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Section 6 Bus Controller

~——— Buscycle ——

! T, T, !
, B I
Address bus >< ><:
o= | —

_ | 1_

Read D;5 to Dg 3 { valid |}j—

D; to Dy ] { valid '}—
AWR |
LWR | |

Write | ;

D;5 to Dg ——< " Valid >7
D, to Dy —< " Valid >7

Note: n=0to 7

Figure 6.10 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)
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Section 7 Data Transfer Controller
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Section 8

1/0 Ports

Pin

Selection Method and Pin Functions

P26/TIOCAS/
TMOO

The pin function is switched as shown below according to the combination of
the TPU channel 5 setting by bits MD3 to MDO in TMDRYS5, bits IOA3 to IOAQ in
TIORS5, bits CCLR1 and CCLRO in TCRS5, bits OS3 to OS0 in TCSRO, and bit

P26DDR.
0S3to OS0 AllO Any 1
TPU Channel Table
5 Setting Below (1) Table Below (2) —
P26DDR — 0 1 —
Pin function TIOCAS5 P26 input P26 output | TMOO output
output
TIOCAS input **
TPU Channel
5 Setting 2) (1) 2 ) Q) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOA0 | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care

Notes: 1. TIOCAS5 input when MD3 to MDO = B'0000 or B'01xx and I0A3 = 1.
2. TIOCBS output is disabled.
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Section 9 16-Bit Timer Pulse Unit (TPU)

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on ¢/256
1 Internal clock: counts on ¢/4096
Bit 2 Bit 1 Bit O
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/1024

1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/256

1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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Section 9 16-Bit Timer Pulse Unit (TPU)

The correspondence between PWM output pins and registers is shown in table 9.7.

Table 9.7 PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCAl
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS5
TGR5B TIOCBS

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 9.42 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal timing.

oy

TCNT input
clock

TCNT N >< N+1

TGR N

Compare
match signal

TGF flag

TGl interrupt

Figure 9.42 TGI Interrupt Timing (Compare Match)
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Section 10 8-Bit Timers

10.6  Usage Notes

Note that the following kinds of contention can occur in the 8-bit timer module.

10.6.1  Contention between TCNT Write and Clear

If a timer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 10.10 shows this operation.

TCNT write cycle by CPU
T T2

T
¢ B e e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure 10.10 Contention between TCNT Write and Clear
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Section 12 Serial Communication Interface (SCI)

12.2  Register Descriptions

12.2.1  Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RW :  — - = — — — — —

RSR is a register used to receive serial data.

The SCI sets serial data input from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

12.2.2  Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, continuous receive operations can be
performed.

RDR is a read-only register, and cannot be written to by the CPU.

RDR is initialized to H'00 by a reset, and in standby mode or module stop mode.
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Section 12 Serial Communication Interface (SCI)

Clock

Either an internal clock generated by the built-in baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEDO bits in SCR. For details of SCI clock source selection, see table
12.9.

When an external clock is input at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is at the center of each transmit data bit, as shown in figure 12.3.

SRS E RSN R

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 ‘ 1

1 frame

A
Y

Figure 12.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)

Data Transfer Operations

SCl initialization (asynchronous mode): Before transmitting or receiving data, first clear the TE
and RE bits in SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to 0, the
TDRE flag is set to 1 and TSR is initialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation will be unreliable in this case.
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Section 12 Serial Communication Interface (SCI)

Figure 12.4 shows a sample SCI initialization flowchart.

< Start of initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and
| Clear TE and RE bits in SCRt00 | RE, t0 0.
en the clock is selected in
| When the clock is selected i
Set CKE1 and CKEO bits in SCR L asynchronous mode, it is output
(TE, RE bits 0) [ immediately after SCR settings are
made.

\
Set data transfer format in
SMR and SCMR 2]
| [3] Write a value corresponding to the

Set value in BRR [3] bit rate to BRR (Not necessary if
an external clock is used).

[2] Setthe data transfer format in SMR
and SCMR.

» Wait

- [4] Wait at least one bit interval, then
set the TE bit or RE bitin SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits as necessary.

No

1-bit interval elapsed?

Setting the TE or RE bit enables
the TxD or RxD pin to be used.

Set TE or RE bhitin
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits as necessary

<Initialization completed>

Figure 12.4 Sample SCI Initialization Flowchart
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Section 12 Serial Communication Interface (SCI)

Data Transfer Operations

SCl initialization (synchronous mode): Before transmitting or receiving data, first clear the TE
and RE bits in SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to 0, the
TDRE flag is set to 1 and TSR is initialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 12.15 shows a sample SCI initialization flowchart.

( Start of initialization > [1] Set the clock selection in SCR. Be sure
‘ to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

| Clear TE and RE bits in SCR to 0 |
‘ [2] Set the data transfer format in SMR

and SCMR.

Set CKE1 and CKEO bits in SCR 1
(TE, RE bits 0) (1l [3] Write a value corresponding to the bit

‘ rate to BRR. (Not necessary if an
external clock is used.)

Set data transfer format in 2]
SMR and SCMR [4] Wait at least one bit interval, then set
| the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and MPIE
bits as necessary.
Wait Setting the TE or RE bit enables the
TxD or RxD pin to be used.

Set value in BRR [3]

No

1-bit interval elapsed?

Yes

Set TE or RE bitin SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits [4]
as necessary

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should
both be cleared to 0 or set to 1 simultaneously.

Figure 12.15 Sample SCI Initialization Flowchart
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Section 13 Smart Card Interface

13.3.7  Operation in GSM Mode

Switching the Mode: When switching between smart card interface mode and software standby
mode, the following switching procedure should be followed in order to maintain the clock duty.

e When changing from smart card interface mode to software standby mode

[1] Set the data register (DR) and data direction register (DDR) corresponding to the SCK pin to
the value for the fixed output state in software standby mode.

[2] Write O to the TE bit and RE bit in the serial control register (SCR) to halt the transmit/receive
operation. At the same time, set the CKE1 bit to the value for the fixed output state in
software standby mode.

[3] Write 0 to the CKEOQ bit in SCR to halt the clock.

[4] Wait for one serial clock period.
During this interval, clock output is fixed at the specified level, with the duty preserved.

[5] Write H'00 to SMR and SCMR.
[6] Make the transition to the software standby state.

e When returning to smart card interface mode from software standby mode
[7] Exit the software standby state.

[8] Set the CKEL bit in SCR to the value for the fixed output state (current SCK pin state) when
software standby mode is initiated.

[9] Set smart card interface mode and output the clock. Signal generation is started with the
normal duty.

Software

Normal operation standby Normal operation

-~ |- - g

? fro 1t

(1] [2] [3] [4] [5][6] (7] [8119]

Figure 13.9 Clock Halt and Restart Procedure
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Section 13 Smart Card Interface

e Retransfer operation when SCI is in transmit mode
Figure 13.12 illustrates the retransfer operation when the SCI is in transmit mode.

[6] If an error signal is sent back from the receiving end after transmission of one frame is
completed, the ERS bit in SSR is set to 1. If the RIE bit in SCR is enabled at this time, an ERI
interrupt request is generated. The ERS bit in SSR should be kept cleared to 0 until the next
parity bit is sampled.

[7] The TEND bit in SSR is not set for a frame for which an error signal indicating an abnormality
is received.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
a retransfer, is judged to have been completed, and the TEND bit in SSR is set to 1. If the TIE
bit in SCR is enabled at this time, a TXI interrupt request is generated.

If DTC data transfer by a TXI source is enabled, the next data can be written to TDR
automatically. When data is written to TDR by the DTC, the TDRE bit is automatically cleared
to 0.

Transfer
‘47 nth transfer frame 4>}<7 Retransferred frame H‘k frame n+1

1DS|D0|D1|D2|D3|D4|D5|D6|D7|Dpl—l%—|DS|DO|D1|D2|D3|D4|D5|D6|D7|DpI&‘Ds bolp1|p2|palp4

J TDRE I_I

A Transfer to TSR from TR A Transfer to TSR from TOR A Transfer to TSR
| from TDR
TEND ;
A A g
FER/ERS
b kg

Figure 13.12 Retransfer Operation in SCI Transmit Mode
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Section 17 ROM

The flash memory itself cannot be read while the SWE bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory. When the program is located in external memory, an instruction for

programming the flash memory and the following instruction should be located in on-chip RAM.

Figure 17.14 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program and
transfer program (and the program/erase
control program if necessary) beforehand

MD2, MD1, MDO =110, 111
Reset-start

Transfer program/erase control
program to RAM

Branch to program/erase control
program in RAM area

FWE = high*

Execute program/erase control
program (flash memory rewriting)

Clear FWE*

Branch to flash memory application
program

Notes: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin
only when the flash memory is programmed or erased. Also, while a high level is
applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

* For further information on FWE application and disconnection, see section 17.12,
Flash Memory Programming and Erasing Precautions.

Figure 17.14 User Program Mode Execution Procedure
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Section 17 ROM

However, the RAM area overlapping flash memory space can be read and written to regardless of
whether the SWE bit is set or cleared.

Do not use interrupts while flash memory is being programmed or erased: All interrupt
requests, including NMI, should be disabled during FWE application to give priority to
program/erase operations.

Do not perform additional programming. Erase the memory before reprogramming: In on-
board programming, perform only one programming operation on a 128-byte programming unit
block. In PROM mode, too, perform only one programming operation on a 128-byte programming
unit block. Programming should be carried out with the entire programming unit block erased.

Before programming, check that the chip is correctly mounted in the PROM programmer:
Overcurrent damage to the device can result if the index marks on the PROM programmer socket,
socket adapter, and chip are not correctly aligned.

Do not touch the socket adapter or chip during programming: Touching either of these can
cause contact faults and write errors.
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Section 17 ROM

17.17.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bit issetto 1 in
FLMCR2 and the error protection state is entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P1, P2, E1, or E2
bit. However, PV1, PV2, EV1, and EV2 bit setting is enabled, and a transition can be made to
verify mode.

FLER bit setting conditions are as follows:

e When flash memory is read during programming/erasing (including a vector read or instruction
fetch)

o Immediately after exception handling (excluding a reset) during programming/erasing

e When a SLEEP instruction (including software standby) is executed during
programming/erasing

e When a bus master other than the CPU (the DTC) has control of the bus during
programming/erasing

Error protection is released only by a reset and in hardware standby mode.

Figure 17.47 shows the flash memory state transition diagram.

Rev.7.00 Feb. 14, 2007 page 664 of 1108
REJ09B0089-0700
RENESAS



Section 20 Electrical Characteristics

20.3.2 DC Characteristics

Table 20.21 DC Characteristics

Condition B: Vcc=3.0V1t03.6V,AVc=3.0V103.6V, V,=3.0V toAVcc,
Vss = AVss = 0 V*, T, = -20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Schmitt Ports 1, 2, VT Vee x 0.2 — — \Y
trigger input  IRQO to IRQ7
voltage
vT* — — Veex 0.7V
VT"=VT Vce x0.07 — — Y
Input high  RES, STBY, NMI, Vi Veex 0.9 — Vec+03 V
voltage MD2 to MDO
EXTAL Vee x 0.7 — Vec+0.3 V
Ports 3, Ato G 2.2 — Vec+03 V
Port 4 2.2 — AVcc +0.3 V
Input low RES, STBY, Vi -0.3 — Veex 0.1V
voltage MD2 to MDO
NMI, EXTAL, -0.3 — Veex 0.2 V
ports 3,4, Ato G
Output high  All output pins Von Vee—-05 — — \% lon =—200 pA
voltage Vee—10 — — \Y; lon = =1 mA
Output low  All output pins VoL — — 0.4 \% lo.=1.6 mA
voltage
Input RES | lin | — — 10.0 pA  Vin=05Vto
leakage Vec-05V
current STBY, NMI, — — 1.0 LA
MD2 to MDO
Port 4 — — 1.0 pA  Vihr=05Vto
AVcc—05V
Three-state Ports 1 to 3, | Irsi | — — 1.0 pA Vin=0.5Vto
leakage Ato G Vec—-05V
current
(off state)
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Appendix A Instruction Set
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Instruction Set

Appendix A

Instruction Execution Cycles

Table A.6

vamd]  1IXanmd 8:p 194
vIMd| 1IXaNnm 8:p 11d
vIMH|  1IXaNm 8:p 399
vIMmd|  IXanm 8:p ING
vamd|  IXanm 8:p 1d9
vamd| 1IXanmd 8:p SAG
vamd| 1Xanmd 8:p ONG
vIMd|  1IXaNmA 8:p 039
vIMH| 1IXaNnm 8:p INd
vamd| 1X3IN MY (8'p 019) 8:p S04
vamd| 1X3IN M (8:p SHA) 8:p D04
vamd| 1IXanmd 8:p S19
vaMmd| 1IXanm 8:p IHG
vamd|  1IX3anmd (8:p 49) 8:p NHg
vamd| 1X3IN MY (8:p 19) 8:p vud
IX3AN WM v gy U Mo pige Mo puz m:d zeree®@ exx# ANV
IX3AN WM v3 ad pig M puz Mo 9TeR®‘€XX# ANV
IX3AN WM v3 a:d puz m:d g'ee® eXX# ANV
IX3AN WM v3 a:d puz m:d pPHIAD‘EXx# ANV
INENES py‘exx# ANV
1X3N M puz m:o UX3'8:xx# DANY
1X3N M H0D'8:xx# DANY
INENIRS puz Mo py3'sy3a TANY
1X3N M pige Mo puz m:d py3‘ZEXX# TANY
1X3aN M py‘sd M'ANVY
INENES puz m:o PH'9TXX# M'ANY
INENRS py'sy 9'aNY
1X3N M pY‘g:xx# 9'ANY
1X3N M py'sy xaav
INENIRS py‘gxx# XAavy
1X3aN Mo py3‘v/z/T# Saav
INENES py3a‘'sy3 1Taav
LX3IN M pie M puz m:o py3‘zEXX# 1T'AQVY
INENIIRS py'sd M°aav
1X3aN M puz Mo pPH'9TXX# M'AAY
1X3aN Mo py'sy g'aav
1X3aN M py‘8:xx# 9'aav
S v € z T uononasu
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Appendix B Internal I/O Registers

Module Register Abbreviation R/W Initial Value Address™

All SMCI  Module stop control register MSTPCR R/W H'3FFF H'FF3C

channels

ADC A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL R H'00 H'FF97
A/D control/status register ADCSR R/(W) ** H00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

DACO, 1 D/A data register 0 DADRO R/W H'00 H'FFA4
D/A data register 1 DADR1 R/W H'00 H'FFA5
D/A control register 01 DACRO1 R/W H'1F H'FFAG

All DAC Module stop control register MSTPCR R/W H'3FFF H'FF3C

channels

On-chip System control register SYSCR R/W H'01 H'FF39

RAM

TPUO Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer 1/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/(W) *2 H'Co H'FFD5
Timer counter 0 TCNTO RW H'0000 H'FFD6
Timer general register 0A TGROA R/W H'FFFF H'FFD8
Timer general register 0B TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE

TPU1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
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