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Section 1 Overview

14 Pin Functions

Table1.1 Pin Functions
Pin No.
FP-64K
Type Symbol FP-64A 110 Functions
Power Ve 12 Input Power supply pin. Connect this pin to the
source pins system power supply.
Vg 9 Input Ground pin. Connect this pin to the system
power supply (0 V).
AV, 3 Input Analog power supply pin for the A/D converter.
When the A/D converter is not used, connect
this pin to the system power supply.
V. 6 Input Internal step-down power supply pin. Connect
a capacitor of around 0.1 uF between this pin
and the Vss pin for stabilization.
Clock pins  OSC1 11 Input These pins connect with crystal or ceramic
0SC2 10 Output res_.onator for the system clock, or can be used
to input an external clock.
See section 5, Clock Pulse Generators, for a
typical connection.
System RES 7 Input Reset pin. The pull-up resistor (typ. 150 kQ) is
control incorporated. When driven low, the chip is
reset.
TEST 8 Input Test pin. Connect this pin to Vss.
Interrupt NMI 35 Input Non-maskable interrupt request input pin. Must
pins be pulled-up with a resistor.
TRQO to 51 to 54 Input External interrupt request input pins. Can
IRQ3 select the rising or falling edge.
WKPO to 13, 14, Input External interrupt request input pins. Can
WKP5 19 to 22 select the rising or falling edge.
Timer B1 TMIB1 52 Input External event input pin.
Timer V TMOV 30 Output  This is an output pin for waveforms generated
by the output compare function.
TMCIV 29 Input External event input pin.
TMRIV 28 Input Counter reset input pin.
TRGV 54 Input Counter start trigger input pin.
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Section2 CPU

Empty area

SP (ER7) — =

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC isinitialized when the
start address is |oaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. Thel hitisinitialized to 1
by reset exception-handling sequence, but other bits are not initialized.

Some instructions leave flag bits unchanged. Operations can be performed on the CCR bits by the
LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used as branching
conditions for conditional branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List.
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Section2 CPU

25.2 Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In thisLSI,
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Table2.12 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct(Rn)

Operand is general register contents.
[ [n[7]

2 Register indirect(@ERn) 31 0 23 0

I General register contents |——>|

[ [ ] |

3 | Register indirect with displacement
@(d:16,ERN) or @(d:24,ERn) 31 0
[ I General register contents

" 23 0
Lo [r] [ oo |

31 0
| Sign extension | disp

4 Register indirect with post-increment or

pre-decrement 31 0
*Register indirect with post-increment @ ERn+ [ N
1 General register contents
O
*Register indirect with pre-decrement @-ERn 31
I General register contents 0
i

Lo ] ]
The value to be added or subtracted is 1 when the

operand is byte size, 2 for word size, and 4 for
longword size.
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Section 4 Address Break

Initial
Bit Bit Name Value R/W Description
1 DCMP1 0 R/W Data Compare Condition Select 1 and 0
0 DCMPO 0 R/W These bits set the comparison condition between the data

set in BDR and the internal data bus.
00: No data comparison

01: Compares lower 8-bit data between BDRL and data
bus

10: Compares upper 8-bit data between BDRH and data
bus

11: Compares 16-bit data between BDR and data bus

[Legend]
X: Don't care.

When an address break is set in the data read cycle or data write cycle, the data bus used will
depend on the combination of the byte/word access and address. Table 4.1 shows the access and
data bus used. When an I/O register space with an 8-bit data bus width is accessed in word size, a
byte accessis generated twice. For details on data widths of each register, see section 21.1,
Register Addresses (Address Order).

Table4.1 Accessand Data Bus Used

Word Access Byte Access
Even Address Odd Address Even Address Odd Address

ROM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits

RAM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits

I/O register with 8-bit data bus Upper 8 bits Upper 8 bits Upper 8 bits Upper 8 bits
width

I/O register with 16-bit data Upper 8 bits Lower 8 bits — —
bus width
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Section 9 /O Ports

9.23 Port Mode Register 3 (PMR3)

PMR3 sdlects the CMOS output or NMOS open-drain output for port 2.

Initial

Bit Bit Name Value R/W Description

7t05 — AllO — Reserved
These bits are always read as 0.

4 POF24 0 R/W When the bit is set to 1, the corresponding pin is cut off

POF23 0 R/W by PMOS and it functions as the.NMOS. open-drain

output. When cleared to 0, the pin functions as the CMOS
output.

2to0 — All 1 — Reserved

These bits are always read as 1.

9.24 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P24pin
Register PCR2
Bit Name PCR24

Pin Function

Setting Value 0

P24 input pin

1

P24 output pin

e P23pin

Register PCR2

Bit Name PCR23 Pin Function

Setting Value 0 P23 input pin
1 P23 output pin
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Section 10 Timer B1

10.2  Input/Output Pin
Table 10.1 shows the timer B1 pin configuration.

Table10.1 Pin Configuration

Name Abbreviation 110

Function

Timer B1 event input TMIBA Input

Event input to TCB1
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Section 11 Timer V

11.5.2  Pulse Output with Arbitrary Pulse Width and Delay from TRGV Input

The trigger function can be used to output a pulse with an arbitrary pulse width at an arbitrary
delay from the TRGV input, as shown in figure 11.10. To set up this output:

1. Set bits CCLR1 and CCLRO in TCRVO0 so that TCNTV will be cleared by compare match with
TCORB.

2. Set bitsOS3to OS0 in TCSRV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Set bits TVEG1 and TVEGO in TCRV 1 and set TRGE to select the falling edge of the TRGV
input.

4. Set bits CKS2to CKS0in TCRVO0 and bit ICKS0 in TCRV 1 to select the desired clock source.

5. After these settings, a pulse waveform will be output without further software intervention,
with adelay determined by TCORA from the TRGV input, and a pulse width determined by
(TCORB — TCORA).

TCNTV value
H'FF
TCORB
TCORA
H'00 . : Time
TRGV i ,
TMOV ‘ « ‘
Y I )7 I
Compare match A ; Compare match A ;
Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure11.10 Example of Pulse Output Synchronized to TRGV Input
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Section 12 Timer Z

12.3.14 Interfacewith CPU

16-Bit Register: TCNT and GR are 16-hit registers. Reading/writing in a 16-bit unit is enabled
but disabled in an 8-bit unit since the data bus with the CPU is 16-bit width. These registers must
always be accessed in a 16-bit unit. Figure 12.5 shows an example of accessing the 16-bit
registers.

Internal data bus

c <H—> %
—

Bus interface Module data bus

| TCNTH | TCNTL |

Figure12.5 Accessing Operation of 16-Bit Register (between CPU and TCNT (16 Bits))

8-Bit Register: Registers other than TCNT and GR are 8-hit registers that are connected internally
with the CPU in an 8-bit width. Figure 12.6 shows an example of accessing the 8-hit registers.

Internal data bus

c <i—>
—

Bus interface Module data bus

T
| TSR

TSTR

Figure12.6 Accessing Operation of 8-Bit Register (between CPU and TSTR (8 Bits))
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Section 12 Timer Z

Geset synchronous PWM mode)

[1] Clear bit STRO in TSTR to 0 and stop the
counter operation of TCNT_0. Set reset

synchronous PWM mode after TCNT_0

i 1
Stop counter operation (11 stops.

[2] Select the counter clock with bits TPSC2
to TOSCO in TCR. When an external

o clock is selected, select the external clock
Select counter clock [2] edge with bits CKEG1 and CKEGO in

TCR.
[3] Use bits CCLR1 and CCLRO in TCR to

select counter clearing source GRA_O.

Select counter clearing source [3] [4] Select the reset synchronous PWM mode

with bits CMD1 and CMDO in TFCR.
FTIOBO to FTIODO and FTIOA1 to

FTIOD1 become PWM output pins
Set reset synchronous PWM mode | [4] automatically.

[5] SetH'00to TOCR.
[6] Set TCNT_O as H'0000. TCNT1 does not

need to be set.
Initialize the output pin [5] [71 GRA_Ois a cycle register. Set a cycle for
GRA_0. Set the changing point timing of

the PWM output waveform for GRB_0,
GRA_1, and GRB_1.

Set TCNT [6] [8] Enable or disable the timer output by
TOER.

[9] Setthe STR bitin TSTR to 1 and start the

counter operation.

Set GR [7]
Enable waveform output [8]
Start counter operation [9]

l

<Reset synchronous PWM mode>

Figure12.26 Example of Reset Synchronous PWM M ode Setting Procedure
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Section 12 Timer Z

(Complementary PWM mode)

Stop counter operation [1]
Initialize output pin [2]
Select counter clock [3]
|
Set complementary [4]
PWM mode
|
Initialize output pin [5]
|
Set TCNT [6]
|
Set GR [7]
|
Enable waveform output [8]
|
Start counter operation [9]

<Complementary PWM mode>

Note: To re-enter complementary PWM mode, first, enter a mode other than the complementary

(2]
(3]

[4]

(5]
(6]

(7]

(8]
(9]

Clear bits STRO and STR1 in TSTR to 0,
and stop the counter operation of
TCNT_O. Stop TCNT_0 and TCNT_1 and
set complementary PWM mode.

Write H'00 to TOCR.

Use bits TPSC2 to TPSCO in TCR to
select the same counter clock for channels
0 and 1. When an external clock is
selected, select the edge of the external
clock by bits CKEG1 and CKEGO in TCR.
Do not use bits CCLR1 and CCLRO in
TCR to clear the counter.

Use bits CMD1 and CMDO in TFCR to set
complementary PWM mode. FTIOBO to
FTIODO and FTIOA1 to FTIOD1
automatically become PWM output pins.
Set H'00 to TOCR.

TCNT_1 must be H'0000. Set a non-
overlapped period to TCNT_0.

GRA_0 is a cycle register. Set the cycle to
GRA_O. Set the timing to change the
PWM output waveform to GRB_0, GRA_1,
and GRB_1. Note that the timing must be
set within the range of compare match
carried out for TCNT_0 and TCNT_1.

For GR settings, see Setting GR Value in
Complementary PWM Mode in section
12.4.7, Complementary PWM Mode.

Use TOER to enable or disable the timer
output.

Set the STRO and STR1 bits in TSTR to 1
to start the count operation.

PWM mode. After that, repeat the setting procedures from step [1].

For settings of waveform outputs with a duty cycle of 0% and 100%, see Examples of
Complementary PWM Mode Operation and Setting GR Value in Complementary PWM

Mode in section 12.4.7, Complementary PWM Mode.

Figure12.29 Example of Complementary PWM M ode Setting Procedure
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Section 12 Timer Z

IMF Flag Set Timing at Input Capture: When an input capture signal is generated, the IMF flag
isset to 1 and the value of TCNT is simultaneously transferred to corresponding GR. Figure 12.49

shows the timing.

TSN U A
Input capture
signal | |
IMF I

TCNT N

o N4 .

IT™MZ |

Figure12.49 IMF Flag Set Timing at I nput Capture

Overflow Flag (OVF) Set Timing: The overflow flag is set to 1 when the TCNT overflows.
Figure 12.50 shows the timing.

TCNT H'FFFF >< H'0000
Overflow I_l
signal

OVF |

IT™MZ |

Figure 1250 OVF Flag Set Timing
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Section 14 Serial Communication Interface 3 (SCI3)

Initial
Bit Bit Name Value R/W

Description

3 PER 0 R/W

Parity Error

[Setting condition]

e When a parity error is detected during reception
[Clearing condition]

¢ When 0 is written to PER after reading PER = 1

2 TEND 1 R

Transmit End
[Setting conditions]
e When the TE bit in SCR3 is 0

e When TDRE = 1 at transmission of the last bit of a 1-
frame serial transmit character

[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
e When the transmit data is written to TDR

1 MPBR 0 R

Multiprocessor Bit Receive

MPBR stores the multiprocessor bit in the receive
character data. When the RE bit in SCRS3 is cleared to 0,
its state is retained.

0 MPBT 0 R/W

Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit character data.
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Section 14 Serial Communication Interface 3 (SCI3)

Table14.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (2)

Operating Frequency ¢ (MHz)

6 6.144 7.3728

Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07
150 2 77 0.14 2 79 0.00 2 95 0.00
300 1 155 0.14 1 159 0.00 1 191 0.00
600 1 77 0.14 1 79 0.00 1 95 0.00
1200 0 155 0.14 0 159 0.00 0 191 0.00
2400 0 77 0.14 0 79 0.00 0 95 0.00
4800 0 38 0.14 0 39 0.00 0 47 0.00
9600 0 19 -2.34 0 19 0.00 0 23 0.00
19200 0 -2.34 0 0.00 0 11 0.00
31250 0 0.00 0 2.40 0 6 5.33
38400 0 -2.34 0 0.00 0 5 0.00
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Section 14 Serial Communication Interface 3 (SCI3)

( Start transmission ) [1] Read SSR and check that the
IA TDRE flag is set to 1, then write
- transmit data to TDR. When data is
m | Read TDRE flag in SSR | written to TDR, the TDRE flag is
automaticaly cleared to 0.

No [2] To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

Yes then write data to TDR. When data
is written to TDR, the TDRE flag is
Write transmit data to TDR automaticaly cleared to 0.
[3] To output a break in serial
transmission, after setting PCR to 1
v and PDR to 0, clear TxD in PMR1
es e
2] All data transmitted? to 0, then clear the TE bit in SCR3
to 0.
No
Read TEND flag in SSR
[3] Break output?

Clear PDR to 0 and
set PCRto 1

[

|
Clear TE bit in SCR3 to 0

<End>

Figure14.6 Sample Serial Transmission Data Flowchart (Asynchronous M ode)

Rev. 4.00 Mar. 15,2006 Page 273 of 556
RENESAS REJ09B0026-0400




Section 14 Serial Communication Interface 3 (SCI3)

1454  Serial Data Reception (Clocked Synchronous M ode)

Figure 14.12 shows an example of SCI3 operation for reception in clocked synchronous mode. In
serial reception, the SCI3 operates as described below.

1.

The SCI3 performs internal initialization synchronous with a synchronization clock input or
output, starts receiving data.

The SCI3 stores the receive datain RSR.

If an overrun error occurs (when reception of the next data is completed while the RDRF flag
in SSRis still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCR3isset to 1 at this
time, an ERI interrupt request is generated, receive datais not transferred to RDR, and the
RDRF flag remainsto be set to 1.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive dataiis
transferred to RDR. If the RIE bit in SCR3is set to 1 at thistime, an RXI interrupt request is
generated.

ol N ANV WAV ANV ANV AN S W

Seral 3( Bit7 X Bito X X Bit7 X Bito X Bit1 X X Bite X Bit7

1 frame 1 frame

RDRF ] . |
OER / } T } {t |
LSI RXlinterrupt  RDRF flag RXl interrupt request generated ERI interrupt request
operation request cleared generated by

generated to0 overrun error
User RDR data read RDR data has Overrun error
processing not been read processing

(RDRF = 1)

Figure14.12 Example of SCI3 Reception in Clocked Synchronous Mode

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bitsto O before resuming reception. Figure 14.13 shows a sample flow
chart for serial data reception.
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Section 14 Serial Communication Interface 3 (SCI3)

Transmitting
station
Serial transmission line

Receiving Receiving Receiving Receiving

station A station B station C station D

(ID = 01) (ID =02) (ID=03) (ID = 04)
Serial - -
data Ji \ [ Hot [ \ [ wan \ \ [

. (MPB=1)! (MPB = 0)
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

[Legend]
MPB: Multiprocessor bit

Figure14.15 Example of Inter-Processor Communication Using M ultiprocessor For mat
(Transmission of Data H'AA to Receiving Station A)

14.6.1 Multiprocessor Serial Data Transmission

Figure 14.14 shows a sample flowchart for multiprocessor serial data transmission. For an 1D
transmission cycle, set the MPBT hit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI3 operations are the same
as those in asynchronous mode.
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Section 16 Synchronous Serial Communication Unit (SSU)

Serial Data Transmission and Reception: Data transmission and reception is a combined
operation of data transmission and reception which are described before. Transmission and
reception is started by writing datain SSTDR. When the eighth clock rises or the ORER hit is set
to 1 while the TDRE bit is set to 1, transmission and reception is stopped.

To switch from transmit mode (TE = 1) or receive mode (RE = 1) to transmit and receive mode
(TE = RE = 1), the TE and RE hits should be cleared to 0. After confirming that the TEND,
RDRF, and ORER bits are cleared to 0, set the TE and RE bitsto 1.

Figure 16.9 shows a sample flowchart for serial transmit and receive operations.

Rev. 4.00 Mar. 15,2006 Page 368 of 556
REJ09B0026-0400 RENESAS



Section 22 Electrical Characteristics

22.3

2231

Power Supply Voltage and Operating Ranges

Electrical Characteristics (Masked ROM Version)

Power Supply Voltage and Oscillation Frequency Range:

dosc (MHz)
20.0 --

10.0 --1--

2.0 --{--

2.7 4.0 5.5

AVCC =33t055V
¢ Active mode
e Sleep mode

dosc (MHz)
850.0 --
64.0 --
Vee (V)

4.0 5.5

Vee (V)

AVCC =33t055V
¢ Active mode

¢ Sleep mode

¢ Subactive mode
¢ Subsleep mode

Note: This frequency range is supplied by the on-chip
oscillator for the subtimer and is guaranteed.

Power Supply Voltage and Operating Frequency Range:

¢ (MHz) o (kHz)
20.0 f----------- 2500 f-----------
10.0 f---- . 1250 f---- ;
1.0 f---- : :
| : ! 78.125 | ---- :
27 4.0 55 Vg (V) 2.7 4.0 55 Vg (V)
AVCC =33 to55V AVCC =3.3t05.5V
¢ Active mode * Active mode
e Sleep mode ¢ Sleep mode
(When MA2 in SYSCR2=0) (When MA2 in SYSCR2 = 1)
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Section 22 Electrical Characteristics

Table 22.13 DC Characteristics (2)

V,.=27t055V,V_ =00V, T,=-20to +75°C (regular specifications) or T, = —40 to +85°C
(wide-range specifications), unless otherwise indicated.

Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit
Allowable output low |, Output pins Vi.=40t055V — — 2.0 mA
current (per pin) except port 6

Port 6 — — 20.0

Output pins — — 0.5

except port 6

Port 6 — — 10.0
Allowable output low I, Output pins Voo =4.0t055V — — 40.0 mA
current (total) except port 6

Port 6 — — 80.0

Output pins — — 20.0

except port 6

Port 6 — — 40.0
Allowable output high |-1,,]  Alloutputpins ~ V,,=4.0t055V  — — 2.0 mA
current (per pin) _ _ 02
Allowable output high X |-lo,| Al output pins  V, =4.0t055V  — — 30.0 mA
current (total) _ _ 8.0
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Section 22 Electrical Characteristics

VoL VoL
CK -
thrxp
{( {(
HTXD L ) )Y
(transmit data) N (( I
1) 1)
thrrxs | thRxH
HRXD

(receive data)

i

) G

Figure22.6 TinyCAN Input/Output Timing

ViH or VoH
SSCK

ViH or VoH

T

<tH|->

=M

[\

‘«— tSUCYC —

SSO (output) X

\

tOD ha

X

SSI (input) X_

X

‘tSU*

-1 —

Figure22.7 SSU Input/Output Timing in Clocked Synchronous M ode
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