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Section2 CPU

Addressing Instruction
Mode Format Effective Address Calculation Equation
PC relative disp:8 The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).
disp i
(sign-extended)
disp:12 The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).
disp
(sign-extended)
Rn PC + Rn
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Section 5 Interrupt Controller (INTC)

Number of States

Peripheral
Item NMI User Break H-UDI IRQ, PINT Module Remarks
Interrupt No register Min. 5lcyc + 6 lcyc + 5 lcyc + 5 lcyc + 5lcyc + 200-MHz operation*'#*:
response time  banking 2 Beyc + mi1 +m2 1 Peyc + 3 Beyc + 1 Beyc + 0.040t0 0.110 us
1 Peyc + m1 +m2 1 Pcyc + 1 Peyc +
mi +m2 m1 +m2 mi +m2
Max. 6 lcyc + 7 leyc + 6 lcyc + 6 Icyc + 6 lcyc + 200-MHz operation*'#*:
2 Beyce + 2(m1+m2)+ 1Pcyc+ 3 Beyc + 1 Beye + 0.060 to 0.130 us
1 Pcyc + m3 2(m1+m2)+ 1Pcyc+ 1 Pcyc +
2(m1 +m2) + m3 2(m1 +m2) + 2(m1+m2)+
m3 m3 m3
Register Min. — — 5 lcyc + 5 lcyc + 5 lcyc + 200-MHz operation*'**:
banking 1 Peyc + 3 Beyc + 1 Beye + 0.040 to 0.110 us
without mi1+m2 1 Pcyc + 1 Pcyc +
register m1 +m2 m1 +m2
bank N
overflow Max. — — 14 lcyc + 14 lcyc + 14 lcyc + 200-MHz operation®'**;
1 Pcyc + 3 Beyce + 1 Beyc + 0.085 to0 0.155 us
mi+m2 1 Pcyc + 1 Pcyc +
m1 +m2 m1+m2
Register Min. — — 5 leyc + 5lcyc + 5lcyc + 200-MHz operation*'**:
banking 1 Pcyc + 3 Beyc + 1 Beye + 0.040 to 0.110 us
with m1 +m2 1 Pcyc + 1 Pecyc +
register m1 +m2 m1+m2
bank o
overflow Max. — — 5 lcyc + 5 lcyc + 5 lcyc + 200-MHz operation®'**:
1 Pcyc+m1+ 3Bcyc+ 1 Beyc + 0.135 to 0.205 us
m2 +19(m4) 1 Pcyc+mi+ 1Pcyc+mil+
m2 + 19(m4) m2 + 19(m4)

Notes: m1 to m4 are the number of states needed for the following memory accesses.

mi:
m2:
ma3:

m4:
stack.

Vector address read (longword read)
SR save (longword write)
PC save (longword write)
Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the

1. Inthe case thatm1 =m2=m3=m4 =1 Icyc.
2. Inthe case that (lo, B¢, P¢) = (200 MHz, 66 MHz, 33 MHz).
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Section 8 Bus State Controller (BSC)

nsono X X

A12/A11#1 lx ' \
cs3 1\

RASL, RASU "\ / ;

DQMxx _é-\ i i

DACKn*2 _;l\

I~

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.26 Single Write Timing (Bank Active, Different Bank)
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Section 8 Bus State Controller (BSC)

8.5.8 SRAM Interface with Byte Selection

The SRAM interface with byte selection is for access to an SRAM which has a byte-selection pin
(WEn). This interface has 16-bit data pins and accesses SRAMs having upper and lower byte
selection pins, such as UB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of the SRAM
interface with byte selection is the same as that for the normal space interface. While in read
access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn pin,
which is different from that for the normal space interface. The basic access timing is shown in
figure 8.37. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSnWCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 8.38
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RD/WR). The data hold timing from RD/WR negation to data write
must be acquired by setting the HW1 and HWO bits in CSnWCR. Figure 8.39 shows the access
timing when a software wait is specified.
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Section 8 Bus State Controller (BSC)

e AT
e —
«AT T 1177 F
- F
S e U B B T

D31 to DO | \ | | J \ \ /
~ ' ' ' '

Cwm 7 ST

i Z : Z High ; Z —
Write < m : : : : : ! E ! : !
L D31 to DO E< . . . . .>
ARV
DACKn* P\ ! : ! : ! i ! i 1/

Note: * The waveform for DACKn is when active low is specified.

Figure 8.39 Wait Timing for SRAM with Byte Selection (BAS = 1)
(SWI[1:0] = 01, WR[3:0] = 0001, HW[1:0] = 01)
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Section 9 Direct Memory Access Controller (DMAC)

(b) Burst Mode

In burst mode, once the DMAC obtains the bus mastership, it does not release the bus mastership
and continues to perform transfer until the transfer end condition is satisfied. In external request
mode with low level detection of the DREQ pin, however, when the DREQ pin is driven high, the
bus mastership is passed to another bus master after the DMAC transfer request that has already
been accepted ends, even if the transfer end conditions have not been satisfied.

Figure 9.11 shows DMA transfer timing in burst mode.

DREQ /
Bus cycle XCPU X CPU X CPU XDMACKDMACKDMACKDMACK CPU X CPU X

Read Write Read Write

Figure 9.11 DMA Transfer Example in Burst Mode
(Dual Address, DREQ Low Level Detection)

(3) Relationship between Request Modes and Bus Modes by DMA Transfer Category

Table 9.10 shows the relationship between request modes and bus modes by DMA transfer
category.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTUZ2)

Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
1 Timer counter_1 TCNT_1 R/W H'0000 HFFFE4386 16
Timer general register A_1 TGRA_1 R/W H'FFFF HFFFE4388 16
Timer general register B_1 TGRB_1 R/W HFFFF HFFFE438A 16
Timer input capture control TICCR R/W  H'00 H'FFFE4390 8
register
2 Timer control register_2 TCR_2 R/W  H'00 H'FFFE4000 8
Timer mode register_2 TMDR_2 R/W H'00 H'FFFE4001 8
Timer 1/O control register_2 TIOR_2 R/W H'00 H'FFFE4002 8
Timer interrupt enable TIER_2 R/W  H'00 H'FFFE4004 8
register_2
Timer status register_2 TSR_2 R/W H'CO H'FFFE4005 8
Timer counter_2 TCNT_2 R/W H'0000 HFFFE4006 16

Timer general register A_2 TGRA_2 R/W HFFFF HFFFE4008 16
Timer general register B_2 TGRB_2 R/W HFFFF HFFFE400A 16

3 Timer control register_3 TCR_3 R/W  H'00 H'FFFE4200 8
Timer mode register_3 TMDR_3 R/W  H'00 H'FFFE4202 8
Timer I/O control register H_.3 TIORH_3 R/W H'00 H'FFFE4204 8
Timer I/O control register L_3  TIORL_3 R/W  H'00 H'FFFE4205 8
Timer interrupt enable TIER_3 R/W H'00 H'FFFE4208 8
register_3
Timer status register_3 TSR_3 R/W H'CO H'FFFE422C 8
Timer counter_3 TCNT_3 R/W H'0000 HFFFE4210 16

Timer general register A_3 TGRA_3 R/W H'FFFF HFFFE4218 16
Timer general register B_3 TGRB_3 R/W HFFFF HFFFE421A 16
Timer general register C_3 TGRC_3 R/W H'FFFF HFFFE4224 16
Timer general register D_3 TGRD_3 R/W H'FFFF H'FFFE4226 16

Timer buffer operation transfer TBTM_3 R/W H'00 H'FFFE4238 8
mode register_3

4 Timer control register_4 TCR_4 R/W H'00 H'FFFE4201
Timer mode register_4 TMDR_4 R/W H'00 H'FFFE4203
Timer I/O control register H_.4 TIORH_4 R/W H'00 H'FFFE4206
Timer I/O control register L_4 TIORL_4 R/W H'00 H'FFFE4207

0| | 00|
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Section 10 Multi-Function Timer Pulse Unit 2 (MTUZ2)

(b) Examples of Waveform Output Operation:

Figure 10.8 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and O is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value
H'FFFF
TGRA

TGRB
H'0000

Time

No change _~ No change

yanY

]

TIOCA 1 output

TIOCB

No change No change 0 output

Figure 10.8 Example of 0 Output/1 Output Operation
Figure 10.9 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
HFFFF / ..........................................

TGRB |- mmmm e o= T

TGRA |-eeor T .-
H'0000 ; ; ; ; ; ! ; : Time
TIOCB ﬂ | ' | Toggle output

TIOCA ‘ | ‘ | Toggle output

Figure 10.9 Example of Toggle Output Operation
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(2) Examples of Buffer Operation

(a) When TGR is an output compare register

Figure 10.16 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and 0 output at
compare match B. In this example, the TTSA bit in TBTM is cleared to 0.

As buffer operation has been set, when compare match A occurs the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time that compare match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_O

TGRA_O

H0000 : Time

TGRC_O H0200! X [Hosso X T Hoseo X7
Transferi\ ;\ : : i

TGRA 0 X © H0200! " H'0450 X

e
l—

TIOCA | | | | | |

Figure 10.17 Example of Buffer Operation (1)

(b) When TGR is an input capture register

Figure 10.18 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon the occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

Rev. 3.00 Jun. 18,2008 Page 512 of 1160
REJ09B0191-0300 RENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(15) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in PWM Mode 2

Figure 10.149 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT)  (0) (PWM2) (1init (MTU2) (1)

0 out) 0 out)

MTU2moduIeoutput___} _____ {____} _____ { _____ +_ ____} _____ { _____ + _____ } _____ { ____} _____ { _____ +_ ___________

TIOC*A — , ®Not initialized (cycle register, ®Not initialized (cycle register)
TIOC*B — S _____ _____ | | _____ ____________
Portoutput ' ' ' ' _____ : _____ : _____ ' ' _____ : ____________
PEn — High-Z; R s [
PEn — I B L SR

n=0to 15

Figure 10.149 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2
1 to 9 are the same as in figure 10.147.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTUZ2)

(18) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in PWM Mode 1

Figure 10.152 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1 init (MTU2) (1) occurs (PORT) (0) (PWMT1) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output { { { { +_ } { + * *
TIOC*A — 1 | L | : : [ R [ A
RS A [E—— J f— - S S [A— e
TIOC*B - [ — I ! ! ! ! ® Not initialized (TIOC*B)

Port output : ' ' ' ' ' ' : ' : : : :
PEn — High-z2 | . . . R I S I T
pen — Mgzl [ I . R I T BN

n=0to 15

Figure 10.152 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1
1 to 9 are the same as in figure 10.151.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initialized.)
12. Set MTU2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 15 Serial Communication Interface with FIFO (SCIF)

154  Operation

154.1 Overview

For serial communication, the SCIF has an asynchronous mode in which characters are
synchronized individually, and a clocked synchronous mode in which communication is
synchronized with clock pulses.

The SCIF has a 16-stage FIFO buffer for both transmission and receptions, reducing the overhead
of the CPU, and enabling continuous high-speed communication. Furthermore, channel 3 has RTS
and CTS signals to be used as modem control signals.

The transmission format is selected in the serial mode register (SCSMR), as shown in table 15.9.
The SCIF clock source is selected by the combination of the CKE[1:0] bits in the serial control
register (SCSCR), as shown in table 15.10.

(1) Asynchronous Mode

e Data length is selectable: 7 or 8 bits

e Parity bit is selectable. So is the stop bit length (1 or 2 bits). The combination of the preceding
selections constitutes the communication format and character length.

e Inreceiving, it is possible to detect framing errors, parity errors, receive FIFO data full,
overrun errors, receive data ready, and breaks.

e The number of stored data bytes is indicated for both the transmit and receive FIFO registers.
e An internal or external clock can be selected as the SCIF clock source.

— When an internal clock is selected, the SCIF operates using the clock of on-chip baud rate
generator.

— When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

(2) Clocked Synchronous Mode

e The transmission/reception format has a fixed 8-bit data length.
e In receiving, it is possible to detect overrun errors (ORER).
e An internal or external clock can be selected as the SCIF clock source.
— When an internal clock is selected, the SCIF operates using the clock of the on-chip baud
rate generator, and outputs this clock to external devices as the synchronous clock.
— When an external clock is selected, the SCIF operates on the input external synchronous
clock not using the on-chip baud rate generator.
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Section 16 I°C Bus Interface 3 (lIC3)

16.3.3 I’C Bus Mode Register ICMR)

ICMR is an 8-bit readable/writable register that selects whether the MSB or LSB is transferred
first, performs master mode wait control, and selects the transfer bit count.

ICMR is initialized to H'38 by a power-on reset. Bits BC[2:0] are initialized to H'O by the IICRST
bit in ICCR2.

Bit: 7 6 5 4 3 2 1 0
| MLS | - | - | - | BCWP | BC[2:0]
Initial value: 0 0 1 1 1 0 0 0

R/W:  R/W R R R RW RW RW R/W

Initial
Bit Bit Name Value R/W Description
7 MLS 0 R/W  MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I°C bus format is used.
6 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
5,4 — All 1 R Reserved
These bits are always read as 1. The write value should
always be 1.
3 BCWP 1 R/W  BC Write Protect

Controls the BC[2:0] modifications. When modifying the
BC[2:0] bits, this bit should be cleared to 0. In clocked
synchronous serial mode, the BC[2:0] bits should not
be modified.

0: When writing, values of the BC[2:0] bits are set.
1: When reading, 1 is always read.
When writing, settings of the BC[2:0] bits are invalid.
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Section 16 I°C Bus Interface 3 (IIC3)

SCL

(Master output)

SDA
(Master output

SCL
(Slave output)

SDA
(Slave output)
RDRF

ICDRS

ICDRR

User
processing

9 1 2 3 4 5 6 7 8

y _/ \ Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito/

/

S\ A/

A

/

\

/
\A/

)l

| =

] X Data 1 \ /

\]\ X Data 2

\

W

X \gata 1

V

(3] Set ACKBT [3] Read ICDRR

|

[4] Read ICDRR

Figure 16.12 Slave Receive Mode Operation Timing (2)

RENESAS
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Section 18 D/A Converter (DAC)

18.5  Usage Notes

18.5.1 Module Standby Mode Setting

Operation of the D/A converter can be disabled or enabled using the standby control register. The
initial setting is for operation of the D/A converter to be halted. Register access is enabled by
canceling module standby mode. For details, see section 22, Power-Down Modes.

18.5.2  D/A Output Hold Function in Software Standby Mode

When this LSI enters software standby mode with D/A conversion enabled, the D/A outputs are
retained, and the analog power supply current is equal to as during D/A conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the DAOEO, DAOEI,
and DAE bits to 0 to disable the D/A outputs.

18.5.3  Setting Analog Input Voltage
The reliability of this LSI may be adversely affected if the following voltage ranges are exceeded.

1. AVcc and AVss input voltages
Input voltages AVcce and AVss should be PVce — 0.3 V< AVcee < PVcec and AVss = PVss. Do
not leave the AVcc and AVss pins open when the A/D converter or D/A converter is not in use
and in software standby mode. When not in use, connect AVcc to the power supply (PVcc) and
AVss to the ground (PVss).

2. Setting range of AVref input voltage
Set the reference voltage range of the AVref pin as 3.0 V< AVref < AVcc.
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Section 19 Pin Function Controller (PFC)

19.3  Switching of Functions in Each Pin

19.3.1 Ports A,B,C,D, and E

Pin functions of ports A, B, C, D and E are switched by the settings of the port control registers.
Tables 19.10 to 19.14 show the relationships between the settings of the port control registers and
the pin functions specified.
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Section 20 1/0O Ports

Section 20 1/O Ports

This LSI has six ports: A to F.

All port pins are multiplexed with other pin functions. The functions of the multiplex pins are
selected by means of the pin function controller (PFC).

Each port is provided with data registers for storing the pin data and port registers for reading the
states of the pins.

20.1 Features

1. Total port number: 79 ports (I/O: 69 ports, Output: 10 ports)
e Port A: (I/O: 23 ports)

e Port B: (I/0: 3 ports, Input: 2 ports)

e Port C: (I/0: 2 ports)

e Port D: (I/O: 24 ports)

e Port E: (I/O: 17 ports)

e Port F: (Input: 8 ports)

2. The following pins in this LSI have weak keeper circuits that prevent the pins from floating
into intermediate voltage levels.

e Port A: PAO to PA9, PA11 to PA13, and PA16 to PA25
e Port B: PB4, PB5, and PB9

e Port C: PCO and PC1

e Port D: PD8 to PD31

e Port E: PEO to PE6 and PES8 to PE16

The I/O pins include weak keeper circuits that fix the input level high or low when the I/O pins are
not driven from outside. Generally in the CMOS products, input levels in unused input pins must
be fixed by way of external pull-up or pull-down resistors. However, the I/O pins having weak
keeper circuits in this LSI can eliminate these outer circuits and reduce parts number of the
system. If the pull-up or pull-down resistors become necessary to fix the pin level, use the resistor
of 10 kQ or smaller.

3. Pin possessing pull-up resistor

e The PE7 pin in this LSI possesses a pull-up resistor
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Section 25 Electrical Characteristics

Note: * When the clock is input on the EXTAL pin.

Figure 25.2 EXTAL Clock Input Timing

| tCKI(:yc ‘l

tokoL
CKIO
(output) Von Von
1/2 PVcc 1/2 PVcc
XQ Voo VoL
- fokor tekor

Figure 25.4 CKIO Clock Output Timing
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Section 25 Electrical Characteristics

25.4.4 UBC Trigger Timing
Table 25.9 UBC Trigger Timing

Conditions: V.,.=1.15Vto135V,PV_.=3.0Vto3.6V,AV_ =3.0Vto36V,
V=PV =AV, =0V, Ta=-20°C to +85°C

Item Symbol Min. Max.  Unit Figure
UBCTRG delay time tuscren — 14 ns Figure 25.44
CKIO
tUBCTGD
A
UBCTRG >§r

Figure 25.44 UBC Trigger Timing

254.5 DMAC Module Timing
Table 25.10 DMAC Module Timing

Conditions: V. =115V t01.35V,PV,=3.0V103.6V,AV, =30V 1036V,
V=PV =AV, =0V, Ta=-20°C to +85°C

Item Symbol Min. Max.  Unit Figure
DREQ setup time tonas 15 — ns Figure 25.45
DREQ hold time [ 15 —

DACK, TEND delay time torco 0 13 Figure 25.46

CKIO RN

tDF{QS tDFK)H

|
DREQn >t k

Note: n=0t0 3

Figure 25.45 DREQ Input Timing
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Item Page Revision (See Manual for Details)

25.4.3 Bus Timing 1086 Figure amended.
Figure 25.15 Basic Bus Timing for — —
Normal Space (One Software Wait = * e fer % —
Cycle, External Wait Cycle Valid Csn = =
(WM Bit = 0), No Idle Cycle) g I ey ||
Figure 25.16 MPX-I/O Interface 1087 Figure amended.
Bus Cycle (Three Address Cycles,
One Software Wait Cycle, One . —1—} ey
External Wait Cycle)
RD .—;L ‘—}LJ
- D15 to DO .KL‘T .’im ﬁ
WET, WEO — ﬁ '&J( e
wite { W b
s 3 I
D15 to DO aaaress }‘
. “im ::1 o
A
Figure 25.41 PCMCIA Memory 1112 Figure amended.
Card Bus Cycle (TED = 2 Cycles, _
TEH = 1 Cycle, Software Wait - 1 %1 3&‘»#
Cycle 0, Hardware Wait Cycle 1) Whia { H‘l ! o
D15 to DO ——H ‘;’—
Figure 25.43 PCMCIA 1/0O Card 1114 Figure amended.
Bus Cycle (TED =2 Cycles, TEH =
=1 Cycle, Software Wait Cycle 0, eTowR R my
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25.4.5 DMAC Module Timing 1115 Table amended.
Table 25.10 DMAC Module Timing ltem Min. Max.
DACK, TEND delay time 0 13
25.4.9 SCIF Module Timing 1119 Table amended.
Table 25.14 SCIF Module Timing Item Min. Unit
Transmit data delay time = — ns
(clocked synchronous)
Receive data hold time it __+15 ns

(clocked synchronous)
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