_BUF_RDY bit.

Double Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags after it has
successfully received a data packet from the host.

« If the buffer has only one data packet, the buffer status flags transition from 002 to 102 .
« If the buffer has two data packets, the buffer status flags transition from 102to 112.

The USB FCU updates the OUT_BUF_STS1 & OUT_BUF_STSO flags automatically when a data packet has been
unloaded from the buffer by the CPU without the CPU writing a "1" to the CLR_OUT_BUF_RDY bit.

« If the buffer has one more data packet in it, the buffer status flags transition from 112to 102.
AUTO_CLR s enable and continuous transfer mode enabled:
Single Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags from 002 to
112 after it has successfully received a data set equal to its buffer size or a short packet from the host.

The USB FCU updates the OUT_BUF_STS1 & OUT_BUF_STSO flags from 112 to 002 automatically when the data
set has been unloaded from the buffer by the CPU without the CPU writing a "1" to the CLR_OUT_BUF_RDY bit.

Double Buffer Mode:

The USB FCU updates the corresponding EPx OUT CSR’s OUT_BUF_STS1 & OUT_BUF_STSO flags after it has
successfully received a data set equal to its buffer size or a short packet from the host.

« If the buffer has only one data set, the buffer status flags transition from 002 to 102.
« If the buffer has two data sets, the buffer status flags transition from 102 to 112.

The USB FCU updates the OUT_BUF_STS1 & OUT_BUF_STSO0 flags automatically when a data set has been unloaded
from the buffer by the CPU without the CPU writing a "1" to the CLR_OUT_BUF_RDY hit.

« If the buffer has one more data set in it, the buffer status flags transition from 112 to 102.

« If the buffer has no more data set in it, the buffer status flags transition from 102 to 002.
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OUTEndpoint FIFOFlush

A software flush causes the USB FCU to act as if a data set has been unloaded from the buffer. The user must only
set the flush bit when OUT_BUF_STS1 = 1, which indicates that one or two data sets have been received. When
there is one data set in the buffer, a flush causes the buffer to empty. When there are two data sets in the buffer, a
flush causes the older data set to be flushed out from the buffer. A flush also updates the buffer status flags of the
corresponding EPx OUT CSR.

The status of Endpoint 1-4 OUT buffers can be obtained from the two status bits of the EPx OUT CSR of the corre-
sponding endpoint as shown in Table 1.36.

Table 1.36. Endpoints 1-4 OUT buffer status

OUT_BUF_STS1 OUT_BUF_STSO0 Buffer Status

0 0 No data set in the OUT buffer
Single buffer mode: N/A

° 1 Double buffer mode: N/A
Single buffer mode: N/A

1 ° Double buffer mode: One data set in the OUT buffer
Single buffer mode: One data set in the OUT buffer

1 1 Double buffer mode: Two data sets in the OUT buffer

Interrupt Endpoints

Any endpoint can be used for interrupt transfers. For normal interrupt transfers, the interrupt transactions behave the
same as bulk transactions, i.e., no special setting is required.

The IN endpoints may be used to communicate rate feedback information for certain types of isochronous functions.
Setting the INTPT bit in the IN CSR register of the corresponding IN CSR enables this function. When the INTPT bit is
set, the data toggle bit changes after each packet is sent regardless of the presence or type of handshake that is
returned from the host.

The operation sequence for an IN endpoint used to communicate rate feedback information is listed in the following
steps.

1. Set single buffer mode for the endpoint in use;

2. Set INTPT bit of the IN CSR;

3. Load interrupt status information and set SET_IN_BUF_RDY bit in the IN CSR;
4. Repeat step 3 for all subsequent interrupt status updates.

When an interrupt endpoint is used for rate feedback, the device always has data to send back to the host, even if the
data conveys that everything is ‘fine’. Therefore, the device never NAKs an IN token from the host. The device always
sends out the data in the FIFO in response to an IN token regardless of the IN buffer status bits.
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USB Special Function Registers

The MCU controls USB operation through the use of special function registers. Some USB-related special function
registers have a mix of read/write, read only, and write only register bits. Additionally, the bits may be configured to
allow the user to write only "0" or "1" to individual bits.

» When accessing these registers, writing "0" to a register that can only be set to "1" by the CPU has no effect on that
register bit.

» Writing "1" to a register that can only be set to "0" by the CPU has no effect on that register bit.

All USB SFRs, with the exceptions of Endpoint FIFO data registers, USBAD, and USBC can be accessed by word or
by byte at an even or odd address. Endpoint FIFO Data Registers can be accessed by either word or by byte at even
addresses only.

The contents of all USB Special Functions Registers, including USB Attach/Detach and USB Control, are preserved
after a software reset.

USB Attach/Detach Register

The USB Attach / Detach Register is shown in Figure 1.44. The register is used to attach and detach the USB
function from a USB host without physically disconnecting the USB cable. This functionality is enabled by setting
P90_SECOND to a "1". Doing this forces P90 to operate as a pull-up for D+ (through an external 1.5k chm resistor).
The port driver is tri-stated and a "1" is always read from the port bit in this mode. When the ATTACH/DETACH bit is a
"1" (and P90o_SECOND is a "1"), P9o is driven with the voltage on UVcc, causing D+ to be pulled up and the host to
detect an attach. When the ATTACH/DETACH bit is a "0" (and P9o_SECOND is a "1"), P9o is tri-stated, causing D+ to
be pulled down (through the cable and 15k ohm resistor on the host/hub side) and a detach to be registered by the
host. A 1.5k ohm pull-up resistor must be connected externally from P90 to D+ when this functionality is used. When
it is not used, the 1.5k ohm resistor should be placed between UVcc and D+.

See "Vbus Detect" for information on the vbus detect enable bit.

USB Attach/Detach Register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| [o]ofoofo] [ | Usean 001F 0036
: Bit symbol Bit name Function R W
0: Normal mode for Port 90 :
P9o-second | Port 9o-Second 1: Forces Port 9o to operate as pull up for D+. 0:0
: Attach/ 0. Tri-states, P9ocausing the host to detect a detach
RCEEEE Detach Attach/Detach 1: Drives P9o with voltage on UVcc, causing the host :
to detect an attach 0.0
AR R AR A Reserved Must always be set to "0" oXe)
: 0: Disabled .
........................... VBDT Vbus detect enable 1 Enabled OEO
Figure 1.44. USB Attach/Detach register (USBAD)
Rev.2.00 Oct 16,2006 page 80 of 264 RENESAS

REJ03B0005-0200



M30245 Group Universal Serial Bus

USB Control Register

The USB Control Register, shown in Figure 1.45, is used to control the USB FCU. This register is not reset by USB reset
signaling. After the USB is enabled (USBC?7 set to "1"), a minimum delay of 250ns (three 12 MHz clock periods) is
needed before performing any other USB register read/write operations.

*«USBC5 (USB Clock Enable):

The USB clock enable bit is used to enable or disable the USB clock (fUSB). This clock is derived from the Frequency
Synthesizer and is required for USB operation.

* USBC6 (SOF port select):

The SOF port select bit enables or disables outputting a SOF signal on the P92/SOF pin. When this bit is set to "1", an
active low pulse is output each time a start of frame packet is detected on the USB. The output pulse width is 166ns (two
12MHz USB clock cycles).

*«USBC7 (USB Enable):

The USB enable bit is used to enable or disable the USB block. Make sure the USB clock is enabled before setting this
bit to "1".

USB Control register

b7 b6 b5 b4 b3 b2 bl b
‘ ‘ ‘ ‘ 0‘ 0 ‘ O‘ 0‘ 0 ‘ Symbol Address When reset
usBc 000C,, 00,,

Bit Symbol Bit Name Function RiW
Reserved Must always be set to "0" 0:0

USBC5 USB clock enable bit 0 : Disable
————————————————————————————————————— o{o

1: Enable

USBC6 USB SOF port select bit 0 : Disable (Note 1)

[BNe]

1: Enable
USBC7 USB enable bit 0 : Disable (Note 2) oio

1: Enable

Note 1: P9, is used as GPI/O pin.
Note 2: All USB internal registers are held at their default values.

Figure 1.45. USB Control register (USBC)
USB Function Address Register

The USB Function Address Register, shown in Figure 1.46, maintains the 7-bit USB address assigned by the host. The
USB FCU uses this register value to decode USB token packet addresses. At reset, when the device is not yet config-
ured, the value is 0016. (For the procedures on how to update this register, refer to Application Notes USB Consecutive
Set Address)

USB Function Address register

(b15) (b8)

b7 b0 b7 b0

olololololololo]O Symbol Address When reset

[o[o]oolofolofofo[ T T T 1T 1]  &m
Bit Symbol Bit Name Function RIW
FUNAD6-0 Function address stgti%r:gardadnpgzble oo
Reserved Must always be "0" oio

Figure 1.46. USB Function Address register (USBA)
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Power Management Register

The USB Power Management Register, shown in Figure 1.47, is used for power management in the USB FCU.
SUSPEND State Flag:

When the USB FCU does not detect any bus activity on D+/D- (in the J-state) for at least 3ms, it updates the Suspend
State Flag and generates an interrupt. This flag is cleared when active signaling from the host is detected on D+/D- (The
USB FCU generates a resume interrupt), or the CPU sets the Remote Wake-up Bit while in suspend state and it is
subsequently cleared by the CPU. If the USB clock was disabled during the suspend state, the SUSPEND state flag is
not cleared until after the USB clock is re-enabled.

WAKEUP Control Bit:

The CPU writes a "1" to the WAKEUP Control Bit for remote wake-up. While this bit is set and the USB FCU is in suspend
mode, resume signaling is sent to the host. The CPU must keep this bit set for a minimum of 1ms and a maximum of
15ms before writing a "0" to this bit.

USB Power Management register
(b15) (b8)

b7 b0 b7 b0
‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ ‘ ‘ Symbol Address When reset
—— USBPM 0282, 0000,

Bit Symbol Bit Name Function RiW
- SUSPEND |Suspend state flag 0 Not in suspend state O: 0
1: In suspend state Note
S WAKEUP  |Remote wakeup | O : End remote wakeup signal oo

1 : Remote wakeup signaling if SUSPEND="1"
Reserved Must always be "0" 0i 0

Note: Read only

Figure 1.47. USB Power Management register (USBPM)

USB Function Interrupt Status Register

USB Function Interrupt Status register, shown in Figure 1.48, is used to indicate the condition that caused a USB
function interrupt to the CPU. A "1" indicates the corresponding condition caused an interrupt.

INTSTO, INITST2, INTST4 or INTST6 is set to "1" by the USB FCU when:
» The endpoint is enabled from a disabled state;
« A data set is successfully sent;

A hardware autoflush takes place or the CPU writes "1" to INXCSR6 (FLUSH) if there are one or two data sets in the
buffer. This causes the EP1-4 IN buffer status flag to change states.

INTSTL, INTST3, INTST5 or INTST7 is set to "1" by the USB FCU when:
A data set is successfully received.

INTST8 is an Error Interrupt Status flag, which indicates that an error has been encountered at any endpoint. This flag
is set to "1" by the USB FCU when:

« EPOCSR4 (FORCE_STALL) flag is set;

« EPOCSR5 (SETUP_END) flag is set;

* INXCSR2 (UNDER_RUN) flag is set on any EP1-4 IN endpoint;

* OUTXCSR2 (OVER_RUN) flag is set on any EP1-4 OUT endpoint;

* OUTXCSR3 (FORCE_STALL) flag is set on any EP1-40UT endpoint;
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USB Interrupt Status register
(b15) (b8)
b

7 b0 b7 b0
lo[ofofofololol [ [ [ [ [ T[] sma when rse
T USBIS 0284, 0000,
Bit Symbol Bit Name Function RiW
INTSTO EPlIN|ntferruptstatusflag 02 No interrupt request ol x
INTST1 EP1 OUT interrupt status flag 1: Interrupt request issued
INTST2 EP2 IN interrupt status flag

INTST3 EP2 OUT interrupt status flag
INTST4 EP3 IN interrupt status flag
INTSTS EP3 OUT interrupt status flag
INTST6 EP4 IN interrupt status flag
INTST? EP4 OUT interrupt status flag

INTST8 Error interrupt status flag

Reserved Must always be "0" 0 X

Figure 1.48. USB Interrupt Status register (USBIS)

USB Function Interrupt Clear Register

The USB Function Interrupt Clear register, shown in Figure 1.49, is used by the CPU to clear the USB Function Interrupt
Status bits. The CPU writes a "1" to clear a corresponding USB Function Interrupt Status flag.

USB Interrupt Clear register

(b15) (b8)
b7 b0 b7 bo
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
T — USBIC 0286, 0000,
Bit Symbol Bit Name Function RIW

b INTCLO Clear EP1 IN interrupt status flag
INTCL1 Clear EP1 OUT interrupt status flag
INTCL2 | Clear EP2 IN interrupt status flag
INTCL3 Clear EP2 OUT interrupt status flag

P INTCL4 | Clear EP3 IN interrupt status flag
INTCL5 Clear EP3 OUT interrupt status flag

INTCL6 Clear EP4 IN interrupt status flag
INTCL7 Clear EP4 OUT interrupt status flag

0: No action Xi0
1: Clear interrupt status flag| Note

INTCL8 Clear error interrupt status flag

Reserved Must always be "0" X0

Note: Always read "0"

Figure 1.49. USB Interrupt Clear register (USBIC)
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USB Function Interrupt Enable Register

The USB Function Interrupt Enable register, shown in Figure 1.50 is used to enable the corresponding interrupt status
conditions that can generate a USB Function interrupt. When the bit of a corresponding interrupt condition is "0", it does
not generate a USB function interrupt. When the bit is a "1", it can generate a USB Function interrupt.

USB Interrupt Enable register

(b15) (b8)
b7 b0 b7 bo
| A Wh
lofofofofofofol [ [ [ [ [ [ [ [ | Smb dress en reset
j T USBIE 0288 ¢ O1FF ¢
; Bit Symbol Bit Name Function RiW
""" INTENO EP1 IN interrupt enable bit 0 : Disabled oo
INTEN1 EP1 OUT interrupt enable bit 1 : Enabled
INTEN2 EP2 IN interrupt enable bit

INTEN3 EP2 OUT interrupt enable bit

INTEN4 EP3 IN interrupt enable bit
INTEN5S EP3 OUT interrupt enable bit

INTEN6 EP4 IN interrupt enable bit
INTEN7 EP4 OUT interrupt enable bit

INTEN8 Error interrupt enable bit

Reserved Must always be "0" 0:0

Figure 1.50. USB Interrupt Enable (USBIE)

USB Frame Number Register

The USB Frame Number Register, shown in Figure 1.51, contains the 11-bit frame number received from the host.

USB Frame Number register

Symbol Address When reset
; USBFN 028A, 0000,

: Bit Symbol Bit Name Function RiW

: ’ Frame number bit 0-10 11-bit frame number

[ FN10-0 issued with an SOF packet 0; X

T Reserved Must always be "0" oiX
Figure 1.51. USB Frame Number register (USBFN)
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USB ISO Control Register

The USB ISO Control Register, shown in Figure 1.52, contains the isochronous data transfer control and status
information.

«ISO_UPD
The ISO_UPD bit is a global bit for endpoints 1-4 and works with IN isochronous pipes only.

When ISO_UPD ="0", a data packet in an endpoints IN buffer is always 'ready to transmit' when it receives the next IN
token from the host (with matched address and endpoint number), if the CPU writes "1" to the corresponding endpoint's
SET_IN_BUF_RDY bit, or in AUTO_SET case, a data packet equal to EPx's MAXP value has been written to the FIFO.
When ISO_UPD ="1" and the ISO bit of the corresponding endpoint's IN CSR is set, the internal 'ready to transmit' signal
to the transmit control logic is not activated when the CPU writes "1" to the corresponding endpoint's SET_IN_BUF_RDY
bit, or in the AUTO_SET case, a data packet equal to EPx's MAXP value has been written to the FIFO. Instead it is
activated when the next SOF is received, thus the data loaded in frame n is transmitted out in frame n+1.

«AUTO_FL

When AUTO_FL ="1",1SO_UPD ="1", IN endpoint's ISO bit is set, and the IN endpoint's IN_BUF_STS1 & IN_BUF_STS0
are "1"s at the time the USB FCU detects a SOF (from the host or from artificial SOF), it automatically flushes the oldest
packet from the IN buffer. In this case, IN_BUF_STS1 & IN_BUF_STSO0 are "1"s and indicate that two data packets are
in the IN buffer. Double buffering is required for ISO transfer.

*ART_SOF_ENA
An artificial SOF function enable bit.
«ART_SOF_SET

Artificial SOF function status flag. When this flag is "1", it indicates that an artificial SOF will be generated by the device
because of a missing or corrupt SOF packet (when the SOF enable bit is set to "1"). A corrupt SOF packet is any SOF
having an error in its 8-bit Pakcet ID (PID) field.

*CLR_ART_SOF
The CPU writes "1" to this bit to clear the ART_SOF_SET flag.

USB ISO Control register
(b175) (b8)

b b0 b7 b0
‘0‘0‘0‘0‘0‘0‘0‘0“]‘0‘0‘ ‘ “‘ ‘ Symbol Address When reset
[ USBISOC 028C ¢ 0000,

Bit Symbol Bit Name Function RIW
0 : Hardware auto flush disabled

AUTO_FL Auto flush 1: Hardware auto flush enabled 0.0
0 : ISO update disabled

1S0_UPD 1SO Update 1:1S0O update enabled oo

ART_SOF_ENA| Arificial SOF enable 9: Arifical SOF disabled olo

ART_SOF_SET | Artificial SOF set flag ggg‘ng‘::tzrjfyd‘ﬁz ‘;::’,'Igz (Note 1)} i o

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s 0 : No action (Note 2)
CLR_ART_SOF| Clear artificial SOF set flag 1: Clear ART_SOF._SET flag olo
Reserved Must always be set to "0" olo

Note 1: Read only
Note 2: Always read "0"

Figure 1.52. USB ISO Control register (USBISOC)

Rev.2.00 Oct 16,2006 page 85 of 264 RENESAS
REJO3B0005-0200



M30245 Group Universal Serial Bus

USB Endpoint Enable Register

The USB Endpoint Enable Register, shown in Figure 1.53, is used to enable/disable an individual endpoint. EPO is
always enabled and cannot be disabled by firmware. All endpoints are disabled after reset.

USB Endpoint Enable register
(b15) (b8)

b0 b7 bo
lo[ofofololofofof [ I [ I [ [ [] Smb v it
T USBEPEN 028E 0000,
Bit Symbol Bit Name Function RiW
EP1_OUT |EP1OUT enable 0 Disabled oo
| EP1_IN EP1 IN enable 1: Enabled
[ EP2_OUT |EP2 OUT enable

i EP2_IN EP2 IN enable
b EP3_OUT |EP3 OUT enable
EP3_IN EP3 IN enable
EP4_OUT |EP4 OUT enable
EP4_IN EP4 IN enable
Reserved Must always be "0" oio

Figure 1.53. USB Endpoint Enable register (USBEPEN)

USB DMAX Request Register (x =0to 3)

The USB DMAX Request Register, shown in Figure 1.54, selects which USB EPx FIFO read/write requests are used as
the DMAC channels 0 to 3 request source. Each USB DMAXx Request Registers should have only one bit set at any given
time. When multiple bits are set, no request is selected.

USB DMAX Request registers

(%175) (?’%) b7 b0 Symbol Address When reset
lofofolofofol [ [ [ T [ T[] 1 1

USBDMAX (x=0to 3) 0290, 0292, 0000,
0294, 0296 ¢

Bit Symbol Bit Name Function RIW
- DMAXRO | EPO IN FIFO write request select bit 0 : Not selected 0i 0
1: Selected

S— DMAXR1 EP1 IN FIFO write request select bit

DMAXR2 EP2 IN FIFO write request select bit

DMAXR3 | EP3 IN FIFO write request select bit

DMAXR4 EP4 IN FIFO write request select bit

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, DMAXR5 | EPO OUT FIFO read request select bit

DMAXR6 | EP1 OUT FIFO read request select bit

DMAXR7 EP2 OUT FIFO read request select bit

DMAXR8 EP3 OUT FIFO read request select bit

""" DMAXR9 EP4 OUT FIFO read request select bit

Reserved Must always be "0" [e}Ne)

Figure 1.54. USB DMAXx Request register (x=0 to 3)
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USB Endpoint 0 CSR
The Endpoint 0 CSR (Control & Status register), shown in Figure 1.55, contains the control and status information
for EPO.
*EPOCSRO(OUT_BUF_RDY):

A status flag, "1" indicates a SETUP packet or an OUT data set is in the OUT buffer, ready for the CPU to unload.
During the data phase, if noncontinuous mode is set, the OUT_BUF_RDY bit is "1" when:

* A data packet is received from the host

During the data phase, if continuous mode is set, the OUT_BUF_RDY bit is "1" when:

* A data set equal to 128 bytes is received from the host

* A short packet is received from the host

« A control write status phase has started with pending OUT data packets in the buffer.

*EPOCSR1(IN_BUF_RDY):

A status flag, "1" indicates a data set is in the IN buffer, ready for transmission. The USB FCU clears this bit after the data
set is successfully transmitted to the host, or the EPOCSR5 (SETUP_END) bit is set.

«EPOCSR2 (SETUP):
A status flag, "1" indicates a SETUP packet has been received. The SETUP Flag is a subset of the OUT_BUF_RDY flag.
+EPOCSR3(DATA_END):

A status flag, "1" indicates the CPU sets the DATA_END bit. The USB FCU clears this flag after the status phase has
started or a new SETUP is received. This flag is a maskable flag. If DATA_END Flag Mask is a "1" (default), this
DATA_END flag is always a "0" and no EPO interrupt is caused by the DATA_END flag being cleared.

*EPOCSR4(FORCE_STALL):

A status flag, "1" indicates a protocol error when one of the following occurs:

« Host sends an IN token in the absence of a SETUP stage

» Host sends a bad data toggle in the STATUS stage, (i.e. DATAO is used)

« Host sends a bad data toggle in the SETUP stage, (i.e. DATAL is used)

» Host requests more data than specified in the SETUP state, (i.e. IN token comes after DATA_END bit is set)
» Host sends more data than specified in the SETUP state, (i.e. OUT token comes after DATA_END bit is set)
« Host sends a larger data packet than the MAXP size

All of the conditions stated (except bad data toggle in the SETUP stage) cause the device to send a STALL handshake
for the current IN/OUT transaction. For the bad data toggle in the SETUP stage, the device sends ACK for the SETUP
stage and then sends STALL for the next IN/OUT transaction. A STALL handshake caused by the above conditions lasts
for one transaction and terminates the ongoing control transfer. Any packet after the STALL handshake will be seen as
the beginning of a new control transfer.
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+EPOCSR5(SETUP_END):
A status flag, "1" indicates a premature completion of a control transfer when one of the following events occurs:

« A control transfer ends before the specific length of data is transferred during the data phase (status phase starts
before DATA_END bit is set)

* A new SETUP is received before successfully completing the status phase of the previous control transfer.
*EPOCSR6(CLR_OUT_BUF_RDY):

The CPU writes a "1" to this bit after unloading a data set from the buffer. Writing a "1" to this bit clears the
OUT_BUF_RDY status flag.

*EPOCSR7(SET_IN_BUF_RDY):

The CPU writes a "1" to this bit after loading a data set to the buffer. Writing a "1" to this bit sets the IN_BUF_RDY status
flag.

+EPOCSR8(CLR_SETUP):
The CPU writes a "1" to this bit to clear the SETUP status flag.
*EPOCSR9(SET_DATA_END):

The CPU writes a "1" to this bit when it writes (IN data phase) the last data packet to the buffer or reads (OUT data phase)
the last data packet from the buffer. The CPU sets this bit at the same time (using the same instruction) as it sets the
CLR_OUT_BUF_RDY bhit or sets the SET_IN_BUF_RDY bit for the last data set. Writing a "1" to this bit sets the
DATA_END status flag.

*EPOCSR10(CLR_FORCE_STALL):

The CPU writes a "1" to this bit to clear the FORCE_STALL status flag.
*EPOCSR11(CLR_SETUP_END):

The CPU writes a "1" to this bit to clear the SETUP_END status flag.
«EPOCSR12(SEND_STALL):

The CPU writes a "1" to this bit when it decodes an invalid or unsupported request from the host. The CPU should only
write a "1" to this bit at the same time it writes a "1" to EPOCSR6 (CLR_OUT_BUF_RDY). When this bit is a "1", the USB
FCU returns STALL handshakes for all subsequent IN/OUT transactions. The CPU writes a "0" to clear it after it receives
a new SETUP packet. It is up to the firmware to decide what SETUP packet should lead the clearing of the SEND_STALL
bit.

+EPOCSR13(DATA_END_MASK):

This bit is for the CPU to mask or unmask the clearing of DATA_END as an EPO interrupt source - default is masked
(clearing of DATA_END does not cause an EPO interrupt).
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USB Endpoint x OUT Control and Status register

(b15) (b8) Add
b7 b0 _ b7 Symbol ress When reset
‘ 0 ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ EPXOCS (x =1-4) 0286, 02BE,, 0000,
02C6,;, 02CE, ¢
Bit Symbol Bit Name Function RiW
OUTXCSRO | OUT BUF_STSO flag gh;se twg 3)\(5 indicate the EPx OUT buffer status: 0 ix
i i -
OUTXCSR1 | OUT_BUF_STS1 flag| © 0: No data set in the OUT buffer
- - 0 1: Single buffer mode: N/A
Double buffer mode: N/A
1 0: Single buffer mode: N/A O iX
Double buffer mode: one data set in the OUT buffer
1 1: Single buffer mode: one data set in the OUT buffer
Double buffer mode: two data sets in the OUT buffer
OUTXCSR2 | OVER-RUN flag 0: No over run detected 0ix
1: Over run detected
OUTXCSR3 | FORCE_STALLflag | 0: No packet size larger than MAXP violation detected
1: Packet size larger than MAXP violation detected 0 X
OUTXCSR4 | DATA_ERR flag 0 : No data error detected
0 iX
1: Data error detected
OUTXCSR5 | CLR_OUT_BUF_RDY| g : No action oio
1: Data set unloaded from the OUT buffer (updates status flags) | ndte
OUTXCSR6 | CLR_OVER_RUN 0: No action oio
1: Clears OVER_RUN flag Note
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OUTxCSR7 | CLR_FORCE_STALL| 0: No action oo
1: Clears FORCE_STALL flag N
e
OUTXCSR8 | CLR_DATA_ERR 0 No action [e)e}
1: Clears DATA_ERR flag Nbte
OUTXCSR9 | TOGGLE_INIT 0 No action 0i0
- 1 : Initialize the next data PID as a DATAO for reception Nbte
OUTXCSR10 | FLUSH 02 No action oo
1: Flush out one data set Note
OUTXCSR11 | 1ISO 0 : Select non-isochronous endpoint
1: Select isochronous endpoint [o2Ne}
OUTxCSR12 | SEND_STALL 0:No STALL by CPU
1:STALL by CPU [e}ye]
OUTXCSR13 | AUTO_CLR 0:AUTO_CLR disabled
1:AUTO_CLR enabled 00
Reserved Must always be set to "0" oio

Note: Always read a "0" when writing to this bit

Figure 1.55. USB Endpoint 0 Control and Status register (EPOCS)

USB Endpoint 0 MAXP Register

The USB Endpoint 0 MAXP Register, shown in Figure 1.56, indicates the maximum packet size (MAXP) of an EPO IN/
OUT packet. The default value for EPO MAXP is 8 bytes. It also contains the enable bits for Control write continuous
transfer and control read continuous transfer.

USB Endpoint 0 MAXP register

(b15) (b8)
b7 b0 b7 bo
‘0‘0‘0‘0‘0‘0‘0‘ | “ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
1 EPOMP 029A, 0008,
Bit Symbol Bit Name Function RiW
EPOMP6-0 | Maximum packet size [ORNe}
0 : Disabled
WRT_CONT | Control Write continuous transfer mode | 1 - Enabled oo
) 0 : Disabled
RD_CONT | Control Read continuous transfer mode | 1 - gpabled oio
Reserved Must always be "0" 0:0
Figure 1.56. USB Endpoint 0 MAXP register (EPOMP)
Rev.2.00 Oct 16,2006 page 89 of 264 RENESAS

REJ03B0005-0200



M30245 Group Universal Serial Bus

USB Endpoint 0 WRT CNT Register

The USB Endpoint 0 WRT CNT Register, shown in Figure 1.57, contains the number of bytes of the current data set in
the OUT buffer. The USB FCU sets the value in the WRT_CNT Register after having successfully received a data set
from the host. The CPU reads the register to determine the number of bytes to be read from the buffer. The WRT_CNT
value does not decrement upon a CPU read from the FIFO Data Register. The WRT_CNT value is cleared when the
CPU writes a "1" to the CLR_OUT_BUF_RDY bit of the EPO CSR.

USB Endpoint 0 Write Count register
(b15) (b8)

b7 b0 b7 b0
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
T EPOWC 029C ¢ 0000,
Bit Symbol Bit Name Function RIW

EPOWC7-0 Receive byte count

Reserved Must always be "0" 0: 0

Figure 1.57. USB Endpoint 0 write count register (EPOWC)

USB Endpoint x INCSR (x =1to 4)
The USB Endpoint x IN control status register, shown in Figure 1.58, contains control and status information of the
respective IN EP 1-4.
«INXCSRO (IN_BUF_STS0)and INXCSR1 (IN_BUF_STS1):

Two status flags, indicate the current status of the IN buffer. These two flags are "1"s after reset, and become "0"s when
the respective endpoint is enabled from a disabled state. The buffer status flags get updated when one of the following
events occurs:

1. The USB FCU successfully sends out a data set to the host.

2. The CPU loads a data set to the buffer (writes a "1" to SET_IN_BUF_RDY).
3. The CPU writes a "1" to the FLUSH bit or a hardware auto flush takes place.
«INXCSR2(UNDER_RUN):

A status flag, "1" indicates an under run has occurred in an isochronous data transfer. The USB FCU updates this flag
to a "1" at the beginning of an IN token if no data packet is in the buffer.

*INXCSR3(SET_IN_BUF_RDY):

The CPU writes a "1" to this bit after loading a data set to the buffer. The CPU can only load data to the buffer and set this
bit when INXCSR1 (IN_BUF_STS1) is a "0".

«INXCSR4(CLR_UNDER_RUN):

The CPU writes a "1" to this bit to clear the UNDER_RUN status flag.

«INXCSR5(TOGGLE_INIT):

The CPU writes a "1" to this bit to initialize the data sequence, force the next packet's data PID to a DATAO for transmis-
sion. Setting the TOGGLE_INT bit also resets the FIFO read/write pointers.

«INXCSR5(TOGGLE_INIT):

The CPU writes a "1" to this bit to initialize the data sequence, force the next packet’s data PID to a DATAO for transmis-
sion. Setting the TOGGLE_INT bit also resets the FIFO read/write pointers.
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*INXCSR6 (FLUSH):

The CPU writes a "1" to this bit to flush the IN buffer.

« When there is one data set in the IN buffer, a flush causes the IN buffer to be empty.

* When there are two data sets in the IN buffer, a flush causes the older data set to be flushed out from the IN buffer.

The USB FCU updates the buffer status bits the same way as a data set is transmitted to the host when it sees a
FLUSH. Setting the FLUSH bit during transmission could produce unpredictable results.

«INXCSR7 (INTPT):

The CPU writes a "1" to this bit to initialize the endpoint as a rate feedback interrupt endpoint.
*INXCSRS8 (1SO):

The CPU writes a "1" to this bit to set the endpoint as an isochronous data transfer endpoint.
«INXCSR9(SEND_STALL):

The CPU writes a "1" to this bit when the endpoint is stalled (transmitter halt). The USB FCU returns STALL handshakes
while this bit is set. The CPU writes a "0" to clear this bit, If the STALL condition no longer exists.

«INXCSR10 (AUTO_SET):

The CPU writes a "1" to this bit to enable the AUTO_SET function. AUTO_SET takes place only when a data packet that
is equal to MAXP (or data set that is equal to BUF_SIZ, in continuous mode) is loaded to the buffer. See "IN (Transmit)
FIFO" operation for details.

USB Endpoint x IN Control and Status register

(%175) (%80) b7 bo Address
[ofofofolo TTTTTTTTTT] &icse- 029E . 02 i
EPXICS (x=1-4) 02AA,, 0280, 16
Bit Symbol Bit Name Function RIW
These two bits indicate the EPx IN buffer status
INXCSRO | IN_BUF_STSOflag |gi1  Bito OiX
0 0: No data set in the IN buffer
INXCSR1 | IN_BUF_STS1flag |0 1: Single buffer mode: N/A
7777777777 Double buffer mode: one data set in the IN buffer
1 0: Single buffer mode: N/A 0 X
Double buffer mode: N/A
1 1: Single buffer mode: one data set in the IN buffer
Double buffer mode: two data sets in the IN buffer
,,,,,,,,,,,,,,, INXCSR2 | UNDER-RUN flag 0 : No underrun detected oix
1: Underrun detected
INXCSR3 | SET_IN_BUF_RDY |0 : No action [el¥e]
1: Data set loaded to the IN buffer (updates IN buffer status flags) Note
INXCSR4 | CLR_UNDER_RUN |0 :No action o
- - 1: Clears UNDER_RUN flag Note
7777777777777777777777777777777777 0 : No action 00
INXCSRS | TOGGLE_INT 1: Initialize the next data PID as a DATAO for transmission Ndte
7777777777777777777777777777777777777777 0 : No action 00
INXCSR6 | FLUSH 1: Flush out one data set Note
INXCSR7 INTPT 0 : Select non-rate feedback interrupt transfer
1: Select rate feedback interrupt transfer 00
0 : Select non-isochronous endpoint
INXCSR8 IS0 1 : Select isochronous endpoint oi0o
0: No STALL by CPU
INXCSR9 | SEND_STALL 1:STALL by CPU 0.0
0 : AUTO_SET disabled
INXCSR10 | AUTO_SET 1:AUTO_SET enabled oio
————— Reserved Must always be set to "0" 00

Note: Always read a "0"

Figure 1.58. USB Endpoint x IN Control & Status register (EPxICS)
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USB Endpoint x IN MAXP Register (x =1t0 4)

The USB Endpoint x IN MAXP Register, shown in Figure 1.59, indicates the maximum packet size (MAXP) of EPx IN
packet. The default values for all EPx IN MAXP are 0 bytes.

USB Endpoint x IN MAXP register

(b15) (b8)
b7 b0

7 b0
lofolololofo[ [ [ [ [ [ [ []]

Symbol Address When reset
\ EPXIMP (x=1-4) 02A0,, 02A6, 0000,
02AC,,, 02B2,,

Bit Symbol Bit Name Function Ri{W

IMAXP9-0 Maximum packet size

Reserved Must always be "0" 0:0

Figure 1.59. USB Endpoint x IN MAXP register (EPxIMP)

USB Endpoint x IN FIFO configuration Register (x =1to 4)

The USB Endpoint x IN FIFO Configuration Register, shown in Figure 1.60, is used to select various FIFO configura-
tions. When the double buffer bit is set, the effective buffer size = 2 x BUF_SIZ. Therefore other EP FIFO buffer's
starting locations have to be 2 x BUF_SIZ apart.

The user should ensure:
« Buffer Starting Location + Buffer Size do not exceed the 3K byte boundary.

« Endpoint buffers do not overlap with each other.

USB Endpoint x IN FIFO Configuration register

(b15) (b8)

b7 b7 bo Symbol Address When reset
\O \O \O \O \ \ \ \ | \ \ \ \ \ \ \ \ EPXIFC (x = 1- 4) 02A2,, 02A8,, 0000,
02AE,,, 02B4,

Bit Symbol | Bit Name Function RiwW

Select the starting number for the EPx IN FIFO

BUF_NUM FIFO buffer (in units of 64 bytes)
start number 000000 : buffer starting location = 0
000001 : buffer starting location = 64 0i0

000010 : buffer starting location = 128

101111 : buffer starting location = 3008 (last starting number)

. Select the buffer size for the EPx IN FIFO
BUF_SIZ FIFO buffer size (in units of 64 bytes)

0000 : buffer size = 64

0001 : buffer size = 128 oio
0010 : buffer size = 192

1111 : buffer size = 1024 (largest buffer size)

0: Disabled
DBL_BUF Double buffer mode 1+ Enabled olo
Continuous transfer 0: Disabled (Note)
CONTINUE | mode 1: Enabled 0i0
Reserved Must always be set to "0" ol o

Note: Valid for bulk transfer type only

Figure 1.60. USB Endpoint x IN FIFO Configuration register (EPxIFC)
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USB Endpoint x OUT CSR (x =1to 4)
The USB Endpoint x OUT CSR (Control and Status Register), shown in Figure 1.61, contains control and status
information for the respective OUT EP 1-4.
«OUTXCSRO (OUT_BUF_STS0)and OUTXxCSR1 (OUT_BUF_STS1):

Two status flags, indicate the current status of the OUT buffer. The buffer status flags are updated when one of the
following events occurs:

1. The USB FCU successfully receives a data set from the host.

2. The CPU unloads a data set from the buffer (writes a "1" to CLR_OUT_BUF_RDY).
3. The CPU writes a "1" to the FLUSH bit.

«OUTXCSR2(OVER_RUN):

A status flag, "1" indicates an over run has occurred in an isochronous data transfer. The USB FCU updates this flag to
a "1" at the beginning of an OUT token when two data packets are already present in the buffer.

+OUTXCSR3(FORCE_STALL):

A status flag, "1" indicates that the USB FCU detected a Packet size larger than MAXP violation. The USB FCU returns a
STALL as a handshake packet for the current transaction.

+OUTXCSR4(DATA_ERR):
A status flag, "1" indicates a data error (bit stuffing or CRC error) has occurred in an OUT isochronous data packet.
«OUTXCSR5(CLR_OUT_BUF_RDY):

The CPU writes a "1" to this bit after unloading a data set from the buffer. The CPU can only unload data from the buffer
and set this bit when OUTxCSR1 (OUT_BUF_STS1)is a "1".

«OUTXCSR6(CLR_OVER_RUN):

The CPU writes a "1" to this bit to clear the OVER_RUN status flag.
*OUTXCSR7(CLR_FORCE_STALL):

The CPU writes a "1" to this bit to clear the FORCE_STALL status flag.
«OUTXCSR8(CLR_DATA_ERR):

The CPU writes a "1" to this bit to clear the DATA_ERR status flag.
«OUTXCSRO(TOGGLE_INIT):

The CPU writes a "1" to this bit to initialize the data sequence, and force the next packet’s data PID to a DATAO for
reception.

«OUTXCSR10 (FLUSH):

The CPU writes a "1" to this bit to flush the OUT buffer. This bit must only be set to a "1" when the OUT_BUF_STS1 flag
isa"1".

* When there is one data set in the OUT buffer, a flush causes the OUT buffer to be empty.

» When there are two data sets in the OUT buffer, a flush causes the older packet to be flushed from the OUT buffer.

The USB FCU updates the buffer status flags the same way as a data set is unloaded from the host when it sees a
FLUSH. Setting the FLUSH bit during reception could produce unpredictable results.
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« OUTXCSR11 (ISO):

The CPU writes "1" to this bit to set the endpoint as an isochronous data transfer endpoint.

«OUTXCSR12(SEND_STALL):

The CPU writes "1" to this bit when the endpoint is stalled (receiver halt). The USB FCU returns STALL handshakes

while this bit is set. The CPU writes "0" to clear this bit, if the STALL condition no longer exists.

+OUTXCSR13(AUTO_CLRY):

The CPU writes "1" to this bit to enable the AUTO_CLR function. AUTO_CLR takes place when a data packet (or a data
set, in continuous mode) is unloaded from the buffer, even if the data packet is less than MAXP (or data set is less than

BUF_SIZ, in continuous mode). See "OUT (Receive) FIFO" operation for details.

USB Endpoint x OUT Control and Status register

(b15) (b8) Add
b7 b0 b7 b0 Symbol ress When reset
ofof T[T TTTTTTTTT L] EPXOCS (c=1-4) 0200w 0286, 0000
T 02C6¢, 02CE ¢ 16
Bit Symbol Bit Name Function R W
OUTXCSRO | OUT_BUF_STSO flag These two bits indicate the EPx OUT buffer status: 0 X
- - Bitl Bit0
OUTXCSR1 | OUT_BUF_STS1 flag| © 0: No data set in the OUT buffer
- - 0 1: Single buffer mode: N/A
Double buffer mode: N/A
1 0: Single buffer mode: N/A O X
Double buffer mode: one data set in the OUT buffer
1 1: Single buffer mode: one data set in the OUT buffer
Double buffer mode: two data sets in the OUT buffer
,,,,,,,,,,,,,,,,, OUTxCSR2 | OVER-RUN flag 0: No over run detected 0ix
1: Over run detected
OUTXCSR3 | FORCE_STALL flag | 0: No packet size larger than MAXP violation detected
1: Packet size larger than MAXP violation detected 0 iX
OUTXCSR4 | DATA_ERR flag 0 : No data error detected
. O X
1: Data error detected
OUTXCSR5 | CLR_OUT_BUF_RDY| ¢ : No action oio
1: Data set unloaded from the OUT buffer (updates status flags) | note
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OUTXCSR6 | CLR_OVER_RUN 0: No action olo
1: Clears OVER_RUN flag Note
OUTXCSR7 | CLR_FORCE_STALL| 0: No action oo
1: Clears FORCE_STALL flag
Note
OUTXCSR8 | CLR_DATA_ERR 0: No action oio
1: Clears DATA_ERR flag Note
OUTXCSR9 | TOGGLE_INIT 0: No action ) 0! 0
- 1 : Initialize the next data PID as a DATAO for reception Nbte
OUTXCSR10 | FLUSH 0 : No action 0:0
1: Flush out one data set Note
OUTXCSR11 | 1ISO 0 : Select non-isochronous endpoint
1 : Select isochronous endpoint oi0
OUTXCSR12 | SEND_STALL 0: No STALL by CPU
1: STALL by CPU o0
OUTXCSR13 | AUTO_CLR 0:AUTO_CLR disabled
1:AUTO_CLR enabled 00
Reserved Must always be set to "0" oio

Note: Always read a "0" when writing to this bit

Figure 1.61. USB Endpoint x OUT Control and Status register (EPxOCS)
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USB Endpoint x OUT MAXP Register (x =110 4)

The USB Endpoint x OUT MAXP register, shown in Figure 1.62, indicates the maximum packet size (MAXP) of EPx OUT
packet. The default values for all EPx OUT MAXP are 0 bytes.

USB Endpoint x OUT MAXP register
(b15) (b8)

b7 b0 _ b7 bo Symbol Address When reset
\ 0\ O\ O\ 0\ 0\ O\ \ | \ \ \ \ \ \ \ \ EPXOMP (x = 1 - 4) 02B8,, 02CO,, 0000,
02C8,,, 02D0,
Bit Symbol Bit Name Function Ri{W
OMAXP9-0 Maximum packet size 00
Reserved Must always be "0"

Figure 1.62. USB Endpoint x OUT MAXP register (EPXOMP)

USB Endpoint x OUT WRT CNT Register (x =1to 4)

The USB Endpoint x OUT WRT CNT Register, shown in Figure 1.63, contains the number of bytes of the current data set
in the OUT buffer. The USB FCU sets the value in the WRT_CNT Register after having successfully received a data set
from the host. The CPU reads the register to determine the number of bytes to be read from the buffer. The WRT_CNT
value does not decrement upon a CPU read of the FIFO Data Register. The WRT_CNT value is cleared (in double buffer
mode, the WRT_CNT value corresponding to the dataset being unloaded is cleared) when the CPU writes "1" to the
CLR_OUT_BUF_RDY bit of the OUT CSR or in AUTO_CLR mode, when the data set is unloaded from the buffer.

USB Endpoint x OUT WRT CNT register

(b15) (b8)
7 bo b7 bo Symbol Address When reset
\ 0\ 0\ 0 \ 0 \ 0 \ \ \ | \ \ \ \ \ \ \ \ EPXWC (x=1-4) 02BA,,, 02C2,, 0000,
) 02CA ¢, 02D2 ¢
Bit Symbol Bit Name Function RiIW
WCNT10-0 Receive byte count 0iXx
Reserved Must always be "0" 0:0

Figure 1.63. USB Endpoint x OUT WRT CNT register (EPXWC)
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USB Endpoint x OUT FIFO configuration Register (x =1to 4)

The USB Endpoint x OUT FIFO Configuration Register, shown in Figure 1.64, is used to select various FIFO configura-
tions. When double buffer bit is set, the effective buffer size = 2 x BUF_SIZ. Therefore other EP FIFO buffer's starting
locations have to be 2 x BUF_SIZ apart.

The user should ensure:
« Buffer Starting Location + Buffer Size do not exceed the 3K byte boundary.

» Endpoint buffers do not overlap with each other.

USB Endpoint x OUT FIFO Configuration register
(b15) (b8)

b0
Lofofofof T T T[T T TTT]

Symbol Address When reset
\ \ EPXOFC (x = 1-4) 02BC,, 02C4,,, 0000,
02CC,,, 02D4,,

Bit Symbol | Bit Name Function RIW

Select the starting number for the EPx OUT FIFO

BUF_NUM FIFO buffer (in units of 64 bytes)
start number 000000 : buffer starting location = 0
000001 : buffer starting location = 64 [o}Ne]

000010 : buffer starting location = 128

101111 : buffer starting location = 3008 (last starting number)

) Select the buffer size for the EPx OUT FIFO
BUF_SIZ FIFO buffer size (in units of 64 bytes)

0000 : buffer size = 64

0001 : buffer size = 128 fe)e)
0010 : buffer size = 192

1111 : buffer size = 1024 (largest buffer size)

0: Disabled
DBL_BUF Double buffer mode 1. Enabled olo
Continuous transfer 0 Disabled (Note)
CONTINUE | mode 1: Enabled oio
Reserved Must always be set to "0" o0

Note: Valid for bulk transfer type only

Figure 1.64. USB Endpoint x OUT FIFO register (EPXOFC)

USB Endpoint x IN FIFO Data Registers (x =0to 4)

The USB Endpoint x IN FIFO Data Registers, shown in Figure 1.65 are the USB IN (transmit) FIFO data registers. The
CPU writes data to these registers for the respective Endpoint IN FIFO.

USB Endpoint x IN FIFO Data register

(b15) (b8)
b7 Symbol Address When reset
LI T T T T T I T] EPXI (<=0-4) 02E0,,, 02E4,, NIA
02E8,,, 02EC,; 020,

Bit Symbol Bit Name Function

DATA_15-0 EPO IN FIFO Data X0

Note 1: Data is undefined if this register is read.
Note 2: Write only to this register with a Word command or a Byte command to the lower 8 bits.
Do not write a byte of data to the upper 8 bits. (b8 - b15)

Figure 1.65. USB Endpoint x IN FIFO Data register (EPxI)
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USB Endpoint x OUT FIFO Data Register (x =0to 4)

The USB Endpoint x OUT FIFO Data Registers, shown in Figure 1.66 are the USB OUT (receive) FIFO data registers.
The CPU reads data from these registers for the respective Endpoint OUT FIFO.

USB Endpoint x OUT FIFO Data register

(b15) (b8)
b7 bo b7 bo Symbol Address When reset
NN EEEEN EPXO (x=0-4) 02E2,, 02E6,, NIA
02EA,,, 02EE,, 02F2,,
. . X RiW
Bit Symbol Bit Name Function
DATA 15.0 | EPO OUT FIFO Data ol x

Note 1: Writing to this register might cause a system error.
Note 2: Read only from this register with a Word command or a Byte command to the lower 8
bits. Do not read a byte of data from the upper 8 bits. (b8 - b15)

Figure 1.66. USB Endpoint x OUT FIFO Data register (EPxO)
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Vbus Detect

The Vbus Detect function will detect when the USB host is powered-up during USB self-powered operation. Self-
powered operation means the microcontroller has a power source external to the USB. This type of connection requires
the need to monitor when the USB host powers-up or powers-down. The other power mode, called Bus-powered
mode, means the microcontroller is powered directly from the USB Vbus connection. This type of connection does not
require the Vbus detect function because the microcontroller is actually powered from the USB so you know the USB
host is already powered-up.

The VbusDTCT pin is used for the Vbus detect function. When operating the USB in self-powered mode, connect the
Vbus line from the USB connector to the VbusDTCT pin. The Vbus detect function can be enabled or disabled in the USB
attach/detach register (bit 7 at address 001F16). Each time the USB host powers up or powers down, a Vbus detect
interrupt will be generated. This interrupt can be enabled or disable using the Vbus detect interrupt control register
(address 005C16). When a Vbus detect interrupt is received, the Vbus detect state bit located in the Port 9 data register
(bit 1 at address 03F116) should be read to determine if the Vbus is powered up or not.

Figure 1.67 is an example of the USB self-powered mode connection. Figure 1.68 shows the Vbus-related registers.

O Vee

Vce

<«+— VbusDTCT
D+ UVcce
To USB circuitry

<T Vss
M30245

Note: Not all necessary components are shown.

Figure 1.67. USB self-powered mode connection example

Address Register name Acronym
001F;4 | USB Attach/Detach register USBAD
005F ;4 | Vbus detect interrupt control register VBDIC
03F136 | Port P9 P9

Figure 1.68. Vbus-related memory map
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To avoid receiving a false Vbus detect interrupt at start-up, the Vbus detect should be enabled before enabling the Vbus

detect interrupt. Use the following procedure when enabling the Vbus detect function:

1) Enable Vbus detect by setting the Vbus detect enable bit to "1" (bit 7 at address 001F16).

2) Clear the Vbus detect interrupt by setting the Vbus detect interrupt request bit to "0" (bit 3 at address 005C16).

3) Enable the Vbus detect interrupt by setting the Vbus detect interrupt priority level greater than "000" (bits 2-0 at

address 005C16)

Figure 1.69 shows the Vbus detect interrupt timing

5v

av - f-
|
VbusDTCT |
ov |

\..

Vbus detect
enable bit

e

Vbus detect
interrupt request bit

"o 4\

Note 2

|
|
|
|
|
14—
|
|
|
|
|

—

Cleared when interrupt request is accepted or cleared by software

Note 1: Maximum time from Vbus detection to when interrupt request bit is set is 1ms.
Note 2: Maximum time from when setting Vbus detect enable bit to "1" to when interrupt requeset bit is set is 500us.
Note 3. VbusDTCT guaranteed minimum pulse width accepted is 50us.

—

Note 1
b

I
|
|
|
|
|
|
'
|
|
'
'
'
I
I
I
|
|
|
r
|
|
|
|
|

|

Figure 1.69. Vbus detect interrupt timing
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Direct memory access controller

This microcomputer has four DMAC (direct memory access controller) channels that allow data to be sent to memory
without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a higher right of using the
bus than the CPU, which leads to working the cycle stealing method. On this account, the operation from the occurrence
of a DMA transfer request signal to the completion of 1-word (16-bit) or 1-byte (8-bit) data transfer can be performed at
high speed. Figure 1.70 shows the DMAC block diagram. Table 1.37 shows the DMAC specifications. Figure 1.71 to
Figure 1.73 show the registers used by the DMAC.

Either a write signal to the software DMA request bit or an interrupt request signal can be used as the DMA transfer
request signal. But the DMA transfer is not affected by either the interrupt enable flag (I flag) or by the interrupt priority
level. The DMA transfer doesn't affect any interrupts either.

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request signal occurs.
If the cycle of the occurrences of DMA transfer request signals is higher than the DMA transfer cycle, there can be
instances in which the number of transfer requests doesn't match the number of transfers. For details, see the descrip-
tion of the DMA request bit.

Address bus
A
DMAO source pointer SAR0(20)
| | (addresses 002216 to 002016)
DMAO destination pointer DARO (20) |
U O(addresses 002616 to 002416)
IDMAO forward address pointer (20) (Note) I
IDMAl source pointer SAR1 (20) I
| | (addresses 003216 to 003016)
DMAL1 destination pointer DAR1 (20) I
U v(addresses 003616 to 003416)
-I:>|DMA0 transfer counter reload register TCRO (16) I ] IDMAl forward address pointer (20) (Note) I
N/ (addresses 002916, 002816)
IDMAO transfer counter TCRO (16) I DMA2 source pointer SAR2(20)
| | (addresses 018216 to 018016)
:>|DMA1 transfer counter reload register TCR1 (16) |:> IDMA2 destination pointer DAR2 (20) I:>
v (addresses 003916, 003816) U V(addresses 018616 to 018416)
IDMAl transfer counter TCR1 (16) I IDMAZ forward address pointer (20) (Note) I
:>|DMA2 transfer counter reload register TCR2 (16) |:> DMA3 source pointer SAR3 (20) I
\/ (addresses 018916, 018816) || (addresses 019216 to 019016)
IDMAZ transfer counter TCR2 (16) |:> DMAZ3 destination pointer DAR3 (20) I
U V(addresses 019616 to 019416)
>|DMA3 transfer counter reload register TCR3 (16) |:> IDMA3 forward address pointer (20) (Note) I
V (addresses 019916, 019816)
IDMA3 transfer counter TCR3 (16) |:> I DMA latch high-order bits I DMA latch low-order bits I
X XX '} AN ﬂ A
\V 4 N/
V \V4
S— Data bus low-order bits 9
y
V
S Data bus high-order bits S
Note: Pointer is incremented by a DMA request.
Figure 1.70. DMAC block diagram
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Table 1.37. DMAC specifications

Item Specification

No. of channels 4 (cycle steal method)

* From any address in the 1M bytes space to a fixed address
Transfer memory space * From a fixed address to any address in the 1M bytes space

* From a fixed address to a fixed address (note that DMA related registers
[0020,4 to 003F;5 and 018046 to 019F;¢] cannot be accessed)

Maximum No. of bytes transferred 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

¢ Falling edge of INTO, INT1, INT2 or both edges

e Timer AO to Timer A4 interrupt requests

¢ UARTO-3 transfer and receive interrupt requests

* A/D conversion interrupt request

* Software triggers

*DM Atriggers

«Serial Sound Interface 0-1 transmit and receive interrupt

«USB triggers, selectable by endpoint

DMA request factors (Note)

Channel priority High to low priority: DMAO, DMA1, DMA2, DMA3

Transfer unit 8 bits or 16 bits

Forward/fixed (forward direction cannot be specified for both source and

Transfer address direction o -
destination simultaneously)

« Single transfer mode
After the transfer counter underflows, the DMA enable bit is set to "0"
and the DMAC becomes inactive
Transfer mode * Repeat transfer mode
After the transfer counter underflows, the value of the transfer counter
reload register is reloaded to the transfer counter. The DMAC remains
active unless a "0" is written to the DMA enable bit.

DMA interrupt request generation

timing When an underflow occurs in transfer counter

*When the DMA enable bit is set to "1", the DMAC is active.
Active * When the DMAC is active, data transfer starts each time the DMA transfer
request signal occurs.

*When the DMA enable bit is set to "0", the DMAC is inactive

Inactive Do
¢ After the transfer counter underflows in single transfer mode.

When data transfer starts immediately after turning DMAC active, or when the
transfer counter underflows in repeat transfer mode, the value of the source
pointer or destination pointer (whichever is specified for forward direction) is
reloaded to the forward direction address pointer, and the value of the transfer
counter reload register is reloaded to the transfer counter.

Forward address pointer and reload
timing for transfer counter

* Registers specified for forward direction transfer are always write enabled.
Writing to register * Registers specified for fixed address transfer are write-enabled when the DMA
enable bit is "0".

Can be read at any time. However, when the DMA enable bit is "1", reading the
Reading the register register set-up as the forward register is the same as reading the value of the
forward address pointer.

Note: DMA transfer is not effective to any interrupts. DMA transfer is not affected by the interrupt enable flag (I flag) or
by the interrupt priority level.
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b7 b6 b5 b4 b3 b2 bl bo

[ D]

DMAO request cause select register (Note)

Symbol
DMOSL

Address
03B8,,

When reset
00464

Bit Symbol

Bit Name

Function

DSELO

DSEL1

DSEL2

DSEL3

DSEL4

DMA request cause
select bits

PRPRPPRPPPPPPO0OO0OO0OO0OO0O0O0O00000000OYE
POOOOOOOORrRRKRRPRRPRRPPPOOOOODOOOZ

b:

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
X

2 bl

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
X

FORPORORORPROROROROROROROROSZ

: Disabled

. INTO (falling edge)

- INTO (two edges)

: USBO

: Timer AO

: Timer Al

: Timer A2

: Timer A3

: Timer A4

: UARTO receive/ACK/SSIO receive
: UART1 receive/ACK/SSI1 receive
: UART2 receive/ACK

: UART3 receive/ACK

: UARTO transmit/NACK/SSIO transmit
: UART1 transmit/NACK/SSI1 transmit
: UART2 transmit/NACK

: UART3 transmit/NACK

:AD

: Disabled

:DMAL

: DMA2

: DMA3

: Disabled

: Disabled

x : Disabled

Nothing is assigned. Write "0" when writing to these bits. The value is "0" whad.

b7 b6 b5 b4 b3 b2 bl ho

L DDA

DSR

Software DMA request bit

Software trigger is always enabled

Write "1" to trigger DSR bit.

Note: Software is always enabled.

DMAL1 request cause select register (Note)

Symbol
DM1SL

Address
03BA ¢

When reset
00,4

Bit Symbol

Bit Name

Function

DSELO

DSEL1

DSEL2

DSEL3

DSEL4

DMA request cause
select bits

PFRPRPPPPRPPOOOOOOO0OO0OO0O0OO0O0OOO0O0OY
FOOOOOOOORRRLRRLPREPRPRLPFPOOOOOOOOSF

b:

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
X

53

bl

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
X

FOROROROROROROROROROROROSZ

: Disabled

1 INT1 (falling edge)

1 INT1 (two edges)

:UsSB1

: Timer AO

: Timer A1

: Timer A2

: Timer A3

: Timer A4

: UARTO receive/ACK/SSIO receive
1 UART1 receive/ACK/SSI1 receive
: UART?2 receive/ACK

: UARTS3 receive/ACK

: UARTO transmit/NACK/SSIO transmit
1 UARTL transmit/NACK/SSI1 transmit
: UART2 transmit/NACK

: UARTS3 transmit/NACK

:AID

: DMAO

: Disabled

: DMA2

: DMA3

: Disabled

: Disabled

x : Disabled

Nothing is assigned. Write "0" when writing to these bits. The value is "0" when read.

DSR

Software DMA request bit

Software trigger is always enabled
Write "1" to trigger DSR bit.

Note: Software is always enabled.

Figure 1.71. DMAC register (1)
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DMA2 request cause select register (Note)

b7 b6 b5 b4 b3 b2 bl bo

LD} LT

Symbol Address
DM2SL 03BO,

When reset
00,

Bit Symbol Bit Name

Function

DSELO

DSEL1

DMA request cause
select bits

DSEL2

DSEL3

DSEL4

: Disabled

1 INT2 (falling edge)

1 INT2 (two edges)

:uUsB2

: Timer AO

: Timer A1

: Timer A2

: Timer A3

: Timer A4

: UARTO receive/ACK/SSIO receive
: UART1 receive/ACK/SSI1 receive
: UART2 receive/ACK

: UART3 receive/ACK

: UARTO transmit/NACK/SSIO transmit
: UARTL transmit/NACK/SSI1 transmit
: UART2 transmit/NACK

: UART3 transmit/NACK

:AID

: DMAO

: DMA1

: Disabled

: DMA3

: Disabled

: Disabled

x : Disabled

PRPRPRPREPREPRLRPRERRPO0O000000000000000YE
FOOOOOOOORRRRRPRPRRPPOOOOOOOOE
XRPRrRrRPROOOORRRPRRPROOOORRRLRILOOOOE
XxXPRPOORRLROORROORROORRLROORRLROOE

PORPOROROROROROROROROROROSZ

Nothing is assigned. Write "0" when writing to these bits. The value is "0" when read.

DSR Software DMA request bit

Software trigger is always enabled
Write "1" to trigger DSR bit.

Note: Software is always enabled.

DMAS request cause select register (Note)

b7 b6 b5 b4 b3 b2 bl bO

LD} LT 1]

Symbol Address
DM3SL 03B2,,

When reset
00,4

Bit Symbol Bit Name

Function

DSELO

DSEL1

DSEL2 DMA request
cause select bits

DSEL3

DSEL4

: Disabled

1 INTO (falling edge)

- INTO (two edges)

: USB3

: Timer AO

: Timer A1

: Timer A2

: Timer A3

: Timer A4

: UARTO receive/ACK/SSIO recieve
: UART1 receive/ACK/SSI1 receive
: UART2 receive/ACK

: UART3 receive/ACK

: UARTO transmit/NACK/SSIO transmit
: UART1 transmit/NACK/SSI1 transmit
: UART2 transmit/NACK

: UARTS3 transmit/NACK

:AID

: DMAO

: DMA1

: DMA2

: Disabled

: Disabled

: Disabled

x : Disabled

PR RRPRPRPRPRRPRRPRO0O000000000000000FE
HFOOOOOOOORRRPRRRLPRERRLRRLROOOOOOOOZ
X PR RPRRPROOOORRRPRRLROOOORRRELOOOOE
X PP OORRPROORROORRLROORRLROORROOST

HFORrOrROROROROROROROROROROSZ

Nothing is assigned. Write "0" when writing to these bits. The value is "0" when read.

DSR Software DMA request bit

Software trigger is always enabled
Write "1" to trigger DSR bit.

Note: Software is always enabled.

Figure 1.72. DMAC register (2)
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DMAI control register

b7 b6 bS5 b4 b3 b2 bl b0

‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
DMICON (i=0-3) 002C,, 003C, 00000X00,
018C,4, 019C
Bit Symbol Bit Name Function RIW
_ DMBIT Transfer unit select bit 0: 16 bits oo
1: 8 bits
DMASL Repeat transfer mode select bit 0: Single transfer 00
1: Repeat transfer
777777777777 DMAS DMA request bit (Note 1) 0 : DMA not requested 0o
1 : DMA requested (Note 2)
DMAE DMA enable bit 0 : Disabled
1: Enabled 0:0
DSD Source address direction select| 0 : Fixed
bit (Note 3) 1: Forward 00
DAD Destination address direction | O Fixed olo
select bit (Note 3) 1: Forward

Nothing is assigned. Write 0" when writing to these bits. The value is "0" when read. -

Note 1: DMA request can be cleared by resetting the bit.

Note 2: This bit can only be set to "0".

Note 3: Source address direction select bit and destination address direction select bit cannot
be set to "1" simultaneously.

DMAI source pointer (i=0-3)

Symbol Address When reset
(b23) (b19) (b16)(b15) (b8) SARO 002210 0020,  Indeterminate
b7 b3 bob7 b0b7 "0 SARL 0032, t00030,, Indeterminate

W ‘ SAR2  0182,,10 0180,, Indeterminate
SAR3 0192,,t0 0190,  Indeterminate

Transfer count
specification

00000, to FFFFF,; [O | O

Function RIW

Source pointer
stores the source address

Nothing is assigned. JR,
Write "0" when writing to these bits. The value is "0" if read.

DMAI destination pointer (i=0-3)

Symbol Address When reset
(b23) (b19) (b16)(b15) (b8) DARO 0026, t0 0024,  Indeterminate
b7 b3 bob? bob7 80 DARL 0036, t00034,; Indeterminate

W ‘ DAR2 0186,,t0 0184,;  Indeterminate
DAR3 0196, to 0194,

Indeterminate

Transfer count
specification

00000, to FFFFF,; | O | O

Function RI W

Destination pointer
stores the destination address

Nothing is assigned. —i—=
Write "0" when writing to these bits. The value is "0" if read.

DMAI transfer counter (i=0-3)

Symbol Address When reset
(b15) (b8) TCRO 0029,,t0 0028,  Indeterminate
b7 bob7 bo TCR1 0039, t0 0038,  Indeterminate

TCR2 0189,,t0 0188,  Indeterminate
TCR3 0199,,t0 0198,  Indeterminate

Function Tran_sf_er qount RIW
specification
Transfer counter
Set a value one less than the transfer count 0000, to FFFF,; | OO

Figure 1.73. DMAC register (3)
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Transfer modes
Single transfer mode

DMA transfer occurs until the tranfer counter underflows. Afterward, the DMA becomes inactive.

Repeat transfer mode

The DMA remains active even after the transfer counter underflows. The transfer counter and forward direction address
pointer are reloaded after each transfer counter underflow. The DMA becomes inactive when "0" is written to the DMA
enable bit.

DMA enable bit

Setting the DMA enable bit to "1" makes the DMAC active. If data transfer starts immediately after the DMAC is turned
active, the following operations are carried out:

(1) Reloads the value of either the source pointer or the destination pointer - the one specified for the forward direction
- to the forward direction address pointer.

(2) Reloads the value of the transfer counter reload register to the transfer counter.

Thus writing "1" to the DMA enable bit with the DMAC being active carries out the operations given above, so the DMAC
operates again from the initial state at the instant "1" is written to the DMA enable bit.

DMA request bit
The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of DMA request
causes for each channel (DMiSL registers).
DMA request causes include the following.

* Internal causes triggered by using the interrupt request signals from the built-in peripheral functions and software
DMA request all controlled by software.

 External causes effected by utilizing the input from external interrupt signals.

For the selection of DMA request causes, see the descriptions of the DMAI request cause select registers.

The DMA request bit turns to "1" if the DMA transfer request signal occurs regardless of the DMAC's state (regardless
of whether the DMA enable bit is set "1" or to "0"). It turns to "0" immediately before data transfer starts.

In addition, this bit can be set to "0" by software, but it cannot be set to "1".

There can be instances in which a change in the DMA request cause selection bits causes the DMA request bit to turn
to "1". Make sure to set the DMA request bit to "0" after the DMA request cause selection bits are changed.

The DMA request bit turns to "1" if a DMA transfer request signal occurs, and turns to "0" immediately before data transfer
starts. If the DMAC is active, data transfer starts immediately, so the value of the DMA request bit, if read by software,
turns out to be "0" in most cases. To examine whether the DMAC is active, read the DMA enable bit.

The timing changes of the DMA request bit are discussed in the following section.
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Internal factors

Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to "1" due to an
internal factor is the same as the timing for the interrupt request bit of the interrupt control register to turn to "1" due to
several factors.

Turning the DMA request bit to "1" due to an internal factor is timed to be effected immediately before the transfer
starts.

External factors

An external factor is a DMA request caused from the INTi pin input edge ("i" reflects the DMAC channel used).
Selecting the INTi pins as external factors using the DMA request factor selection bit causes input from these pins to
become the DMA transfer request signals.

The timing for the DMA request bit to turn to "1" when an external factor is selected synchronizes with the signal's edge
applicable to the function specified by the DMA request factor selection bit (synchronizes with the trailing edge of the
input signal to each INTi pin, for example).

With an external factor selected, the DMA request bit is timed to turn to "0" immediately before data transfer starts
similarly to the state in which an internal factor is selected.

Priorities of the channels and DMA transfer timing
If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period from the leading
edge to the trailing edge of BCLK), the DMA request bits of applicable channels concurrently turn to "1". If the channels
are active at that moment, DMAQO is given a high priority to start data transfer. When DMAO finishes data transfer, it gives
the bus right to the CPU. When the CPU finishes single bus access, then DMAL starts data transfer and gives the bus
right to the CPU. The DMA priority levels are:

DMAO > DMA1 > DMA2 > DMA3

Figure 1.74 is an example of DMA transfer effected by external factors when DMAO and DMAL1 requests occur in the
same sampling cycle.

Example of DMA transmission that is carried out in minimum cycles
at the time DMA transmission occur concurrently.

DMAO

DMA1 Bus
control

CPU

INTO

DMAO

request bit |

DMA1

request bit

Figure 1.74. An example of DMA transfer by external factors
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Transfer cycle

The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area (source read) and
the bus cycle in which the data is written to memory or to the SFR area (destination write). The number of read and write
bus cycles depends on the source and destination addresses. In memory expansion mode and microprocessor
mode, the number of read and write bus cycles also depends on the level of the BYTE pin. Also, the bus cycle is longer
when software waits are inserted.

Effect of source and destination addresses

When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd addresses, there
are one more source read cycle and destination write cycle than when the source and destination both start at even
addresses.

Effect of BYTE pin level

When transferring 16-bit data over an 8-bit data bus (BYTE pin = H") in memory expansion mode and microprocessor
mode, the 16 bits of data are sent in two 8-bit blocks. Therefore, two bus cycles are required for reading the data and two
are required for writing the data. Also, in contrast to when the CPU accesses internal memory, when the DMAC
accesses internal memory (internal ROM, internal RAM, and SFR), these areas are accessed using the data size
selected by the BYTE pin.

Effect of software wait

When the SFR area or a memory area with a software wait is accessed, the number of cycles is increased for the wait
by 1 bus cycle. The length of the cycle is determined by BCLK.

Figure 1.75 shows the example of the transfer cycles for a source read. For convenience, the destination write cycle is
shown as one cycle and the source read cycles for the different conditions are shown. In reality, the destination write
cycle is subject to the same conditions as the source read cycle, with the transfer cycle changing accordingly. When
calculating the transfer cycle, remember to apply the respective conditions to both the destination write cycle and the
source read cycle. For example, if data is being transferred in 16-bit units on an 8-bit bus (2), two bus cycles are required
for both the source read cycle and the destination write cycle.

Transfer cycle calculations

Any combination of even or odd transfer read and write addresses is possible. Table 1.38a shows the number of DMAC
transfer cycles. Table 1.38b shows the Coefficient j,k.

The number of DMAC transfer cycles calculation is:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k
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(1) 8-bit transfers
16-bit transfers from even address and the source address is even.

BCLK

Address CPU use Source  YDestination Dummy CPU use
bus cycle

B _\_,— """"""""""""""""""""""""""""""""""""""""

. |

bData CPU use Source X Destination Dummy CPU use
us cycle

(2) 16-bit transfers and the source address is odd
Transferring 16-bit data on an 8-bit data bus (In this case, there are two destination write cycles)

BCLK

Address
CPU use Source  XSource + 1 XDestination Dummy CPU use
bus cycle

o a0

WR
bD:;a CPU use >< Source ><S°Uf°e * 1><Destination>< chucrIT;myX CPU use

(3) One wait is inserted into the source read under the conditions in (1)

BCLK

Address Dumm
bus CPU use X Source ><Destination>< cycle v CPU use

® —_4’— """""""""""""""""""""""""""""

" |

Data o Dummy
bus CPU use >< Source ><Dest|nal|or>< cycle CPU use

(4) One wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles)

BCLK

Qddress CPU use Source Source + 1 Destination Dummy CPU use
us cycle

S s ) S

WR

Data

b CPU use Source Source + 1 Destination Dummy CPU use
us cycle

Note : The same timing changes occur with the respective conditions at the destination as at the source.

Figure 1.75. Example of the transfer cycles for a source read
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Table 1.38a. DMA transfer cycles

Single-chip mode Memory expansion mode
T f it B idth Acces Microprocessor mode
ranster uni us wi address No. ofread No.of write No.of read No.of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE ="L") Odd 1 1 1 1
(DMBIT ="17) 8-bit Even - — 1 1
(BYTE ="H") odd ~ _ 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE ="L") Odd 2 2 2 2
(DMBIT ="0") 8-bit Even B B 2 >
(BYTE ="H") odd B B 2 2
Table 1.38b. Coefficient j,k
Internal memory External memory
no wait with wait (Note 1)
Internal ROM/RAM SFR area
1 wait 2 waits 3 waits
j 1 2 1 2 3 4
k 1 2 2 2 3 4

Note 1: Depends on the value set in the CSE register.

Precautions

Writing to the DMAE bit in DMiCON register

If the following conditions are met:
The DMAE bit is set to "1" again while it is already set to "1" (DMAI is in active state).
A DMA request may occur simultaneously when the DMAE bit is being written.

Follow the steps below:
Step 1: Write "1" to the DMAE bit and DMAS bit in DMICON register simultaneously (Note 1).
Step 2: Make sure that the DMAI is in an initial state (Note 2) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

Note 1: The DMAS bit remains unchanged even if "1" is written. However, if "0" is written to this bit, it is set to "0" (DMA
not requested). In order to prevent the DMAS bit from being modified to "0", "1" should be written to the DMAS bit when
"1" is written to the DMAE bit. In this way the state of the DMAS bit immediately before being written can be maintained.
Similarly, when writing to the DMAE bit with a read-modify-write instruction, "1" should be written to the DMAS bit in order

to maintain a DMA request which is generated during execution.

Note 2: Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to a value which
was written to the TCRi register before DMA transfer start, the DMAI is in an initial state. (If a DMA request occurs after
writing to the DMAE bit, the value written to the TCRi register is "1".) If the read value is a value in the middle of a transfer,

the DMAI is not in an initial state.
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Timer A

Except in event counter mode, Timers AO through A4 all have the same function. Use the Timer Ai mode register (i = 0 to
4) bits 0 and 1 to choose the desired mode.

Timer A has four operation modes listed as follows:

* Timer mode: The timer counts an internal count source.

 Event counter mode: The timer counts pulses from an external source or a timer over flow.

» One-shot timer mode: The timer stops counting when the count reaches "000016".

* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

Figure 1.76 and Figure 1.77 show block diagrams of Timer A. Figure 1.78 to Figure 1.80 show the Timer A-related

registers.

Clock source
selection

o Timer
fil —o e One shot
s —oN\, « PWM
32 —O o Timer Q
fczg—oO (gate function)
¢ Event counter
Polarity
O— .
TAIIN selection Clock selection
(i=0to4)
External
TAj overflow trigger

_0
(j =i-1. Note, however, that j = 4 when i = 0)

TAk overflow ~—O
(k =i+ 1. Note, however, that k = 0 when i = 4)

q Data bus high-order bits g
A
S Data bus low-order bits S
Low-order High-order
8 bits d 8 bits

Reload register (1

oK

/\

N

~

Counter (16)

Count start flag

(Address 038016)
Down count —Q

Up/down flag O

(Address 038416)

TAiouT Pulse output
(i=0to4)
O

{ Toggle flip-flop

Up count/down count

in event counter mode

[ Always count down except]

TAi
Timer AO
Timer A1
Timer A2
Timer A3
Timer A4

Addresses

038716
038916
038B16
038D16
038F16

038616
038816
038A16
038C16
038E16

TAj
Timer A4
Timer AO
Timer A1
Timer A2
Timer A3

TAk
Timer A1
Timer A2
Timer A3
Timer A4
Timer AO

Figure 1.76. Timer A block diagram (1)
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XIN ©

1/8

1/4 f32

XCIN

Clock prescaler

fc32

Reset

Clock prescaler reset flag (bit 7
at address 038116) set to "1"

f1 f8 f32 fc32

TAOIN o

«Timer mode
« One-shot mode

O
O
— )

TALIN ©

N_oise o
filter

o\-PWM mode
o) { Timer AO

Timer AO interrupt

« Event counter mode

|

«Timer mode
« One-shot mode

O
O
) o )

TA2IN ©

Noise
>

OX-PWM mode
o) I Timer A1

Timer Al interrupt

« Event counter mode

-

*Timer mode
« One-shot mode

O
O
- )

TA3IN ©

Noise
>

* PWM mode
Z\ I Timer A2

Timer A2 interrupt

« Event counter mode

-

«Timer mode
« One-shot mode

%00
O

TA4N ©

Noise
/i A O
2 filter ?/

o\-PWM mode
o) i Timer A3

Timer A3 interrupt

 Event counter mode

|

«Timer mode
« One-shot mode

%OO

[¢]

Noise
>

* PWM mode
Z\ i Timer A4

Timer A4 interrupt

« Event counter mode

|

Figure 1.77. Timer A block diagram (2)
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Timer Ai register (i = 0 to 4) (Note 1)

Symbol Address When reset
TAO 0387,, 03864, Indeterminate
(b15 b8) TAL 0389, 0388 ¢, Indeterminate
b7 b0 b7 bo TA2 038B,,, 038A,, Indeterminate
TA3 038D, 4, 038C g, Indeterminate
TA4 038F,,, 038E,, Indeterminate
Mode Function Values that can be set R
————————— Timermode |16 pit counter (set to divide ratio) 0000, to FFFF, o
Event counter f i ;
mode 16-bit counter (set to divide ratio) (Note 2) 0000, to FFFF, o)
_One-shot 16-bit counter (set to one-shot width) 0000, to FFFF (Note 3)
timer mode (Note 6) X
. 16-bit PWM (set to PWM pulse "H" width)
16-DitPWM | (\oe 4, 7) 0000, to FFFF ¢ (Note 3) | X
Low-order bits: 8-bit prescaler
; (set to PWM period) (Notes 5, 7) 00, to FE ¢ (Both high-order and
8-bit PWM High-order bits : 8-bit PWM low-order addresses) (Note 3) X
(set to PWM pulse "H" width) (Notes 5, 7)

Note 1 : Read and write data in 16-bit units.

Note 3 : Use MOV instruction to write to this register.
PWM period : (26 - 1)/fi
PWM pulse "H" width : n/fi

PWM period : (28 - 1) X (m + 1)/fi
PWM pulse "H" width : (m + 1)n/fi

Note 2 : Counts pulses from an external source or timer overflow.

Note 4 : When setting value is n, PWM period and "H" width of PWM pulses are:

Note 5 : When setting value of high-order address is n and setting value of low-
order address is m, PWM period and "H" width of PWM pulse are:

Note 6 : When the Timer Ai register is set to "0000 ", the counter does not
operate and the Timer Ai interrupt request is not generated. When the
pulse is set to output, the pulse is not output from the TAIOUT pin.

Note 7 : When the Timer Ai register is set to "0000,,", the pulse width modulator
does not operate and the output level of the TAIOUT pin remains "L"

level, therefore the Timer Ai interrupt request is not generated. This also
occurs in the 8-bit pulse width modulator mode when the significant 8
high-order bits in the Timer Ai register are set to "00,,".

Trigger select register

b7 b6 b5 b4 b3 b2 bl bO

‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
TRGSR 0383, 00,4
Bit Symbol Bit Name Function w
bl bo
TALTGL ] _ 0 0: Input on TAL,is selected (Note) | ©
Timer Al event/trigger 0 1:Invalid
select bit 1 0:TAO overflow is selected
: i o
TALTGH 1 1:TA2 overflow is selected
TA2TGL o
——————————————————— ) . 0 0:Inputon TA2 s selected (Note) 00
Timer A2 event/trigger | o 1 - |nvalid
,,,,,,,,,,,,,,,,,,,,,,,,, TA2TGH select bit 1 0:TAL overflow is selected o
1 1:TA3 overflow is selected
b5 b4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TA3TGL ) . 0 0:Input on TA3, is selected (Note) o
Timer A3 event/trigger 0 1:Invalid
TA3TGH select bit 1 0: TA2 overflow is selected
1 1:TA4 overflow is selected 00
b7 bé
TA4TGL . . 0 0:Input on TA4  is selected (Note) o
Timer A4 event/trigger 0 1:Invalid
select bit 1 0:TA3 overflow is selected
: o
TA4TGH 1 1:TAO overflow is selected

Note: Set the corresponding port direction register to "0"

Figure 1.78. Timer A-related registers (1)
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Timer Ai mode register (i=0to 4)
b7 b6 b5 b4 b3 b2 bl b0
’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
L TAIMR (i=0 to 4) 0396, t0 039A, 00000X00,
| Bit Symbol Bit Name Function R:IW
: i bl bo
””” TMODO Operation mode 0 0 : Timer mode oo
select bit 0 1: Event counter mode
,,,,,,,,,,,, 1 0: One-shot timer mode
TMOD1 1 1:PWM mode 00
7777777777777777777 MRO 0O:0
,,,,,,,,,,,,,,,,,,,,,,,,, MRl O O
MR2 Functl(_)n varies with each mode olo
operation
MR3 [oRle)
TCKO | Function varies with each mode 00
Count source select bit operation
TCK1 0i0
Count start flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
: TABSR 0380, XXX00000,
Bit Symbol Bit Name Function RiW
****** TAOS Timer AO count start flag 0:0
; - 0 : Stops counting
i TALS Timer Al count start flag 1: Starts counting 0:0
— TA2S Timer A2 count start flag 0:0
TA3S Timer A3 count start flag 00
TA4S Timer A4 count start flag o0
Nothing is assigned. Write "0" when writing to these bits.
The value is indeterminate if read. T
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b
Symbol Address When reset
CPSRF 0381 OXXXXXXX,
Bit Symbol Bit Name Function W
Nothing is assigned. Write "0" when writing to these bits. The
value is indeterminate if read. B
0 : No effect
CPSR Clock prescaler reset flag 1 - Reset o)
(The value is "0" when read)

Figure 1.79. Timer A-related registers (2)
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Up/down flag (Note)

b7 b6 b5 b4 b3 b2 bl bo

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
UDF 0384, 00,4
i Bit Symbol Bit Name Function RiwW
b TAOUD Timer A0 up/down flag 0:i0
0 : Down count
TA1UD Timer A1 up/down flag 1: Up count 0i0
S ; 0i{0
TA2UD Timer A2 up/down flag This specification becomes valid
TA3UD Timer A3 up/down flag when the up/down flag content is 0:0
selected for up/down switching cause
TA4UD Timer A4 up/down flag 0i0
Timer A2 two-phase pulse . i
TA2P . ; . 0 : Disabled — 10
signal processing select bit 1 Enabled
TA3P Timer A3 two-phase pulse o
signal processing select bit When not using the two-phase pulse | —
- signal processing function, set the
TA4P Timer A4 two-phase pulse select bit to "0" _i0
signal processing select bit
Note : Use MOV instruction to write to this register
One-shot start flag
b7 b6 b5 b4 b3 b2 bl bo
‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
ONSF 0382, 00,4
Bit Symbol Bit Name Function RiW
TA0OS Timer AO one-shot start flag | 0 : Invalid 0:0
TA1OS Timer Al one-shot start flag 1: Timer start (Note 1) 00
"""""""""" TA20S Timer A2 one-shot start flag 0:0
""""""""""""""""" TA30S Timer A3 one-shot start flag 0:0
————————————————————————————— I TA40S Timer A4 one-shot start flag 0:0
Reserved Always set to "0" 0i 0
b7 b6
TAOTGL 0 O:Inputon TAO,,is selected (Notes 2, 3)| O} O
Timer AO event/trigger 0 1:Invalid
select bit 1 0:TA4 overflow is selected oo
TAOTGH 1 1:TA1 overflow is selected

Note 1 : The value is "0" when read.
Note 2 : Set the corresponding port direction register to "0".
Note 3 : To start count in one-shot timer mode, do not use an extrenal trigger input.

Figure 1.80. Timer A-related register (3)
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Timer mode

In this mode, the timer counts an internally generated count source. Timer A in timer mode specifications are shown in

Table 1.39. Figure 1.81 shows the Timer Ai mode register in timer mode.

Table 1.39. Timer mode specifications

Item

Specification

Count source

f1, 18, f32, fc32

Count operation

® Down count
* When the timer underflows, it loads the reload register contents before continuing counting

Divide ratio

1/(n+1) n: Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request
generation timing

When the timer underflows

TAIIN pin function

Programmable 1/O port or gate input.

TAiouT pin function

Programmable 1/O port or pulse output.

Read from timer

Count value can be read out by reading Timer Ai register

Write to timer

e When counting is stopped and a value is written to Timer Ai register, it is written to both the
reload register and counter

e Whencountingis in progressand avalue iswritten to Timer Ai register, itis written only to the
reload register (to be transferred to counter at the next reload time)

Select function

e Gate function-Counting can be started and stopped by TAIIN pin's input signal
e Pulse output function-Each time the timer underflows, the TAioUT pin's polarity isreversed

Timer Ai mode register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl b0

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
; TAIMR (i=0 to 4) 0396, 0 039A,4 00000X00,
‘ Bit Symbol Bit Name Function RIW
o] TMODO Operation mode b1 bo o
TMOD1 select bit 0 0: Timer mode oio
0 : Pulse is not output
,,,,,,,,,,,,,,,,,, MRO Pulse output function (TAiouT pin is a normal port pin)
select bit 1: Pulse is output 0:0
(TAiouT pin is a pulse output pin)
b4 b3
0 X : Gate funciton not available
777777777777777777777777 MR1 Gate function select bit (TAIIN pin is a normal port pin) (Note 1) 00
1 0 : Timer counts only when TAIIN pin
is held "L" (Note 2)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, MR2 1 1 : Timer counts only when TAIIN pin| 5 |5
is held "H" (Note 2)
"""""""""""""""""""""" MR3 0 (Set to "0" in timer mode) 0i0
b7 b6
TCKO 00 :f1 0:0
Count source selectbit | 0 1 : 8
TCK1 10 :132 oo
11 :fc32

Note 1: X value can be "0" or "1"
Note 2: Set the corresponding port direction register to "0".

Figure 1.81. Timer Ai mode register in timer mode
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Event counter mode

In this mode, the timer counts an external signal or an internal timer’s overflow. Timers A0 and Al can count a single-
phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase external signal. Table 1.40
lists timer specifications when counting a single-phase external signal. Table 1.41 lists timer specifications when
counting a two-phase external signal. Figure 1.82 shows the Timer Ai mode register in event counter mode (excluding
two-phase pulse signal processing). Figure 1.83 shows the Timer Ai mode register in event counter mode when using

two-phase pulse signal processing.

Table 1.40. Event counter mode specifications (excluding two-phase pulse signal)

Iltem

Specification

Count source

e External signals input to TAIIN pin (effective edge can be selected by software)
® TAj overflow

Count operation

e Up count or down count can be selected by external signal or software.
* When the timer overflows or underflows, it reloads the reload register contents before count-
ing continues. (Note)

Divide ratio

1/(FFFFg - n + 1) for up count

1/(n + 1) for down count n: Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request
generation timing

The timer overflows or underflows

TAIIN pin function

Programmable 1/O port or count source input

TAIiouUT pin function

Programmable 1/O port, pulse output, or up/down count select input.

Read from timer

Count value can be read out by reading Timer Ai register

Write to timer

* When counting is stopped and a value is written to Timer Ai register, it is written to both the
reload register and counter

® Whencountingis in progressand avalue iswritten to Timer Ai register, itis written only to the
reload register (to be transferred to the counter at the next reload time)

Select function

® Free-run count function

Even when the timer overflows or underflows, the reload register content is not reloaded.
e Pulse output function

Each time the timer overflows or underflows, the TAiouT pin's polarity is reversed

Note: This does not apply when the free-run function is selected
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Table 1.41. Timer specifications in event counter mode (when processing two-phase pulse signal)

Item

Specification

Count Source

e[wo-phase pulse signals input to TAIIN or TAIOUT pin

Count operation

eUp count or down count can be selected by two-phase pulse signal
eWhen the timer overflows or underflows, the reload register content is loaded and the timer
starts over again (Note 1)

Divide ratio

1/ (FFFF4¢ - n + 1) for up count

1/ (n+1) for down count n: Set value

Count start condition

Count start flag is set (=1)

Count stop condition

Count start flag is reset (=0)

Interrupt request
generation timing

Timer overflow or underflows

TAIIN pin function

Two-phase pulse input

TAIOUT pin function

Two-phase pulse input

Read from timer

Count value can be read out by reading Timer A2, A3, or A4 register

Writer to timer

*\When counting is stopped and a value is written to Timer A2, A3, or A4 register, it is written
to both the reload register and counter

eWhen counting is in progress and a value is written to Timer A2, A3, or A4 register, it is
written only to the reload register (to be transferred to the counter at the next reload time).

Select function
(Note 2)

eNormal processing operation (Timer A2 and A3)
The timer counts up rising edges or counts down falling edges on the TAIIN pin when the
input signal on the TAiouUT pin is "H"

TAiouT L
L R u,f* vy

(i=2,3) up Up Down Down Down
count count count count count count

eMultiply-by-4 processing operation (Timer A3 and Timer A4)

If the phase relationship is such that the TAiIN pin goes "H" when the input signal on the
TAIoUT pin is "H", the timer counts up rising and falling edges on the TAiouT and TAIIN pins.
If the phase relationship is such that the TAIIN pin goes "L" when the input signal on the
TAiouUT pin is "H", the timer counts down rising and falling edges on the TAiouT and TAIIN

e EU Ay

Count up all edges Count down all edges

e Py

(i=3,4) ‘-

Count up all edges Count down all edges

Note 1: This does not apply when the free-run function is selected.
Note 2: Timer A3 is selectable. Timer A2 is fixed to normal processing operation and Timer A4 is fixed to multiply-by-4

operation.
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Timer Ai mode register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
TAIMR (i=0 to 4) 0396, to 039A4 00000X00,
Bit Symbol Bit Name Function RIW
TMODO Operation mode b1 bo o
select bit 0 1: Event counter mode (Note 1)
TMOD1
0 : Pulse is not output
Pulse output function (TAiouT pin is a normal port pin)
MRO select bit 1: Pulse is output 00
P!
(TAiouT pin is a pulse output pin)
Count polarity select bit | 0 : Counts external signals falling edges
MR1 (Note 2) 1 : Counts external signals rising edges | © | O
Up/down switching 0 : Up/down flag data
MR2 cause select bit 1 : TAiouT pin's input signal (Note 3) 0i0
MR3 0 (Set to "0" in event counter mode) olo
Count operation type 0 : Reload type
TCKO select bit 1: Free-run type c:o
T\:g?;-é)ﬁsair?e gu:;it?é?]nal 0 (Set to "0" when not using two-phase
TCK1 P 9 op: pulse signal processing) 0:0

select bit (Note 4)

Note 1: Count source is selected by the event/trigger select bit (addresses 0382, 0383 ;) in
event counter mode.
Note 2: This bit is valid only when counting an external signal.
Note 3: Set the corresponding port direction register to "0".

Note 4: This bit is valid for Timer A3 mode registers. Timer A2 is fixed to normal processing
operation and Timer A4 is fixed to multiply-by-4 processing operation.

Figure 1.82. Timer Ai mode register in event counter mode (not using two-phase processing)

Timer Ai mode register (i =0 to 4)

b7 b6 b5 b4 b3 b2 bl b0

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
: TAIMR (=0 to 4) 0396, to 039A 00000X00,
Bit Symbol Bit Name Function R:IW
""" TMODO 0: 0
Operation mode Bl T Event counter mode (Note 1)
TMOD1 select bit [e)e)
Pulse output function 0 (Set to "0" when using two-phase [eR1e)
MRO select bit pulse signal processing)
Count polarity select bit | 0 (Set to "0" when using two-phase
MR1 (Note 2) pulse signal processing) 0:0
77777777777777777777777777777777 Up/down switching 0 (Set to "1" when using two-phase
MR2 cause select bit pulse signal processing) 0:0
MR3 0 (Set to "0" in event counter mode) oio
Count operation type 0 : Reload type
TCKO select bit 1: Free-run type C:0
;mif;?ss g;::rzt?cl)gnnal 0 : Normal processing operation olo
TCK1 select bit (Notes 3, 4) 1 : Multiply-by-4 operation

Note 1: Count source is selected by the event/trigger select bit (addresses 0382, 0383 ;) in
event counter mode.
Note 2: This bit is valid only when counting an external signal.
Note 3: This bit is valid for Timer A3 mode registers. Timer A2 is fixed to normal processing
operation and Timer A4 is fixed to multiply-by-4 processing operation.
Note 4: When performing two-phase pulse signal processing, make sure the two-phase pulse

signal processing operation select bit (address 0384, ;) is set to "1". Also be sure to

always set the event/trigger select bit (address 0383) to "00".

Figure 1.83. Timer Ai mode register in event counter mode (using two-phase processing)
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One-shot timer mode

In this mode, the timer operates only once. Table 1.42 shows the timer specifications for Timer A in one-shot timer
mode. When a trigger occurs, the timer starts counting down until it reaches 000016. Figure 1.84 shows the Timer Ai
mode register in one-shot timer mode.

Table 1.42. Timer specifications in one-shot timer mode

Item Specification

Count source f1, 18, f32, fc32

e The timer counts down
Count operation o When the count reaches 000044, the timer stops counting after reloading a new count

« If a trigger occurs when counting, the timer reloads a newcount and restarts counting

Divide ratio 1/n n: Set value

o An external trigger is input
Count start condition | e The timer overflows
e The one-shot flag is set (=1)

o Anew count is reloaded after the count has reached 00004¢

Count st diti
ount stop condition o The count start flag is reset (=0)

Interrupt request

N The count reaches 000044
generation timing

TAIIN pin function Programmable I/O port or trigger input.
TAioUT pin function Programmable I/O port or pulse output.
Read from timer When Timer Ai register is read, the value is indeterminate.

e When counting has stopped and a value is written to Timer Ai, it is also written to the reload
register and counter.

e When counting is in progress and a value is written to Timer A, it is written to only the reload
register (Transferred to the counter at next reload time)

Write to timer

Timer Ai mode register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl b0

‘ ‘ Symbol Address When reset
TAIMR (i=0 to 4) 0396, to 039A, 00000X00,
Bit Symbol Bit Name Function RIW
e TMODO Operation mode b1 bo )
; 1 0: One shot timer mode
select bit
TMOD1 0: 0
0 : Pulse is not output
Pulse output function (TAiouTpin is a normal port pin)
MRO select bit 1: Pulse is output 00
(TAiouTpin is a pulse output pin)
7777777777777777777777777 External trigger 0 : Falling edge of TAiIN input signal (Note 2) olo
MR1 select bit (Note 1) 1 : Rising edge of TAIIN input signal (Note 2)
. lect bi 0 : One-shot start flag is valid
""""""""""""""""""" MR2 Trigger select bit 1: Selected by event/trigger select register oo
MR3 0 (Set to "0" in one-shot timer mode) oo
b7 b6
TCKO 00:fL 00
Count operation type 01:f8
select bit 10:f32
: 00
TCK1 1 1:fc32

Note 1: Valid only when the TAIIN pin is selected by the event trigger select bit
(addresses 0382, 0383, ).
Note 2: Set the corresponding port direction register to "0".

Figure 1.84. Timer Ai mode register in one-shot timer mode
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Pulse width modulation (PWM) mode

In this mode, the timer outputs pulses of a given width in succession. Table 1.43 shows the timer specification for Timer
in pulse width modulation mode. In this mode, the counter functions as either a 16-bit pulse width modulator or an 8-
bit pulse width modulator. Figure 1.85 shows the Timer Ai mode register in pulse width modulation mode. Figure 1.86
shows an example of how a 16-bit pulse width modulator operates. Figure 1.87 shows an example of how an 8-bit
pulse width modulator operates.

Table 1.43. Timer specifications in pulse width modulation mode

Item

Specification

Count source

f1, f8, f32, fc32

Count operation

e The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)
e The timer reloads a new count at a rising edge of the PWM pulse and continues counting
e The timer is not affected by a trigger that occurs when counting

16-bit PWM ¢ High Ie'vel wu:::sh . n./fl n=Set value
e Cycle time (2'°-1)/fi fixed
8-bit PWM e High level width n X (m+1)/fi n: values set to Timer Ai register's high-order address

e Cycle time (28-1) X (m+1)/fi  m:values set to Timer Ai register's low-order address

Count start condition

e External trigger is input
e The timer overflows
e The count start flag is set (=1)

Count stop condition

The count start flag is reset (=0)

Interrupt request
generation timing

PWM pulse goes "L"

TAIIN pin function

Programmabile 1/O port or trigger input

TAIOUT pin function

Pulse output Two-phase pulse input.

Read from timer

When Timer Ai is read, the value is indeterminate.

Write to timer

¢ When counting has stopped and a value is written to Timer A, it is written to both the reload
register and counter.

e When counting is in progress and a value is written to Timer Ai, it is written to only the reload
register (Transferred to the counter at next reload time)
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Timer Ai mode register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
TAIMR (i=0 to 4) 0396, to 039A, 00000X00,
Bit Symbol Bit Name Function RIW
b TMODO Operation mode b1 bo )
select bit 1 1: Pulse width modulator (PWM) mode
TMOD1 O: 0
MRO 1 ( Must always be "1" in PWM mode) 0o 0
,,,,,,,,,,,,,,,,,,,,,,,,, MR1 External trigger 0 : Falling edge of TAIIN input signal (Note 2) oio
select bit (Note 1) 1: Rising edge of TAIIN input signal (Note 2)
MR2 0 : Count start flag is valid 0i 0
Trigger select bit 1: Selected by event/trigger select register
MR3 16/8 PWM mode 0: Funct?ons as a 16-b?t PWM ol o
select bit 1: Functions as an 8-bit PWM
b7 b6
TCKO .
Count operation type 00: Il oio
select bit 01:18
ekt 10:132 ol o
1 1:fc32

Note 1: Valid only when the TAi pin is selected by the event trigger select bit
(addresses 0382, 0383,).
Note 2: Set the corresponding port direction register to "0".

Figure 1.85. Timer Ai mode register in pulse width modulation mode

Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

(2% - 1)

Count source
TAIIN pin H
input signal L AN

: i

PWM pulse output  "H"
from TAiouT pin ap |

Timer Aiinterrupt ~ "1"
request bit o _____
fi : Frequency of count source \ /

(fa, fs, f32, fc32) Cleared to "0" when interrupt request is accepted, or cleared by software

A
Y

Note: n = 000016 to FFFE16

Figure 1.86. Example of a 16-bit pulse width modulator operation
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Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

3 (@%- 1) x (m+1)/fi :

Count source (Notel) N 1

TAIN pin input signal H_+ :

Underflow signal of "H" : 1 T —r—r—------ 1
8-bit prescaler (Note2) . .

e e (nx(m+ 1)/ |
PWM pulse output "H” ‘ i ‘
from TAiouT pin " ! o

Timer Ai interrupt S

request bit e e [

(=}

fi : Frequency of count source Cleared to "0" when interrupt request is accepted, or cleared by software
(f1, fs, f32, fc32)

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FE16; n = 0016 to FE16

Figure 1.87. Example of an 8-bit pulse width modulator operation
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Precautions

Timer mode
The value of the counter can be read, with arbitrary timing, by reading the Timer Ai register while a count is in progress.
Reading the Timer Ai register with the reload timing gets "FFFF16".

After setting a value in the Timer Ai register, a proper value can be read with the counter stopped before it starts counting

Event counter mode

The value of the counter can be read, with arbitrary timing, by reading the Timer Ai register while a count is in progress.
Reading the Timer Ai register with the reload timing gets "FFFF16" by underflow or "000016" by overflow.
After setting a value in the Timer Ai register, a proper value can be read with the counter stopped before it starts counting .

Reset the timer when counting has stopped in free run type.

If using "Free-Run type", the timer register contents may be unknown when counting begins. Set the timer value
immediately after counting has started.

Example if the up/down count is not switched:

« Enable the "Reload" function and write to the timer register before counting begins.
» Rewrite the value to the timer register immediately after counting has started.

« If counting up, rewrite "000016" to the timer register.

« If counting down, rewrite "FFFF1" to the timer register. This will cause the same operation as "Free-Run type".
Example if the up/down count is switched:

* Use the "Reload type" operation until the first count pulse is input.

« Switch to "Free-Run type".

One-shot timer mode

Setting the count start flag to "0" while a count is in progress causes as the following:
» The counter stops counting and a content of reload register is reloaded.

e The TAiouT pin outputs "L" level.

« The interrupt request generated and the Timer Ai interrupt request bit goes to"1".

The output from the one-shot timer synchronizes with the count source generated internally. Therefore, when an
external trigger has been selected, a delay of one cycle of count source (maximum) occurs between the trigger input to
the TAIIN pin and the one-shot timer output.
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The Timer Ai interrupt request bit goes to "1" if the timer's operation mode is set using any of the following procedures:
 Selecting one-shot timer mode after reset.

» Changing operation mode from timer mode to one-shot timer mode.

» Changing operation mode from event counter mode to one-shot timer mode.

Therefore, to use Timer Ai interrupt (interrupt request bit), set Timer Ai interrupt request bit to "0" after the above listed
changes have been made.

If a trigger occurs while a count is in progress, after the counter performs one down count following the reoccurrence of
a trigger, the reload register contents are reloaded, and the count continues.

To generate a trigger while a count is in progress, generate the second trigger after a period longer than one cycle of the
timer's count source after the previous trigger occurred.

Pulse modulation mode

The Timer Ai interrupt request bit becomes "1" if setting operation mode of the timer in compliance with any of the
following procedures:

« Selecting PWM mode after reset.
« Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.

Therefore, to use Timer Ai interrupt (interrupt request bit), set Timer Ai interrupt request bit to "0" after the above listed
changes have been made.

Setting the count start flag to "0" while PWM pulses are being output causes the counter to stop counting. If the TAiouT
pin is outputting an "H" level in this instance, the output level goes to "L", and the Timer Ai interrupt request bit goes to
"1". If the TAiouUT pin is outputting an "L" level in this instance, the level does not change, and the Timer Ai interrupt
request bit does not becomes "1".
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Serial Communication
Serial I/0 is configured as four channels: UARTO to UARTS3.
UARTO to UART3 have an exclusive timer to generate a transfer clock so they can operate independently of one another.
Figure 1.88 shows the block diagram of UARTiI (i = 0 to 3).
UARTI has two operation modes:
« Clock synchronous serial I/0 mode
« Clock asynchronous serial /0 (UART) mode.

The contents of the serial I/O mode select bits (bits 0 to 2 at address 03A816, 036816, 033816, 032816) determine
whether UARTI is used as a clock synchronous serial I/O or as a UART. It also has the bus collision detection function
that generates an interrupt request if the TxD pin and RxD pin are in different levels.

Figure 1.89 to Figure 1.93 show the UARTI related-registers.
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- TxD
. RxD polarity : ;
RxDIi O— . Y H polarity | —O TxDi
reversing circuit _ reversing
UART reception . - Receive ' circuit
Clock source selection | Reception | clock Transmit/ (Note)
f Bit rate Clock synchronous type o | control circuit receive
©  Internal generator ro : T unit
fs —0 oo 1/ (sl UART transmission | | Transmit
o2 —o Transmission clock
control circuit
External Clock synchronous type
Clock synchronous type
(when internal clock is selected)
Q
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
pg;ﬁw )/‘ selected)
CLKi O reversing N
cireuit | CTSIRTS  CTS/RTS disabled
selected RTSI
CTSi/RTSIO oo !
~N
Vce
TS/RTS disabl P
Oi CTSIRTS disabled 7
ni : Values set to UARTI bit rate generator (UIBRG)
No reverse Note :UART 2 is not CMOS output but N channel open drain output.
RxDi
Reverse
! Clock
synchronous type
UART
(7 bits)
S,?‘El;‘mmus %A[ff; ) UART(7 bits) UARTI receive register
type

PAR
enabled

(9 bits)

(9 bits)

UARTI receive
buffer register

|D7§D6§D5§D4§D3§D2§D1§Do|

~>

[ Logic reverse circuit + MSB/LSB conversion circuit

Address 03AF16
Address 03AE16
Address 036F16

Address 036E16
Address 033F16

Data bus high-order bits

Address 033E16
Address 032F16

Data bus low-order bits Address 032E16

PAR
enabled

lock
synchronous
type

SP  : Stop bit
PAR : Parity bit
i :0to3

UART
©

~~

[ Logic reverse circuit + MSB/LSB conversion circuit

S~
DsiD3iD2iDi1i

UARTItransmit buffer
register

|D7§D6§D5§ Dol

[Ds |

Address 03AB16
Address 03AA16
Address 036B16
UART Address 036A16
(9 bits) Address 033B16

Address 033A16
Clock Address 032B16
synehronous tpe Address 032A16

UART
(8 bits)

bits)

UART
(7 bits)
UART
(8 bits)
Clock
synchronous type

UART(7 bits) UARTI transmit register

Error signal output
disable

=

Error signal output
enable

No reverse

oz

Reverse

TxD data
reverse circuit

Error signal
output circuit

|}—o TXDi

Figure 1.88. UARTI block diagram
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) . . - Symbol Address When reset
UARTI transmit buffer register (i= 0 to 3) (Note) UOTB 03AB,, 03AA,, Indeterminate
(b15) (b8) U1TB 036B, 4, 036A, 4 Indeterminate
b7 b0 b7 bo U2TB 033B,4, 033A,4 Indeterminate
WW ‘ ‘ ‘ u3TB 032B,;, 032A ¢ Indeterminate
Function Function
Bit Symbol (clock synchronous serial I/0 mode) (UART mode)
Transmit data Transmit data o
Transmit data (9th bit) X:0
Nothing is assigned. =
Write "0" when writing to these bits. The values are indeterminate when read.
Note: Use MOV instruction to write to this register.
UARTI receive buffer register (i= 0 to 3) Symbol Address When reset
UORB 03AF, ¢, 03AE, Indeterminate
(%15) (%8) . b U1RB 036F 4, 036E, Indeterminate
i 0 b7 0 U2RB 033F 4, 033E,¢ Indeterminate
LT T T I XX T I T T I TII] USRB 032F,,, 032E,, Indeterminate
Bit Bit name (cloclf;;rfélr?rr:mous Function
Symbol (UART mode) R W

serial I/O mode)

Receive data Receive data 0} X

Receive data (9th bit) O} X

Nothing is assigned.
Write "0" when writing to these bits. The values are indeterminate when read.

ABT | Arbitration lost detecting flag| 0 : Not detected Invalid oo
(Note 1) 1: Detected
OER | Overrun error flag (Note 2) 0 : No overrrun error | 0: No overrun error | Q! X
1 : Overrun error 1: Overrun error
FER | Framing error flag (Note 2) Invalid 0 : No framing error ol x
1 : Framing error
PER | Parity error flag (Note 2) Invalid 0 : No parity error
1 : Parity error O X
SUM | Error sum flag (Note 2) Invalid 0 : No error
. O X
1: Error

Note 1: Only "0" can be written to this bit.
Note 2: Bits 15 to 12 are set to "0000," when the serial I/O mode select bit (bits 0 to 2 at

addresses 03A8,, 0368, 0338, 0328,;) are set to "000," or the receive enable bit is
set to "0".
Bits 14 and 13 are also set to "0" when the lower byte of the UARTI receive buffer

register (addresses 03AE,, 036E,, 033E ¢, 032E ;) is read.

Figure 1.89. Serial I/O-related registers (1)
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UARTI bit rate generator (i=0 to 3) (Notes 1, 2)

b7 b0
‘ Symbol Address When reset
UIBRG (i=0to 3) 03A9,,, 0369, 4, 0339, 0329, Indeterminate
Bit Symbol Function Values that can be set R:iW
Assuming that set values = n, BRGi divides 00. to EF X410
""""""""""""""" the count source by n + 1 16 16
Note 1: Use MOV instruction to write to this register
Note 2: Write a value to this register while transmit/receive is stopped.
UARTI transmit/receive mode register (i= 0 to 3)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
UiMR (i=0to 3) 03A8,,, 0368, , 0338, 0328, 00,,
Function Function
Bit Symbol | Bit Name (clock synchronous R
serial /0 mode) (UART mode)
b2 bl b0
rrrrrrr SMDO 02 b1 bo 0 0 0: Serial I/O invalid
Serial I/O mode |0 0 0: Serial /O invalid [1 O O: Transfer data 7 bits long
SMpL  |select bit 0 0 1: Serial I/O mode |1 O 1:Transfer data 8 bits long
0 1 0 IPC mode 1 1 0:Transfer data 9 bits long | O
(Note 3)
P Inhibited except in cases|Inhibited except in cases listed
listed above above o
CKDIR |Internal/external | 0 : Internal clock 0 : Internal clock
clock select bit | 1 : External clock (Note 1)| 1 : External clock (Note 1) ]
STPS Stop bit length | Invalid 0 : One stop bit
select bit 1: Two stop bits ¢}
Valid when bit 6 = "1"
PRY Odd/even parity | Invalid 0: Odd parity 00
select bit 1: Even parity
Parity enable bit | Invalid 0 : Parity disabled
PRYE 1 : Parity enabled 0 ©
TxD, RxD input/
' h 0 : Normal
output polarity : (Note 2) [eRNe)
I0POL . X
OPO switch bit 1: Reversed

Note 1: When I2C bus interface mode is selected, set the port direction register for the
corresponding port (SCLi) to 0, or the port direction register to 1 and the port data register
to 1. When a mode other than serial I/O mode is selected, set the port direction register
for the corresponding port (CLKi) to 0.

Note 2: Normally set to "0".

Note 3: Set the corresponding port direction register to "0" when receiving.

Figure 1.90. Serial I/O-related registers (2)
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UARTI transmit/receive control register 0 (i= 0 to 3)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
UiCO (i=0to 3) 03AC,;, 036C, 4, 033C,¢, 032C ¢ 08,
Bit Function .
Symbol Bit Name (clock synchronous Function RIW
Y/ serial I/0O mode) (UART mode)
b1 b0
CLKO 0 0:flis selected 0.0
BRG count source 0 1:18is selected
select bit 1 0:f32is selected o0
CLK1 1 1:Invalid
——aSTE . Valid when bit 4 = "0"
CRS C-ES/?;S Ll 0: CTS is selected (Note 1) e} e}
selectbi 1:RTS is selected (Note 4)
TXEPT Trantsn;IiI register 0 : Data present in transmit register
empty flag 1 : No data present in transmit register SHRS
CRD | — | 0: CTS/RTS function enabled
CTS/RTS disable bit 1: CTS/RTS function disabled 6i©
NCH Data outout select bit 0 : TxDi/SDAi and SCLi pin is CMOS output olo
(Note 2)| Pata output select bit 11 . 1, piispAj and SCLi pin is N-channel open drain output
0 : Transmit data is output at falling edge of | Set to "0"
transfer clock and receive data is input at
. . | rising edge
CKPOL | CLK polarity select bit| | . ot data is output at rising edge of SHES
transfer clock and receive data is input at
falling edge
UFORM | Transfer format 0: LSB first o o
select bit (Note 3) 1 MSB first

Note 1: Set the corresponding port direction register to "0".
Note 2: UART2 transfer pin (TxD2:P70 and SCL2:P71) is N-channel open drain output. It cannot
be set to CMOS output.
Note 3: Valid only in clock synchronous serial /0 mode and 8-bit UART mode.
Note 4: The corresponding port register and port direction register are invalid.

UARTI transmit/receive control register 1 (i= 0 to 3)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
\ \ \ \ \ \ \ UiCL(i=0to03) 03AD,, 036D, 033D, , 032D, 02,
N Function Function
Bit Symbol Bit Name (clock synchronous Riw
serial I/0O mode) (UART mode)
,,,,,,, TE Transmit enable bit 0 : Transmit disabled
1 : Transmit enable 0 O
0 : Data present in transmit
77777777777777 Transmit buffer empty buffer register o X
m flag 1: No data present in
transmit buffer register
Receive enable bit 0 : Receive disabled o0
RE .
1 : Receive enabled
0 : No data packet in receive
Receive complete flag buffer register ol x
RI f
1: Data packet in
receive buffer register
; UARTI transmit interrupt | O : Transmit buffer empty
UiIRS N
cause select bit (T=1) ol o
1 : Transmit buffer
completed ( TXEPT =1)
UIRRM UAR.Ti continuous ) 0: Conlinu_ous receive Set to "0"
receive mode enable bit mode disabled
1: Continuous receive 0 0
mode enabled
UILCH Data logic select bit 0: No reverse oo
1: Reverse
i Error signal output ny 0 : Output disabled
. Set to "0’ 0o O
UIERE enable bit 1 : Output enabled
Figure 1.91. Serial I/O-related registers (3)
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UARTi special mode register (i= 0 to 3)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
‘ ‘ UiSMR (i =0 to 3) 03A7,,,0367 ,5,0337 ,,,0327 00,4
Function Function
Bit Symbol Bit Name (clock synchronous (UART mode) RIW
serial I/0O mode)
-+ lICM I’C mode select bit 0 : Normal mode Setto"0" oio0
1: I2)C mode
| ABC Arbitration I0§t detecting| 0 Update per bit Set to "0" oo
flag control bit 1: Update per byte
0 : STOP detected Set to "0" (Note 1) 00
BBS Bus busy flag 1: START detected
LSYN SCLL sync output 0 : Disabled Set to "0" 00
enable bit 1: Enabled (Note 3)
Bus collision detect 0 : Rising edge of transfer clock|
ABSCS sampling clock Set to "0" 1 : Timer Ai underflow signal 0.0
select bit (Note 2)
Auto-clear function .
ACSE select bit of transmit Set to "0" 0: No auto clear function 0|0
enable bit 1 : Auto clear when bus occurs
Transmit start condition Set to "0" 0 : Ordinary
SSS
select bit 1: Falling edge of RxDi o0
Nothing is assigned. i
Write "0" when writing to this bit. The value is indeterminate if read.

Note 1: Only "0" may be written

Note 2: UARTO: Timer A3 underflow signal, UART1: Timer A4 underlfow signal, UART2 :Timer A0
underflow signal, UART3: Timer A3 underflow signal

Note 3: Set to "0" in normal mode (IICM="0")

UARTi special mode register 2 (i= 0 to 3)

b7 b6 b5 b4 b3 b2 b1 bO

Symbol Address When reset
‘ ‘ ‘ ‘ ‘ UiSMR2 (i = 0 to 3) 03A8, 4, 0366 ,5,0336 45,0326 00,4
Bit Symbol Bit Name Function RiW

0 : NACK/ACK interrupt (DMA source-ACK)
Transfer to receive buffer at the rising edge
of last bit of receive clock. Receive interrupt
occurs at the rising edge of last bit of receive
lIcM2 I’C mode select bit 2 clock. o0
1: UART transfer/receive interrupt (DMA
source-UART receive) Transfer to receive
buffer at the falling edge of last bit of receive
clock. Receive interrupt occurs at the falling
edge of last bit of receive clock

csc Clock synchronous bit 0: Disabled 00
1: Enabled
swc SCL wait output bit (Note) ?igf:;’lfj oio
. 0 : Disabled
ALS SDA output stop bit 1 Enabled [oNe]
0 : Disabled
"""""""""""""""" STC UARTI initialize bit (Note) 1: Enabled [oRNe]
. i 0 : UARTi clock
SwWC2 SCL wait output bit 2 (Note) 1 : output o0
SDHI SDA output inhibit bit 0 : Disabled 00

-

: Enabled (high impedance)

Nothing is assigned.
Write "0" when writing to this bit. The value is indeterminate if read.

Note: These bits are unavailable when SCLi is external clock.

Figure 1.92. Serial I/O-related registers (4)
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UARTI special mode register 3 (i= 0 to 3)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol i Address When reset
\ \ \ \ \ UiSMRS3 (i = 0 to 3) 03A5,,,0365 ,,,0335,;,0325 00,
Bit Symbol Bit Name Function R W
- SSE SS port function enable bit | 0 : SS function disabled o o
(Note 1) 1: SS function enabled
CKPH | Clock phase set bit 0+ No clock delay oo
1: Clock delay
o . 0 : Select TxDi and RxDi (master mode)
DINC Serial t port set bit O0:0
enalinput port set ot 1: Select STxDi and SRxDi (slave mode)
NODC | Clock output select bit 0: CLKiis CMOS output oo
1: CLKi is N-channel open drain output
ERR Fault error flag 0: No fault error 00
1: Fault error (Note 2)
b7 b6 b5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, DLO SDA (TxDi) digital delay 0 0 0:No delay 0.0
time set bit (Notes 3,4) 0 0 1:1to2-cycle of UIBRG count source
0 1 0:2to 3-cycle of UIBRG count source
DL1 0 1 1:3to4-cycle of UIBRG count source 0i0
1 0 0:4 to 5-cycle of UBRG count source
1 0 1:5to 6-cycle of UBBRG count source
DL2 1 1 0:6to 7-cycle of UBRG count source oo
1 1 1:7 to 8-cycle of UBRG count source

Note 1: Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control register 0)
to "1".

Note 2: Only "0" may be written.

Note 3: These bits are used for SDAI (TxDi) output digital delay when using UARTi for I2C interface.
Otherwise, set these to "000".

Note 4: The amount of delay varies with the load on SCLi and SDAI pins. Also, when external clock
is selected, delay is increased by approximately 100ns.

UARTI special mode register 4 (i= 0 to 3)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
‘ ‘ ‘ ‘ ‘ ‘ UiSMR4 (i = 0 to 3) 03A4,,,0364 ,,,0334 ,,,0324 00,4
Bit Symbol Bit Name Function R W
[ Start condition generate 0: Clear
STAREQ | it (Note 1) 1: Start 00
Restart condition 0: Clear
RSTAREQ| generate bit (Note 1) 1: Start 0.0
Stop condition generate bit 0: Clear
STPREQ (Note 1) 1: Start 0.0
. 0 : Ordinal block
STSPSEL | SCL, SDA output select bit 1 : Start/stop condition generate block 0.0
) 0:ACK
ACKD ACK data bit 1:NACK O0:0
. 0: SI /O data output
ACKC ACK data output enable bit 1 ACKD output o0
SCLHI SCL output stop enable bit | 0 : Disabled oo
1: Enabled
SWC9 SCL waitt output bit 3 0:SCL"L" hold disabled o o

(Note 2) 1:SCL "L" hold enabled

Note 1: These bits automatically become "0" when a start condition is generated.
Note 2: This bit is unavailable when SCLi is external clock.

Figure 1.93. Serial I/O-related registers (5)
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Clock synchronous serial I/O mode

The clock synchronous serial /0 mode uses a transfer clock to transmit and receive data. Table 1.44 list the specifica-
tions of the clock synchronous serial /0 mode.

Table 1.44. Clock synchronous serial 1/0 mode specifications

Item Specification

Transfer data format Transfer data length: 8-bits

* When internal clock is selected (bit 3 at address 03A8 4, 0368,¢, 03384, 0328, ="0"):
fi/2(m+1) (Note 1) fi = f1, f8, f32

Transfer clock * When external clock is selected (bit 3 at 03A8,¢, 03684, 03384, 03285 = "1"):
Input from CLKi pin

Transmission/reception control | CTS function/RTS function/CTS, RTS function not used

« To start transfer, the following criteria must be met:
-Transmit enable bit (bit 0 at 03AD 4, 036D, 033D1¢, 032D4¢) = "1"

-Transmit buffer empty flag (bit 1 at 03AD 14, 036D, 033D1¢, 032D4¢g) = "0"
-When CTS function selected, CTS input level = "L"

Furthermore, if external clock is selected, the following requirements must also be met:
-CLKi polarity select bit (bit 6 at 03AC g, 036C1g, 033C4¢, 032C46)= "0": CLKi input level = "H"

-CLKi polarity select bit (bit 6 at 03AC,4, 036C,4, 033C;¢, 032C16)= "1": CLKi input level = "L"

Transmission start condition

To start reception, the following requirement must be met:
-Receive enable bit (bit 2 at 03AD g, 036D, 033D 44, 032D4g) = "1"

-Transmit enable bit (bit 0 at 03AD4g, 036D44, 033D ¢, 032D¢) = "1"
Receive start condition -Transmit buffer empty flag (bit 1 at 03AD 15, 036D, 033D g, 032D4¢) = "0"

Furthermore, if external clock is selected, the following requirement must be met:
-CLKi polarity select bit (bit 6 at 03AC4g, 036C1g, 033C1¢, 032C16)= "0": CLKi input level = "H"
-CLKi polarity select bit (bit 6 at 03AC,g, 036C,g, 033C;¢, 032C16)= "1": CLKi input level = "L"

When transmitting:
-Transmit interrupt cause select bit (bit 4 at 3AD;g, 036D ¢, 033D ¢, 032D4g) = "0": Interrupt requested
when data transfer from UARTI transfer buffer register to UARTI transmit register is complete
Interrupt request generation -Transmit interrupt cause select bit (bit 4 at 3AD;g, 036D g, 033D¢, 032D4g) = "1": Interrupt requested
timing when data transmission from UARTI transmit register is complete
* When receiving:
-Interrupt requested when data transfer from UARTi receive register to UARTI receive buffer register is
completed.

Overrun error (Note 2)
Error detection This error occurs if the serial I/O starts receiving the next data and receives the 7th bit of the next
data before reading the UiRB register.

CLK polarity selection

Whether transmit data is output/input at the rising edge or falling edge or the transfer clock can be
selected

LSB first/MSB first selection
Whether transmission/reception begins with bit O or bit 7 can be selected

Continuous receive mode selection
Reception is enabled simultaneously by a read form the receive buffer register

Switching serial data log
Reverse data when writing to the transmission buffer register or reading the reception buffer register
can selected

e TxD, RxD, /O polarity reverse

This function reverses the TxD port output and RxD port input. All I/O data level is reversed.

Select function

Note 1: "m" denotes the value 0044 to FF4¢ that is set in the UART bit rate generator.

Note 2: If an overrun error occurs, the value of the UiRB register will be indeterminate. The IR bit of
the SIRIC register does not change.

Rev.2.00 Oct 16, 2006 page 132 of 264 RENESAS
REJ03B0005-0200



M30245 Group

Clock synchronous serial I/O mode

Table 1.45 lists the functions of the input/output pins during clock synchronous serial I/O mode. Note that for a period
from when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a "H". (If the N-channel
open drain is selected, this pin is in floating state.)

Figure 1.94. shows the typical transmit receive timings in clock synchronous serial /O mode.

Table 1.45. Input/output pin functions in clock synchronous serial 1/0 mode

Pin name Function Method of selection
TxDi (P63, P67, | Serial data
P74, P74) output

RxDi (P6,, P64,
P74, P7s)

Serial data input

Port P6,, P6g, P7,and P75 direction register (bits 2 and 6 at address 03EE 4, bit 1 and
5 at address 03EF,g) ="0". Can be used as an input port when performing
transmission only.

CLKi (P6,, P65,

Programmable
I/O port

Internal/external clock select bit (bit 3 at addresses 03A84¢, 03684, 033845, 03284¢)
= IIOII

Internal/external clock select bit (bit 3 at addresses 03A84¢, 03681g,0338 15, 03284¢)

P72, PTg) Transfer clock ="
input Port P64, P65, P7, and P7g direction register (bits 1 and 5 at address 03EE;g, bit 2
and 6 at address 03EF4g) = "0"
CTS/RTS disable bit (bit 4 at address 03ACyg, 036C+g, 033C4g,032C 4¢) = "0"
== CTS/RTS function select bit (bit 2 at address 03ACyg, 036C16, 033C1q, 032C4g) = "0"
CTS input Port P8y, P6,, P75 and P7, direction register (bits 0 and 4 at address 03EE;g, bits 3
CTSI/RTSi and 7 at address 03EF;g) = "0"
(P6g, P84, P73, — — -
P7,) RTS output CTS/RTS disable bit (bit 4 at addresses 03AC4g, 036C44,033C 44,032C 156) = "0

CTS/RTS function select bit (bit 2 at address 03AC;g, 036C14,033C 45,032C 1) = "1"

Programmable
I/O port

CTS/RTS disable bit (bit 4 at address 03AC4g, 036C+g, 033C4g, 032C4g) = "1"
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® Example of transmit timing when internal clock is selected
Tc

Transfer clock l | | | | | | | | | | | | | | | | | | | | |

| nl

Transmit enable J
bit (TE) "o" :Data is set in UARTI transmit buffer register

Transmit buffer "
empty flag (TI) uge
: Transferred from UARTI transmit buffer register to UARTI transmit register

SO I L

Stopped pulsing because CTS = "H" Stopped pulsing because transfer enable bit = "0"

CLKi

oI @@@@@@@@@@@@@@@@@@@@@ Dr

Transmit e :

register empty o | | |
flag (TXEPT) ; ; :

Transmit interrupt  "1" l_l |_| l_l

request bit (IR) "o"

Cleared to "0" when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(m+ 1) /fi
o Internal clock is selected. fi : frequency of BRGi count source (f1, f8, f32)
o CTS function is selected. m : value set to BRGi

o CLK polarity select bit = "0".
« Transmit interrupt cause select bit = "0".

® Example of receive timing when external clock is selected

Receive enable 1"
bit (RE) - _

. g
'kl)'irta(n_rsg;lt enable - Dummy data is set in UARTI transmit buffer register

i
Transmit buffer 1" | i y ﬂ)
empty flag (TI) :

! Transferred from UARTI transmit buffer register to UARTI transmit register

v

I "

RTSi |_| Even if the reception is completed, RTS does not change. RTS
L ' 1/ fext ~— becomes "L" when the RI bit changes from "1" to "0".

CLKi Q .

RxDi ;

) o Transferred from UARTI receive register . Read out from UARTi receive buffer register '
Receive complete to UARTI receive buffer register Sa | '
flag (RI) 0" !
Receive interrupt  "1" | I '
request bit (IR) Qe

-

Cleared to "0" when interrupt request is accepted, or cleared by software
Over run error " f
flag (OER) "o |

Shown in () are bit symbols.

The above timing applies to the following settings: The following conditions are met when the CLKi
» External clock is selected. input before data reception = "H"
* RTS function is selected. e Transmit enable bit —"1"
o CLK polarity select bit = "0". ¢ Receive enable bit —"1"

o Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.94. Typical transmit/receive timing in clock synchronous serial I/0O mode
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Polarity select function

As shown in Figure 1.95 the CLK polarity select bit (bit 6 at addresses 03AC16, 036C16, 033C16, 032C16) allows
selection of the polarity of the transfer clock.

e When CLK polarity select bit = "0"

S S

| .
P £V C Y Y EY Y CR

RXDi X po X b1 X D2 X D3 X Da X Ds X D6 X D7

e When CLK polarity select bit = "1"

CLKi l

J Note 2: The CLK pin level when not
TXDi Do >°< D1 >< D2 )>< D3 X D4 >< D5 >< De X D7 transferring data is "L".

RXDi X po X b1 X D2 X D3 X D4 X Ds X ps X D7

Figure 1.95. Transfer clock polarity

LSB first/MSB first select function

As shown in Figure 1.96, when the transfer format select bit (bit 7 at addresses 03AC16, 036C16, 033C16, 032C16) = "0",
the transfer format is "LSB first"; when the bit = "1", the transfer format is "MSB first".

¢ \When transfer format select bit = "0"

T S U [ B O O

TXDi X_po X b1 X p2 X b3 X D4 X D5 X Ds X D7

= | SB first
RXDi X po X b1 X D2 X D3 X Da X Ds X D6 X D7
e When transfer format select bit = "1"
e LI LT LU
TXDi X b7 X b6 X Ds X Da X b3 X D2 X D1 X Do
= \ISB first

RXDi X b7 X D6 X D5 X _pa X b3 X_p2 X D1 X Do

Note: Signals shown apply when the CLK polarity select bit = "0".

Figure 1.96. Transfer format
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Continuous receive function

If the continuous receive mode enable bit (bit 5 at address 03AD16, 036D16, 033D16, 032D16) is set to "1", the unit is
placed in continuous receive mode. In this mode, when the receive buffer is read out, the unit simultaneously goes to
a receive enable state without having to set dummy data back to the transmit buffer register again.

Serial data logic switch function
When the data logic select bit (bit 6 at address 03AD16, 036D16, 033D16, 032D16) = "1", and writing to the transmit buffer

register or reading from the receive buffer register, data are inverted. Figure 1.97 shows the example of serial data logic
switch timing.

e When LSB first

Transfer clock "H“ | | | | | | | | | |
e

(no revgr’;g)i T \ oo Y b1 ) b2 Y D3 ) D4 { bs Y b ) D7 ¥

everesy - \(D0 (PT ) D2 | D5 )\ o7 | b5 | b6 Y o7 )

Figure 1.97. Serial data logic switch timing
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Clock asynchronous serial I/O (UART) mode

UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer data format. Table
1.46 lists the specifications of the UART mode.

Table 1.46. Specifications of clock asynchronous serial 1/0 mode

Item Specification

+ Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
- Start bit: 1 bit

- Parity bit: odd, even, or neither is selected

- Stop bit: 1 bit or 2 bits as selected

- When internal clock is selected (bit 3 at address 03A8;g, 03684, 033844, 032844 = "0"): fi/

16(m+1) (Note 1) fi = f1, 8, 32
- When external clock is selected (bit 3 at address 03A8,¢, 036844, 033844, 032845 ="1"):
fEXT/16/(m+1) (Notes 1, 2)

Transfer data format

Transfer clock

Transmission/reception control | CTS function, RTS function, CTS/RTS function chosen to be invalid

- To start transmission, the following requirements must be met:
-Transmit enable bit (bit 0 at addresses 03AD g, 036D g, 033D4g, 032D4¢) = "1"

-Transmit buffer empty flag (bit 1 at address 03AD,g, 036D4¢, 033D g, 032D4g) = "0"

T issi tart diti ~Ta
ransmission start condtion -When CTS function is selected CTS input level = "1"

- To start receive, the following conditions must be met:
Receive start condition -Receive enable bit (bit 2 at addresses 03AD4g, 036D 15, 033D4g, 032D4g) = "1"
-Start bit detection

- When transmitting
-Transmit interrupt cause select bits (bit 4 at address 03AD;g, 036D4g, 033D4¢, 032D¢) =
"0": Interrupts requested when data transfer from UARTI transfer buffer register to UARTI
transmit register is complete.
-Transmit interrupt cause select bits (bit 4 at address 03AD4g, 036D, 033D4g, 032D4¢) =
"1": Interrupts requested when data transmission from UARTIi transfer register is complete.
- When receiving
-Interrupts requested when data transfer from UARTi receive register to UARTi receive
buffer register is complete.

Interrupt request
generation timing

- Overrun error (Note 3)
This error occurs if the serial I/O starts receiving the next data and receives the 7th bit
of the next data before reading the UiRB register.

- Framing error
This error occurs when the number of stop bits set is not detected

- Parity error
If parity is enabled this error occurs when the number of "1"s in parity and character bits
does not match the number of "1"s set

* Error sum flag
This flag is set (=1) when any overrun, framing, and parity error occurs

Error detection

- Serial data logic switch

This function reverses the logic of transferred data. Start bit, parity bit and stop bit are not
reversed.

- TxD, RxD I/O polarity switch

This function reverses the TxD port output and RxD port input. All I/O data levels are
reversed.

Select function

Note 1: 'm' denotes the value 00 14 to FF 4¢ that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the value of the UiRB register will be indeterminate. The IR bit of
the SiRIC register does not change.
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Table 1.47 lists the functions of the input/output pins during UART mode. Note that the period from when the UARTI
operation mode is selected to when transfer starts, the TxDi pin outputs an "H". (If the N-channel open drain is selected,
this pin is in floating state.) Figure 1.98 shows typical transmit timings in UART mode. Figure 1.99 shows typical receive
timings in UART mode.

Table 1.47. Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi (P63, P67, | Serial data
P70, P74) output

RxDi (P6,, P6g,
P74, P7s)

Serial data input

Port P6,, P64, P7,and P75 direction register (bits 2 and 6 at address 03EE 4, bit 1 and
5 at address 03EF,g) = "0". Can be used as an input port when performing
transmission only.

CLKi (P64, P65,

Programmable
I/O port

Internal/external clock select bit (bit 3 at addresses 03A84g, 036845, 033845, 03284¢)
= non

Internal/external clock select bit (bit 3 at addresses 03A84¢, 036814,0338 15, 03284¢)

P72, PTg) Transfer clock =""
input Port P64, P65, P7, and P7¢ direction register (bits 1 and 5 at address 03EE;g, bit 2
and 6 at address 03EFg) = "0"
CTS/RTS disable bit (bit 4 at address 03AC4g, 036C g, 033C4g,032C 4¢) = "0"
TS input CTS/RTS function select bit (bit 2 at address 03AC4g, 036C4g, 033C4g, 032C+g) = "0"
Port P6g, P64, P73 and P7; direction register (bits 0 and 4 at address 03EE;g, bits 3
CTSI/RTSI and 7 at address 03EFg) = "0"
(P6q, P64, P73, —— — .
P75) RTS output CTS/RTS disable bit (bit 4 at addresses 03AC,g, 036C45,033C 4¢,032C 145) = "0

CTS/RTS function select bit (bit 2 at address 03AC;g, 036C4g, 033C 14,032C 15) = "1"

Programmable
I/O port

CTS/RTS disable bit (bit 4 at address 03AC4g, 036C4g, 033C4g, 032C4¢) = "1"
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e Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is "H" when the stop bit is checked.

T The transfer clock starts as the transfer starts immediately CTS changes to "L".

—t = s
Transfer clock | | | | | | | | | | | | | | | |

Data is set in UARTI transmit buffer regiéter. |
Transmit buffer " _| j/ I X Ii
empty flag (TI)

g

bit (TE)

Transmit enable s J
non

Transferred from UARTI transmit buffer register to UARTI transmit register

=T | -
Start Parity ~ Stop Stopped pulsing because transmit enable bit = "0"
bit bit  bit
i STAOKOXOKONONOXOHKONKPY . 5P \STADKONDXCKOKONOXOK P 5
Transmit register """ —
empty flag (TXEPT) wgr

Transmit interrupt " I [
request bit (IR) g |

Cleared to "0" when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(m+1)/fior 16 (m + 1)/ fext
«Parity is enabled. fi : frequency of BRGi count source (f1, f8, f32)
» One stop bit. fEXT : frequency of BRGi count source (external clock)
« CTS function is selected. m : value set to BRGi

«Transmit interrupt cause select bit = "1".

e Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

o

Transfer clock | [ | | | | | | | | | | | | | | |
g{ta(n'l'slg)m enavie Q" J : Data is set in UARTIi transmit buffer register i | |_
. i e
sttt S B
Transferred from UARTI transmit buffer register to UARTi transmit register

Start Stop  Stop

bit bit bit
oI STADK LXK LN KOKD:Y 5P 5P \STADKD KO KONDXHKOKOND 575> \STADKDY

Transmit register ~ "1"
empty flag (TXEPT) -

ot i B 1
N s

Cleared to "0" when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(m+1)/fior 16 (m + 1)/ fext
o Parity is disabled. fi : frequency of BRGi count source (f1, f8, 32)
* Two stop bits. fEXT : frequency of BRGi count source (external clock)
o TCS function is disabled. m : value set to BRGi

« Transmit interrupt cause select bit = "0".

Figure 1.98. Typical transmit timings in UART mode
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® Example of receive timings when transfer data is 8 bits long (parity disabled, one stop bit)

cource TR,
source . .

Receive enable bit | _I
0" -

______ Stop bit
{D1. D7) [

Receive data taken in

f

Sampled "L"

RxDi

[ S L

Transfer clock !
Reception triggered when transfer clock ~ Transferred from UARTi receive register to

Receive "1" is generated by falling edge of start bit  UARTi receive buffer register ~—a  —
complete flag "M T !
——— HH" 1 [ :
RTS
I "L Becomes "L" by reading the receive buffer e |_

Receive interrupt  q» ‘
request bit nge

Cleared to "0" when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :
eParity is disabled.
*One stop bit.
eRTS function is selected.

Figure 1.99. Typical receive timing in UART mode

Serial data logic switch function

When the data logic select bit (bit 6 of address 03AD16, 036D16, 033D16, 032D16) is set to "1", data is inverted when
writing to the transmission buffer register or reading the reception buffer register. Figure 1.100 shows an example of
timing for switching serial data logic.

e When LSB first, parity enabled, one stop bit

Transferclock"H"l|||||||||||||||||||||||
L

TxDi
(no reverse)

\ sT{DO)D1)XD2)fD3)D4)D5)D6)D7) P ) SP

(o) \_sT (Do o1 \ D2 (D3 D4 | D5 \ D6 D7 P J sp
ST : Start bit
P : Parity bit
SP : Stop bit

Figure 1.100. Timing for switching serial data logic
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TxD, RxD I/O polarity reverse function

This function reverses the TxD pin output and RxD pin input. The level of any data input or output including the start
bit, stop bits and parity bit, is reversed. Set this function to "0", (not to reverse) for normal use.

Bus collision detection function

This function samples the output level of the TxD pin and the input level of the RxD pin at the rising edge of the
transfer clock. If their values are different, then an interrupt request occurs. Figure 1.101 shows an example of
detection timing of a bus collision in UART mode.

mansterciock " | A LA LA LA LA LA LA LA LLALA
noi \ sT/ \ [\ sP
RO \ST/ v/ /P

Bus collision detection e

interrupt request signal oo L/

Bus collision detection e
interrupt request bit

ST: Start bit
SP: Stop bit

Figure 1.101. Detection timing of a bus collision in UART mode
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UART mode (compliant with the SIM interface)

UART mode (compliant with the SIM interface)

The SIM interface is used for connecting the microcomputer with a memory card IC or a similar device. Adding some
extra settings in UART mode allows the user to effect this function. Table 1.48 shows the specifications of UART mode
compliant with SIM interface. Figure 1.102 shows typical transmit/receive timing in UART mode compliant with SIM

interface.

Table 1.48. Specifications of UART mode compliant with the SIM interface

Item

Specification

Transfer data format

* Transfer data 8-bit UART mode (bits 2 to 0 of address 03A84g, 036844, 033845, 032845 = "101,")
+One stop bit (bit 4 of addresses 03A85, 036844, 033844, 032845 = "0")
*With the direct format:
-Set parity to "even" (bits 5 and 6 of addresses 03A8;g, 036814, 033844, 032845 = "1")
-Set data logic to "direct" (bit 6 of address 03AD;g, 036D4g, 033D g, 032D4¢ = "0")
-Set transfer format to LSB (bit 7 of address 03AC,g, 036C4¢, 033C4g,032C 46 = "0")
*With the inverse format:
-Set parity to "odd" (bit 5 and 6 of address 03A8,¢, 0368 1, 03386, 0328 4 ="0" and "1" respec-

tively)
-Set data logic to "inverse" (bit 6 of address 03AD g, 036D4g, 033D4g, 032D = "1")

-Set transfer format to MSB (bit 7 of address 03ACg, 036C4g, 033C4g, 032C4 = "1")

Transfer clock

*With the internal clock selected (bit 3 of address 03A8g, 03684, 03384, 0328, = "0"): fi/
16(m+1) (Note 1): fi=f1, {8, f32

«With an external clock selected (bit 3 of address 03A84¢, 036844, 03384¢, 03284 = "1"): fEXT/
16(m+1) (Notes 1,2)

Transmission/reception control

«Disable the CTS and RTS function (bit 4 of address 03AC4g, 036C4g, 033C1g, 032C15 = "1")

Other settings

*Set transmission interrupt factor to “transmission completed” (bit 4 of address 03AD4g, 036D+,
033D+g, 032D4g ="1")

*Set N-channel open drain output to TxD pin in UARTO, 1, 3 (bit 5 of address 03ACyg,

036C+4g, 032C15="1")

Transmission start condition

«Transmit enable bit (bit 0 of address 03AD g, 036D4g, 033D4g, 032D4g = "1")
*Transmit buffer empty flag (bit 1 of address 03AD;g, 036D44, 033D 44, 032D = "0")

Receive start condition

*Receive enable bit (bit 2 of address 03AD4g, 036D+, 033D g, 032D+ = "1")
* Detection of a start bit

Interrupt request generation
timing

*When transmitting
-When data transmission from the UARTO to UART3 transfer register is completed (bit 4 of
address 03AD4g, 036D g, 033D4g, 032D4g ="1")

*When receiving
-When data transfer from the UARTO to UARTS receive register to the UARTO to UART3
receive buffer register is completed.

Error detection

*Overrun error (See UART specifications)

*Framing error (See UART specifications)

*Parity error (See UART specifications)
-On the reception side, an "L" level is output from the TxDi pin by use of the parity error signal
output functions (bit 7 of address 03AD4g, 036D+, 033Dg, 032D4¢ = "1") when a parity error is
detected.
-On the transmission side, a parity error is detected by the level of input to the RxDi pin when a
transmit interrupt occurs

*The error sum flag (See UART specifications)

Note 1: 'm' denotes the value 0044 to FF4¢ that is set to the UARTi bit rate generator
Note 2: fEXT is input from the CLKi pin.
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® Example of transmit timing when internal clock is selected
Tc

Transfer clock |||||||||||||| ||||||

| f\l

nqn
Transmit enable _I :
bit (TE) "0" :Data is set in UARTI transmit buffer register

Transmit buffer 1_w
empty flag (TI) ngr

Transferred from UARTI transmit buffer register to UARTI transmit register

i L

Stopped pulsing because CTS = "H" Stopped pulsing because transfer enable bit = "0"

CLKi

POEEEERE D EEROERRE OREEE0RE

Transmit o :
gy v | m m
it —

Cleared to "0" when interrupt request is accepted, or cleared by software

Shown in ( ) are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(m+ 1) /fi
e Internal clock is selected. fi : frequency of BRGi count source (f1, f8, f32)
o CTS function is selected. m : value set to BRGi

o CLK polarity select bit ="0".
» Transmit interrupt cause select bit = "0".

® Example of receive timing when external clock is selected

Receive enable 1"
bit (RE) _

"gr !
I
) qn
girta(r]rsg;lt enable wor I Dummy data is set in UARTI transmit buffer register
I
Transmit buffer ~ "1" i q)’
empty flag (TI) . .
0 o Transferred from UARTI transmit buffer register to UARTI transmit register
I e
RTSi |_| Even if the reception is completed, RTS does not change. RTS
"Lt ' 1/ fext . ~=— becomes "L" when the RI bit changes from "1" to "0".
CLKi ®
RxDi
. e Transferred from UARTI receive register Read out from UARTi receive buffer register
Receive complete to UARTI receive buffer register &, | :
flag (RI) "0"
Receive interrupt "1 i T
request bit (IR) Q" :

e

Cleared to "0" when interrupt request is accepted, or cleared by software :
Over run error " f
flag (OER) "gr

Shown in ( ) are bit symbols.

The above timing applies to the following settings: The following conditions are met when the CLKi
« External clock is selected. input before data reception = "H"
¢ RTS function is selected. o Transmit enable bit —"1"
e CLK polarity select bit = "0". « Receive enable bit —"1"

o Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.102. Typical transmit/receive timing in UART mode compliant with the SIM interface
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Parity error signal function output

With the error signal output enable bit (bit 7 of addresses 03AD16, 036D16, 033D16, 032D16) set to "1", output an "L"
level from the TxDi pin when a parity error is detected. When this occurs, the generation of a transmit complete interrupt
changes to the detection of a parity error signal. Figure 1.103 shows the output timing of the parity error signal.

e L SB first

Transfer | M L LML L LML L L L
clock

e

RxDi

\sT{po)p1)Xp2YD3)D4) D5 D6)D7) P ) SP

TxDi

Receive 1

Hi-Z

/[
—

complete flag o

ST : Start bit
P : Parity bit
SP : Stop bit

Figure 1.103. Parity error signal output timing

Direct format/inverse format

Connecting the SIM card allows switching between direct format and inverse format. If the direct format is selected, DO
data is output from TxDi. If the inverse format is selected, D7 is inverted and output from TxDi. Figure 1.104 shows the
SIM interface format. Figure 1.105 shows an example of connect the SIM interface. Connect TxDi and RxDi and apply

pull-up.

Transfer ||| ||| ||| ||| ||| |

cleck
(dirTé(C'?)i \__ fpo)p1)fp2) o3 ps)ps)oe o7z P/
(inve-l;éeD)i \ I(EXEXEXEX§XEXEXEX$/

P : Parity bit

Figure 1.104. SIM interface format

TxDi

RxDi

Microcomputer
(Note) SIM card

|

Note :Set TxD pin an N-channel open drain output and add a pull-up resistance.

Figure 1.105. Connecting the SIM interface
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I2C Bus interface mode

The 12C bus interface mode is provided with UARTI. When the I2C mode select bit (bit 0 in addresses 03A716, 036716,
033716, and 032716) is set to "1", the I2C bus interface circuit is enabled.

To use the 12C bus in slave mode, SCLi should be set to input or to output “1”. Also for UARTO, 1 and 3, set the data
output select bit (bit 5 in address 03AC16, 036C16, and 032C16) to N-channel open drain output. Note: UART2 TxD
and RxD (P70 and P71) are always N-channel open drain outputs and require external pull-up resistors.

Table 1.49 shows the relationship of the 12C mode select bit to control. To use the chip in the clock synchronized
serial /0 mode or UART mode, always set this bit to “0”. Figure 1.106 shows a block diagram of I2C mode.

Table 1.49. 12C features

Function Normal mode (IICM=0) I2C mode (IICM=1) (Note 1)
Cause of interrupt number 3 and 9 - . Start condition detection or stop
1 Bus collision detection e :
(Note 2) condition detection
Cause of interrupt number 13 and ) . No acknowledgement detection
2 15 (Note 2) UARTI transmit (NACK)
3 Cause of interrupt number 2 and UARTi receive Acknowledgment detection (ACK)
21 (Note 2)
4 UARTI transmit output delay Not delayed Delayed
P63, P67, P79, P74 at the same . ..
5 time UARTi is in use TxDi (output) SDA.I (input/output) (Note 3)
P62, P6g, P71, P75 at the same o o
6 time UARTi is in use RxDi (input) SCLi (input/output)
P61, P65, P72, P76 at the same )
7| time UARTI is in use CLKi P61, P65, P72, P76
8 DMAA1 factor at the same time UARTI receive Acknowledgement detection (ACK)
9 Noise filter width 15 ns 50 ns
. Reading the terminal when 0 is Master mode: Reading the terminal
Reading P62, P66, P71, P7 i S . Lo
10 eading Foz, Foe, 1, F/5 assigned to the direction register | regardless of the value of the direction
register
Slave mode: Reading the terminal
when the corresponding port register
is set to "0"
. ) "H" level (when 0 is assigned to The value set in latch P63, P67, P70, P74
11| Initial value of UARTI output CLKi polarity select bit) when the port is selected (Note 3)

Note 1: When using 12C mode, set 0 1 0 in bits 2, 1, 0 of the UARTi transmit/receive mode register. Disable the CTS/
RTS function. Select MSB first function.
Note 2: To switch from one factor to another:
1. Disable the interrupt of the corresponding number.
2. Switch to another factor.
3. Reset the interrupt request flag of the corresponding number.
4. Set the interrupt level of the corresponding number.

Note 3: Set an initial value of SDA transmission output when 12C mode (I2C mode select bit = "1") is valid and serial
I/O is invalid.
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SDAI O+ ~ Start and stop condition generation block -
Delay VSTSPSEL‘1 SDASTSP > DMAI request
|—°<]"* circuit — SCLsTsp
— lIcM2=1
;I'ra_n?mrlssmn F‘E—’ UARTI transmission
ACK=1 egiste 0 NACK interrupt request
UARTI ICM=1 and
1ICM2=0
ACKD register ALS
—) Arbitration > DMAI request
[: Noise | |
Filter
lICM2=1 ) )
Reception register UARTi receive
| [, ACK interrupt request
UARTI I1CM=1 and DMA1 request
Start condition lICM2=0
detection L
S [ BUS
R | busy
Stop condition ’V NACK
detection )
—
P q
Falling edge T
detection
SCLi é D q
. T ACK
IICM=0 /O vort R P'\?r% register
ol
. a_|(New) oth bit
STSPSEL=0 Internal clock
-1 UARTI ¢ swcz2| [CLK , Start/stop condition detection
fiem=1 STSPSEL=1| External control interrupt request
Noise clock
Filter

lICM

i=0to 3

IICM2, SWC, ALS, SWC2, SDHI
STSPSEL, ACKD, ACKC

: UiSMR register bit

: UISMR2 register bit
: UiISMR4 register bit

This diagram applies to the case where the UiIMR register’s SMD2 to SMDO bits=0102 and the UiSMR register’s [ICM bit=1.

Note: In 12C master mode, the port terminal is to be readable even if "1" is assigned to P62, P66, P71, P75 of the direction register

Figure 1.106. I2C mode functional block diagram
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UARTI Special Mode Register (UiSMR)

Bit 0 is the 12C mode select bit 1. When set to "1", ports operate respectively as the SDAi data transmit/receive pin,
SCLi clock input/output pin and port. A delay circuit is added to SDAI transmission output, therefore after SCLi is at
"L" level, SDAI output changes. In 12C master mode, port (SCLi) is designed to read pin level regardless of the
content of the port direction register. SDAI transmission output is initially set to port in this mode. Furthermore, interrupt
factors for the bus collision detection interrupt and UARTI transmission interrupt change respectively to the start/stop
condition detection interrupts, acknowledge non-detection interrupt and acknowledge detection interrupt.

The start condition detection interrupt is generated when the falling edge at the SDAI pin is detected while the SCLi
pin is in "H" state. The stop condition detection interrupt is generated when the falling edge at the SDAI pin is detected
while the SCLi pin is in the "H" state.

The acknowledge non-detect interrupt is generated when the "H" level at the SDAI pin is detected at the 9th rise of
the transmission clock. The acknowledge detect interrupt is generated when the "L" level at the SDAI pin is detected
at the 9th fall of the transmission clock. Also, DMA transfer can be started when the acknowledge is detected if UARTI
transmission is selected as the DMAI request factor.

Bit 1 is the arbitration detection flag control bit. Arbitration detects a conflict between data transmitted at SCLi rise and
data at the SDAI pin. This detect flag is allocated to bit 11 in UARTI transmit buffer register (addresses 036F16, 02EF16,
033F16, 032F16, 02FF1s). It is set to "1" when a conflict is detected. With the arbitration lost detect flag control bit, it can
be selected to update the flag in units of bits or bytes. When this bit is set to "1", update is set to units of byte. If a conflict
is still detected, the arbitration lost detect flag control bit will be set to "1" at the 9th rise of the clock. When updating in
units of byte, always clear ("0" interrupt) the arbitration lost detect flag control bit after the first byte has been acknowl-
edge but before the next byte starts transmitting.

Bit 2 is the bus busy flag. It is set to "1" when the start condition is detected, and reset to "0" when the stop condition is
detected.

Bit 3 is the SCLi L synchronization output enable bit. When this bit is set to "1", the port data register is set to "0" in sync
with the "L" level at the SCLi pin.

Bit 4 to Bit 6 : These are not used in I12C bus interface mode. See "IE mode" section.
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UARTI Special Mode Register 2 (UiSMR2)

Bit 0 is the I2C mode select bit 2. Table 1.50 lists the control changes by bit when the 12C mode select bit is "1". Start
and stop condition detection timing characteristics are shown in Figure 1.107.
Table 1.50. Functions changed by 12C mode select bit 2

Function

IICM2=0

[ICM2=1

Interrupt numbers 13, 15, 17, 19
factor

Acknowledge not detected (NACK)

UARTI transfer (rising edge of the
last bit)

Interrupt number 2, 8, 10, 21 factor

Acknowledge detected (ACK)

UARTI receive (falling edge of the
last bit)

DMA factor

Acknowledge detected (ACK)

UARTI receive (falling edge of the
last bit)

Data transfer timing from UART
receive shift register to receive buffer

Rising edge of the last bit of receive
clock

Rising edge of the last bit of receive
clock

UART receive/ACK interrupt request
generation timing

Rising edge of the last bit of receive
clock

Rising edge of the last bit of receive
clock

310 6 cyles < set up time (Note)
3 to 6 cycles < hold time (Note)

Note: Cycle number shows main clock input oscillation frequency f(Xin) cycle number.

Set up time Hold time

SCL

SDA :

(Start condition) , |

-

SDA : |
(Stop condition)

Figure 1.107. Start/stop condition detect timing characteristics

Bit 1 is the clock synchronizing bit. When this bit is set to "1", if the falling edge is detected at pin SCLi while the internal
SCL is "H", the internal SCL is changed to "L", the baud rate generator value is reloaded and the L sector count starts.
Also, while the SCLi pin is "L", if the internal SCL changes from "L" to "H", baud rate generator stops counting. If the SCLi
pin is "H", counting restarts. Because of this function, the UARTI transmit/receive clock takes the AND condition for the
internal SCL and SCLi pin signals. This function operates from the clock half period before the first rise of the UARTI
clock to the 9th rise. To use this function, select the internal clock as the transfer clock.

Bit 2 is the SCL wait output bit. When this bit is set to "1", output from the SCLi pin is fixed to "L" at the clock's 9th fall.
When set to "0", the "L" output lock is released. This bit is unavailable when SCLi is external clock.

Bit 3 is the SDA output stop bit. When this bit is set to "1", an arbitration lost generated. If the arbitration lost detection flag
is "1", the SDAI pin simultaneously becomes high impedance.

Bit 4 is the UARTI initialize bit. While this bit is set to "1", the following operations are performed when the start condition
is detected.

» The transmit shift register is initialized and the content of the transmission register is transmitted to the transmission
shift register. Transmission starts with the first bit of the next input clock. However, the UARTI output value does not
change when the start condition is detected. It also doesn't change when the clock is input and when the first bit of data
is output.

» The receive shift register is initialized and reception starts with the first bit of the next input clock.
» The SCL wait output is set to "1". The SCLi pin becomes "L" level at the fall of the 9th bit of the clock.
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When UART transmit/receive is started using this function, the content of the transmit buffer available flag does not
change. Also, to use this function, select an external clock as the transfer clock. This bit is unavailable when SCLi is
external clock.

Bit 5 is SCL wait output bit 2. When this bit is set to "1" and serial I/O is selected, an "L" level can be output from the SCLi
pin even during UART operation. When this bit is set to "0", the "L" output from the SCLi pin is cancelled and the UARTi
clock is input and output. This bit is unavailable when SCLi is external clock.

Bit 6 is the SDA output disable bit. When this bit is set to "1", the SDAI pin is forced to high impedance. Overwrite this bit
at the rise of the UART transfer clock. The arbitration lost detection flag may be set.

UARTI Special Mode Register 3 (UiISMR3)
Bit 0 : Not used in I12C bus interface mode. See "SPI mode" section.

Bit 1 is the clock phase set bit. When both the 12C mode select bit (bit 0 of UiSMR) and the 12C mode select bit 2 (bit 0
of UiISMR2) are "1", functions changed by these bits are shown in Table 1.51 and Figure 1.108.

Bit 2 : Not used in I2C bus interface mode. See "SPI mode" section
Bit 3 : Not used in I12C bus interface mode.
Bit 4 : Not used in I12C bus interface mode. See "SP| mode" section.

Bit 5 to 7 are the 12C SDAI digital delay setting bits. By setting these bits, it is possible to turn the SDAi delay OFF or
set the f(Xin) delay to 2 to 8 cycles.

Table 1.51. Functions changed by clock phase set bits

Function

CKPH=0, IICM=1, lICM2=1

CKPH=1, lICM=1, lICM2=1

SCL initial and last value

Initial value = "H", last value = "H"

Initial value = "L", last value = "L"

Transfer interrupt factor

Rising edge of 9th bit

Falling edge of 10th bit

Data transfer times from UART
receive shift register to receive buffer
register

Two-times: falling edge of 9th bit and

Falling edge of 9th bit rising edge of 9th bit

e CKPH="0" (IICM=1, IICM2=1)

R N U O A O A
soa X7 X(bs X os X oa b3 X2 01 oo X os

(Internal clock, transfer data 9 bits long and MSB first selected.) T ?
Receive interrupt  Transmit interrupt

Transfer to UiRB register

e CKPH="1" (IICM=1, [ICM2=1)

I I A
soa (07 X(bs X(os X pa D3 X 2 {01 Do (s

(Internal clock, transfer data 9 bits long and MSB first selected.) T T
Receive interrupt Transmit interrupt

f

Transfer to UiRB register

Figure 1.108. Function changed by clock phase set bits
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UARTI Special Mode Register 4 (UiSMR4)

Bit 0 is the start condition generate bit. When the SCL, SDA output select bit (bit 3 of UiSMR4) is "1" and this bit is "1", the
start condition is generated.

Bit 1 is the restart condition generate bit. When the SCL, SDA output select bit (bit 3 of UiISMR4) is "1" and this bit is "1",
the restart condition is generated.

Bit 2 is the stop condition generate bit. When the SCL, SDA output select bit (bit 3 of U'SMR4) is "1" and this bit is "1", the
stop condition is generated.

Bit 3 is SCL, SDA output select bit. Table 1.52 shows the functions that are changed by this bit. Figure 1.109 shows the
functions changed by SCL, SDA output select bit.

Bit 4 is ACK data bit. When the SCL, SDA output select bit (bit 3 of UISMR4) is "0" and the ACK data output enable bit (bit
5 of UiISMR4) is "1", the content of ACK data bit is output to SDAI pin.

Bit 5 is ACK data output enable bit. When the SCL, SDA output select bit (bit 3 of UiISMR4) is "0" and this bit is "1", the
content of ACK data bit is output to SDAI pin.

Bit 6 is SCL output stop bit. When this bit is "1", SCLi output is stopped at stop condition detection. (High-Z status).

Bit 7 is SCL wait output bit 3. When this bit is "1", SCLi output is fixed to "L" at the falling edge of the 10th clock bit. When
this bit is "0", SCLi output fixed to "L" is released. This bit is unavailable when SCLi is external clock.

Table 1.52. Functions changed by SCL, SDA output select bit

Function STSPSEL=0 STSPSEL=1
SCL, SDA output Output of S I/O control circuit 8?;5? of start/stop condition control
Start/stop condition interrupt factor Start/stop condition detection Comple.tlon of start/stop condition
generation
Master mode (CKDIR = 0, STSPSEL =1)
STSPSEL =0 STSPSEL =1 STSPSEL =0 STSPSEL =1 STSPSEL =0

SDA

T A
STAREQ =1 T T

Start condition
detection interrupt Stop condition
detection interrupt

STPREQ =1

Figure 1.109. Functions changed by SCL, SDA output select bit
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Serial Interface Special Function (SPI mode)

SPI mode related control bit
UARTI Special Mode Register 3 (UiISMR3)

Bit 0 is the SS port function enable bit. Set this bit to "1" to enable the slave select output.
Bit 1 is the clock phase set bit.

Bit 2 is the serial input port set bit.

Bit 4 is the fault error flag. When this bit is "1", a fault error has been detected.

Bit 3, 5to 7 : Not used in SPI mode.

UARTI can control communications on the serial bus using the SSi input pins. The master outputting the transfer clock
transfers data to the slave inputting the transfer clock. To prevent a bus collision, the master floats the output pin of other
slaves/masters using the SSi input pins. Figure 1.110 shows the SSi input pin factors between the master and slave.

Slave mode (STxDi and SRxDi are selected, DINC="1")

When an "H" level signal is input to an SSi input pin, the STxDi and SRxDi pins both become high impedance and the
clock input is ignored. When an "L" level signal is input to an input pin, SSi clock input becomes effective and serial
communications are enabled.

Master mode (TxDi and RxDi are selected, DINC="0")

The SSi input pins are used with a multiple master system. When an SSi input pin is "H" level, transmission has priority
and serial communications are enabled. When an "L" signal is input to an SSi input pin, another master exists, and the
TxDi, RxDi and CLKi pins become high impedance and the trouble error interrupt request bit becomes "1". Communi-
cations do not stop when a trouble error is generated during communications. To stop communications, set bit 0, 1, 2
of the UARTI transmit/receive mode register (addresses 03A816, 036816, 033816, and 032816) to "0".

IC1 Ic2
P13
P12
P77(SS3) P77(SS3)
P76(CLK3) P76(CLK3)
P75(RxD3) P75(STxD3)
P74(TxD3) P74(SRXD3)
M30245 (M) < M30245 (S)
IC3
P77(SS3)
P76(CLK3)
M ‘Master P75(STXD3)
S :Slave P74(SRxD3)
M30245 (S)

Figure 1.110. Example of serial bus communication control using SSi input pins
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Clock phase setting

With bit 1 of UARTI special mode register 3 and bit 6 of UARTI transmit/receive control register 0, four combinations of
transfer clock phase and polarity can be selected. Bit 6 of UARTI transmit/receive control register 0 sets transfer clock
polarity, whereas bit 1 of UiISMR3 register sets transfer clock phase. Transfer clock phase and polarity must be the
same between the master and slave involved in the transfer.

» Master (Internal clock) (DINC=0)
Figure 1.111 shows the transmit and receive timing.
« Slave (External clock) (DINC=1)

When "0" for CKPH bit (bit 1 of UiISMR3) is selected and SSi input pin is "H" level, output data is high impedance.
When an SSi input pin is "L" level, the serial transmission start condition is satisfied even though output is indeterminate
and serial transmission is synchronized with the clock. Figure 1.112 shows the timing.

When "1" is selected for CLPH bit and SSi input pin is "H" level, output data is high impedance. When an SSi input
pin is "L" level, the first data is output and serial transmission is synchronized with the clock. Figure 1.113 shows the
timing.

Master SS input
Clock output "H" 7J_|_|_|_|_|_|_|_|_|_| |_
(CKPOL=0, CKPH=0) "L" ||
(CKPOL=1, CKPH=0) ".» _ |
Clock output " —

Clock output "H _|_|_|_|_|_|_|_|_|_|_|_|_ L
(CKPOL=1, CKPH=1) » |

. oy
oS L :X DOX b1 X D2 X D3 X D4 X Ds X Ds X D7
Data input timing T T T T T T T T

Figure 1.111. Transmit/receive timing in master mode (Internal clock)
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. "H"

SS input o

Clock input = A _|_|_’_
(CKPOL=0, CKPH=0) "L" | :
(CKPOL=1, CKPH=0) "L

|
T
High-

inpedance

| |

o

\ I \

- e ‘ ‘
Data output timing - Do X D
(Note) L" High- i i
| |

| |

inpedance

Data input timing Indeterminate T T T T T T T

Note :UART2, (P70, P71) output is an N-channel open drain and needs to be pulled-up externally.

>
___lod___
N
>< -
o
w
>< -
444404444
=
S>< - —
__ lod___
[6)]
S - —
444494444
><

—)‘44“ ol——

Figure 1.112. Transmit/receive timing (CKPH=0) in slave mode (External clock)

. "H" —
SS input nL |
| 4
Clock input H } [ :
= = "L" ‘ ‘
(CKPOL=0, CKPH=0) — l | l |_| |_I u u |_|‘ L

|
Clock input e —_ ‘ ‘ ‘
(CKPOL=1, CKPH=0) "L" | —
|
|

Data output timing
(Note)

S RNy

Note :UART2 (P70, P71) output is an N-channel open drain and needs to be pulled-up externally.

LS
o1
S

Figure 1.113. Transmit/receive timing (CPKH=1) in slave mode (External clock)
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IE Mode (UiSMR)
Bit 0 to 3 : Not used in IE mode.

Bit 4 is the bus collision detection sampling clock select bit. The bus collision detection interrupt is generated when RxDi
and TxDi level conflict with each other. When this bit is "0", a conflict is detected in sync with the rise of the transfer clock.
When this bit is "1", detection is made when Timer Aj (Timer A3:UARTO, Timer A4:UART1, Timer AO:UART2, Timer
A3:UARTS3 and Timer A4:UART4) underflows. Timer Aj (one-shot mode) should be triggered with corresponding RxDi pin
by connecting RxDi pin to TAjIN pin. The operation is shown in Figure 1.114.

Bit 5 is the transmission enable bit automatic clear select bit. By setting this bit to "1", the transmission bit is automatically
reset to "0" when the bus collision detection interrupt factor bit is "1" (when a conflict is detected).

Bit 6 is the transmit start condition select bit. By setting this bit to "1", TxDi transmission starts in sync with the rise at the
RxDi pin.
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(1) UiSMR register ABSCS bit (bus collision detect sampling clock select) (=0 to 3)
i=0 to
If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

¥

Transfer clock I I t I I I I I I I

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxDi 4

RxDi —'} Input to TAjIN | T

Timer Aj

If ABSCS=1, bus collision is determined
when timer Aj (one-shot timer mode) underflows.

Timer Aj : timer A3 when UARTO; timer A4 when UART1; timer AO when UARTZ; timer A3 when UART3)

(2) UiSMR register ACSE bit (auto clear of transmit enable bit)

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxDi

RXDi _ |

Bus collision | If ACSE bit=1, (automatically

detect interrupt clear when bus collision occurs),

request bit the TE bit is cleared to “0”
(transmission disabled) when
the UIBCNIC register’s IR bit=1

UiC1 register | (unmatching detected).

TE bit

(3) UiSMR register SSS bit (Transmit start condition select)
If SSS bit=0, the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi % | |

Transmission enable condition is met

If SSS bit=1, the serial /O starts sending data at the rising edge (Note 1) of RxDi

CLKi
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi (Note 2) <~ ) | |
RxDi }' | |

Note 1: The falling edge of RxDi when IOPOL=0; the rising edge of RxDi when IOPOL=1.
Note 2: TheTransmit condition must be met before the falling edge (Note 1) of RxD.

This diagram applies to the case where IOPOL=1 (reserved).

Figure 1.114. Bus collision Detect Function-Related Bits
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Serial Sound Interface

Serial Sound Interface is a synchronous serial data interface used primarily for transferring digital audio data. This
functional block is compatible with the 12S standard but also adds some extra configurability for custom interfaces.
A channel is any single output of an audio system. For example, the left and right speakers are the two channels of a
simple stereo audio system. The bus has 4 lines:

« Continuous serial clock (SCK);
« Word (channel) select (WS);

« Serial data out (XMT);

« Serial data in (RX).

The channel being transmitted changes on every transition of WS. A Serial Sound Interface-based communication
system has two Serial Sound Interfaces and a master controller which generates both SCK and WS. A Serial Sound
Interface which generates the controls (SCK and WS) along with its transmit and receive signals is operating as a
master. A Serial Sound Interface which uses external control signals is operating as a slave. The Serial Sound
Interface on this device operates only as a slave.

Figure 1.115 shows a high level system diagram of a Serial Sound Interface setup and its associated waveforms
when configured for six channels.

Serial Sound Serial Sound
Interface Master Interface Slave

SCK SCK
ws ws

XMT RX
RX XMT

S S I T S A O
WS—‘

CHG+ CH1 + cH2 + CH3 + CcHa + CH5 + CHe +CH1

Figure 1.115. Serial Sound Interface System diagram
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Data transmission format

The transmitter/receiver must change channels on every WS transition. If the number of SCKs within a WS high/low
period exceeds the channel width (set by the user via mode bits), the transmitter continues to transmit '0's, while the
receiver will stop receiving data until the next WS edge. However, if the number of SCKs falls short, both the transmitter
and the receiver will immediately switch to the next channel transmit and receive, respectively. The Serial Sound
Interface architecture is shown in Figure 1.116.

MCU Bus

Data Interface

16/32 Bit 16/32 Bit

To ICU (DMATRIG) Left buffer Right buffer

Interrupt
generator Load on WS edge
Load
" XMT
Number of Interrupts Shift register
Channel width | MCU write width
16 Byte | Word L sc
24 4 2 K
32 6 3
8 4 Shift register
—— RX

Store on WS edge

%T

SCK WS
Interrupt Rate
generator Left buffer Right buffer Feedback
l counter
To ICU (DMATRIG) FeSc?:)ch
register

Data Interface

MCU Bus

Figure 1.116. Serial Sound Interface architecture

Rev.2.00 Oct 16,2006 page 157 of 264 RENESAS
REJO3B0005-0200



M30245 Group Serial Sound Interface

The following features are supported via firmware controlled mode bits:

« Simultaneous transmit and receive (through separate transmit and receive pins) synchronized to the same SCK
and WS signals.

» Transmit/receive data and WS synchronized to the rising edge or the falling edge of SCK as shown in Figure 1.117.
» Transmit and receive synchronized to the rising or the falling edge of WS as shown in Figure 1.118.

« Normal or delayed WS: WS transitions one SCK period before a channel change (normal mode) or concurrently
with a channel change (delayed mode) as shown in Figure 1.119.

» Automatic interrupt on a channel change and on every access to the data buffer (transmit/receive) until each data
buffer byte is accessed.

» Channel widths of 32, 24, and 16 bits.

* MSB or LSB first transmit and receive.

« Multiple receive formats: if the number of SCKs in a WS high/low period is less than the channel width, the data can
be placed either MSB or LSB justified as shown in Figure 1.120.

» Rate feedback: when used with the USB interface, the Serial Sound Interface can count the number of WS’s or
SCK’s per USB frame.

Data/WS synchronized to rising edge (SCKP = 1)

=-oum e F

pata _ X X X XX X XX XXX
WS“ ‘

Data/WS synchronized to falling edge (SCKP = 0)

e < e e e B

Data X X X XXX XX X X X
WS—‘ ‘

Figure 1.117. Transmit and receive data (and WS) synchronized to SCK
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Case I: XMTEM/RXEN goes high while WS is low

se LTI
"7 ] [

XMTEN/RXEN W A

XMT/RX Falling edge synchronized start :>
—

WSP =0

— Channel 0 — Channel 1

XMT/RX Rising edge synchronized start \
WSP = 1 —
l«— Channel 0 —w»|«——— Channel1 ——=—» Channel 2

Case ll: XTEN/RXEN goes high while WS is high

s L LTI LI L L L
" ] I

XMTEN/RXEN

777777

XMT/RX Falling edge synchronized start \
WSP =0 —
l«— Channel 0 —w|«——— Channel1 ——»—» Channel 2

XMT/RX Rising edge synchronized start
WSP =1 >

— Channel0 <«——— Channel 1

Note 1: SCK must be active before XMTEM/RXEN.
Note 2: WS (min) pulse width is always greater than or equal to 3 SCK periods.

Figure 1.118. Transmit and receive data synchronized to WS

Data : (
(Note) LSB MSB ><MSB-1 >C m MSB

R-channel L-channel R-channel

WS

(Normal) §

WS § §
(Delayed)

Note: R channel and L channel are used to indicate channel change on WS edge only.

Figure 1.119. WS normal or delayed transitions
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Case | : MSB - first receive data (Note)

SCK T

MSB first
R e :>< 23 >< > >< * ><
RXline

WS

23 2 21 20 19 18 17 16 4 3 2 1 0
MSB first .
MSB justified 19 18 | 17 | 16 | 15 14 | 13 |12 410 0 0 0
Data buffer

23 2 21 20 19 18 17 16 4 3 2 1 0
MSB first o
LSB justified 0 0 0 0 23 22 21 |20 8 7 6 5 4
Data buffer
Case Il : LSB - first receive data (Note)
SCK T T T T
LSB first
data on 0 >< 1 >< 2 >< 18 >< 19 >< 0
RX line
Ws T

23 2 21 20 19 18 17 16 4 3 2 1 0
LSB first :
MSB justified 19 18 | 17 | 16 15 14 | 13 |12 0| o0 0 0 0
Data buffer

23 2 21 20 19 18 17 16 4 3 2 1 0
LSB first s
LSB justified 0 0 0 0 19 18 | 17 |16 4| 3 2 1 0
Data buffer

Channel width set to 24 bits (MCU mode bits)

Note: These example formats show the effects of the receiver settings on the received data when fewer than expected
SCKs arrive for each channel. WS is shown 'LOW' for this example.

Figure 1.120. Receiver setting effects
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Overview

The Serial Sound Interface is a serial data communication system. The parallel (MCU bus) to serial data conversion
is accomplished by the shift registers. Figure 1.116 shows a description of each component of the Serial Sound
Interface architecture. There are separate 32- bit shift registers for transmit and receive for full duplex operation.
Each shift register can be configured for 32, 24, or 16 bits as defined by the channel width mode bits. The shift
register loads (or stores for receiver) data from the data buffers on every WS edge. The first load and bit-shift begins
on the first "valid" edge of WS (as defined by the mode bits) after the transmit/receive mode bits are set (see Figure
1.122). Therefore, the transmit data buffers must be loaded prior to enabling the transmitter to ensure that the first
transmit contains valid data.

Both the transmitter and receiver have their own set of data buffers. There are two data buffers (left and right) so that,
on special conditions when the MCU is handling a higher priority task, additional time is available (channel width X
TSCK) before there is data underflow or overflow. The shift register always loads from or stores to the left buffer first
and alternates between the two buffers on every edge of WS. The placement of data within the buffers is described in
detail in the Data Path section.

The interrupt generator is a state machine which controls the data interface. The state machine makes the data
transfer to or from the peripheral more efficient by generating interrupts until all the data needed for the data buffer
has been accessed. The interrupt can be set up to be a DMA trigger for more efficient data transfer. The interrupt
generator also tracks the read/write width (byte/word) so that no additional control is needed. The interrupt is first
generated when a data word is loaded from the data buffer to the shift register (transmitter) or data are stored from
the shift register into the data buffer (receiver). When the MCU is finished accessing (as a response to the interrupt)
another interrupt is generated if the data buffer has not completely been accessed. For example, for a 24-bit trans-
mitter, an interrupt is generated when the left buffer is loaded into the shift register. If the MCU writes a byte of data to
the transmit buffer address, 8 of the 24 bits will be filled with new data. The interrupt generator triggers another
interrupt causing the MCU to write more data. If this write is a 16-bit operation, no further interrupts are generated
until the right buffer is loaded into the shift register. However, if the write operation is only 8 bit, then another interrupt
is generated immediately.

The data interface is used to simplify the data transfer process. The data buffer address is the same regardless of
the actual data buffer width. The interface places the incoming or outgoing data in the correct position according to
the channel width and the number of completed reads/writes for the data buffer.

The operation of the data interface is demonstrated in the example below which is the case of 24-bit audio data with
word writes. As previously explained, the state machine generates an interrupt when the left channel is loaded into
the shift register for transmission. When the first word write occurs, the data interface places the data in the left
buffer. Since 8 more bits are required to fully load the left buffer, another interrupt is generated. The MCU writes
another word of data, of which one byte is placed in the left buffer. However, the remaining data is held in a tempo-
rary buffer within the data interface since the right channel may not be loaded into the shift register yet. If the data is
not held in a temporary buffer but written to the right buffer, it would overwrite the untransmitted data in the right
buffer. When the right buffer is eventually loaded into the shift register for transmission, the state machine generates
an interrupt to request additional data. An MCU word write causes the data in the temporary buffer, as well as the
data on the MCU data bus, to be placed in the right buffer. No further interrupts are generated because all data
buffers are filled.
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The data interface for the receiver behaves slightly different for the same case. When the receive shift register loads
data into the left buffer, the state machine generates an interrupt. A word read from the MCU causes 16 bits to be
read. The other 8 bits are latched into a temporary buffer. Latching the data into a temporary buffer empties the left
buffer that provides additional time for the MCU to read the data without an overflow condition occurring. Even though
there are unread bits, no interrupt is generated because a word read would read a byte from the right buffer which
would be invalid data. The data in the right buffer is from the previous receive cycle and therefore invalid for the read
cycle. Thus, the complete read of the left buffer is delayed until the right buffer is loaded by the receive shift register
and the receive interrupts should be assigned higher priority than transmit if the Serial Sound Interface is set up for
both transmit and receive.

The Serial Sound Interface also contains a rate feedback mechanism which can be used to determine the rate of
data transfer via the Serial Sound Interface relative to the USB. It consists of a 16-bit counter with either SCK or WS
as the count source and a 16-bit register to store the count value. The count value is loaded into the register on each
negative edge of SOF pulse generated by the USB core. The counter is also reset by the SOF pulse. The SOF pulse
is a frame delimiter used in USB communication. Refer to the USB section for details. The value read from the
register is the count from the immediately preceding USB frame.

Figure 1.121 shows the Serial Sound Interface rate feedback registers and Serial Sound Interface transmit and
receive data buffer registers. Figure 1.122. shows the Serial Sound Interface mode registers.

Serial Sound Interface transmit buffer register

b8) Symbol Address When reset
b0 b7 b0 SSIiITXB (i=0, 1) 0315,5, 0314, 0000,
0375, 0374,

(b15
b7

Function RiW

Transmit data (Note) X

Note: Write only to even byte (8 bit) or entire word (16 bit).

Serial Sound Interface receive buffer register

(15 b8) Symbol Address When reset
b7 b0 b7 b0 SSIiRXB (i =0, 1) 0317,, 0316, 0000,
0377, 0376,

Function R iW

Receive data (Note) O X

Note: Read only from even byte (8 bit) or entire word (16 bit)
Serial Sound Interface rate feedback register

Address

(b15 b8) Symbol When reset
b7 b0 b7 b0 SSIiRF (i =0 1) 031916’ 03181('3 0000
’ 0379,5 03784 16
Function R iW
Rate feedback counter value O X

Figure 1.121. Serial Sound Interface related registers (1)
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Serial Sound Interface mode register 0

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 ‘ SSIMRO (=0, 1) 0310,¢, 0370, 00,6
I Bit symbol Bit name Function R |W
|
| .
L SSIEN Serial Sound Interface enable bit 0: Disable ol o
1: Enable
XMTEN Transmitter enable bit 0: Disable ol o
1: Enable
RXEN Receiver enable bit 0: Disable ol o
1: Enable
RFBEN Rate feedback counter enable bit 0: Disable ol o
1: Enable
b5 b4
CWIDO Channel width select bit 0 00 : 32 bit ol O
01 :24 bit
10 : Reserved
CWID1 Channel width select bit 1 11 : 16 bit o| o
. . 0 : LSB first
RFMTO Receiver format select bit 0 1 - MSB first Oo| O
. . 0 : LSB justified
RFMT1 Receiver format select bit 1 1: MSB justified Oo| O
Serial Sound Interface mode register 1
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bo SSIIMR1 (i=0, 1) 0311,4, 03714 00,4
ofol [ [ [ o] | — . .
I Bit symbol Bit name Function R |W
|
|
Lo XMTFMT Transmit format select bit 0: LSB first ol o
1: MSB first
Reserved Always set to "0" ol o
,,,,,,,, RFBSRC Rate feedback counter source 0:S8CK ol O
1: WS
SCKP SCK polarity 0 : Negative edge ol o
1 : Positive edge
WSP WS polarity 0 : Negative edge ol o
1 : Positive edge
WSDLY WS delay 0 : DelayedWs ol o
1 : NormalWs
Reserved Always set to "0" o| o

Figure 1.122. Serial Sound Interface related registers (2)
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Data Path

The data path is designed to work with the USB on this device. Because the Serial Sound Interface is an audio interface,
the USB audio class device specifications are used to define the data path. USB audio data can be multiple types: PCM,
a-law, u-law, MPEG, AC-3, IEC 1937, etc. However, the data are always left (MSB) justified. '0's are padded to the LSB
end to meet byte boundaries or packet size requirements. The USB data are transmitted as MSB first in standard
formats. Therefore, for basic stereo data with 24-bit resolution (L23 - Lo and R23 - Ro) should arrive or set up in the USB
FIFO. Table 1.53 lists the USB FIFO data setup. Table 1.54 lists the Serial Sound Interface buffer data.

Table 1.53. USB FIFO data setup

FIFO ADDRESS
(offset from endpoint start address) FIFO DATA Comments

0 L7 -L0 Sample 0

1 L15-1L8

2 L23 - L16

3 R7 - RO

4 R15-R8

5 R23 - R16

6 L7 -LO Sample 1

7 L15-1L8

8 L23 - L16

9 R7 - RO

10 R15-R8

11 R23 - R16

L7 -LO Sample n
Table 1.54. Serial Sound Interface buffer data
Left Buffer Right Buffer
Byte 2 Byte 1 Byte 0 Byte 2 Byte 1 Byte 0
L23 - L16 L15-L8 L7 -LO R23 - R16 R15-R8 R7 - RO
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The USB FIFO is read using word accesses and each word is written to the transmit buffer. Table 1.55 lists the USB
FIFO sequence operation. Note that DB refers to the MCU data bus.

Table 1.55. USB FIFO sequence operation

Left Buffer Right Bufferi
OPERATION
Byte 2 Byte 1 Byte 0 Byte 2 Byte 1 Byte 0
(L23-L16) (L15-L8) (L7-L0) (R23-R16) | (R15-R8) (R7-R0)
First Word Write DB45-DBg | DB7-DBj
Second Word Write | DB; - DB DB45 - DBg
Third Word Write DB45 -DBg| DB;-DBj

Data are placed in the buffer from the least significant byte to the most significant byte with the left buffer written first.
If the write operation is a word, the lower order data bus bits (DB7-DB0) are treated as more significant than the

higher order data bus bits (D15-DB8). This is compatible with the USB.
The same operation sequences occur for the receive buffer read. On a byte access, data are placed on the bus with
the most significant byte first. If the access is a word read, the lower order data bus bits (DB7-DB0) are treated as

more significant.

Precautions

® Entering wait mode with the SSI active can produce unpredictable data transfers. Make sure to disable the SSI
transmitter and receiver before entering wait mode, and re-enable the transmitter and receiver after exiting wait mode.

® For flash memory version SSI transmission data must be latched as the following timing by a receiver.

- SCKP=0 (falling edge) : within 3 BCLK cycles from the rising edge of SCK
- SCKP=1 (rising edge) : within 3 BCLK cycles from the falling edge of SCK
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Figure 1.124. DMA request timing in 32/24/16 bit width (reception)
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A/D converter

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive coupling
amplifier. Pins P10o to P107 function as the analog signal input pins. Set the direction registers corresponding to a pin
with A/D conversion to input. The result of an A/D conversion is stored in the AD registers of the selected pins.

Table 1.56 shows the performance of the A/D converter. Figure 1.125 shows the block diagram of the A/D converter, and
Figure 1.126 and Figure 1.127 show the A/D converter-related registers.

Table 1.56. A/D Converter performance

Item Performance

A/D conversion method | Successive approximation (capacitive coupling amplifier)

Analog input voltage 0V to AVce (Veo)

(Note 1)

Operating clock ®AD o a2 f _— DX
(Note 2) AD: fan/2, fap/3, fap/ (Xin)
Resolution 8-bit or 10-bit (selectable)

Non-linear accuracy

e One-shot mode

e Repeat mode
Operating modes e Single sweep mode

e Repeat sweep mode 0
¢ Repeat sweep mode 1

Analog input pins 8 pins (ANyto AN7)

o Software trigger
A/D conversion start -A/D conversion startswhen the A/D conversion start flag changes to "1"
condition o External trigger (canberetriggered)

-A/D conversion startswhen AD 7rg/P93 input changes from "H" to "L" (Note 3)

¢ Without sample and hold function
8-bit resolution: 49 ®AD cycles
Conversion speedper 10-bit resolution: 59 ®AD cycles
pin ¢ With sampleand hold function
8-bit resolution: 28 ®AD cycles
10-bit resolution: 33 ®AD cycles

Note 1: Doesnot depend on use of sample and hold function.

Note 2: Whenf(Xin) is over 10 MHz, the ®AD frequency must be set under 10MHz with the frequency select bits (bits
7 at 03D64¢ and bit 4 at 03D74¢).
Without the sample and hold function, set the ®AD to 250kHz or higher.
With the sample and hold function, set the ®AD frequency to 1 MHz or higher.

Note 3: Set the port direction register to input.
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A/D converter

ANo
AN1
AN2
AN3

O—507°
O——57°
O—%10°
O 0
P10  AN4 0—10
O——0
O——0
O——0

00
01
10
®)
1
00
01
10
ADCONO :
1n "t

ANs5
ANe6
AN7 CH2, CH1, CHO
Address |
(03C116, 03CO016) AD register 0
(03C316, 03C216) AD register 1 [¢—
(03C516, 03C416) AD register 2 o
(03C716, 03C616) AD register 3 g
(03C916, 03C816) AD register 4 4
(03CB16, 03CA16) AD register 5
(03CD16, 03CC16) AD register 6
(03CF16, 03CE16) AD register 7
AD control register 0 Successive
(address 03D616) conversion register
LI PT] LTI s
|
LI T
VVVVVVVYYY
Resistor ladder |

|
LTI

A

AD control register 1
(address 03D716)

fap O 1/2

éomparator

Figure 1.125. A/D converter block diagram
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A/D converter

AD control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl ho

Symbol Address When reset
1 5% 0306, o
Bit Symbol Bit Name Function w
b2 bl b0
CHO 0 0 0:ANO o o
00 1:AN1
01 0:AN2
CH1 Analog input pin select 01 1:AN3 (Note 2, 3) o O
bit 10 0:AN4
10 1:AN5
CH2 110:AN6 o
11 1:AN7
b4 b3
MDO 0 0: One-shot mode Io)
0 1:Repeat mode (Note 2)
A/D operation mode 1 0: Single sweep mode
MD1 select hit 0 1 1:Repeat sweep mode 0 o o
Repeat sweep mode 1
TRG Trigger select bit 0 : Software trigger o
1:AD, trigger
ADST A/D conversion start flag 0 : A/D conversion disabled o
1: A/D conversion enabled (Note 4)
CKSO0 Frequency select bit 0 : fAD/3 or fAD/4 is selected o
(Note 5) 1:fAD/1 or fAD/2 is selected
Note 1: If the AD control regsiter 0 is rewritten during A/D conversion, the conversion result is
indeterminate.
Note 2: When changing A/D operation mode, reset the analog input pin.
Note 3: This bit is disabled in single-sweep mode, repeat-sweep mode 0 and repeat-sweep mode 1.
Note 4: Set to "1" when ADrgg is selected.
Note 5: When f(Xy) exceeds 10 MHz, the AD frequency must be set less than 10 MHz by dividing.
AD control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
\ \ \ \ \ \ ADCON1 03D7,, 00,
Bit Symbol Bit Name Function w
bl bo
R SCANO o in select bi 0 0:ANO, AN1 (ANO) o o
D sweep pin select bit 0 1:ANO to AN3 (ANO, AN1) (Note 2)
1 0:ANO to AN5 (ANO to AN2)
SCAN1 1 1:ANO to AN7 (ANO to AN3) 0: O
. . 0 : Any mode other than repeat-sweep mode 1
MD2 A/D operation mode select bit 1 1: Repeat-sweep mode 1 o)
0 : 8-bit mode
BITS 8/10-bit mode select bit 1 : 10-bit mode [e}iNe)
. 0 : fAD/2 or fAD/4 is selected
CKs1 Frequency select bit (Note 3) 1: fAD/1 or fAD/3 is selected 0 o
. 0 : Vref not connected
Vveut Viref connect bit 1 : Vref connected o o
Nothing is assigned. Write "0" when writing to these bits. e
The value is indeterminate when read.

Note 1: If the AD control regsiter 1 is rewritten during A/D conversion, the conversion result is
indeterminate.
Note 2: This bit is invalid in one-shot mode and repeat mode. Channels shown in parentheses are
valid when repeat-sweep mode 1 (bit 2 = "1") is selected.
Note 3: When f(Xy) exceeds 10 MHz, the AD frequency must be set less than 10 MHz by dividing.

Figure 1.126. A/D converter-related registers (1)
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AD control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
D<ofo PX[oXIX] ] ADCON2 03D4,, X0OXOXXO,
|
1
: Bit Symbol Bit Name Function R W
1
1
1
L SMP A/D conversion method 0 :Without sample and hold olo
select bit 1 :With sample and hold
Nothing is assigned. Write "0" when writing to these bits.
The value is indeterminate when read. T

"""""""" | Reserved | Must always be set to "0" 00

Nothing is assigned. Write "0" when writing to these bits.
The value is indeterminate when read.

Reserved | Must always be set to "0" 0:0

Nothing is assigned. Write "0" when writing to this bit.
The value is indeterminate when read.

Note : If the AD control register 2 is rewritten during A/D conversion, the conversion result is
indeterminate.

AD registeri (i=0to7)

(b15) (©8) Symbol Address When reset

b7 | b0 | b7| | | | | | |b0 ADi (i=0to7) 03C0,, to 03CF, Indeterminate
1
i
1 )
i Function RIW
E Eight low-order bits of A/D conversion results X
i During 10-bit mode: Two high-order bits of A/D conversion results. ol x

During 8-bit mode: The values are indeterminate when read.

Nothing is assigned.
Write "0" when writing to these bits. The values are indeterminate when read.

Figure 1.127. A/D converter-related registers (2)
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One-shot mode

In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A/D conversion. Table
1.57 shows the specifications of one-shot mode.

Table 1.57. One-shot mode specifications

Item

Specification

Function

The pin selected by the analog input pin select bit is used for one A/D conversion.

Start condition

Writing "1" to A/D conversion start flag, external trigger.

Stop condition

» End of A/D conversion (A/D conversion start flag changes to "0" except when external trig-
ger is selected)
» Writing "0" to A/D conversion start flag.

Interrupt request
generation timing

End of A/D conversion.

Input pin

One of ANg to AN7, as selected.

A/D converter results

Read AD register corresponding to selected pin.

Repeat mode

In repeat mode, the pin selected using the analog input pin select bit is used for repeated A/D conversion. Table
1.58 shows the specifications of repeat mode.

Table 1.58. Repeat mode specifications

Item

Specification

Function

The pin selected by the analog input pin select bit is used for repeated A/D conversion.

Start condition

Writing "1" to A/D conversion start flag, external trigger.

Stop condition

Writing "0" to A/D conversion start flag.

Interrupt request
generation timing

None generated.

Input pin

One of AN to AN, as selected.

A/D converter results

Read AD register corresponding to selected pin (at any time).
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A/D converter

Single sweep mode

In single sweep mode, the pins selected using the A/D sweep pin select bit are used for one-by-one A/D conversion.
Table 1.59 shows the specifications of single sweep mode.

Table 1.59. Single sweep mode specifications

Item

Specification

Function

The pins selected by the A/D sweep pin select bit are used for one-by-one A/D conversion.

Start condition

Writing "1" to A/D converter start flag, external trigger.

Stop condition

* End of A/D conversion (A/D conversion start flag changes to "0" except when external trig-
ger is selected).
« Writing "0" to A/D conversion start flag.

Interrupt request
generation timing

End of Sweep.

Input pin

ANgand AN4 (2 pins), AN to ANz (4 pins), ANg to ANj5 (6 pins), or ANg to AN7 (8 pins).

A/D converter results

Read AD register corresponding to selected pin.

Repeat sweep mode 0

In repeat sweep mode 0, the pins selected using the A/D sweep pin select bit are used for repeat sweep A/D
conversion. Table 1.60 shows the specifications of repeat sweep mode 0.

Table 1.60. Repeat sweep O specifications

Item

Specification

Function

The pins selected by the A/D sweep pin select bit are used for repeat sweep A/D conversion.

Start condition

Writing "1" to A/D conversion start flag.

Stop condition

Writing "0" to A/D conversion start flag.

Interrupt request
generation timing

None generated.

Input pin

ANg and AN, (2 pins), AN to AN3 (4 pins), ANy to AN (6 pins), or AN to AN7 (8 pins).

A/D converter results

Read AD register corresponding to selected pin (at any time).
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Repeat sweep mode 1

In repeat sweep mode 1, all pins are used for A/D conversion with emphasis on the pin or pins selected using the A/
D sweep pin select bit. Table 1.61 shows the specifications of repeat sweep mode 1.

Table 1.61. Repeat sweep mode 1 specifications

Item Specification

All pinsperform repeat sweep A/D conversion with emphasis on the pin or pins selected by
Function the A/D sweep pin select bit.
Example: AN selected: ANy —# AN —B>ANy —» AN, —»= ANy —» AN; etc.

Start condition Writing "1" to A/D conversion start flag.

Stop condition Writing "0" to A/D conversion start flag.

Interrupt request

Lol None generated.
generation timing

Input pin ANg to AN5.
Pin emphasis ANg (1 pin) ANy and AN4 (2 pins), ANg to AN, (3 pins), ANy to AN3 (4 pins).
A/D converter results Read AD register corresponding to selected pin (at any time).

Resolution select function

8 or 10-bit mode select bit of AD control register 1 (bit 3 at address 03D716)
When set to 10-bit precision, the low 8-bits are stored in the even addresses and the high 2 bits in the odd ad-
dresses. When set to 8-bit precision, the low 8 bits are stored in the even addresses.

Sample and hold

Sample and hold is selected by setting bit 0 of the AD control register 2 (address 03D416) to "1". When sample and
hold is selected, the rate of conversion of each pin increases. As a result, a 28 fAD cycle is achieved with 8-bit
resolution and 33 faD with 10-bit resolution. Sample and hold can be selected in all modes. However, in all modes,
be sure to specify before starting A/D conversion whether sample and hold is to be used.

Power consumption reduction function

The VREF connect bit (bit 5 at addresses 03D716) can be used to isolate the resistance ladder of the A/D converter
from the reference voltage pin (VREF) when the A/D converter is not used. This stops any current from flowing into the
resistance ladder from VREF, reducing the power dissipation. When using the A/D converter, start A/D conversion
only after connecting VREF. Do not write A/D conversion start flag and VREF connect bit to "1" at the same time.

Precautions

® Write to each bit (except bit 6) of AD control register 0, AD control register 1, and to bit 0 of AD control register 2

when A/D conversion is stopped (before a trigger occurs). When the VREF connection bit is changed from "0" to "1",
wait 1 ps or longer before starting A/D conversion.

* When changing A/D operation mode, select the analog input pin again.
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® Using one-shot mode or single sweep mode:

Read the corresponding AD register after confirming A/D conversion is finished. (Check the A/D conversion interrupt
request bit.)

® Using repeat mode, repeat sweep mode O or repeat sweep mode 1:

Use the undivided main clock as the internal CPU clock.
When f(Xin) is faster than 10MHz, make the A/D frequency 10MHz or less by dividing.

Output impedance of sensor at A/D conversion (Reference value).

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 1.126 has to be completed
within a specified period of time T. Let the output impedance of sensor equivalent circuit be RO, the microcomputer's
internal resistance be R, the precision (error) of the A/D converter be X, and the A/D converter's resolution be Y (Y is
1024 in the 10-bit mode, and 256 in the 8-bit mode).

t
Vcis generally =Vin {1 - e - C(RO+R) }

Andwhent=T, Vc=VIN-X VIN=VIN(L - X)
Y Y

oo T ___X

C(RO+R) Y

T

-——— =In L
C(RO*R) Y

=-——— -R
Therefore, RO C X

Y

With the model shown in Figure 1.128 as an example, when the difference between VIN and VC becomes 0.1LSB,
we find impedance RO when voltage between pins VC changes from 0 to VIN-(0.1/1024) VIN in time T. (0.1/1024)
means that A/D precision drop due to insufficient capacitor charge is held to 0.1LSB at time of A/D conversion in the
10-bit mode. Actual error however is the value of absolute precision added to 0.1LSB. When f(Xin) = 10 MHz, T = 0.3
us in the A/D conversion mode with sample & hold. Output impedance RO for sufficiently charging capacitor C within
time T is determined as follows.

If T=0.3us, R=7.8kQ, C =3pF, X=0.1,and Y = 1024

-6
Then RO = - 0.3 )1(210 — 7.8x10% = approximately 3.0 x 103
30x10"2+1n 01

1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D converter turns out
to be approximately 3.0 kQ. Table 1.62 and Table 1.63 show output impedance values based on the LSB values.

Internal circuit of microprocessor

Ro | R (7.8kQ)

V'NJ: C (3.0pF) _l:
1

Figure 1.128. A circuit equivalent to the A/D conversion terminal
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Table 1.62. Output impedance values based on the LSB values (10-bit mode)

(f:’)l(l_'"‘z)) Cycle(us) | T ‘stfn'::;'ing R (Kohm) C(pF) Re(slf’s"g)w" ('f&mhfn")
0.1 3.0
0.3 4.5
0.5 5.3
03 0.7 5.9
(3 x cycle, 0.9 6.4
10 0.1 sample and 7.8 3.0
hold bit 1.1 6.8
enabled 13 72
1.5 7.5
1.7 7.8
1.9 8.1
0.3 0.4
0.5 0.9
0.7 1.3
0.2 (2 x cycle, 0.9 1.7
10 0.1 Sample and 7.8 3.0 14 2.0
enabled) 13 22
1.5 2.4
1.7 2.6
1.9 2.8

Table 1.63. Output impedance values based on the LSB values (8-bit mode)

f(Xin) T (Sampling Resolution ROmax
(MHz) Cycle (us) time) R (Kohm) C(pF) (LSB) (Kohm)

0.1 4.9

0.3 7.0

0.5 8.2

0.7 9.1

0.3
(3 x cycle, 0.9 9.9
10 0.1 sample and 7.8 3.0

hold bit 1.1 10.5

enabled 13 11
1.5 11.7

1.7 121
1.9 12.6

0.1 0.7

0.3 2.1

0.5 2.9

0.7 3.5

0.2 (2 x cycle,
0.9 4.0
10 0.1 Sample and 78 3.0
0d bt IS 1.1 4.4
enabled)

1.3 4.8

1.5 5.2

1.7 5.5

1.9 5.8

Rev.2.00 Oct 16,2006 page 176 of 264 RENESAS

REJ03B0005-0200

A/D converter




M30245 Group CRC Calculation Circuit

CRC calculation circuit

The Cyclic Redundancy Check (CRC) calculation circuit detects any errors in data blocks. The microcomputer uses
a generator polynomial of CRC-CCITT (x16+ x12 + x5 + 1) or CRC-16 (x16+ x15 + x2 + 1) to generate CRC code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. It is setin a CRC
data register every time one byte of data is transferred to a CRC input register after writing an initial value into the
CRC data register. Generation of CRC code for one byte of data is completed in two machine cycles.

Figure 1.129 shows the block diagram of the CRC circuit. Figure 1.130 shows the CRC-related registers. Figure
1.131 shows an example of the CRC using CRC-CCITT.

CRC Snoop

The CRC circuit includes the ability to snoop reads and writes to certain SFR addresses. This can be used to
accumulate the CRC value on a stream of data without using extra bandwidth to explicitly write data into the CRCIN
register. For example, it may be useful to snoop the writes to a UART TX buffer, or the reads from a UART RX buffer.
This can only be used on USB, UART and SSI registers.

To snoop an SFR address, the target address is written to the CRC Snoop Address Register (CRCSAR). The two
most significant bits of this register enable snooping on reads or writes to the target address. If the target SFR is
written to by the CPU or DMA, and the CRC snoop write bit is set (CRCSW=1), the CRC will latch the data into the
CRCIN register. The new CRC code will be set in the CRCD register.

Similarly, if the target SFR is read by the CPU or DMA, and the CRC snoop read bit is set (CRCSR=1), the CRC wiill
latch the data from the target into the CRCIN register and calculate the CRC.

The CRC circuit can only calculate CRC codes on data one byte at a time. Therefore, if a target SFR is accessed in a
word (16 bit) bus cycle, only the byte of data going to or from the target is snooped into CRCIN. The other byte of the
word access is ignored.

Note: CRC Snoop can only be used to snoop USB, UART and SSI related SFR registers.

< Data bus high-order bits

1K

U U

N Data bus low-order bits

‘ l \ ’Eight low-order bits ‘ Eight high-order bits

CRC data register (16) (Addresses 03BD16, 03BC16)

I i |- |-

CRC code generating circuit
X6+ x12+x5+1 OR x16+x15+x2+1

CRC input register (8) Enable : /EQlJJal\<— E

Snoop
Block

f} (Address 03BE16)

g Address Bus ) S

Figure 1.129. CRC circuit block diagram
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CRC data register

(b15) (b8)
b7 bob7 bo Symbol Address When reset
CRCD 03BD, to 03BC 4 Indeterminate

Function Values that can beset | R iw

CRC calculation result output 0000, to FFFF ¢ 00

CRC input register

b7 b0 Symbol Address When reset
‘ CRCIN 03BE ¢ Indeterminate

Function Values that can be set RIW

S ——————— Data input 00, to FF ¢ OO0

CRC mode register

bo

‘ b7 WW ‘ Symbol Address When reset
CRCMR 03B6,, OXXXXXX02

Bit symbol Bit name Function RiW

CRC mode polynomial 0:x%+x2+x5+1(CRC-CCITT)

selection bit 1: x5+ x5+ x2+ 1 (CRC-16)

Nothing is assigned.

Write "0" when writing to this bit. The value is indeterminate if read.

0 : LSB first mode
CRCMS 1: MSB first mode

CRCPS

CRC mode selection bit

CRC snoop address register

(b15) (b8)
b7 b0 b7 bo

Symbol Address When reset
[ ] W T T T TTITITT1] CRCSAR 03B5,, 0384, 00XXXX?? 222222222

g0 JOBA g DORRXRKY?? 2070707070707

; Bit symbol Bit name Function RiW
R — CRCSAR9-0 CRC Snoop address bits SFR address to snoop (Note) | O

Nothing is assigned.
Write "0" when writing to this bit. The value is indeterminate if read.

o

. 0 : Disabled
CRCSR CRC Snoop on read enable bit 1 : Enabled oio

CRCSW CRC Snoop on write enable bit 0 Disabled 0:0
1: Enabled

Note: Only USB, UART and SSI related registers can be snooped

Figure 1.130. CRC-related registers
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b15 b0
: CRC data register CRCD
(1) Setting 000016 —» | [03BD1s, 03BC16]
b7 b0
; CRC input register ~ CRCIN
2) Setting 01 —
@) seting 011 [ ] (FeEis
2 cycles
After CRC calculation is complete
b15 b0
118916 | CRC data register CRCD
: ’ [03BD16, 03BC16]
Y
* Stores CRC code

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,

(X186 + x12 4 X5 + 1), becomes the remainder resulting from dividing (1000 0000) X 18 by (1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

LSB
MSB Modulo-2 operation is
A 1000 1000 operation that complies
1 0001 0000 0010 0001 l 1000 0000 0000 0000 0000 0000 with the law given below.
1000 1000 0001 0000 1 0+0=0
1000 0001 0000 1000 O 0+1=1
1000 1000 0001 0000 1 1+0=1
1001 0001 1000 1000 1+1=0
Lse 7 Ao MSB -1=1

9 8 1 1
LN Y 4
Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary, set the CRC mode
selection bit to "1". CRC data register stores CRC code for MSB first mode.

b7 b0

: CRC input register ~ CRCIN

After CRC calculation is complete

b15 b0

CRC data register CRCD
OA411s [03BD16, 03BC16]

Y

$— Stores CRC code

Figure 1.131. CRC example using CRC-CCITT (LSB first mode)
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Programmable I/O ports

There are 83 programmable I/O ports: PO to P10 (excluding P85). Each port can be set independently for input or
output using the direction register. A pull-up resistance for each block of 4 ports can be set. P85 is an input-only port
and has no built-in pull-up resistance.

Figure 1.132 to Figure 1.135 show the programmable 1/O ports. Figure 1.136 shows the 1/O pins.

Each pin functions as a programmable I/O port and as the 1/O for the built-in peripheral devices.

To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input mode.
When the pins are used as the outputs for the built-in peripheral devices, they function as outputs regardless of the
contents of the direction registers. See the descriptions of the respective functions for how to set up the built-in
peripheral devices.

Direction registers

Figure 1.137 shows the direction registers.
These registers are used to choose the direction of the programmable I/O ports. Each bit in these registers corre-
sponds one for one to each I/O pin.
Note: There is no direction register bit for P8s.
Portregisters

Figure 1.138 shows the port registers.
These registers are used to write and read data for input and output to and from an external device. A port register
consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit in port registers corre-
sponds one for one to each I/O pin.

Pull-up control registers

Figure 1.139 shows the pull-up control registers.

The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports are set to
have a pull-up resistance, the pull-up resistance is connected only when the direction register is set for input.
However, in memory expansion mode and microprocessor mode, the pull-up control register of PO to P3, P40 to P43,
and P5 is invalid.

High drive capacity register
Figure 1.140 shows the Port P7 drive capacity register. Port P7 can be configured to drive an LED by increasing the drive
strength of the corresponding N-channel transistor bits.

Port control register
Figure 1.141 shows the port control register.

The bit 0 of port control resister is used to read Port P1:
0: When Port P1 is an input port, the port input level is read.
When Port P1 is an output port, the contents of Port P1 register are read.
1: The contents of Port P1 register are always read.
This register is valid for the external bus width which is 8 bits in microprocessor mode or memory expansion mode.

Unused pin connections

Table 1.64 lists an example of unused pins in single chip mode. Table 1.65 lists an example of unused pins in memory
expansion mode. Figure 1.142 shows an example connection for unused pins.
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Pull-up selection

Direction register

<1
N

Port latch
a1 ﬁD"—LD i

POo to PO7

Data bus ——

N

AND Flash control }5 >j

~N

Pull-up selection
AND flash port enable bit
Ploto P12 —|_Direction register |

<1
~N

[ Port P1 control register ‘-‘

Data bus 4,__{ Port latch %

|
D\

AND Flash control logic l
y —
~N

Pull-up selection
P13to P17 —{_Direction register |-
4 I
N

l Port P1 control register

Data bus 4,% Port latch %

|
<

)
\1

Pull-up selection

P2o0to P27, P3oto P37, j
P4oto P47, P50 to P54,P56 <} ’_D)_t hd
x
Data bus —— Port latch
P 4>>5>a :
< i I
(Note)
N
Note : --4¢----symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.

Figure 1.132. Programmable 1/0O ports (1)
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Pull-up selection

Direction register

P55, P93
!
N

Databus —¢{  Portlaich | ’_DJ ﬁ; :
: ‘D"—LD—\ j_, x (Notel)

P
~N
~N

Input to respective peripheral functions @

Pull-up selection

Direction register

P57, P6o to P67
P8o, P81

Output : (i:::)*J
Data bus —¢ Port latch e

VAN

TLTl

Input to respective peripheral functions QI
!
~N

Databus — Port latch

P70, P71

»—0O
* (Note2)
i

!

Input to respective peripheral functions

| 1)
L

| Drive capacity control registerI

Pull-up selection

P72to P77
o
G

T
Output—0__ T
Databus —+{__Portiatch -~ o1 1 o
x

s

, T

=
£

77.7

(Note 1)

T

Input to respective peripheral functions @ —|

I 1)
L

Drive capacity control registerI

Note :1 e symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Note :2 ---ia---- symbolizes a parasitic diode.

Figure 1.133. Programmable 1/O ports (2)
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Programmable 1/0 Ports

P82 to P84

P8s

P87

P86

P90

Pull-up selection

el j j -
Databus ——¢-{ Portlaich ] 1
a1 %>°—LD>1 :
< il !
(Note)
N
Input to respective peripheral function54‘~—@7
Data bus <l ; O
NMI interrupt input @ (Note)
777
Pull-up selection
‘ I o
~ i I

Data bus — Port latch

~N
e
~

Pull-up selection

Direction register

!

Data bus —¢ Port latch

~N

Rf

i

Pull-up selection

Direction register

Data bus —4

!
~

NE) B H_¢

P9o-second |:

+{___Portlaich |
P t|t):—.
~
s—7

ATTACH

~-—¢---symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.

UVcce

Figure 1.134. Programmable 1/O ports (3)
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M30245 Group Programmable 1/0 Ports

Pull-up selection

—| Direction register |-
P92 L j
o [ -
Output *
Databus —¢|  Portlacch | el -j_._o
| d | e

;7‘7

.
N

P100 to P107 Pull-up selection
—| Direction register |4
<] j j&

~N

Data bus ——] Portlatch | FD_‘ ;
A4 1 %>*—LD7 ? (Note
< gl 7
i
N

Analog input
Input to respective peripheral functions \@I
Note : ----#----symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.

Figure 1.135. Programmable 1/O ports (4)

-
x (Note 2)

BYTE
BYTE signal input @ O
X (Note 1)

77T
o
£ (Note 2)

CNVss
CNVss signal input @ O
X (Note 1)

77T

-o-

RESET
RESET signal input @ O
% (Note 1)

777

Note 1: - ja--- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.

Note 2: A parasitic diode on the Vcc side is added to the mask ROM version.
Do not apply a voltage higher than Vcc to each pin.

Figure 1.136. 1/O pins
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Port Pi direction register (Note)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address
When reset
‘ ‘ ‘ ‘ ‘ ‘ PDi (i=0to 7, 10) 03E2,, 03E3,, 03E6,, 03E7,,, 03EA 00
03EB,, 03EE,g, 03EF ¢, 03F6,, 16
Bit Symbol Bit Name Function RiW
e PDi_0 Port Pi, direction register oo
0 : Input mode (Functions as an
PDi_1 Port Pi, direction register | input port) ol o
1 : Output mode (Functions as
PDi_2 Port Pi, direction register | an output port) 0: 0
PDi_3 Port Pi, direction register 0:0
7777777777777777777777777777777 PDi_4 Port Pi, direction register oo
PDi_5 Port Pi; direction register (e} Ke)
PDi_6 Port Pig direction register 0:0
PDi_7 Port Pi, direction register oio

Note: In memory expansion mode and microprocessor mode, the contents of corresponding Port Pi direction

register of pins A, to Ao, Dy to D,;, CS; to CS;, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD HLDA and
BCLK cannot be modified.

15’

Port P8 direction register

b7 b6 bS5 b4 b3 b2 bl bO

‘ ‘ N ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
T PD8 03F2,¢ 00X00000,
Bit Symbol Bit Name Function R:W
e PD8_0 Port P8, direction register | 0 : Input mode (Functions as an oio
input port)

PD8_1 Port P8, direction register | 1 : Output mode (Functions as an o o

output port)
PD8_2 | Port P8, direction register 0i 0
PD8_3 | Port P8, direction register 0:0
7777777777777777777777777777777 PD8_4 | Port P8, direction register oo

Nothing is assigned.
Write "0" when writing to this bit. The value is indeterminate if read.

0 : Input mode (Functions as an
input port)

1 : Output mode (Functions as an o
output port)

PD8_6 Port P8, direction register

PD8_7 | Port P8, direction register

Port P9 direction register

b7 b6 b5 b4 b3 b2 bl bo

‘ Symbol Address When reset
PD9 03F3,, XXXX00XXO0,
Bit Symbol Bit Name Function RIW

i 0 : Input mode (Functions as an
b PD9_0 | Port P9, direction register | input port) oo
1 : Output mode (Functions as an
output port)

Nothing is assigned.
Write "0" when writing to this bit. The value is "0" if read.

PD9_2 | Port P9, direction register 0 : Input mode (Functions as an oio
input port)

PD9_3 | Port P9, direction register | 1:Output mode (Functionsasan | i
output port)

Nothing is assigned.
Write "0" when writing to this bit. The value is "0" if read.

Figure 1.137. Direction registers
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Port Pi register (Note 2)

b7 b6 b5 b4 b3 b2 bl bO

Symbol

Address

Port P8 register

b7 b6 b5 b4 b3 b2 bl bo

ym When reset
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ i ‘ Pi(i=0to7,10) 03EO,, 03E1 g, 03E4,, 03E5 ¢, 03E8 ¢ 00
: 03E9,;, 03EC,, 03ED, ¢, 03F4,, 16
Bit Symbol Bit Name Function RiW
""" Pi_0 Port Pi, register Data is input and output to and oio
from each pin by reading the
Pi_1 Port Pi, register writing to and from each oo
corresponding bit.
Pi_2 Port Pi, register 0:"L" level data 0o:0
1:"H" level data (Note 1)
Pi_3 Port Pi, register 0:0
7777777777777777777777777777777 Pi_4 Port Pi, register oio
Pi_5 Port Pi; register oio
Pi_6 Port Pig register 00
Pi_7 Port Pi, register oo

Note 1: Because P7; and P7, are N-channel open drain ports, the data are high-impedance.
Note 2: In memory expansion mode and microprocessor mode, the contents of corresponding port
Pi register of pins Aj toA

19’

D, to D.

15’

HOLD HLDA and BCLK cannot be modified.

CS, to CS,, RD, WRL/WR, WRH/BHE, ALE, RDY,

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Symbol Address When reset
: P8 03F0,4 00X00000,
Bit Symbol Bit Name Function RiW
""" P8_0 Port P8, register Data is input and output to and oo
from each pin by reading the
P8_1 Port P8, register writing to and from each oo
corresponding bit.
P8_2 Port P8, register 0:"L" level data o: 0
1:"H" level data
P8_3 Port P8, register 0:0
(except P8y)
7777777777777777777777777777777 P8_4 Port P8, register oo
P8_5 Port P8, register 0 X
P8_6 Port P8 register (0]
P8_7 Port P8, register ol 0
Port P9 register
b7 b6 b5 b4 b3 b2 bl b0
‘ ‘ Symbol Address When reset
— P9 03F1,, Indeterminate
Bit Symbol Bit Name Function RIW
""" P9_0 Port P9, register 0:"L" level data
° 1:"H" level data 0{0
,,,,,,,,,,,,, VBDS Vbus detect state bit 0 : Not powered o X
1: Powered (Note)
P9 2 Port P9, register 0:"L"level data 0io
1:"H" level data
""""""""""""" P9 3 Port P9, register 0:"L" level data 0! 0
1:"H" level data
Nothing is assigned. i
Write "0" when writing to these bits. The value is "0" if read.

Note: This pin cannot be used for GPI/O. This bit reads "0" when Vbus detect is disabled.

Figure 1.138. Port registers
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Pull-up control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
N N N = o3Fc,, 00,
Bit Symbol Bit Name Function RiW
""" PUOO PO, to PO, pull up oio
The corresponding port is pulled
————————————— PUOL PO, to PO, pull up high with a pull-up resistor oo
0 : Not pulled high
—————————————————— PU02 P1,to P1, pull up 1 : Pulled high 0:0
,,,,,,,,,,,,,,,,,,,,,,,,, PUO3 | P1,toP1, pull up 00
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PUO4 P2, to P2, pull up oo
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PUO5 P2,to P2, pull up olo
PUO6 P3, to P3, pull up o
PUO7 P3, to P3, pull up oo
Note: In memory expansion and microprocessor mode, the contents of this register can be

changed but the pull-up resistor is not connected.
Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset (Note 2)
‘ ‘ ‘ ‘ ‘ ‘ PUR1 03FD, 00,4
Bit Symbol Bit Name Function RiW
""" PU10 P4, to P4, pull up (Note 3) oio
The corresponding port is pulled
PUL P4, to P4, pull up high with a pull-up resistor oo
0 : Not pulled high
PU12 PS5, to P5, pull up (Note 3) | 1: Pulled high 0:0
PU13 PS5, to P5, pull up 0:0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PU14 P6, to P6, pull up olo
PU15 P6, to P6, pull up 0oi0
PU16 P7,to P7, pull up (Note 1)
PU17 P7,to P7, pull up 0i 0

Note 1: Pull-up is not available for P7, and P7, because they are N-channel open drain ports.

Note 2: This register becomes 02, when reset under the following conditions:
a) Hardware reset: when Vcc is applied to the CNVss pin.
b) Software reset: if bit 1 and bit O of processor mode register 0 (address 0004,¢) are
10, or 11, before reset.

Note 3: In memory expansion and microprocessor mode, the contents of this register can be
changed but the pull-up resistor is not connected.

Pull-up control register 2

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset
[ XET T wlre 03FE,, 00,,
Bit Symbol Bit Name Function RiW
77777 PU20 P8, to P8, pull up The corresponding port is pulled 00
high with a pull-up resistor
rrrrrrrrrrrrr PU21 P8, to P8, pull up (except P8;) 0: Not pulled high e}
—————————————————— PU22 P9, to P9, pull up (except P9,) 1+ Pulled high o:0
,,,,,,,,,,,,,,,,,,,,,,,,, Nothing is assigned. i
Write "0" when writing to these bits. The value is "0" if read.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, The corresponding port is pulled
P1 P1 Il 0:i0
pu24 Oy to P10, pull up high with a pull-up resistor
0 : Not pulled high
—————————————————————————————————————— PU25 | P10, to P10, pull up 1. Pulled high oio
Nothing is assigned. i
Write "0" when writing to these bits. The value is "0" if read.

Figure 1.139. Pull-up control registers
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Port 7 drive capacity register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
LITTITITT ] e 03FA,, 00,,
Bit Symbol Bit Name Function RiwW
e P7DRO P7, LED drive capacity The N-channel high drive oio
capacity is activated for the
P7DR1 P7, LED drive capacity corresponding bit. o0l o
P7DR2 P7, LED drive capacity 0 : Normal drive 0:0
1: N-channel high drive
,,,,,,,,,,,,,,,,,,,,,,,, P7DR3 P7, LED drive capacity 00
7777777777777777777777777777777 P7DR4 P7, LED drive capacity oo
P7DR5 P7, LED drive capacity [eRNe)
P7DR6 P7, LED drive capacity [oRNe]
P7DR7 P7,LED drive capacity oo
Figure 1.140. High drive capacity register
Port control register
b7 b6 b5 b4 b3 b2 bl b0
‘ ‘ ‘ ‘ Symbol Address When reset
PCR 03FF, 00,
Bit Symbol Bit Name Function RiwW

0 : When input port, read port input
| level. When output port, read the
[ PCRO Port P1 control register contents of Port P1 register. 00
1 : Read the contents of Port P1
register through input/output port.

OECTRL | AND Flash OE control bit | 0 : Data read mode enabled oo
1 : Output disabled

WECTRL | AND Flash WE control bit | 0 : Input disabled oo
: Command/Address mode enabled

N

. : PO & P1(0-2) GPI/O function
,,,,,,,,,,,,,,,,,,,,,,,,, AFPE | AND Flash port enable bit| 1: Po & P1(0-2) AND Flash control | o i 0
function

-0

Nothing is assigned.
Write "0" when writing to this bit. The value is"0" when read.

Figure 1.141. Port control register

Table 1.64. Example connection of unused pins in single-chip mode

Pin name Connection

After setting to input mode, connect every pin to Vss or Vcc using a resistor.

PO to P10 (excluding P8s) OR
Leave these pins open after setting to output mode.
Xout (Note 1) Open
NMI Connect using resistor to Vcc (pull-up)
UVce, Avce Connect to Vcc
AVss, VREF, BYTE Connect to Vss

USB D+, USB D-, LPF, VbusDTCT (Note 2) Open

Note 1: With external clock input to XIN pin.
Note 2: VbusDTCT pin is pulled down internaly.
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Table 1.65. Example connection of unused pins in memory expansion mode

Pin name Connection

After setting to input mode, connect every pin to Vss or Vcc using a resistor.

P6 to P10 (excluding P85) OR
Leave these pins open after setting to output mode.

P%/@ to P47/@ Set ports to input mode, _set bits CS1 to CS3 to "0" (chip select disabled),
connect to Vcc using resistors (pull-up)

BHE, ALE, HLDA, Xourt (Note 1), BCLK Open

HOLD, RDY, NMI Connect using a resistor to Vce (pull-up)

UVce, AVce Connect to Vcc

AVss, VREF, BYTE Connect to Vss

USB D+, USB D-, LPF, VbusDTCT (Note 2) | Open

Note 1: With external clock input to XIN pin.
Note 2: VbusDTCT pin is pulled down internaly.

Microcomputer Microcomputer
Port PO to P10 (except for P8s) Port P6 to P10 (except for P85)
(Input mode) e AVAVAVEES (Input mode)
(Inpu‘l mode) —/\/\/\f_‘ (Inpui mode)
(Output mode) Open (Output mode) Open
USB D+, USB D- Open
USB D+, USB D—— Open Vee VbusDTCT Open Vee
VbusDTCT—— Open  Vee i/\/\/\/* cs1 NI VVV
Port P45/ CS1 BHE
v AANA to P47/ CS3 _ShEL——
NMI HLDA
Xout —— Open ALEL 5 Open
Vee Xout vee
UVce, AVee BCLK (Note)l———
HOLD
BYTE
RDY
AVss UVce, Avee
VREF AVss
VREF
LPF —— Open
Vss LPF Open Vss
In single-chip mode In memory expansion mode or
in microprocessor mode
Note : When the BCLK output disable bit (bit 7 at address 000416) is set to "1", connect to VCC using a pull-up resistor.

Figure 1.142. Example connection of unused pins

Precautions

Dedicated Input Pins

If a dedicated input pin is connected to a power supply different from the supply that Vcc is connected to, a resistor
(approximately 1k ohm) should be added between the input pin and the connected power supply. However, if the
dedicated input pin voltage is higher than Vcc, latch up could occur. A resistor is not required when using a Vcc
voltage equal or greater than the voltage of the dedicated input pin.
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AND Flash Control Circuit

The AND flash control circuit is used for communicating with external AND type flash memory devices. The AND flash
control circuit can be used only in single-chip mode. This circuit cannot be emulated by ICE. The Port Control Register
(PCR), described by Figure 1.143, is used for overall control of this circuit. Setting bit AFPE to '1' assigns port pins
P00-P07 and P1o-P12 to function as signals necessary to interface with external flash memory. Along with their basic
function, these activated signals are listed in Table 1.66, and described as follows:

AND_DATAC(7:0) - These signals comprise the bus for input/output communication of data between the CPU
and external flash memory. Upon circuit activation, the port PO pins function as these signals. The port PO
direction register must be used to setup the direction of the AND_DATA(7:0) bus for input/output operation.

AND_OE - This signal is assigned to pin P12. Setting bit OECTRL to '1' will output a "L" pulse on this signal
during each read from flash memory. When OECTRL is '0', AND_OE remains set "L".

AND_WE - This signal is assigned to pin P11. Setting bit WECTRL to '1' will output a "L" pulse on this signal
during each write to flash memory. When WECTRL is '0', AND_WE remains set "H".

AND_SC - This signal is assigned to pin P1o. With OECTRL set to '1' and WECTRL set to '0', a "H" pulse will be
output on this signal during each flash memory write. If OECTRL is set to '0' and WECTRL set to '1', every read
from flash memory will cause a "H" pulse to be output. The condition whereby both OECTRL and WECTRL are
set to '1' results in AND_SC remaining set "L".

Figure 1.132 in the Programmable 1/0O section shows how the AND flash control circuitry is integrated with the port
control logic for pins POo-P07 and P1o-P12.

Port control register

b7 b6 b5 b4 b3 b2 b1 b0

‘ ‘ Symbol Address When reset
PCR 03FF,, 00,
Bit Symbol Bit Name Function RiW

0 : When input port, read port input

; level. When output port, read the

I PCRO Port P1 control register contents of Port P1 register. 0i 0

1 : Read the contents of Port P1
register through input/output port.

,,,,,,,,,,,, OECTRL | AND Flash OE control bit | 0 : Data read mode enabled oo
1 : Output disabled
WECTRL | AND Flash WE control bit | 0 Input disabled 00
1 : Command/Address mode enabled
| 0:PO & P1(0-2) GPI/O function
,,,,,,,,,,,,,,,,,,,,,,,,, AFPE AND Flash port enable bit| 1 : P & P1(0-2) AND Flash control | g i o

function

Nothing is assigned.
Write "0" when writing to this bit. The value is"0" when read.

Figure 1.143. Port control register
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Figure 1.144 shows an example of how to connect an AND type flash memory to the M30245 AND Flash Conntrol circuit.

PO (AND_DATA) »| DQ(0:7)
P10 (AND_SC) sc
P11 (AND_WE) > WE
P15, (AND_OE) »| OF
P13 (GP 1/0) »| CE
P14 (GP 1/0) »| CDE
P17 (GP I/0) RIB
P16 (GP 1/0) »| RES
HN29V2561A
M30245 HN29V5121A

Figure 1.144. Example connections to AND flash memory

Table 1.66. AND flash function table

WECTL, OECTL AND_OE AND_WE AND_SC
00 Inhibited
01 "L" pulse during AND_DATA read cycle "H" "H" pulse during AND_DATA write cycle
10 "L "L" pulse during AND_DATA write cycle ["H" pulse during AND_DATA read cycle
11 "L" pulse during AND_DATA read cycle |"L" pulse during AND_DATA write cycle "L

Sample AND Flash Control Algorithms

Figures 1.145 and 1.146 show flow charts describing sample read and write (program) operations of AND flash
memory. Please consult the M56M29F5611VP AND flash memory product specification for a detailed description of
it's design and control.
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Select External Flash Memory
Mode: Command Mode
Release Data Read Mode
Mode: Write Command/Address Mode
Write Command
Mode: Address Mode
Write Addresses (SA1,SA2,CA1,CA2)
Release Command Mode

|

=0

Read Data from AND Flash
[BUF(l) = AND_DATA]

— I=1+1

v

Release Data Read Mode
Unselect External Flash Memory

Flash Read Completed

Figure 1.145. AND flash read algorithm

Select External Flash Memory
Mode: Command Mode
Release Data Read Mode
Mode: Write Command/Address Mode
Write Command
Mode: Address Mode
Write Addresses (SA1,SA2,CA1,CA2)
Release Command Mode

l—|

<« I

YES

NO

Write Data to AND Flash
[AND_DATA = BUF(1)]

I=1+1

!

Release Data Read Mode
Unselect External Flash Memory

-

Glash Program Complete@

Figure 1.146. AND flash write algorithm
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Sample AND Flash Code

Figures 1.147 and 1.148 show sample code segments of AND flash read and write (program) assembly routines.

MOV.B
MOV.B
MOV.B
MOV.B
BCLR
BCLR
BSET
BSET
MOV.B
BSET
MOV.B
MOV.B
MOV.B
MOV.B
BCLR
RYBY02:
BTST
JNE
RYBY12:
BTST
JEQ
MOV.W
READDATA:
MOV.B
CMP.W
JEQ
INC.W
JMP
READEND:
BSET
BSET

#03EH, P1

#07FH, PD1
#00AH, PCR

#040H, P1
3, P1

4, P1

1, PCR
2,PCR
#000H, PO
4, P1
#034H, PO
#012H, PO
#000H, PO
#000H, PO
1, PCR

7,P1
RYBY02

7,P1
RYBY12

#$0000H, A0

PO, RAMAD[AO0]
#0083FH, AO
READEND

A0

READDATA

1, PCR
3, P1

Test Read Access to AND Flash

: Initialize Port 1
; Initialize Port 1

; Initialize AND_Flash Control Register
; Release AND_Flash RESET
; Select External Flash memory

: Mode : Command Mode
: Release Data Read Mode

; Mode : Write Command / Address Mode

; Write Command 00 = Read
; Mode : Address Mode

; Sector Address 1

; Sector Address 2

; Column Address 1

; Column Address 2

: Mode : Data Read Mode

; Wait to RY/BYB = 0

; Wait to RY/BYB = 1

; Initialize AO

s1=1+1

: Release Data Read Mode

: Read Data
1=2112?

; Unselect External Flash memory

Figure 1.147. AND Flash read example program
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; Test Write Access to AND Flash

MOV.B  #03EH, P1 ; Initialize Port 1
MOV.B  #07FH, PD1 ; Initialize Port 1
MOV.B  #00AH, PCR ; Initialize AND_Flash Control Register
MOV.B  #040H, P1 ; Release AND_Flash RESET
BCLR  3,P1 ; Select External Flash memory
BCLR 4, P1 : Mode : Command Mode
BSET 1, PCR : Release Data Read Mode
BSET 2,PCR : Mode : Write Command / Address Mode
MOV.B  #011H, PO ; Write Command 11 = Program 4
BSET 4, P1 : Mode : Address Mode
MOV.B  #034H, PO : Sector Address 1
MOV.B  #012H, PO : Sector Address 2
MOV.B  #000H, PO ; Column Address 1
MOV.B  #000H, PO : Column Address 2
BCLR 2,PCR : Release Command Mode
RYBYO03:
BTST 7,P1 ; Wait to RY/BYB =0
JINE RYBY03
RYBY13:
BTST 7,P1 ; Wait to RY/BYB =1
JEQ RYBY13
BCLR 4, P1 ; Mode : Data Entry Mode
MOV.W  #$0000H, A0
TRANSDATA:
MOV.B RAMADI[AQ], PO
CMPW #0083FH, A0
JEQ TRANSEND
INCW A0
JMP TRANSDATA
TRANSEND:
BSET 2,PCR : Mode : Write Command / Address Mode
MOV.B  #040H, PO ; Auto Program Data
BSET 4,P1 : Mode : CDE=H
RYBY13B:
BTST 7,P1 ; Wait to RY/BYB =1
JEQ RYBY13B
BSET 1, PCR : Release Data Read Mode
BSET  3,P1 ; Unselect External Flash memory

Figure 1.148 AND Flash write example program
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Flash memory

The M30245FC contains flash memory that can be rewritten with a single voltage of 3.3 V. Three flash
memory modes are available to read, program, and erase:

» CPU rewrite mode in which the flash memory can be manipulated by the Central Processing Unit (CPU).
« Parallel I/0 and standard serial I/O modes can be manipulated using a programmer

The flash memory is divided into several blocks as shown in Figure 1.149.

Memory can be erased one block at a time. Each block has a lock bit to enable or disable execution of an
erase or program operation. This allows data in each block to be protected. Table 1.67 shows an overview of
the M30245 (flash memory version).

In addition to the ordinary user ROM area that stores the microcomputer operation program, the flash memory
has a boot ROM area that stores a program to control rewriting in CPU rewrite and standard serial I/O modes.
The boot ROM area has a standard serial I/O mode control program stored in it when it is shipped from the
factory. However, the user can write a CPU rewrite control program in this area specific to the user's applica-
tion system. The boot ROM area can only be rewritten in parallel /O mode.

E000016
Block 4 : 64K bytes Note 1: The boot ROM area can be rewritten only in parallel input/
output mode. (Access to any other areas is inhibited.)
F000016 Note 2: To specify a block, use the maximum address in the block
Block 3 : 32K bytes that is an even address.
F800016
Block 2 : 8K bytes
FAQ0016 Block 1 : 8K bytes
FCO00016 FE00016
Block 0 : 16K bytes
FFFFF16 Y FFFFF16 8K bytes
User ROM area Boot ROM area

Figure 1.149. Flash memory version user ROM memory map
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Table 1.67. M30245 Flash Memory Overview

ltem Performance
Power supply voltage 3.0V to 3.6V
Program/erase voltage 3.0V to 3.6V
Flash memory operation mode 3 modes:

e CPUrewrite
e Parallel 1/0
¢ Standard serial 1/0

Erase block division User ROM area

See Figure 1.141

Boot ROM area

One division (8 Kbytes) Note

Program method

In page units (256 bytes)

Erase method

Collective erase/block erase

Program/erase control method

Program/erase control by software command

Protect method

Protection for each block by lock bit

Number of commands 8
Program/erase count 100 times
Data holding 10 years

ROM code protect

Parallel I/O and Standard serial I/O modes are supported

Note: The boot ROM contains a stored standard serial 1/O control program when it is shipped from the factory. This
area can be erased and programmed in parallel I/O mode only.
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CPU Rewrite Mode

In CPU rewrite mode, the on-chip flash memory can be read, programmed, or erased under control of the Central
Processing Unit (CPU). Only the user ROM area, shown in Figure 1.149, can be rewritten. The boot of the user ROM
area.ROM area cannot be rewritten. Make sure the program and block erase commands are issued only for each block
The control program for CPU rewrite mode can be stored in either the user ROM or the boot ROM area. Because the
flash memory cannot be read from the CPU, the rewrite control program must be transferred to an area other than
the internal flash memory before it can be executed.

Overview

In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by software
commands. Operations are executed from a memory other than the internal flash memory, such as the internal RAM.
When the CPU rewrite mode select bit (bit 1 at address 02F716) is set to "1", transition to CPU rewrite mode occurs and
software commands can be accepted. Read and write software commands and data to even-numbered addresses ("0"
for address A0) in 16-bit units. For 8-bit mode, always write 8-bit software commands to even-numbered addresses.
Commands are ignored with odd-numbered addresses. Use software commands to control program and erase operations.
The status register can verify if a program or erase operation has terminated normally or in error.

Figure 1.150 shows the flash memory control register 0. Figure 1.151 shows a flowchart for enabling/disabling the
CPU rewrite mode. Always follow the operation as indicated in these flowcharts.

Bit 0 is the RY/BY status flag used exclusively to read the operating status of the flash memory. During programming
and erase operations, it is "0". Otherwise, it is "1".

Bit 1 is the CPU rewrite mode select bit. The CPU rewrite mode is entered by setting this bit to "1" to make software
commands accepted. In CPU rewrite mode, the CPU becomes unable to access the internal flash memory directly
so, write bit 1 in an area other than the internal flash memory. To set this bit to "1", it is necessary to write "0" and then
write "1" in succession when the NMI pin is "H" level. The bit can be set to "0" by only writing "0".

Bit 2 is the lock bit disable bit. By setting this bit to "1", it is possible to disable erase and write protect (block lock)
effected by the lock bit data. The lock bit disable select bit only disables the lock bit function; it does not change the
lock data bit value. However, if an erase operation is performed when this bit = "1", the lock bit data that is "0" (locked) is
set to "1" (unlocked) after being erased. To set this bit to "1", it is necessary to write "0" and then write "1" in succession.
This bit can be controlled only when the CPU rewrite mode select bit = "1".

Bit 3 is the flash memory reset bit used to reset the control circuit of the internal flash memory. This bit is used when
exiting CPU rewrite mode and when flash memory access has failed. When the CPU rewrite mode select bit is "1",
writing "1" to this bit resets the control circuit. To release the reset, set this bit to "0".

Bit 5 is the user ROM area select bit that is effective only in boot mode. If this bit is set to "1", the accessed area is switched from
the boot ROM area to the user ROM area. When the CPU rewrite mode is used in boot mode, set this bit to "1". If the
microcomputer is booted from the user ROM area, the user ROM area is always accessed and this bit has no effect.
When in boot mode, the function of this bit is effective regardless of whether the CPU rewrite mode is on or off. Use a
control program that is not running in the internal flash memory to rewrite this bit.
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Flash memory control register 0

b7 b6 b5 b4

b3 b2 bl b0

Symbol Address When reset
‘ 0 ‘ ‘ ‘ ‘ FMRO 02F7,, XX000001,4
Bit Symbol Bit Name Function RiW
,,,,,, — . 0 : Busy (overwrite or erase)
FMROO RY/BY status bit 1: Ready 0 X
. | 0:Normal mode
FMRO1 CPU rewrite mode select bit| (invalid software commands) [e}Ne)
(Note 1) 1: CPU rewrite mode
(software command accepted)
FMR02 Lock bit disable bit 0 Enabled oio
(Note 2) 1 : Disabled
Flash memory reset bit 0 : Normal operation oo
FMRO3 (Note 3) 1: Reset
- Reserved Must always be "0" oo
User ROM area select bit | o : Boot ROM area accessed olo
FMRO5 (Note 4). 1: User ROM area accessed
Nothing is assigned. Write "0" when writing to these bits.
The value is indeterminate if read. i

Note 1: To set this bit to "1", the user must write "0" and then "1" to it in succession. This bit is not
set to "1" unless this sequence has been performed. This is necessary to ensure that no
interrupt or DMA transfer are executed during the interval. Use the control program except
in the internal flash memory for writing to this bit. Also, write to this bit when the NMI pin

is "H" level.

Note 2: To set this bit to "1", the user must write "0" and then "1" to it in succession when the CPU
rewrite mode select bit = "1". This bit is not set to "1" unless this sequence has been
performed. This is necessary to ensure that no interrupt or DMA transfer are executed

during the interval.

Note 3: Effective only when CPU rewrite mode select bit "1". Set this bit to "1" and then "0" in

succession.

Note 4: Effective only in boot mode. Use a control program that is not in the internal flash memory

when writing to this bit.

Figure 1.150. Flash memory control register

Program in ROM

Program in RAM

Single-chip mode, memory expansion (Boot mode only)
mode, or boot mode Set user ROM area select bit to "1"

| [

Set CPU rewrite mode select bit to "1" (by

Set processor mode register (Note 1) ‘ writing "0" and then "1" in succession)(Note 2)

! l

Transfer CPU rewrite mode control Using software command execute erase,
program to internal RAM program, or other operation

l (Set lock bit disable bit as required)

(Subsequent operations are executed by control

Jump to transferred control program in RAM l

Execute read array command or reset flash

program in this RAM) memory by setting flash memory reset bit (by

Note 1:

writing "1" and then "0" in succession) (Note 3)

Write "0" to CPU rewrite mode select bit

(Boot mode only)
Write "0" to user ROM area select bit (Note 4)

End

register (addresses 000616 and 000716).

Note 2: For CPU rewrite mode select bit to be set to "1", the user needs to write a "0" and then a "1" to it in

succession. When it is not this procedure, it is not enacted in "1". This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval. Use the program except in the internal
flash memory for write to this bit. Also write to this bit when NMI pin is "H" level.

Note 3: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to

execute a read array command or reset the flash memory

Note 4: "1" can be set. However, when this bit is "1", user ROM area is accessed.

During CPU rewrite mode, set the main clock frequency to 6.25MHz or less using the main clock division

Figure 1.151. CPU rewrite mode set/reset flowchart
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Microcomputer Mode and Boot Mode

The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in parallel I/O mode.

If the control program is written into the boot ROM area, the standard serial I/O mode becomes unusable.

Normal microcomputer mode is entered when the microcomputer is reset when pulling CNVss pin low. In this case,

the CPU starts operating using the control program in the user ROM area.

When the microcomputer is reset by pulling the P55 pin low, and the CNVSS pin and P50 pin high, the CPU starts
operating using the control program in the boot ROM area. This mode is called the "boot" mode. The control program
in the boot ROM area can also be used to rewrite the user ROM area.

Block Address

Block addresses refer to the maximum even address of each block. These addresses are used in the block erase
command, lock bit program command, and read lock status command.

Software Commands

Table 1.68 lists the software commands available with the M30245 (flash memory version).
After setting the CPU rewrite mode select bit to 1, write a software command to specify an erase or program operation.
When entering a software command, the upper byte (D8 to D15) is ignored.

Table 1.68. List of software commands

First bus cycle

Second bus cycle

Third bus cycle

command Mode | Address (DCI)Dta;aDﬂ Mode Address (D(I)D?otaDﬁ Mode | Address (Dlzat‘;aD )
1 Read array Write | X (Note 6) | FFyg
2 Read status register Write | X 7046 Read | X SRD (Note 2)
3 Clear status register Write | X 5046
4 Page program (Note 3) Write | X 4146 Write | WAO (Note 3) | WDO (Note 3) | Write WA1 WD1
5 Block erase Write | X 2046 Write | BA (Note 4) D04g
6 Erase all unlocked blocks | Write | X A7 ¢ Write | X DO0yg
7 Lock bit program Write | X 7716 Write | BA D04g
8 Read lock bit status Write | X Tl Read BA D¢ (Note 5)

Note 1: When a software command is input, the data high-order byte (Dgto D;5) is ignored.

Note 2: SRD= Status register data

Note 3: WA = Write address, WD = Write data.

WA and WD must be set sequentially from 0016 to FE16 (even byte address). The page size is 256 bytes.
Note 4: BA = Block address. Enter the maximum address of each block that is an even address.
Note 5: Dg corresponds to the block lock status. When Dg

Note 6: X denotes a given even address in the user ROM area.

"1", the unlocked blocks are "0".
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1. Read Array Command (FFz1s)

The read array mode is entered by writing the command code "FF16" in the first bus cycle. When an even
address that is to be read is input in one of the bus cycles that follow, the content of the specified address is
read out at the data bus (Do-D15), 16 bits at a time.

The read array mode is retained until another command is written.

2. Read Status Register Command (7016)

When the command code "7016" is written in the first bus cycle, the content of the status register is read out at
the data bus (Do-D7) by a read in the second bus cycle.

3. Clear Status Register Command (5016)

This command clears the bits SR3 to SR5 of the status register after being set. These bits indicate that opera-
tion has ended in an error. To use this command, write the command code "5016" in the first bus cycle.

4. Page Program Command (4116)

Page program allows for high-speed programming in units of 256 bytes. Page program operation starts when
the command code "4116" is written in the first bus cycle. In the second bus cycle through the 129th bus cycle,
the write data is sequentially written 16 bits at a time. At this time, the addresses Ao-A7 need to be incremented
by 2 from “0016” to "FE16." When the system finishes loading the data, it starts an auto write operation (data
program and verify operation). Figure 1.152 shows an example of a page program flowchart.

The completed auto write operation can be confirmed by reading the status register or the flash memory
control register 0. At the same time the auto write operation starts, the read status register mode is automati-
cally entered, so the content of the status register can be read out. The status register bit 7 (SR7) is set to 0 at
the same time the auto write operation starts and is returned to 1 when the auto write operation has been
completed. In this case, the read status register mode remains active until the Read Array command (FF16) or
Read Lock Bit Status command (7116) is written or the flash memory is reset using its reset bit.

The RY/BY status flag of the flash memory control register 0 is "0" during auto write operation and "1" when the
auto write operation and status register bit 7 have been completed.

After the auto write operation is completed, the status register can read out the results of the auto write opera-
tion. Refer to the status register section for more details.

Each block of the flash memory can be write protected by using a lock bit. Refer to the data protect function
section for more details. Additional writes to the pages previously programmed are prohibited.

n=0
e 1

Write address n and
data n

<

YES
RY/BY status flag
12
YES

Check full status
Page program
completed

n=n+2

Figure 1.152. Page program flowchart
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5. Block Erase Command (2016/D016)

By writing the command code "2016" in the first bus cycle and the confirmation command code "DO016" in the second bus
cycle to the block address of a flash memory block, the system initiates an auto erase (erase and erase verify)
operation. Figure 1.153 is an example of a block erase flowchart.

Read the status register or the flash memory control register 0 to confirm the completion of the auto erase operation.
At the same time the auto erase operation starts, the read status register mode is automatically entered, so the
contents of the status register can be read out. The status register bit 7 (SR7) is set to "0" at the same time the auto
erase operation starts and is returned to "1" when the auto erase operation is completed. The read status register
mode remains active until the Read Array command (FF16) or Read Lock Bit Status command (7116) is written or the
flash memory is reset using its reset bit.

The RY/BY status flag of the flash memory control register 0 is "0" during auto erase operation and "1" when the auto
erase operation and status register bit 7 is completed.

After the auto erase operation is completed, the status register can read for the results of the auto erase operation.
Refer to the status register for more details.

A lock bit protects each block of the flash memory against erasure. Refer to the data protect function section for more
details.

Write 2016

Write D016
Block address

RY/BY status flag
=1?

YES

Check full status check
Block erase
completed

Figure 1.153. Block erase flowchart

6. Erase All Unlock Blocks Command (A716/D016)

By writing the command code "A716" in the first bus cycle and the confirmation command code "D016" in the second bus
cycle that follows, the system starts erasing blocks successively.

Reading the status register or the flash memory control register 0 confirms whether the erase all unlock blocks
command was terminated in the same way as for block erase. Also, the status register can read out the results of the
auto erase operation.

When the lock bit disable bit of the flash memory control register 0 ="1", all blocks are erased regardless of how the lock
bit is set. On the other hand, when the lock bit disable bit = "0", the function of the lock bit is effective and only unlocked
blocks (where lock bit data = "1") are erased.
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7. Lock Bit Program Command (7716/D016)

By writing the command code "7716" in the first bus cycle and the confirmation command code "D016" in the second bus
cycle to the block address of a flash memory block, the system sets the lock bit for the specified block to "0" (locked).
Figure 1.154 is an example of a lock bit program flowchart. The lock bit status (lock bit data) can be read out by a
read lock bit status command.

Reading the status register or the flash memory control register 0 confirms whether the lock bit program command
has terminated the same way as in the page program.

Refer to the data protect function section for more details.

| Write 7716 |

Write D016
block address
T

RY/BY status flag
=17

Lock bit program in J
error

[ Lock bit program ]
completed

Figure 1.154. Lock bit program flowchart

8. Read Lock Bit Status Command (7116)

By writing the command code "7116" in the first bus cycle and then the block address of a flash memory block in the
second bus cycle that follows, the system reads out the status of the lock bit of the specified block to the data bit (Ds).
Figure 1.155 is an example of a read lock bit program flowchart.

[ Start j
!

Write 7116

!

Enter block address

—
YES v
[ Blocks locked ] [ Blocks not locked ]

Figure 1.155. Read lock bit status flowchart
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Data Protect Function (Block Lock)

Each block in Figure 1.149 has a nonvolatile lock bit to specify that the block is protected (locked) against erase/write.
The lock bit program command is used to set the lock bit to 0 (locked). The lock bit of each block can be read out using
the read lock bit status command.

Whether block lock is enabled or disabled is determined by the status of the lock bit and the lock bit disable bit in flash
memory control register 0.

(1) When the lock bit disable bit = "0", a specified block can be locked or unlocked by the lock bit status (lock bit data).
If lock bit data = "0" (locked), they are disabled against erase/write. On the other hand, if lock bit data = "1" (unlocked) they
are enabled for erase/write.

(2) When the lock bit disable bit ="1", all blocks are unlocked regardless of the lock bit data, and enabled for erase/write.
In this case, the lock bit data is set to "1" (unlocked) after erasure, so that the lock bit is disabled.

Status Register

The status register indicates the flash memory operating status and whether an erase or program operation has
terminated normally or in error. Table 1.69 details the status register. The contents of this register can be read out only
by writing the read status register command (7016). Writing the Clear Status Register command (5016) clears the
status register. After a reset, the status register is set to "8016."

Table 1.69. Status register bit definition

Definition
Each SRD bit Status name

" "o
SR7 (Bit 7) Write state machine (WSM) Ready Busy
SR6 (Bit 6) Reserved _ _
SR5 (Bit 5) Erase status Terminated in error Terminated normally
SR4 (Bit 4) Program status Terminated in error Terminated normally
SR4 (Bit 3) Block status after program Terminated in error Terminated normally
SR2 (Bit 2) Reserved _ _
SR1 (Bit1) Reserved _ _
SRO (Bit 0) Reserved _ _

Write state machine (WSM) status (SR7)

After power-on, the write state machine (WSM) status is set to "1".
The write state machine (WSM) status indicates the operating status of the RY/BY pin output. This status bit is set to "0"
during an auto write or auto erase operation and is set to "1" when the operation is completed.
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Erase status (SR5)

The erase status indicates the operating status of an auto erase to the CPU. It is set to "1" when an erase error
occurs. The erase status is reset to "0" when cleared.

Program status (SR4)

The program status indicates the operating status of an auto write to the CPU. It is set to "1" when a write error
occurs. The program status is reset to "0" when cleared.

When an erase command is in error, which occurs if the command entered after the block erase command (2016)
is not the confirmation command (DO016), both the program status and erase status (SR5) are set to "1".

If the program status or erase status = "1", the following commands entered by command write are not accepted
and SR4 and SR5 are set to "1" (command sequence error):

(1) A valid command is not entered correctly

(2) The data entered in the second bus cycle of lock bit program (7716/D016), block erase (2016/D016), or erase all
unlocked blocks (A716/D016) is not the DO16 or FF16. However, if FF16 is entered, read array is assumed and the
command that has been set up in the first bus cycle is canceled.

Block status after program (SR3)

If data is overwritten (this occurs when a memory cell becomes overcharged and data incorrectly read), "1" is set
for the program status after the program at the end of the page write operation. In other words:

» When writing ends successfully, "8016" is output;

» When writing fails, "9016" is output;

» When excessive data is written, "8816" is output.

Full-Status Check

A full-status check allows the user to review the erase and program operations. Figure 1.156 shows a full-status
check flowchart and the action to take when an error occurs.

Read status register

Execute the clear status register command (5016)
to clear the status register. Try performing the
operation one more time after confirming that the

Command ..
sequence error
command is entered correctly.

Block erase error |, . . If a block erase error occurs, the block in error
cannot be used.
Program error (page | _ Execute the read lock bit status command (7116) to
or lock bit) see if the block is locked. After removing the lock,
execute a write operation the same way. If the error still occurs,
Program error ..
(block)

the page in error cannot be used.

. After erasing the block in error, exectue the operation again.
If the same error still occurs, the block in error cannot
be used.

End (block erase, program)

Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all
unlocked blocks and lock bit program commands are accepted. Execute the clear
status register command (5016) before executing these commands.

Figure 1.156. Full-status check flowchart
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Precautions

Operation speed

During CPU rewrite mode, set the main clock frequency to 6.25MHz or less using the main clock division select bits (bit
6 at address 000616, and bits 6 and 7 at address 000716).

Prohibited Instructions

The UND, INTO, JMPS, JSRS, and BRK instructions cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory.

Prohibited Interrupts

The address match interrupt cannot be used during CPU rewrite mode because it refers to the internal data of the flash
memory. If the interrupt's vector is in the variable vector table, it can be used by transferring the vector into the RAM area.
The NMI and watchdog timer interrupts can be used to change the CPU rewrite mode select bit forcibly to normal mode
(FMR01="0") when the interrupt occurs. If the rewrite operation is stopped when the NMI or watchdog timer interrupts
occurs, the CPU rewrite mode select bit should be set to "1" and the erase/program operation should be repeated.

Reset
Reset input is always accepted.
Access

To set the CPU rewrite mode select bit, and the lock bit disable bit to "1", the user must write a "0" and then a "1". This
sequence must be followed to set this bit to "1". This is necessary to ensure that no interrupt or DMA transfer will be
executed during the interval.

Write to the CPU rewrite mode select bit when NMI pin is a "H" level.

Access disable
Write the CPU rewrite mode select bit, and the user ROM area select bit in an area other than the internal flash memory.
Writing in the user ROM area

If power is lost while rewriting blocks that contain the flash rewrite program with the CPU rewrite mode, the blocks may
not be correctly rewritten. Afterwards, it is possible that the flash memory can not be rewritten. Therefore, use the
standard serial /O mode or parallel I/O mode to rewrite these blocks.

Using the lock bit

In CPU rewrite mode, use a program that can set and clear the lock bit disable bit (FMR02).
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Parallel /0 Mode

The parallel I/O mode can be used to input and output the software commands, addresses and data needed to operate
(read, program, erase, etc.) the internal flash memory. In this mode, the M30245 (flash memory version) operates in a
manner similar to other flash memory from Renesas. Because there are some differences with some functions not
available with the microcomputer and the memory capacity, the M30245 cannot be programmed by a programmer for
other Renesas flash memory. Use an exclusive programmer that supports the M30245 (flash memory version). Refer
to the instruction manual of each programmer manufacturer for usage details.

User ROM and Boot ROM Areas

In parallel I/O mode, the user ROM and boot ROM areas shown in Figure 1.149 can be rewritten. Both areas of flash
memory can be operated on in the same way.

Program and block erase operations can be performed in the user ROM area. The user ROM area and it's blocks are
shown in Figure 1.149.

The boot ROM area is 8 Kbytes in size. In parallel I/O mode, it is located at addresses OFE00016 through OFFFFF16.
Ensure that the program and block erase operations are always performed within this address range. Access to any
location outside this address range is prohibited.

In the boot ROM area, an erase block operation is applied to only one 8 Kbyte block. The boot ROM area has a standard
serial /0O mode control program installed at the Renesas factory, therefore, it is unnecessary to write to the boot ROM
area when using standard serial I/0 mode.
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ROM code protect function

To prevent the contents of the flash memory from being read out or rewritten too easily, the device incorporates a
ROM code protect function for use in parallel /O mode. The ROM code protect function prevents reading out or
modifying the contents of the flash memory by using the ROM code protect control register (OFFFFF16) during
parallel I/O mode. Figure 1.157 shows the ROM code protect control address. (This address exists in the user
ROM area.)

If one pair of ROM code protect bits is set to "0", ROM code protect is turned on so that the contents of the flash
memory are protected against being read out or modified. The ROM code protect function is implemented in two
levels. If level 2 is selected, the flash memory is protected even against readout by a shipment inspection LSI
tester, etc. If both level 1 and level 2 are selected, level 2 is selected by default.

If both of the two ROM code protect reset bits are set to "00," the ROM code protect function is turned off so that the
contents of the flash memory can be read out or modified. Once ROM code protect is turned on, the contents of the
ROM code protect reset bits cannot be modified in parallel I/O mode. Use the serial I/O mode or another mode to
rewrite the contents of the ROM code protect reset bits.

ROM code protect control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
O 0 T ot 7 OFFFFF FF,,
Bit Symbol Bit Name Function
Reserved Always set to "1"
b3 b2
ROM code protect level 2 Protect enable

ROMCP2 setbit (Note 1, 2) Protect enable

Protect enable

== OO

b:

0:

1: Protect enable
0:

1:

o
&
T
g

.| 0 0:No protect set bit
ROMCR ?th))';g (;c))de protect reset bit 0 1: Protect set bit active
1 0: Protect set bit active
1 1: Protect set bit active
b7 b6
ROM code protect level 1 00 Protect enable
ROMCP1 set bit (Note 1) 0 1: Protect enable
1 0: Protect enable
1 1: Protect enable

Note 1: When ROM code protect is turned on, the on-chip flash memory is
protected against readout or modification in parallel input/output mode.

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a
shipment inspection LS| tester, etc, is inhibited.

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect
levels 1 and 2. However, because these bits cannot be changed in parallel
input/output mode, they need to be rewritten in serial input/output or some
other mode.

Figure 1.157. ROM code protect control register
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Standard Serial I/O Mode

The standard serial I/O mode serially inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. It uses a specific serial programmer to accomplish this.
It is different from the parallel I/O mode because the CPU controls operations like rewriting the flash memory (using the
CPU rewrite mode) and serially inputting data.

The standard serial I/0O mode is entered by clearing the reset with the P50 (CE) pin set to a "H" level, the P55 (EPM) pin
set to a "L" level and the CNVss pin set to a "H" level. (For normal microprocessor mode, set the CNVss pin to "L" level.)
A control program is written in the boot ROM area when the product is shipped from Renesas. The standard serial I/O
mode cannot be used if the boot ROM area is rewritten in the parallel I/O mode. Figure 1.158 shows the pin connections
for the standard serial I/O mode. Table 1.70 lists the pin functions for standard serial 10 mode.

There are two standard serial /O modes that both require a purpose-specific serial programmer: clock synchronous
and clock asynchronous. Standard serial I/O switches between mode 1 (clock synchronous) and mode 2 (clock
asynchronous) according to the level of the CLK1 pin when the reset is released. Serial data I/0 uses UART1 and
transfers the data serially in 8-bit units.

To use standard serial /O mode 1 (clock synchronous):

* Set the CLK1 pin to "H" level and release the reset

« This mode uses the four UART1 pins CLK1, RxD1, TxD1 and RTS1 (BUSY).

» The CLK1 pin is the transfer clock input pin through which an external transfer clock is input.

* The TxD1 pin is for CMOS output.

» The RTS1 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronous):

* Set the CLK1 pin to "L" level and release the reset.

 This mode uses the two UART1 pins RxD1 and TxD1.

In standard serial I/O mode, only the user ROM area indicated in Figure 1.149 can be rewritten. The boot ROM cannot.

The standard serial /O mode uses a 7-byte ID code. When there is data in the flash memory, commands sent from the
programmer are not accepted unless the ID codes are identical.

ID Code Check Function

The ID code check function can be used in serial I/O mode to protect the contents of the flash memory from being read
out or rewritten. If the contents of the flash memory are not blank, the ID code sent from the serial programmer is
compared with the ID code written in the flash. If the ID codes are not identical, the commands sent from the serial
programmer are not accepted. Figure 1.159 shows the ID code store addresses. The ID code consists of 8-bit data:
(beginning with the first byte) OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Write
a program that has the ID code preset at these addresses.
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Mode setup method
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Figure 1.158. Pin descriptions for standard serial I/O mode

Address = —

OFFFDF16 to OFFFDC16

D1 Undefined instruction vector

OFFFE316 to OFFFEOQ16

ID2 ! Overflow vector

OFFFE716 to OFFFE416

i BRK instruction vector

OFFFEB16 to OFFFE816

ID3: Address match vector

OFFFEF16 to OFFFEC16

D4

OFFFF316 to OFFFFO016

ID5 ¢ Watchdog timer vector

OFFFF716 to OFFFF416

ID6 !

OFFFFB16 to OFFFF816

ID7: NMI vector

OFFFFF16 to OFFFFC16

i Reset vector

4 bytes

Figure 1.159. ID code storage addresses
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Table 1.70. Flash memory standard serial I/O mode pin functions

Pin Name 10 Description

Vce, Vss Power input Apply program/erase voltage to Vcc pin and OV to Vss pin

CNVss CNVss | Connect to Vcc pin.

RESET Reset input | Reset input pin. While reset is "L" level, a 20 cycle or longer clock must be input
to Xy pin.

Xin Clock input | Connect a ceramic resonator or crystal oscillator between X;yand Xgyt pins. To
input an externally generated clock, input it to Xy pin and open Xyt pin.

Xout Clock output O

BYTE BYTE | Connect this pin to Vcc or Vss.

Avcce, AVss Analog power supply input | Connect AVss to Vss and AVcc to Vcc respectively.

VRer Reference voltage input | Enter the reference voltage for A/D converter from this pin.

PO, to PO, Input Port PO | Input "H" or "L" level signal or open.

P1lgyto P1, Input Port P1 | Input "H" or "L" level signal or open.

P2, to P2, Input Port P2 | Input "H" or "L" level signal or open.

P3g to P3; Input Port P3 | Input "H" or "L" level signal or open.

P4, to P4, Input Port P4 | Input "H" or "L" level signal or open.

P54 to P54, P56, P5; | Input Port P5 | Input "H" or "L" level signal or open.

P5q CE input | Input "H" level signal.

P55 EPM input | Input "L" level signal.

P6q to P63 Input Port P6 | Input "H" or "L" level signal or open.

P64 BUSY output O | Standard serial mode 1: BUSY signal output pin
Standard serial mode 2: Monitors the program operation check.

P65 SCLK input | Standard serial mode 1: Serial clock input pin
Standard serial mode 2: Input "L" level signal

P6g RxD input | Serial data input pin

P6- TxD output O | Serial data output pin

P7,to P7; Input Port P7 | Input "H" or "L" level signal or open.

P80 to P84’ P86, P87

Input Port P8

Input "H" or "L" level signal or open.

NMI input

Connect this pin to Vcc

P9y, P95, P93

Input Port P9

Input "H" or "L" level signal or open.

P10, to P10,

Input Port P10

Input "H" or "L" level signal or open.
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Standard serial /O mode 1
In standard serial /0O mode 1, software commands, addresses, and data are input and output between the MCU and a
serial programmer using 4-wire clock-synchronized serial I/O (UART1). Standard serial I/O mode 1 is initiated by
releasing the reset with the P65 (CLK1) pin ata "H" level.
In reception, the software commands, addresses, and program data are synchronized with the rise of the transfer clock
(input to the CLK1 pin) and input to the MCU on the RxD1 pin.
In transmission, the read data and status are synchronized with the fall of the transfer clock, and output from the TxD1
pin. The TxD1 pin is a CMOS output. Transfer is in 8-bit units with LSB first.
When busy, such as during transmission, reception, erasing, or program execution, the RTS1 (BUSY) pin is at a "H"
level. Accordingly, always start the next transfer after the RST1 (BUSY) pin is at a "L" level.

Example Circuit Application

Figure 1.160 shows a circuit application for the standard serial I/O mode 1. Control pins will vary according to peripheral
unit (programmer), therefore check the peripheral unit (programmer) manual for more information.

RTS1(BUSY)
TxD1

Data output

M30245 Flash
memory version

CNVss
NMI

P50(CE)
P55(EPM)

(1) Control pins and external circuitry will vary according to peripheral unit (programmer). For more
information, see the peripheral unit (programmer) manual.
(2) In this example, the microprocessor mode and standard serial /O mode are switched via a switch.

Figure 1.160. Example circuit application for the standard serial /O mode 1
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Software Commands

In the standard serial I/O mode 1, erase , program and read operations are controlled by transferring software com-
mands using the RxD1 pin.

Data and status registers in memory can be read after inputting software commands. Reading the status register can
check the status of the flash memory operating state or successful completion of a program or erase operation. Table
1.71 lists the software commands.

Table 1.71. Software commands

Control 2nd 3rd 4th 5th 6th When ID is
command byte byte byte byte byte not verified

1 Page read FFis | Address | Address Data Data Data Data output Not

(middle) (high) output output output to 259th byte acceptable

2 Page program 4146 Address Address Data input Data input Data input Data input to Not

(middle) (high) 259th byte acceptable
3 Block erase 2046 Address | Address DO4g Not
(middle) (high) acceptable

4 Erase all AT DO04g Not
unlocked blocks acceptable

5 Read status 7016 SRD SRD1 Acceptable
register output output

6 Clear status 501¢ Not
register acceptable

7 Read lock bit Tl Address | Address Lock bit Not
status (middle) (high) data output acceptable

8 Lock bit 7716 Address | Address DOg Not
program (middle) (high) acceptable

9 Lock bit enable TA Not

acceptable
Lock bit disable 7516 Not
10
acceptable

1 ID check F5i6 | Address | Address Address ID size ID1 To ID7 Acceptable
function (low) (middle) (high)

12 Download FA1g Size Size Check sum Data As required Not
function (low) (high) input acceptable
Version data FB1g Version Version Version Version Versiondata | Versiondata | Acceptable

13 | output function data data data output data out- output output to 9th

output output put byte

14 Boot ROM area FCis | Address | Address | Data output Data Data output Data output Not
output function (middle) (high) output to 259th byte | acceptable
Read check FD1g Check Check Not

15 | data data data acceptable

(low) (high)
Note 1: The shaded areas indicate a transfer from flash memory MCU to peripheral unit. All other data is
transferred from the peripheral unit to the flash memory MCU.
Note 2: SRD refers to Status Register Data. SRD1 refers to Status Register Data 1.
Note 3: All commands are accepted if the flash memory is blank.
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1. Page Read Command

The page read command reads the specified page (256 bytes) in the flash memory sequentially one byte at a time.
Figure 1.161 shows the timing for the page read.

To execute the page read command:

(1) Transfer the "FF16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte on, data (Do-D7) for the page (256 bytes) specified by addresses As to A23, will be output
sequentially from the smallest address first in sync with the fall of the clock.

~ RxD1 ( FF16 XAB to XA16 to)
(M30245 reception data) A15 A23

(M30245 transmitT é(a?té) ( data0 X_\ )(data255):
i I | | [ 1 N A

Figure 1.161. Timing for page read

2. Page Program Command

This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a time. Figure 1.162
shows the page program timing.

To execute the page program command:

(1) Transfer the "4116" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte on, write data (Do-D7) for the page (256 bytes) specified by addresses As to A23, will be input
sequentially from the smallest address first. The page is automatically written.

When reception of the page (256 bytes) ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level. The status
register shows the results of the page program. Refer to the status register section for more details.

Each block is write-protected with the lock bit. Refer to the data protection function section for more details. Additional
writing of previously programmed pages is not allowed.

CLK1
RxD1 As to | Ale to
(M30245 reception data) ( 4116X A15 X A23 XdataOXj data2s5

TxD1
(M30245 transmit data)

RTS1(BUSY) J ” ” ” IJ‘_U |_

Figure 1.162. Timing for the page program
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3. Block Erase Command

This command erases the data in the specified block. Figure 1.163 shows the block erase timing.

To execute the block erase command:

(1) Transfer the "2016" command code with the 1st byte.

(2) Transfer addresses A8 to A15 and A16 to A23 with the 2nd and 3rd bytes respectively. Write the highest address of the
specified block for addresses A16 to A23.

(3) Transfer the verify command code "D016" with the 4th byte. The verify command code allows the erase operation to
start for the specified block in the flash memory.

When the block erase is finished, the RTS1 (BUSY) signal changes from the "H" to the "L" level. The status register
shows the results of the block erase command. Refer to the status register section for more details.

Each block is erase-protected with the lock bit. Refer to the data protection section for more details.

RxD1 As to | Aie toX
(M30245 reception data) < 2016 Als A23 D016
TxD1
(M30245 transmit data)

RTS1(BUSY) B |_| |_| |_I |

Figure 1.163. Timing for block erasing

4. Erase All Unlocked Blocks Command

This command erases the contents of all blocks. Figure 1.164 shows the timing for erasing all unlocked blocks. To
execute the erase all unlocked blocks command:

(1) Transfer the "A716" command code with the 1st byte.

(2) Transfer the verify command code "D016" with the 2nd byte. The verify command code allows the erase operation to
continue for all of the flash memory.

When block erasing ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level The status register shows the
results of the erase all unlocked blocks command. Refer to the status register section for more details.

Each block is erase-protected with the lock bit. Refer to the data protection section for more details.

RxD1
(M30245 reception data) 7( ATis ) DO

TxD1
(M30245 transmit data)

RTS1(BUSY) B |_|

Figure 1.164. Timing for erasing all unlocked blocks
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5. Read Status Register Command

This command reads the status information. Figure 1.165 shows the read status command timing.
When the "7016" command code is sent with the 1st byte, the contents of the status register (SRD) are read with the 2nd
byte and the contents of status register 1 (SRD1) are read with the 3rd byte.

RxD1 7016
(M30245 reception data)
SRD SRD1
TxD1 X X
(M30245 transmit data) output A_output
RTS1(BUSY) |_| |_|

Figure 1.165. Timing for reading the status register

6. Clear Status Register Command

This command clears the bits (SR3-SR5) that are set when an erase, program, or status operation ends in error. Figure
1.166 shows the clear status register timing.

When the "5016" command code is sent with the 1st byte, bits SR3-SR5 are cleared. When the clear status register
operation has ended, the RTS1 (BUSY) signal changes from the "H" to the "L" level.

CLK1 | || |
RxD1
(M30245 reception data)E

TxD1
(M30245 transmit data)

RTS1(BUSY)

Figure 1.166. Timing for clearing the status register

7. Read Lock Bit Status Command

This command reads the lock bit status of the specified block. Figure 1.167 shows the lock bit status timing. To execute
the read lock bit status command:

(1) Transfer the "7116" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) The lock bit data of the specified block is output with the 4th byte. The 6th bit (De) of the output data is the lock bit data.
Write the highest address of the specified block for addresses As to A23.
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CLK1

RxD1 ( 7116 X As to X A16 to)(
(M30245 reception data) —/ Al5 A23 |,

TxD1 ( DOG
(M30245 transmit data) \ PR

RTS1(BUSY) J |_| u |_| L

Figure 1.167. Timing for reading lock bit status

8. Lock Bit Program Command

This command writes "0" (lock) for the lock bit of the specified block. Figure 1.168 shows the lock bit program timing. To
execute the lock bit program command:

(1) Transfer the "7716" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, "0" is written to the lock bit
of the specified block. Write the highest address of the specified block for addresses As to A23.

When writing ends, the RTS1 (BUSY) signal changes from the "H" to the "L" level. Lock bit status can be read with the
read lock bit status command. Refer to the data protection function for more details.

CLK1

RxD1 As to | Aleto
(M30245 reception data) / 7716X A15 X A23 X D016

TxD1
(M30245 transmit data)

RTS1(BUSY) J I_I |_| I_I I_

Figure 1.168. Timing for the lock bit program

9. Lock Bit Enable Command

This command enables the lock bit for all blocks. Figure 1.169 shows the lock bit enable timing. The command code
"7A16" is sent with the 1st byte of the serial transmission. This command only enables the lock bit function; it does not
set the lock bit itself.

CLK1

RxD1 \
(M30245 reception data) \_TA18

TxD1
(M30245 transmit data)

RTS1(BUSY)

Figure 1.169. Timing for enabling the lock bit
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10. Lock Bit Disable Command

This command disables the lock bit for all blocks. Figure 1.170 shows the lock bit disable command timing. The
command code "7516" is sent with the 1st byte of the serial transmission. This command only disables the lock bit
function; it does not set the lock bit itself. However, if an erase command is executed after executing the lock bit disable
command, all "0" (locked) lock bit data is set to "1" (unlocked) after the erase operation ends. After reset the lock bit is
always enabled.

CLK1 | |
RxD1
(M30245 reception data) E

TxD1
(M30245 transmit data)

RTS1(BUSY)

Figure 1.170. Timing for disabling the lock bit

11. ID Check Command

This command checks the ID code. Figure 1.171 shows the ID check command timing. To execute the boot ID check
command:

(1) Transfer the "F516" command code with the 1st byte.

(2) Transfer addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd, 3rd and 4th bytes
respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.

(4) The ID code is sent with the 6th byte on, starting with the 1st byte of the code.

See the ID code section for more information.

CLK1 |

RxD1
(M30245 reception

data)

TxD1

(M30245 transmit
data)

Sceant B | | | I R T L

Figure 1.171. Timing for the ID check

F516 X DF16X FFi6 X OF16 XID sizeX ID1 ID7
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12. Download Command

This command downloads a program to the RAM for execution. Figure 1.172 shows the download command timing.
To execute the download command:

(1) Transfer the "FA16" command code with the 1st byte.

(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent starting with the 5th byte.

(4) The program to execute is sent starting with the 5th byte.

After all data has been transmitted, if the check sum matches, the downloaded program is executed. The size of the
program will vary according to the internal RAM.

RxD1 FA1L6 Check Program Program
(M30245 reception data) __ / sum data data
Data size (low) \ \
TxD1 o
Dat high
(M30245 transmit data) ata size (high)

RTS1(BUSY) | |_| |_| H U_\_U—L

Figure 1.172. Timing for download

13. Version Information Output Command

This command outputs the version information of the control program stored in the boot area. Figure 1.173 shows
the version information output timing. To execute the version information output command:

(1) Transfer the "FB16" command code with the 1st byte.

(2) The version information will be output from the 2nd byte on. The version data is composed of 8 ASCII code

characters.

RxD1
(M30245 reception data) __ FBlG

TxD1 (XX et
(M30245 transmit data) d E R X

RTS1(BUSY) ] H |_| |_| H\ |_| |

Figure 1.173. Timing for version information output
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14. Boot ROM Area Output Command

This command outputs the control program stored in the boot ROM area in one page blocks (256 bytes). Figure 1.174
shows the boot ROM area output timing. To execute the boot ROM area output command:

(1) Transfer the "FC16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Starting with the 4th byte, data (D0-D7) for the page (256 bytes) specified by addresses As to A23 will be output
sequentially from the smallest address first, in sync with the falling edge of the transfer clock.

RxD1 ( FC16 X As to | Ale to)
M30245 reception data; A1s A23
302 ion d

(M30245 wansmit, cxigé) ( data0 Xj:Xdat3255):
S T T [ e [ O

Figure 1.174. Timing for boot ROM area output

15. Read Check Data command

This command reads the check data that confirms that the write data, sent with the page program command, has been
successfully received. Figure 1.175 shows the read check data timing. To execute the read check data command:

(1) Transfer the "FD16" command code with the 1st byte.

(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd byte.

To use this read check data command, first execute the command and then initialize the check data. Then execute the
page program command the required number of times. Afterwards, when the read check command is executed again,
the check data (for all of the read data that was sent with the page program command during this time) is read. The
check data is the result of a CRC operation of write data.

RxD1 ( FD1s
(M30245 reception data)

TxD1 < X
(M30245 transmit data) 1 L

Check data (low) Check data (high)

RTS1(BUSY) J |_| |_| |_

Figure 1.175. Timing for the read check data
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Data Protection (Block Lock)

Each block in Figure 1.176 has a nonvolatile lock bit that indicates protection (block lock) against erasing/writing. A
block is locked (writing "0" for the lock bit) with the lock bit program command. Any lock bit can be read with the read lock
bit status command.

Block lock disable/enable is determined by the status of the lock bit and execution status of the lock bit disable and lock
bit enable commands.

(1) After reset and the lock bit enable command is executed, the specified block can be locked/unlocked using the lock
bit (lock bit data). Blocks with a "0" lock bit data are locked and cannot be erased or written to. Blocks with a "1" lock bit
data are unlocked and can be erased or written to.

(2) After the lock bit disable command has been executed, all blocks are unlocked regardless of the lock bit data status
and can be erased or written to. In this case, any lock bit data that was "0" before the block was erased is set to "1"
(unlocked) after erasing.

E000016
Block 4 : 64K bytes Note 1: The boot ROM area can be rewritten only in parallel input/

output mode. (Access to any other areas is inhibited.)
F000016 Note 2: To specify a block, use the maximum address in the block
Block 3 : 32K bytes that is an even address.

F800016
Block 2 : 8K bytes

FAD0O16 Block 1 : 8K bytes
FCO00016 FE00016
Block 0 : 16K bytes
FFFFF16 Y FFFFF16 BK bytes
User ROM area Boot ROM area

Figure 1.176. Block diagram of the flash memory version

Status Register (SRD)

The status register indicates the flash memory operating status and whether an erase or program operation has
terminated normally or in error. It can be read by using the read status register command (7016). Writing the clear status
register command (5016) clears the status register. Table 1.72 defines each status register bit. After reset, the status
register outputs "8016".

Table 1.72. Status register (SRD)

Definition
Each SRD bit Status name

" "o
SR7 (Bit 7) Write state machine (WSM) Ready Busy
SR6 (Bit 6) Reserved _ _
SR5 (Bit 5) Erase status Terminated in error Terminated normally
SR4 (Bit 4) Program status Terminated in error Terminated normally
SR4 (Bit 3) Block status after program Terminated in error Terminated normally
SR2 (Bit 2) Reserved _ _
SR1 (Bit1) Reserved _ _
SRO (Bit 0) Reserved _ _
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Write State Machine (WSM) Status (SR7)

The write state machine (WSM) status indicates the operating status of the flash memory. When power is turned on,
"1" (ready) is set. The bit is set to "0" (busy) during an auto-write or auto-erase operation, but returns to "1" when the
operation ends.

Erase Status (SR5)

The erase status reports the operating status of the auto-erase operation. If an erase error occurs, it is set to "1".
When the erase status is cleared, it is set to "0".

Program Status (SR4)

The program status reports the operating status of the auto-write operation. If a write error occurs, it is set to "1".
When the program status is cleared, it is set to "0".

Block Status After Program (SR3)

If data is overwritten (this occurs when a memory cell becomes overcharged and data is incorrectly read), a "1" is set
for the block status after program at the end of the page write operation.

In other words:

* When writing ends successfully "8016" is output

* When writing fails, "9016" is output

* When excessive data is written, "8816" is output.

If "1" is written to any SR5, SR4 or SR3 bits, the page program, block erase, erase all unlocked blocks and lock bit
program commands are not accepted. Before executing these commands, execute the clear status register com-
mand (5016).

Status Register 1 (SRD1)

Status register 1 indicates the status of serial communications, ID check results, and check sum comparisons. It
can be read after the SRD by writing the read status register command (7016). Status register 1 can be cleared by
writing the clear status register command (5016).

Table 1.73 defines each status register 1 bit. "0016" is output when power is turned ON and the flag status is
maintained even after the reset.

Table 1.73. Status register 1 (SRD1)

Definition
SRD1 bits Status name

"y "o
SR15 (Bit 7) Boot update complete bit Completed Not updated
SR14 (Bit 6) Reserved _ _
SR13 (Bit 5) Reserved _ _
SR12 (Bit 4) Checksum match bit Match No match
SR11 (Bit 3) 0 O Not verified

ID check completed bits 0 1 Verified no match
SR10 (Bit 2) 1 0 Reserved
1 1 Verified
SR9 (Bit 1) Data receive time out Time out Normal operation
SR8 (Bit 0) Reserved _ _
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Boot Update Completed Bit (SR15)

This flag indicates if the control program was properly downloaded (using the download function) to RAM.

Check Sum Consistency Bit (SR12)

This flag indicates if the check sum matches after a program is downloaded for execution (using the download

function).
ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID check.

Data Reception Time Out (SR9)

This flag indicates when a time out error is generated during data reception. If this flag is set during data reception, the

received data is discarded and the microcomputer returns to the command wait state.

Full Status Check

A full-status check allows the user to review the erase and program operations. Figure 1.177 shows a full-status check

flowchart and the action to take when an error occurs.

Read status register

_ Execute the clear status register command (5016)
to clear the status register. Try performing the
operation one more time after confirming that the

Command .
sequence error
command is entered correctly.

Block erase error . . . Ifablock erase error occurs, the block in error
cannot be used.
Program error (page |, _ _ Execute the read lock bit status command (7116) to
or lock bit) see if the block is locked. After removing the lock,

execute a write operation the same way. If the error still occurs,
the page in error cannot be used.

Program error . - . After erasing the block in error, exectue the operation again.
(block) If the same error still occurs, the block in error cannot

be used.

[End (block erase, program) J

Note: When one of SR5 to SR3 is set to 1, none of the page program, block erase, erase all
unlocked blocks and lock bit program commands are accepted. Execute the clear
status register command (5016) before executing these commands.

Figure 1.177. Full status check flowchart

Rev.2.00 Oct 16,2006 page 222 of 264 RENESAS
REJO3B0005-0200



M30245 Group Serial I/O Mode 2

Standard serial I/O mode 2

In standard serial /0 mode 2 (clock asynchronous), software commands, addresses and data are input and output
between the MCU and peripheral units (serial programmer, etc.) using 2-wire clock-asynchronous serial /0 (UART1).
Standard serial /0 mode is entered by releasing the reset with the P65 (CLK1) pin at a "L" level. The TxD1 pin is set to
CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF.

After reset, connections can be established at 9,600 bps when initial communications are made with a peripheral unit.
This requires a main clock with a minimum 2 MHz input oscillation frequency. The baud rate can also be changed from
9,600 bps to 19,200, 38,400, or 57,600 bps by executing software commands. Communication errors may occur
because of the main clock oscillation frequency. If errors occur, change the main clock's oscillation frequency and the
baud rate.

After executing commands from a peripheral unit that require time to erase and write data, as with the erase and
program commands, allow a sufficient time interval or execute the read status command and check how the process-
ing ended before executing the next command.

Data and status registers can be read after transmitting software commands. Reading the status register can check
status of the flash memory operating state or successful completion of a program or erase operation.

Initial communications with peripheral units

After reset, the bit rate generator is adjusted to 9,600 bps to match the main clock’s oscillation frequency, by sending the
code as prescribed by the protocol for initial communications with peripheral units. Figure 1.178 shows the initial
communication with peripheral units.

(1) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit rate generator so
that "0016" can be successfully received.)

(2) The MCU with internal flash memory outputs the “B016” check code and initial communications end successfully.
Initial communications must be transmitted at a speed of 9,600 bps and a transfer interval of a minimum 15 ms. Also,
the baud rate at the end of initial communications is 9,600 bps.

Peripheral unit MCU with internal
flash memory

(1) Transfer "0016" 16 times

1st "0016" _
Atleast_lSms # 2nd3 "0016" R
transfer interval — >
15th L "0016" o
16th | "0016" > i
! _ "B016" ! (2) Transfer check code "B016"

The bit rate generator setting completes (9600bps)_

Note. If the peripheral unit cannot receive "B016" successfully, change the oscillation frequency of the main clock.
Figure 1.178. Peripheral unit and initial communication
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Frequencyidentification

When "0016" data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the bit rate
generator is set to match the operating frequency (2 - 16 MHz). The highest speed is taken from the first 8 transmissions
and the lowest from the last 8. These values are then used to calculate the bit rate generator value for a baud rate of
9,600 bps. Baud rate cannot be attained with some operating frequencies. Table 1.74 lists the operation frequency and

the baud rate.

Table 1.74. Operation frequency and baud rate

Operation
Frequency

Baud rate
9,600

Baud rate
19,200

Baud rate
38,400

Baud rate
57,600

16 MHz

+

+

=+

+

12 MHz

11 MHz

10 MHz

8 MHz

7.3728 MHz

+ H | H+

6 MHz

5 MHz

4.5 MHz

4.194304 MHz

H o+ | | | ]+

4 MHz

3.58 MHz

3 MHz

| | | ] |+

+ +

2 MHz

[+ || ] ] ]

+ : Communications possible

_: Communications not possible

Example Circuit Application

Figure 1.179 shows a circuit application for the standard serial /0O mode 2.

|

Monitor output
Data input

I
|

Data output

CLK1

RTS1(BUSY)

RxD1
TxD1

M30245 Flash
memory version

CNVss

P50(CE)
P5s(EPM)

I
-

Note: In this example, the microprocessor mode and standard serial I/O mode are switched via a switch.

Figure 1.179. Example circuit application for the standard serial I/O mode 2
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Software Commands

In the standard serial /O mode 2, erase, program, and read operations are controlled by transferring software com-
mands using the RxD1 pin. Standard serial /0O mode 2 adds four transmission speed commands - 9,600, 19,200,
38,400, and 57,600 bps - to the software commands of standard serial I/O mode 1. Table 1.75 lists the software
commands for serial I/O mode 2.

Table 1.75. Software commands

Control command 2nd 3rd 4th 5th 6th When ID is
byte byte byte byte byte not verified

1 Page read FFis | Address | Address Data Data Data Data output Not

(middle) (high) output output output to 259th byte | acceptable

5 Page program 4146 Address | Address Data input Data input Data input Data input to Not

(middle) (high) 259th byte acceptable
3 Block erase 20, | Address | Address DO04g Not
(middle) (high) acceptable

4 Erase all unlocked A4 DO0yg Not
blocks acceptable

5 Read status 7046 SRD SRD1 Acceptable
register output output

6 Clear status 5016 Not
register acceptable

7 Read lock bit 715 | Address | Address Lock bit Not
status (middle) (high) data output acceptable

s Lock bit 77,6 | Address | Address DO04g Not
program (middle) (high) acceptable

9 Lock bit enable A6 Not

acceptable

10 Lock bit disable 7516 Not

acceptable

n ID check F5,6 | Address | Address Address ID size ID1 To ID7 Acceptable
function (low) (middle) (high)

12 Download FAg Size Size Check sum Data As required Not
function (low) (high) input acceptable
Version data FByg | Version Version Version Version Versiondata | Versiondata | Acceptable

13 | output function data data data output data output output to 9th

output output output byte

14 Boot ROM area out- FCis | Address | Address | Data output Data Data output Data output Not
put function (middle) (high) output to 259th byte | acceptable
Read check data FD4g Check Check Not

15 data data acceptable

(low) (high)

16 | Baud rate 9600 B04g B04g Acceptable

17 | Baud rate 19200 Bl Bl Acceptable

18 | Baud rate 38400 B24¢ B2 Acceptable

19 | Baud rate 57600 B34 B3¢ Acceptable

Note 1: The shaded areas indicate a transfer from flash memory MCU to peripheral unit. All other data is
transferred from the peripheral unit to the flash memory MCU.

Note 2: SRD refers to Status Register Data. SRD1 refers to Status Register Data 1.

Note 3: All commands are accepted if the flash memory is blank.
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1. Page Read Command

The page read command reads the specified page (256 bytes) in the flash memory sequentially one byte at a time.
Figure 1.180 shows the page read timing. To execute the page read command:

(1) Transfer the "FF16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte on, data (Do-D7) for the page (256 bytes) specified by addresses As to A23, will be output
sequentially from the smallest address first, in sync with the rise of the clock.

As to | Aleto
FFlﬁX A5\ Az X

~ RxD1
(M30245 reception data)

TxD1 x x
(M30245 transmit data) X data0 X_ data255

Figure 1.180. Timing for page read

2. Page Program Command

This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a time. Figure
1.181 shows the page program timing. To execute the page program command:

(1) Transfer the "4116" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte on, write data (D0-D7) for the page (256 bytes) specified by addresses A8 to A23, is input
sequentially from the smallest address first. The page is automatically written.

The page program results can be reviewed in the status register. Refer to the status register section for more
details.

Each block can be write-protected with the lock bit. Refer to the data protection function for more details. Additional
writing of previously programmed pages is not allowed.

RxD1 As to | A16 to
(M30245 reception data) 4116 A15 X A23 XdataO Xdata255
TxD1
(M30245 transmit data)
Figure 1.181. Timing for the page program
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3. Block Erase Command

This command erases all the data in the specified block. Figure 1.182 shows the block erase timing. To execute the
block erase command:

(1) Transfer the "2016" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, the erase operation will
start for the specified block in the flash memory. Write the highest address of the specified block for addresses As to A23.
After block erase ends, the results of the block erase operation can be reviewed in the status register. Refer to the status
register section for more details. Each block can be erase-protected with the lock bit. Refer to the data protection
function section for more details.

RxD1 As to | Al6to
(M30245 reception data) X 2016 X Al5 X_ALX D016

TxD1
(M30245 transmit data)

Figure 1.182. Timing for block erasing

4. Erase All Unlocked Blocks Command

This command erases the content of all blocks. Figure 1.183 shows the erase all unlocked blocks timing. To
execute the erase all unlocked blocks command:

(1) Transfer the "A716" command code with the 1st byte.

(2) Transfer the verify command code "D016" with the 2nd byte. With the verify command code, the erase operation
will start and continue for all blocks in the flash memory.

The results of the erase operation can be reviewed in the status register. Each block can be erase-protected with the
lock bit. Refer to the data protection function and status register sections for more details.

RxD1
(M30245 reception data) X Ar16 X D016

TxD1
(M30245 transmit data)

Figure 1.183. Timing for erasing all unlocked blocks

Rev.2.00 Oct 16,2006 page 227 of 264 RENESAS
REJO3B0005-0200



M30245 Group Serial I/O Mode 2

5. Read Status Register Command

This command reads the status information. When the "7016" command code is sent with the 1st byte, the contents of
the status register (SRD) are read with the 2nd byte and the contents of status register 1 (SRD1) are read with the 3rd
byte. Figure 1.184 shows the read status register timing.

RxD1 >< 7016
(M30245 reception data)

SRD | SRD1
TXD1 X X

' tput tput
(M30245 transmit data) output | outpu

Figure 1.184. Timing for reading the status register

6. Clear Status Register Command

This command clears the bits (SR3—-SR5) that are set when an erase, program or status operation ends in error. When
the "5016" command code is sent with the 1st byte, the SR3-SR5 bits are cleared. Figure 1.185 shows the clear status
register timing.

RxD1 X
(M30245 reception data) 5016

TxD1
(M30245 transmit data)

Figure 1.185. Timing for clearing the status register

7. Read Lock Bit Status Command

This command reads the lock bit status of the specified block. Figure 1.186 shows the read lock bit status timing. To
execute the read lock bit status command:

(1) Transfer the "7116" command code with the 1st byte.

(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.

(3) The lock bit data of the specified block is output with the 4th byte. The 6th bit (Ds) of the output data is the lock bit data.
Write the highest address of the specified block for addresses As to A23.

(M30245 reception data) Al5 A23

TXD1 X D6
(M30245 transmit data)

Figure 1.186. Timing for reading lock bit status
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8. Lock Bit Program Command

This command writes "0" (lock) for the lock bit of the specified block. Figure 1.187 shows the lock bit program timing.
To execute the lock bit program command:

(1) Transfer the "7716" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code "D016" with the 4th byte. With the verify command code, "0" is written for the
lock bit of the specified block. Write the highest address of the specified block for addresses As to A23.

The lock bit status can be read with the read lock bit status command. Refer to the data protection function for more
details about the lock bit function and reset procedure.

RxD1 As to || Al to
(M30245 reception data) X 116 X A15 X A23 X D016

TxD1
(M30245 transmit data)

Figure 1.187. Timing for the lock bit program

9. Lock Bit Enable Command

This command enables the lock bits for all blocks. The command code "7A16" is sent with the 1st byte of the serial
transmission. This command only enables the lock bit function; it does not set the lock bit itself. Figure 1.188 shows the
lock bit enable timing.

RxD1 X
(M30245 reception data) 7A16

TxD1
(M30245 transmit data)

Figure 1.188. Timing for enabling the lock bit

10. Lock Bit Disable Command

This command disables the lock bit for all blocks. The command code "7516" is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself. However, if an
erase command is executed after executing the lock bit disable command, all "0" (locked) lock bit data is set to "1"
(unlocked) after the erase operation ends. Figure 1.189 shows the lock bit disable timing. After reset the lock bit is
always enabled.

RxD1
(M30245 reception data) X 7516
TxD1
(M30245 transmit data)
Figure 1.189. Timing for disabling the lock bit
Rev.2.00 Oct 16, 2006 page 229 of 264 RENESAS

REJ03B0005-0200



M30245 Group Serial I/O Mode 2

11. ID Check

This command checks the ID code. Figure 1.190 shows the ID check command timing. To execute the boot ID check
command:

(1) Transfer the "F516" command code with the 1st byte.

(2) Transfer addresses Ao to A7, Ag to A15 and A1e to A23 of the 1st byte of the ID code with the 2nd, 3rd and 4th bytes
respectively.

(3) Transfer the number of data sets of the ID code with the 5th byte.

(4) The ID code is sent with the 6th byte on, starting with the 1st byte of the code.

See the ID code section for more information.

Sl Nl e e e e i VA
(M30245 recgp%io)n o F516 DF16 FFi6 OF16 | ID size ID1 ID7
ata

TxD1 //
(M30245 transmit

data) \\

Figure 1.190. Timing for the ID check

12. Download Command

This command downloads a program to the RAM for execution. Figure 1.191 shows the download command timing. To
execute the download command:

(1) Transfer the "FA16" command code with the 1st byte.

(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent from the 5th byte on.

(4) The program to execute is sent starting with the 5th byte.

When all data has been transmitted, if the check sum matches, the downloaded program is executed. The size of the
program will vary according to the internal RAM.

\
RxD1 X FALG X X XCheck Xfrogramx Program
(M30245 reception data) — sum data data
Data size (low) \ K&

Data size (high)
\

TxD1
(M30245 transmit data)

Figure 1.191. Timing for download

Rev.2.00 Oct 16,2006 page 230 of 264 RENESAS
REJO3B0005-0200



M30245 Group Serial I/O Mode 2

13. Version Information Output Command

This command outputs the version information of the control program stored in the boot area. Figure 1.192 shows the
version information output timing. To execute the version information output command:

(1) Transfer the "FB16" command code with the 1st byte.

(2) The version information will be output from the 2nd byte on. This version data is composed of 8 ASCII code
characters.

\
RxD1
(M30245 reception data) X FBi6 X
TxD1 XXX ) et
(M30245 transmit data) v E R / X N

Figure 1.192. Timing for version information output

14. Boot ROM Area Output Command

This command outputs the control program stored in the boot ROM area in one page blocks (256 bytes). Figure 1.193
shows the boot ROM area output timing. To execute the boot ROM area output command:

(1) Transfer the "FC16" command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Starting with the 4th byte, data (Do-D7) for the page (256 bytes) specified by addresses As to A23, will be output
sequentially from the smallest address first.

\
RxD1 X FC16 X Ag toX A16 tox
(M30245 reception data) A15 A23
TxD1
(M30245 transmit data) X data0 X_ Xdata255)

Figure 1.193. Timing for boot ROM area output
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15. Read Check Data

This command reads the check data, that confirms that the write data, sent with the page program command, was
successfully received. Figure 1.194 shows the read check data timing. To execute the read check data:

(1) Transfer the "FD16" command code with the 1st byte.

(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.

To use this read check data command, first execute the command and then initialize the check data. Next, execute the
page program command the required number of times. Afterwards, when the read check command is executed again,
the check data (for all of the read data sent with the page program command during this time) is read. The check data
is the result of a CRC operation of write data.

RxD1 ﬁ FD16
(M30245 reception data)

TxD1 ( X
(M30245 transmit data) A r

Check data (low) Check data (high)

Figure 1.194. Timing for the read check data

16. Baud Rate 9600

This command changes the baud rate to 9,600 bps. Figure 1.195 shows the baud rate 9600 command timing. To
execute the baud rate 9600 bps command:

(1) Transfer the "B016" command code with the 1st byte.

(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxD1 < BO16 )<
(M30245 reception data)

TxD1 >< BO
(M30245 transmit data) 16

Figure 1.195. Timing of baud rate 9600

17. Baud Rate 19200

This command changes the baud rate to 19,200 bps. Figure 1.196 shows the baud rate 19200 command timing. To
execute the baud rate 19200 bps command:

() Transfer the "B116" command code with the 1st byte.

(2) After the "B116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

_RxD1 ‘ Bl16 >¢
(M30245 reception data)

TxD1 >( B1
(M30245 transmit data) 16

Figure 1.196. Timing of baud rate 19200
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18. Baud Rate 38400

This command changes the baud rate to 38,400 bps. Figure 1.197 shows the baud rate 38400 command timing. To
execute the baud rate 38400 bps command:

(1) Transfer the "B216" command code with the 1st byte.

(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

. RxD1 >< B216 ><
(M30245 reception data)

TxD1 X B2
(M30245 transmit data) 16

Figure 1.197. Timing of baud rate 38400

19. Baud Rate 57600

This command changes the baud rate to 57,600 bps. Figure 1.198 shows the baud rate 57600 command timing. To
execute the baud rate 57600 bps command:

(1) Transfer the "B316" command code with the 1st byte.

(2) After the "B316"check code is output with the 2nd byte, change the baud rate to 57,600 bps.

RxD1 X B316 X
(M30245 reception data)

TxD1 X B3
(M30245 transmit data) 16

F.igure 1.198. Timing of baud rate 57600
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Electrical Specifications

Absolute Maximum Ratings

Table 1.76. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vee = AVec = UVee -0.3t04.0 \%
AVcc Analog supply voltage Vee = AVee = UVee -0.3t04.0 \%
UVce USB circuit supply voltage Vee = AVee = UVee -0.3t04.0 \%
V) Input voltage RESET, CNVss, BYTE, -0.3to Vec + 0.3 V

POotoP04,P14to P15,

P2ytoP24,P3ytoP3,,P4to

P47, P50 to P57, P6 0 to P67,

P72 to P77 s P80 to P87

Pgo, P92 y P93, P10 0 to P1 07’

VREF,X IN> D+, D-

P7,to P7, -0.3t0 4.0 \Y

VbusDTCT -0.3t0 5.50 V
Vo Output voltage | POytoPO,,P1ytoP14,P2to -0.3toVecc +0.3 \Y

P24,P3yto P3,,P4 yto P4,

P50 to P57, P6 0 to P67,P7 2 to

P77, P80 to P84, P8 6 P8 7

P9q,P9,, P93,P10to

P10, XouT. D+,D-

P7,to P7, -0.3t0 4.0 V
Pd Power dissipation Topr = 25°C 300 mwW
Topr Operating ambient temperature -20 to 85 °C
Tstg Storage temperature -65 to 150 °C
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Recommended operating conditions

Table 1.77. Recommended operating conditions (Note 1)

Standard
Symbol Parameter Unit
Min. Typ. Max.
Ve Supply voltage 3.0 3.3 3.6 \
AVcc Analog supply voltage Vce V
UVce USB supply voltage 3.0 3.3 3.6 \
\/ss Supply voltage 0 V
AVss Analog supply voltage 0 V
ViH HIGH POy to P07, P1gto P17, P2 to P2, P3 to P37, P4 to
input voltage| P4, P5,to P57, P6, to P65, P7, to P7;, P8, to P8, P9,,| 0.8 Vcc Vce \Y
P95, P93, P10y to P107 X,y RESET, CNVss, BYTE
P7, to P7, 0.8 Vcc 4.0 \Y
D+,D- 2.0 \Y
VbusDTCT 4.0 5.25 V
VIL LOW POO to P07, P10 to P17, P20 to P27, P3o to P37, P40 to v
input voltage| P4, P5, to P55, P6, to P64, P7, to P7;, P8, to P8, P9, 0.2 Vee
P9y, P93, P10g to P107 Xy RESET, CNVss, BYTE
P7 to P74 0.2 Vee
D+,D 0.8 \Y
VbusDTCT 1.0 \Y,
lOH (peak) HIGH POO to P07, P10 to P17, P20 to P2 7 P30 to P37, P40 to
peak output |P4, P5yto P54, P6y to P67, P7,to P7,, P8 to P8y, -10.0 mA
current P8¢, P87, P9g, P9y, P93, P10y to P105
lOH (an) HIGH aver- POO to PO7, P10 to P17, P20 to P27, P30 to P37, P4o to
age output P4+, P54 to P57, P6( to P67, P7, to P7,, P8 to P8,, -5.0 mA
current P86, P87, Pgo, P92, P93, P100 to P107
|o|_ (peak) LOW POO to P07, P10 to P17, P20 to P27, P30 to P37, P40 to
peak output | P45, P5, to P57, P6, to P67, P7, to P77, P8, to P8y, 10.0 mA
current P86, P87, P90, P92, P93, P100 to P107
lOL (an) LOW aver- POO to PO7, P1O to P17, P20 to P27, P30 to P37, P40 to
age OUtpUt P47, P50 to P57, P60 to P67, P72 to P77, P80 to P84, 5.0 mA
current P8¢, P87, P9, P9y, P93, P10y to P107
f(Xin) Main clock input oscillation frequency (Note 4) 16 MHz
f(Xcin) Sub clock oscillation frequency 32.768 50 kHz

Note 1: Vcc = 3.0V to 3.6V at Topr = -20 to 85°C unless otherwise stated.
Note 2: The mean output current is the mean values within 100ms.

Note 3: The total loL (peak) and loH (peak) for Ports PO, P1, P2, P86, P87,P9 and P10 must be 80mA max. The total loL (peak)
for Ports P3, P4, P5, P6, P7 and P8¢g to P84 must be 80mA max. The total |oH (peak) for ports P3, P4, P5, P6, P72 toP77

and P8¢ to P84 must be 80mA max.
Note 4: When using the USB function, set f(X|n) to 4MHz or higher.
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Electrical characteristics

Table 1.78. Electrical characteristics (Note 1)

Standard
Symbol Parameter Measuring condition Unit
Min Typ. Max.
Von HIGH PO to P07, P1gto P17,P2pto P27, P3pto P37, lon=-1TmA
output P4oto P47,P5qto P57, P6gto P62, P64to P6g, 25 v
voltage P7to P77,P8pto P84, P8¢, P87, -
P9, P9y, P93, P10gto P107
P65, P6- lon = -10mA 2.0 \
Xout HIGHPOWER lon =-0.1mA 25 v
LOWPOWER lon = -50pA 25
XcouT HIGHPOWER loy=-THA 25 v
LOWPOWER lon =-0.5pA 25
VoL Low P0gto P07, P1gto P17, P29 to P27,P3¢to P37, loL = 1TmA
output P4gto P47,P5qto P57, P6gto P62, P64to P6g, 05 V
voltage P7to P77,P8pto P84, P8¢, P87, .
P90, P92, P93,P10¢p to P107
P63, P67, P7pto P77 (P7 high drive mode) loL=10mA 0.8 \Y,
Xout HIGHPOWER loL=0.1mA 0.5 v
LOWPOWER loL = 50pA 0.5
Xcout HIGHPOWER loL = TuA 0.5 N
LOWPOWER loL = 0.51A 0.5
Vi+-Vr- Hysteresis | HOLD, RDY, TAO|n to TA4|n, INTO to INT2,
ADTRG, CTSO0 to CTS3, CLKO, CLK1, TA2out 0.2 10 v
to TA4 ouT, NMI, Klg to KI7,RXDO to RXD3,
SCL, SDA
RESET 0.2 1.8 \Y
VbusDTCT 1.0 \Y,
Iy HIGH input| POg to P07, P1g to P17, P2gto P27, P3gto P37, | Vi =Vcc
current P4 to P47, P5¢ to P57, P6g to P67, P7q to P77,
P80 to P87, P90, P92, P93, P10 to P107, 4 HA
XN, RESET, CNVss, BYTE
VbusDTCT 50 uA
[ LOW input | POg to POz, P1g to P17, P2¢ to P27, P3p to P37, | V,=0V
current P4q to P47, P5¢ to P57, P6¢ to P67, P7y to P77,
P8¢ to P87, P9g, P92, P93, P10g to P107, - HA
XiN RESET, CNVss, BYTE, VbusDTCT
RpuLLup Pull-up P0g to P07, P1g to P17, P2p to P27, P3p to P37,| V,=0V
resistance | P4g to P47, P5¢ to P57, P6¢ to P67, P7g to P77,
P8¢ to P84, P8¢, P87, P9y, P92, P93, 30.0 50.0 167.0 kQ
P10o to P107
Rixin Feedback | XN 1.0 MQ
Rexcin ' [ Xew 10 Mo
VRam RAM retention voltage When clock is stopped 2.0 \%
lcc Power supply In single-chip mode, the f(Xin) = 16MHz Square wave, no division, USB off 16 mA
current output pins are open and
other pins are Vss f(Xin) = 16MHz Square wave, no division, USB on 25 43 mA
f(XcIN) = 32kHz Square wave 30 pA
f(Xcin) = 32kHz When a WAIT instruction is 12 A
executed. (Note 2) K
Flash Topr = 25°C, when clock is stopped, 235 uA
memory | USB suspend mode
version
Topr = 45°C, when clock is stopped,
USB suspend mode 420 HA
Mask Topr = 25°C, when clock is stopped, 95 A
ROM USB suspend mode H
version
Topr = 45°C, when clock is stopped,
USB suspend mode 190 HA

Note 1: Vce = 3.0V to 3.6V, Vss = 0V at Topr = -20°C to 85°C, f(X;) = 16MHz unless otherwise stated.
Note 2 : With one timer operated using fc32.
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Table 1.79. USB electrical characteristics (Note 1)

. . Standard )
Symbol Parameter Measuring Condition Unit
Min Typ Max
VoH D+, D- lon/loL= +/- 18.3mA, UVcc = 3.00V, v
° Rx = 330 22 3.6
vV D+, D- lon/loL= +/- 18.3mA, UVcc = 3.00V, v
oL Rx = 330 0 08
Isusp Suspend QSB suspend mode, Flash Topr=25°C 235 pA
current internal clock stopped, memory
with / without Vbus Detect | version | Topr=45°C 420 pA
Mask Topr=25°C 95 pA
ROM
version | Topr=45°C 190 pA
Note1 : Vcc = 3.0V to 3.6V, Vss =0V, Topr =-20°C to 85°C unless otherwise specified.
Table 1.80. A/D conversion characteristics (Note 1)
: Standard
Symbol Parameter MeaSl.n:mg Unit
condition Min Typ Max
- Resolution VREF = VCC 10 Bits
Sample and hold function not used (10 bit) VREF = VcC +4 LSB
) Absolute Sample and hold function used (10 bit) VREF = VCC +4 LSB
accuracy Sample and hold function not used (8 bit) VREF = Vce +2 | LSB
Sample and hold function used (8 bit) VREF = VCC +2 LSB
RLADDER | Ladder resistance VREF = VccC 10 40 kQ
tCONV Conversion time (10 bit) VREF = VCC 3.3 us
tCONV Conversion time (8 bit) VREF = VCC 2.8 us
tsAMP Sampling time 0.3 us
VREF Reference voltage Vce
VIA Analog input voltage 0 Vce
Note 1 : Vcc, AvVcc, VREF = 3.3V, Vss, AVss = 0V, Topr = 25°C, f(XIN) = 16MHz.
Note 2 : Divide the frequency if f(XIN) exceeds 10MHz, and make ®AD equal to or less than 10MHz.
Table 1.81. Flash memory version electrical characteristics (Note 1)
; Standard
Symbol Parameter Meast_n:lng Unit
condition Min Typ | Max
- Page Program Time 6 120 ms
- Block erase time 50 | 600 | ms
- Erase all unlocked blocks time (ggé'\zl) (Sc())t)e(NZ) ms
- Lock bit program time 6 120 | ms

Note 1: Vcc = 3.0V to 3.6V, Vss =0V, Topr =0°C to 60°C
Note 2: N denotes the number of block erases.
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Timing requirements (Vcc = 3.3V, Vss=0V, Topr =-20 °C to 85 T unless otherwise stated)

Table 1.82. External clock input

Standard
Symbol Parameter Unit
Min Max
tc External clock input cycle time 62.5 ns
tw(H) External clock input HIGH pulse width 295 ns
tw(L) External clock input LOW pulse width 29.5 ns
tr External clock rise time 10 ns
tf External clock fall time 10 ns
Table 1.83. Memory expansion and microprocessor modes
Standard
Symbol Parameter Unit
Min Max
tac1 (RD-DB) Data input access time (no wait) (Note 1)| ns
tac2 (RD-DB) Data input access time (with wait) (Note 2)| ns
tsu (DB-RD) Data input setup time 50 ns
tsu (RDY-BCLK) RDY input setup time 40 ns
tsu (HOLD-BCLK) HOLD input setup time 105 ns
th (RD-DB) Data input hold time 0 ns
th (BCLK-RDY) RDY input hold time 0 ns
th (BCLK-HOLD) HOLD input hold time 0 ns
Note 1: tac1 =tcyc/2 - 60nS
Note 2: tac2 = (m+0.5) xtcyc - 60nS
m = number of wait states (1 to 3)
Table 1.84. Timer A input (counter input in event counter mode)
Standard
Symbol Parameter Unit
Min Max
tc(TA) AiIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 50 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 1.85. Timer A input (gating input in timer mode)
Standard
Symbol Parameter Unit
Min Max
tc(TA) AiIN input cycle time Note ns
tw(TAH) TAIIN input HIGH pulse width Note ns
tw(TAL) TAIIN input LOW pulse width Note ns

Note: When using the external gating mode feature, the width of TAi|N needs to be greater than the period of the clock source selected.
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Timing requirements (Vcc = 3.3V, Vss=0V, Topr =-20°C to 85 °C unless otherwise stated)

Table 1.86. Timer A input (external trigger input in one-shot timer mode)

Standard
Symbol Parameter Unit
Min Max
tc(TA) AiIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.87. Timer A input (external trigger input in pulse width modulation mode)
Standard
Symbol Parameter Unit
Min Max
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.88. Timer input (up/down input in event counter mode)
Standard
Symbol Parameter Unit
Min Max
tc(uP) AiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(uPL) TAIOUT input LOW pulse width 1000 ns
tsu(UP-TIN) TAIOUT input setup time 400 ns
th(TIN-UP) TAIOUT input hold time 400 ns
Table 1.89. A/D trigger input
Standard
Symbol Parameter Unit
Min Max
tc(AD) ADTRG input cycle time(triggerable minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 1.90. External interrupt INTi inputs
Standard
Symbol Parameter Unit
Min Max
tw(INH) INTI input HIGH pulse width 250 ns
tw(INL) INTI input LOW pulse width 250 ns
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Timing requirements (Vcc = 3.3V, Vss=0V, Topr =-20°C to 85 °C unless otherwise stated)

Table 1.91. Serial 1/O timing

Standard
Symbol Parameter Unit
Min Max
tc(ck) CLKi input cycle time 160 ns
tw(CKH) CLKi input HIGH pulse width 60 ns
tw(CKL) CLKi input LOW pulse width 60 ns
tsu(D-C) RxDi input setup time 60 ns
th(c-D) RxDi input hold time 20 ns
Table 1.92. Vbus Detect interrupt
Standard
Symbol Parameter Unit
Min Max
tw(INT) VbusDTCT Interrupt pulse width 50 uS
Table 1.93. Serial Sound Interface (SSI)
Standard
Symbol Parameter Unit
Min Max
tc(sck) SCKi input cycle time 62.5 ns
tw(SCKH) SCKi input HIGH pulse width 295 ns
tw(SCKL) SCKi input LOW pulse width 29.5 ns
tsu(SRxD-SCK) SRxDi input setup time 10 ns
th(SCK-SRxD) SRxDi input hold time 10 ns
SCKP=0 SCKi rising edge to WS edge 10 ns
t1(SCK-ws)
SCKP=1 SCK:i falling edge to WS edge 10 ns
SCKP=0 WS edge to SCKi rising edge 10 ns
t2(WS-SCK)
SCKP=1 WS edge to SCKi falling edge 10
Table 1.94. AND Flash Control timing
Svmbol P ¢ Standard Unit
ymbo arameter Min Max ni
th(oe-D) AND_DATA (status data) input hold time 0 ns
th2(sc-p) AND_DATA input hold time 0 ns
tsu(D-OE) AND_DATA (status data) input setup time 50 ns
tsu(p-sc) AND_DATA input setup time 43 ns
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Switching characteristics (Vcc = 3.3V, Vss=0V, Topr =-20 C to 85 T unless otherwise stated)

Table 1.95. Memory expansion mode and microprocessor mode

REJ03B0005-0200

i Standard
Symbol Parameter Measu:n:mg Unit
condition Min. | Max.
td (BCLK-AD) Address output delay time 30 ns
th (BCLK-AD) Address output hold time 0 ns
th (RD-AD) Address output hold time 0 ns
th (WR-AD) Address output hold time 0 ns
td (BCLK-CS) Chip select output delay time 30 ns
th (BCLK-CS) Chip select output hold time See Figure 1.199 0 ns
BCLK-ALE ALE signal lay ti 30
td (BC ) signal output delay time VIL = 0.2Vee, ns
th (BCLK-ALE) | ALE signal output hold time VIH = 0.8Vce, 0 ns
VOL = 0.5Vcc,
td (BCLK-RD) RD signal output delay time VOH = 0.5Vce 30 ns
th (BCLK-RD) RD signal output hold time 0 ns
td (BCLK-WR) WR signal output delay time 30 ns
th (BCLK-WR) WR signal output hold time 0 ns
td (BCLK-DB) Data output delay time 40 ns
th (BCLK-DB) Data output tristate time 0 ns
td (DB-WR) Data output delay time (Note 1) ns
th (WR-DB) Data output hold time (Note 2) ns
th (WR-CS) Write high to Chip select high time (Note 3) ns
td (BCLK-HLDA) | HLDA output delay time 40 ns
Note 1:Calculated according toothe BCLK frequency as shown below: 0 Wait selected: m = 1
(When PM16 = 0) td (DB-WR) = (m-0.5) X tcyc - 40nS ;VWVai: 59:90:931 m = ;
_ _ ait selected: m =
(When PM16 = 1) td (DB-WR) = m X tcyc - 40nS 3 Wait selected: m = 3
Note 2: Calculated as follows: th (WR-DB) = tcyc/ 2
Note 3: Calculated as follows: th (WR-CS) = tcyc /2
PO
P 30pF
P6
P7
P8
P9
P10
Figure 1.199. Port PO to P10 measurement circuit
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Switching characteristics (Vcc = 3.3V, Vss=0V, Topr =-20 T to 85 T unless otherwise stated)

Table 1.96. Serial 1/0 switching

Standard
Symbol Parameter Unit
Min Max
, , External clock is selected as transfer clock 80 ns
td(c-Q) TxDi output delay time
Internal clock is selected as transfer clock 30 ns
th(c-Q) TxDi hold time 0 ns
tr(cK) CLKi output rise time Internal clock is selected as transfer clock 7 ns
tf(cK) CLKi output fall time Internal clock is selected as transfer clock 7 ns
Table 1.97. Serial Sound Interface (SSI)
Standard
Symbol Parameter Unit
Min Max
td(WS-XMT) XMTi output delay time (WS based) 20 ns
td(SCK-XMT) XMTi output delay time (SCK based) 20 ns
Table 1.98. AND Flash Control switching
Standard
Symbol Parameter Unit
Min Max
td(p-sc) AND_DATA (program data) output delay time (Note 1)| ns
td(p-we) AND_DATA (command/address data) output delay time (Note 2) ns
th1(sc-p) AND_DATA (program data) output hold time (Note 3) ns
th(we-b) AND_DATA (command/address data) output hold time (Note 4) ns
tw(oEL) AND_OE LOW pulse width (Note 5) ns
tw1(scH) AND_SC write HIGH pulse width (Note 6) ns
tw2(scH) AND_SC read HIGH pulse width (Note 7) ns
tw(weL) AND_WE LOW pulse width (Note 8) ns

Note 1: td(D-SC) = 0.5tcyc - 15nS
Note 2: td(D-WE) = 1.5tcyc - 43nS
Note 3: th1(SC-D) = 1.5tcyc - 30nS
Note 4: th(WE-D) = 0.5tcyc nS
Note 5: tw(OEL) = 1.5tcyc - 10nS
Note 6: tw1(SCH) = tcyc - 15nS
Note 7: tw2(SCH) = 1.5tcyc - 10nS
Note 8: tw(WEL) = tcyc - 15nS
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Timing Diagrams

te(TA)
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TAIIN input \
tw(TAL)
[
te(uP)
tw(UPH)
TAIOUT input \
tw(UPL)
I
TAIOUT input
(Up/down input) >‘
During event counter mode
TAIIN input —
(When count on falling th(TiN-UP) tsu(UP-TIN)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
fc(AD)
tw(ADL)
ADTRG input j
te(CK)
tr(CK) »| < > |[< tf(CK)
tw(CKH)

CLKi
tw(CKL) th(C-Q

TXDi X X

td(c-Q)_|, tsu(D-C)

| th(C-D)
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tw(INL)

INTi i t
i inpu (i) M
|

Figure 1.200. Timing diagram 1
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M30245 Group

Memory Expansion Mode and Microprocessor Mode

(With no wait)

Read timing
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Figu!re 1.201. Timing diagram 2
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Memory Expansion Mode and Microprocessor Mode
Read timing

(When accessing external memory area with 1 wait)

M30245 Group
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Serial Sound Interface Timing

(SCKP=0, SCK falling edge is before WS edge)

tsu(RX-SCK) ;th(SCK-RX)
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| | 1 | 1
XMTi X

(SCKP=0, SCK falling edge is after WS edge)

. tc(scK) .
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SCKi / \ A

. t1(scK-ws) t2ws-sck)
WSi '

|| td(SCK-XMT)

| Bl —

XMTi 5 P X
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Figure 1.203. Serial Sound Interface timing diagram 1
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Serial Sound Interface Timing

(SCKP=1, SCK rising edge is before WS edge)
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Figure 1.204. Serial Sound Interface timing diagram 2
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Read timing

AND Flash Control Timing

<
¢

Read Cycle4>§

BCLK _/—\—/—\—/—\—/_

ADi X

! 03E0h (PO)

OECTL=1, WECTL=1

AND_DATA (P0)-------

=> Stétus Read

an .................. 4 X

+—tsu(D-OE)—>!

AND_WE (P11)

AND_SC (P10)

AND_OE (P12) \‘7 (CELy———

i th(OE—DI)

OECTL=1, WECTL=0

OECTL=0, WECTL=1

AND_DATA (P0)-------

=> No Read Function

AND_WE (P11)

AND_OE (P12)

AND SC P10 /"7tw2(SCH)

OECTL=0, WECTL=0

=> Data Read
CHZ K — X
e—tsu(D-sC)—*
lHI I
L
'q—»'
th2(SC D)

=> INHIBITED

Figure 1.205. AND Flash Control read timing diagram
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AND Flash Control Timing

Write timing

< Write Cycle >
BCLK I S U S U A W A
ADi X 03EOh (P0)
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AND_DATA (P) --------HZ.... X
| —td(D-WE————*! i

AND_WE (P11) ; —C — ST

AND_OE (P12) H

AND_SC (P10) L

OECTL=1, WECTL=0 |=> Program Data Write
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AND_SC (P1o) tdD-SCI e ty1(scH—
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Figure 1.206. AND Flash Control write timing diagram
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Usage Notes
Timer A

Timer mode

The value of the counter can be read, with arbitrary timing, by reading the Timer Ai register while a count is in progress.
Reading the Timer Ai register with the reload timing gets “FFFF16".
After setting a value in the Timer Ai register, a proper value can be read with the counter stopped before it starts counting.

Event counter mode

The value of the counter can be read, with arbitrary timing, by reading the Timer Ai register while a count is in progress.
Reading the Timer Ai register with the reload timing gets “FFFF16” by underflow or “000016” by overflow.
After setting a value in the Timer Ai register, a proper value can be read with the counter stopped before it starts counting .
Reset the timer when counting has stopped in free run type.

If using “Free-Run type”, the timer register contents may be unknown when counting begins. Set the timer value
immediately after counting has started.

Example if the up/down count is not switched:

« Enable the “Reload” function and write to the timer register before counting begins.

» Rewrite the value to the timer register immediately after counting has started.

« If counting up, rewrite “000016” to the timer register.

« If counting down, rewrite “FFFF1” to the timer register. This will cause the same operation as “Free-Run type”.
Example if the up/down count is switched:

« Use the “Reload type” operation until the first count pulse is input.

 Switch to “Free-Run type”.

One-shot timer mode

Setting the count start flag to “0” while a count is in progress causes as the following:

» The counter stops counting and a content of reload register is reloaded.

» The TAiouT pin outputs “L” level.

» The interrupt request generated and the Timer Ai interrupt request bit goes to “1”.

The output from the one-shot timer synchronizes with the count source generated internally. Therefore, when an
external trigger has been selected, a delay of one cycle of count source (maximum) occurs between the trigger input to
the TAIIN pin and the one-shot timer output.

The Timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the following procedures:
 Selecting one-shot timer mode after reset.

» Changing operation mode from timer mode to one-shot timer mode.

» Changing operation mode from event counter mode to one-shot timer mode.

Therefore, to use Timer Ai interrupt (interrupt request bit), set Timer Ai interrupt request bit to “0” after the above listed
changes have been made.

If a trigger occurs while a count is in progress, after the counter performs one down count following the reoccurrence of
a trigger, the reload register contents are reloaded, and the count continues.

To generate a trigger while a count is in progress, generate the second trigger after a period longer than one cycle of the
timer's count source after the previous trigger occurred.
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Pulse modulation mode
The Timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance with any of the
following procedures:
« Selecting PWM mode after reset.
» Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.
Therefore, to use Timer Ai interrupt (interrupt request bit), set Timer Ai interrupt request bit to “0” after the above listed
changes have been made.
Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop counting. If the TAiouT
pin is outputting an “H” level in this instance, the output level goes to “L”, and the Timer Ai interrupt request bit goes to
“1”. If the TAIouUT pin is outputting an “L” level in this instance, the level does not change, and the Timer Ai interrupt
request bit does not becomes “1”.

A/D converter

 Write to each bit (except bit 6) of AD control register 0, AD control register 1, and to bit 0 of AD control register 2
when A/D conversion is stopped (before a trigger occurs). When the VREF connection bit is changed from "0" to “1”,
wait 1 ps or longer before starting A/D conversion.

* When changing A/D operation mode, select the analog input pin again.

» Using one-shot mode or single sweep mode:
Read the corresponding AD register after confirming A/D conversion is finished. (Check the A/D conversion interrupt
request bit.)

« Using repeat mode, repeat sweep mode 0 or repeat sweep mode 1:
Use the undivided main clock as the internal CPU clock.
When f(Xin) is faster than 10MHz, make the A/D frequency 10MHz or less by dividing.

Serial 1/0 (UART Mode)

Description When the CLKi and CTSi pin level goes to “H” (Note 1), if the UIMR register is set to either of the
following settings, the UIERE bit of the UiC1 register is set to “1” (parity error signal output enabled).
When the PRYE bit of the UiMR register is set to “1” while the UIERE bit is “1” (parity error signal output
enabled), if a parity error occurs at receiving data, the TxDi pin outputs the “L” level. To prevent this, set
the UIERE bit after setting the UiMR register.

« Set bits SMD2 through SMDO to “0002” (serial I/O disabled) through “1012" (UART mode transfer data
8 bits long)

* Set bits SMD2 through SMDO to “0012” (clock synchronous serial I/O mode) through “1002” (UART
mode transfer data 7 bits long)

« Set bits SMD2 through SMDO to “0012" (clock synchronous serial I/O mode) through “1012” (UART
mode transfer data 8 bits long)

« Set bits SMD2 through SMDO to “0012” (clock synchronous serial I/O mode) transfer data 9 bits long)

« Set bits SMD2 through SMDO to “0102” (12C mode) through “1012” (UART mode transfer data 8 bits
long)

Note 1: If the pins are not used as CLKi or CTSi, these conditions apply when the pin level goes to “H".
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DMA
(1) Additional description of the DMA enable bit
Bit 3 of the DMAQ and DMA1 control registers is assigned as the DMA enable bit. Setting the DMA enable bit to “1”
makes DMA active. If data transfer starts immediately after the DMA becomes active, the DMAC performs the
following operations.
(a) The value of either the source pointer or the destination pointer, whichever is set to the forward direction, is
reloaded to the forward direction address pointer.
(b) The value of the transfer counter register is reloaded to the transfer counter.
Thus, writing “1” to the DMA enable bit when DMA is active causes the above operations to be carried out, and the
DMAC operates again from the initial state at that point.

(2) Additional description of the DMA request bit
Bit 2 of the DMAO and DMAL control registers is assigned as the DMA request bit. The DMA request bit is set to “1” if
a DMA transfer request signal occurs even if DMA is not active. Also, changing the DMA transfer request cause
select bits may set the DMA request bit to “1”. Make sure to set the DMA request bit to “0” after changing the DMA
request cause select bits.
The DMA request bit is set to “1” if a DMA transfer request signal occurs and is set to “0” immediately after data
transfer starts. If DMA is active, data transfer starts immediately, so the value of the DMA request bit, if read by
software, will be “0” in most cases. To determine whether DMA is active, read the DMA enable bit. Figure 1.207
shows the setting routine for the DMA-related registers.

[
»

DMA enable bit = "0"?2

[ Set DMA control register |

[ Select DMA request causes |

[ Set source pointer |

[ Setdestination pointer |

| Set transfer counter |

| DMA request bit < "0" |

| DMA request bit « "1" |

END
Figure 1.207. Setting routine of DMA control registers
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(3) Writing to the DMAE bit in DMICON register
If the following conditions are met:
The DMAE bit is set to “1” again while it is already set to “1” (DMAI is in active state).
A DMA request may occur simultaneously when the DMAE bit is being written.

Follow the steps below:

Step 1: Write “1” to the DMAE bit and DMAS bit in DMICON register simultaneously (Note 1).
Step 2: Make sure that the DMAI is in an initial state (Note 2) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

Note 1: The DMAS bit remains unchanged even if “1” is written. However, if “0” is written to this bit, it is set to “0” (DMA
not requested). In order to prevent the DMAS bit from being modified to “0”, “1” should be written to the DMAS
bit when “1” is written to the DMAE bit. In this way the state of the DMAS bit immediately before being written can
be maintained. Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be
written to the DMAS bit in order to maintain a DMA request which is generated during execution.

Note 2: Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to a value which
was written to the TCRi register before DMA transfer start, the DMAI is in an initial state. (If a DMA request
occurs after writing to the DMAE bit, the value written to the TCRi register is “1".) If the read value is a value in
the middle of a transfer, the DMAI is not in an initial state.
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Stop Mode and Wait Mode

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L" level until main clock oscillation is
stabilized.

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either from the WAIT instruction
or from the instruction that sets the all clock stop control bit to “1” within the instruction queue are prefetched and then

the program stops. So put at least four NOPs in succession either to the WAIT instruction or to the instruction that
sets the all clock stop control bit to “1”.

(3) When using low-speed mode and low power dissipation mode, set the WAIT peripheral function clock stop bit
(CM02) to “1” and do not shift to wait mode.

(4) When using fsyN as the internal system clock, change to f(XIN) before entering to stop mode (set bit O of the
frequency synthesizer control register to “0”).

Interrupts
Reading address 0000016

When maskable interrupt occurs, the CPU reads the interrupt information (the interrupt number and interrupt request
evel) in the interrupt sequence. The interrupt request bit of the interrupt written in address 0000016 will then be set to
“0".

Do not read address 0000016 by software. Reading address 0000016 by software sets enabled highest priority
interrupt source request bit to “0”. Though the interrupt is generated, the interrupt routine may not be executed.
Setting the stack pointer

The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt before setting a
value in the stack pointer may cause program runaway. Be sure to set a value in the stack pointer before accepting
an interrupt.

When using the NMI interrupt, initialize the stack pointer at the beginning of a program. Generating any interrupts
including the NMI interrupt is prohibited for the first instruction immediately after reset.

The NMl interrupt

The NMI interrupt can not be disabled. Be sure to connect NMI pin to Vcc with a pull-up resistor if unused. Do not go
into stop mode when the NMI pin set to “L”.

The NMI pin also serves as P85, which is exclusively an input. Reading the contents of the P8 register allows the pin
value to be read. Reading this pin is only to be used for establishing the pin level when the NMI interrupt is input.

Do not reset the CPU with the input to the NMI pin in the “L” state.

Do not attempt to go into stop mode when the input to the NMI pin is in “L” state. When the input to the NMI is in “L”
state, CM10 is fixed to “0” thereby refusing to go into stop mode.

Do not attempt to go into wait mode when the input to the NMI pin is in “L” state. When the input to the NMI pin is in
“L” state, the CPU stops but the oscillation does not. This action does not save power. When this occurs, the CPU is
returned to the normal state by a later interrupt.

Signals input to the NMI pin require an “L” level of (2 clocks + 300nS) or more from the operation clock of the CPU.
External interrupt

Either an “H” or “L” level of at least 250 ns width is necessary for the signal input to pins INTO to INT2 regardless of
the CPU operation clock.

When the polarity of the INTO to INT2 pins is changed, the interrupt request bit is sometimes set to “1”. After chang-

ing the polarity, reset the interrupt request bit to “0”. Figure 1.208 shows the procedure for changing the INT interrupt
generate factor.
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Clear the interrupt enable flag to "0"
(Disable interrupt)

Set the interrupt priority level to level 0
(Disable INT interrupt)

Set the polarity select bit

Clear the interrupt request bit to "0"

avaalaya

Set the interrupt priority level 1 to 7
(Enable the INT interrupt requests)

C

Set the interrupt enable flag to "1"
(Enable interrupt)

U O U U

Note: Execute the settings individually. Do not execute two or more settings simultaneously.

Figure 1.208. Switching condition of INT interrupt request
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Clearing the Interrupt request bit

Even when the IR bit (bit 3 of the interrupt control register) is cleared to "0" (interrupt not requested), it may not
actually get cleared to "0" depending on the instruction used to clear it. Therefore, use the MOV instruction to clear
the IR bit.

Rewriting the interrupt control register

Rewrite the interrupt control register so that it does not generate an interrupt request for that register. If an interrupt
request occurs, rewrite the interrupt control register after the interrupt is disabled. Some program examples are
described below.

When an instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the interrupt
request bit is not always set even if the interrupt request for that register has been generated. This will depend on
the instruction. If this creates problems, use the instructions below to change the register.

Instructions: AND, OR, BCLR, BSET

Examples 1 through 3 show how to prevent the | flag from being set to "1" (interrupts enabled) before the interrupt
control register is rewritting, due to the effects of the internal bus and the instruction queue buffer.

Example 1:
INT_SWITCH1:
FCLR | :Disable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.
NOP ;Four NOP instructions are required when using the HOLD function.
NOP
FSET ;Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | :Disable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ;Dummy read.
FSET | ;Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ;Push Flag register onto stack
FCLR | ;Diable interrupts.
AND.B #00h, 0054h ;Clear TAOIC int. priority level and int. request bit.*
POPC FLG ;Enable interrupts.

The reason why two NOP instructions (four using the HOLD function) or adummy read is inserted before "FSET I" in
Examples 1 and 2, is to prevent the interrupt enable flag | from being set before the interrupt control register is
rewritten due to the effects of the instruction queue.
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Applications
USB Transceiver

In order to meet the impedance matching requirements of the USB Specification, a 27Q-33Q resistor must be added
to USB D+ (pin 4) and to USB D- (pin 5). In addition, capacitors connected between USB D+ and USB D- and Vss may
need to be added for rise/fall time matching and edge control. These capacitors, if necessary, can be placed between
the mcu and the 27-33Q resistors. A coupling capactior may also be placed between D+ and D-. Their configuration and
values will depend on the PCBs layout. Perform the approriate USB testing to determine the correct component
placement. An example placement of external components is shown in Figure 1.209.

l UVce
—L 0.47uF
M30245 D+ 27-33 =
usB W >
Transceiver I 49pF
D. = 2733
A% >
T 490F
Note 1: Capacitor and resistor values and their configuration depend on PCB layout.
Note 2: Connecting any type of choke coil to D+ or D- is not recomended.

Figure 1.209. Example configuration of External USB components

Attach/Detach Function

The Attach/Detach Function can be used to attach or detach a USB device from the host without physically disconnecting
the USB cable. When attaching a USB device, the attach/detach register should be set to 0316 at the same time or
before the USB Enable bit is set. Similarly, when detaching the device from the host , the attach/detach register should
be set to 0116 when disabling the USB block.

If you do not set the Attach/Detach bit (bit 1 at address 001F16) to HIGH, the system will default to its normal mode.
D+ is connected to P90o/ATTACH through a 1.5 K resistor in compliance with the USB specification.

Note: If the D+ pin is connected to UVcc, this mode will not work.

Hardware connections are shown in Figure 1.210.

Attach is connected to D+ through 1.5K resistor
ATTACH [P90] —M D+ (Pin 4 M30245)
1.5K
Attach/Detach mode disabled.

Uvee EEEENA VA V4 W D+ (Pin 4 M30245)

1.5K

Figure 1.210. Attach/Detach function connections
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Programming Notes

usB

The following Programming Notes should be incorporated into user code, to ensure strict adherence to the USB
protocol for Control Transfers.

(1) In applications requiring high-reliability, we recommend providing the system with protective measures, such as
USB function initialization by software or USB reset by the host, to prevent USB communication from being termi-
nated unexpectedly, for example due to external causes such as noise.

(2) USB2.0 specification stipulates a driver impedance 28 to 44Q (see 7.1.1.1 Full-speed (12Mb/s) Driver Characteris-
tics). Connect a serial resistor (recommended value: 27 to 33Q) to the USB D+ pin and the USB D- pin to satisfy this
specification. Also connect, if required, a capacitor between the USB D+ pin or USB D-pin and the Vss pin. These
capacitors are to control ringing or adjust the rise and fall times and the crossover point of D+/D-. The numerical
values and configuration of the peripheral components need to be adjusted according to differences in the charac-
teristic impedance and layout of the printed circuit board. on which they are mounted. Therefore, perform careful
evaluation of the system in use and observe the waveforms before deciding on connection or disconnection and
adjusting the values of the resistors and capacitors.

(3) Do not connect the D+ pin or the D- pin to a choke coil.

(4) If the USB Attach/Detach function will not be used, connect the UVcc pin and the USB D+ pin via a 1.5 kQ resistor.
(The D+ line pull-up timing depends on the UVcc pin.) If the USB Attach/Detach function is used, connect the P9o/
ATTACH pin and the USB D+ pin via a 1.5 kQ resistor. Regardless of whether or not the USB Attach/Detach function
is used, connect the UVcc pin to the power supply. In addition, the time required for the host PC to recognize the USB
Attach/Detach state will vary depending state of the system as a whole, including board resistance and capacitance
components, USB cable capacitance, and the board characteristics and processing speed of the host. Perform
careful evaluation of the system in use.

(5) The interrupt service routine (ISR) associated with those USB Function interrupts that are caused by errors must
have execution priority over the ISR for EPO interrupts. Upon receipt of a USB Function interrupt, the following actions
should be taken:

Step #1: From the USB Interrupt Status (USBIS) and the USB Endpoint O Control & Status (EPOCS) registers,
determine if the 'Error Interrupt Status Flag' & the SETUP_END flag (i.e., INTST8 &  EPOCSRS5, respectively) are
both set.

[YES] => Set CLR_SETUP_END (EPOCSR11). Go to Step #2.

[NO] => No special S/W action required. Go to Step #1 after the next USB Function interrupt.

Step #2: Is EPO IN FIFO loading in progress - i.e., data has been written to EPO IN FIFO, but SET_IN_BUF_RDY
(EPOCSRY7) is not yet set?

[YES] => Set SET_IN_BUF_RDY (EPOCSRY7). Go to Step #3 after the next EPO interrupt.

[NO] => No special S/W action required. Go to Step #1 after the next USB Function interrupt.

Step #3: Are OUT_BUF_RDY & SETUP (i.e., EPOCSRO0 & EPOCSR?2, respectively) set?
[YES] => Go to Step #4.
[NO] => Go to Step #3 after the next EPO interrupt.

Step #4: Does the current Control Transfer Setup stage DATAO packet identify a Control Read Transfer?

[YES] => Complete loading EPO IN FIFO. Set CLR_OUT_BUF_RDY, SET_IN_BUF_RDY, & CLR_SETUP (i.e.,
EPOCSR6, EPOCSR7, & EPOCSRS, respectively). Go to Step #1 after the next USB Function interrupt.

[NO] => Go to Step #3 after the next EPO interrupt.

Refer to the flowchart in Figure 1.211 for more information on this programming note.
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USB Function Interrupt }:

Step #1

No
'Error Interrupt Status Flag'=1?
&
SETUP_END =1?
CLR_SETUP_END =1
Step #2
Is EPO IN FIFO loading in No

progress=> data written, but

SET_IN_BUF_RDY not yet set?2

I SET_IN_BUF_RDY =1 I

A 4
I Wait for EPO Interrupt. I{—

Step #3
OUT_BUF_RDY =1? No
&

SETUP =1?

Step #4

Does the current Setup DATAOQ
packet identify a Control Read
Transfe?

1) Complete loading EPO IN FIFO.

2) Set: CLR_OUT_BUF_RDY =1

Figure 1.211. USB Programming Note 1 Flowchart
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(6) Additional actions to take upon receipt of an EPO interrupt are as follows (Refer to the flowchart in Figure 1.212):

Step #1: Is OUT_BUF_RDY (EPOCSRO) set?

[YES] => Go to Step #2.

[NO] => No special S/W action required. Go to Step #1 after the next EPO interrupt.

Step #2: Is SETUP_END (EPOCSR5) set?

[YES] => Set CLR_OUT_BUF_RDY, CLR_SETUP_END, & SEND_STALL (i.e., EPOCSR6, EPOCSR11, &
EPOCSR12, respectively). [Also set CLR_SETUP, if SETUP flag == '1".] Go to Step #1 after the next EPO interrupt.
[NO] => Go to Step #3.

Step #3: Read number of data bytes equal to the EPO 'Receive Byte Count', stored in EPOWC7-0, from EPO OUT
FIFO. Is this the final DATA packet of a Control Write Transfer?

[YES] => Go to Step #4_0.

[NO] => Go to Step #5_0.

Step #4_0: Is SETUP_END (EPOCSR5) set?

[YES] => Set CLR_OUT_BUF_RDY, CLR_SETUP_END, & SEND_STALL (i.e., EPOCSR6, EPOCSR11, &
EPOCSR12, respectively). [Also set CLR_SETUP, if SETUP flag == '1".] Go to Step #1 after the next EPO interrupt.
[NO] => Set CLR_OUT_BUF_RDY & SET_DATA_END (i.e., EPOCSR6 & EPOCSR9, respectively). [Also set
CLR_SETUP, if SETUP flag =="1".] Go to Step #4_1.

Step #4_1: Is SETUP_END (EPOCSRS5) set?

[YES] => Set SEND_STALL (EPOCSR12). Go to Step #6_0.

[NO] => Go to Step #1 after the next EPO interrupt.

Step #5_0: Is SETUP_END (EPOCSRS5) set?

[YES] => Set CLR_OUT_BUF_RDY, CLR_SETUP_END, & SEND_STALL (i.e., EPOCSR6, EPOCSR11, &
EPOCSR12, respectively). [Also set CLR_SETUP, if SETUP flag == '1".] Go to Step #1 after the next EPO interrupt.
[NO] => Set CLR_OUT_BUF_RDY (i.e., EPOCSR6). [Also set CLR_SETUP, if SETUP flag =="'1".] Go to Step #5_1.
Step #5_1: Is SETUP_END (EPOCSR5) set?

[YES] => Set SEND_STALL (EPOCSR12). Go to Step #6_0.

[NO] => Go to Step #1 after the next EPO interrupt.

Step #6_0: Are OUT_BUF_RDY & SETUP (EPOCSRO0 & EPOCSR2) set?

[YES] => Go to Step #6_1.

[NO] => Go to Step #6_0 after the next EPO interrupt.

Step #6_1: Is SETUP_END (EPOCSR5) set?

[YES] => Set CLR_OUT_BUF_RDY, CLR_SETUP, & CLR_SETUP_END (EPOCSR6, EPOCSR8 & EPOCSR11). Go
to Step #6_0 after the next EPO interrupt.

[NO] => Set CLR_OUT_BUF_RDY & CLR_SETUP (EPOCSR6 & EPOCSRS), and clear SEND_STALL (EPOCSR12).
Go to Step #1 after the next EPO interrupt.

(7) Writing to the USB Function Interrupt Clear Register (USBIC).

Writing to the USB Function Interrupt Clear Register (USBIC) to clear USB Function Interrupt Status bits requires
special consideration. Before performing this operation, the USB Function Interrupt Enable Register (USBIE)
should be cleared (i.e., all bits disabled). Upon completion of the write to USBIC, the value of USBIE just prior to
its clearing should be restored.
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EPO Interrupt |«

Step #1
OUT_BUF_RDY =1?

No

Yes
Step #2

SETUP_END =17

Step #3

Read packet data

Read # of data bytes equal to EP0 ‘Receive Byte
Count’ (i.e., EPOWC 7-0) from EP0 OUT FIFO.

No
Final packet of Control

Write Transfer?

SETUP_END =17

Step #5_0

CLR_OUT_BUF_RDY =1

SETUP_END = 1?
CLR_SETUP =1 (if SETUP is set
SET_DATA_END =1

CLR_OUT_BUF_RDY =1

Step #4_1 CLR_SETUP =1 (if SETUP is set)

A 4

CLR_OUT_BUF_RDY =1
CLR_SETUP = 1 (if SETUP is set)
CLR_SETUP_END = 1
SEND_STALL = 1

|

SETUP_END =172

Step #5_1

No
SEND_STALL =1
Wait for EPO Interrupt. }:

Step #6_0

OUT_BUF_RDY = 1?

&
SETUP =17

Step #6_1

CLR_OUT_BUF_RDY =1
CLR_SETUP =1

CLR_OUT_BUF_RDY =1

CLR_SETUP =1

Figure 1.212. USB Programming Note 2 Flowchart
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Using HOLD Signal
When HOLD input is used, set P40 to P47 and P50 to P52 as input before the CPU shifts from single-chip mode to
microprocessor mode or memory expansion mode.

Decreasing Power Consumption
When A/D conversion is not carried out, select not to connect VREF using the VREF connect bit in AD control register
1. To carry out A/D conversion, start the conversion 1us or longer after connecting VREF.

Microprocessor Mode and Shifting from Microprocessor Mode to Memory Expansion Mode or Single-
chip Mode
In microprocessor mode, the SFR, internal RAM and external memory space can be accessed. Therefore, the
internal ROM area cannot be accessed.
If microprocessor mode is set (“H” is applied to the CNVss pin) when coming out of a reset, the internal ROM cannot
be accessed even if the CPU shifts to memory expansion mode or single-chip mode.

Resetting when "H" is applied to CNVss pin
If the microprocessor is reset when “H” is applied to the CNVss pin, the internal ROM cannot be read.

Noise
Connect a bypass capacitor (at least 0.1 pF) using the shortest and thickest wire possible.

Input-only Pins

If different power supplies are provided to the system, as shown in Figure 1.213 Circuit example, and the voltage of an
unused input-only pin is higher than Vcc, do not directly connect the dedicated input pin to the power supply. As in the
circuit example indicated by the arrow, connect the input-only pin to the power supply via a resistor rated at approxi-
mately 1 k. The above applies even if the power rise time is different at power-on.

If the voltage of the input pin voltage is higher than Vcc, latch up could occur.

*. A resistor is not required when using a Vcc voltage equal to or higher than the voltage of the dedicated input pin.

Different power supplies Different power supplies

Vcc Dedicated Vcc Dedicated "\/\/\'

input pin input pin
(ex. NMI pin) (ex. NMI pin)

—

M30245 group M30245 group

Figure 1.213. Circuit example
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Electric Characteristic Differences Between Mask ROM and Flash Memory Version MCUs
There are differences in electric characteristics, operation margin, noise immunity, and noise radiation between
Mask ROM and Flash Memory version MCUs due to the difference in the manufac-turing processes.
When manufacturing an application system with the Flash Memory version and then switching to use of the Mask
ROM ver-sion, please perform sufficient evaluations for the commercial samples of the Mask ROM version.

Mask ROM Version
Do not write to the internal ROM area in the Mask ROM version.

ROM ORDERING METHOD
1.Mask ROM Order Confirmation Form
2.Mark Specification Form
3.Data to be written to ROM, in one floppy disk.

* For the mask ROM confirmation and the mark specifications, refer to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com).
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PLQP0100KB-A
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P-LQFP100-14x14-0.50 | PLQPO100KB-A |100P6Q-A / FP-100U / FP-100UV | 0.6g |
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REVISION HISTORY M30245 Group Datasheet

Description
Rev. Date
Page Summary
1.20 | Jul 20, 2004 - First Edition issued
2.00 | Oct 16, 2006 | All pages| Package names “PLQP0100KB-A" — “100P6Q-A" revised
16 Figure 1.8 revised
55 Modifying the interrupt control registers revised
145 I2C Bus interface mode “To use the 12C bus, .... the SDAI to output.” —
“In 12C master mode, ... of the direction register”
146 | Figure 1.106 Note revised
147 |UARTI Special Mode Register (UiSMR) “Port (SCLi) is .... of the port direction
register.” — “In I2C master mode, .... of the port direction register.”
165 |[Precautions “s For flash memory version .... by a receiver.” added
250-256 | Usage Notes added
258 | Programming Notes; USB (1) to (4) added
262 | Using HOLD Signal, Decreasing Power Consumption,
Microprocessor Mode and Shifting from Microprocessor Mode to Memory Expan-
sion Mode or Singlechip Mode,
Resetting when “H” is applied to CNVss pin, Noise, Input-only Pins added
263 | Electric Characteristic Differences Between Mask ROM and Flash Memory Version
MCUs, Mask ROM Version, ROM ORDERING METHOD added
264 | Package Outline added
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This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, 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 products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain

rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

This document may not be rer)roduced or duplicated, in any form, in whole or in part, without prior written a[g)roval from Renesas.

Please contact a Renesas sales office if you have any questions regarding the information contained in this document, Renesas semiconductor products, or if you have
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