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M16C/65C Group

1. Overview

Table 1.4 Specifications for the 100-Pin Package (2/2)
ltem Function Description
16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse width
. modulation (PWM) mode
Timer A . .
Event counter two-phase pulse signal processing (two-phase encoder
input) x 3
Programmable output mode x 3
16-bit timer x 6
Timer B Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode
Timers Three-phase motor control * Three-phase inverter control (timer A1, timer A2, timer A4, timer B2)
timer functions * On-chip dead time timer
Real-time clock Count: seconds, minutes, hours, days of the week
PWM function 8 bits x 2
® 2 circuits
* 4 wave pattern matchings (differentiate wave pattern for headers, data
Remote control signal receiver | 0, data 1, and special data)
* 6-byte receive buffer (1 circuit only)
® Operating frequency of 32 kHz
. UARTO to UART2, UARTS to Clock synchronous/asy.nchronous x 6 channels
Serial UART7 I2C-bus, IEBuS, special mode 2
Interface SIM (UART2)
SI/03, SI/04 Clock synchronization only x 2 channels

Multi-master 12C-bus Interface

1 channel

CEC Functions (2

CEC transmit/receive, arbitration lost detection, ACK automatic output,
operation frequency of 32 kHz

A/D Converter

10-bit resolution x 26 channels, including sample and hold function
Conversion time: 1.72 us

D/A Converter

8-bit resolution x 2 circuits

CRC Calculator

CRC-CCITT (X16 + X12 + X5 + 1),
CRC-16 (X16 + X15 + X2 + 1) compliant

Flash Memory

* Program and erase power supply voltage: 2.7 to 5.5V

* Program and erase cycles: 1,000 times (program ROM 1, program
ROM 2), 10,000 times (data flash)
* Program security: ROM code protect, ID code check

Debug Functions

On-chip debug, on-board flash rewrite, address match interrupt x 4

Operation Frequency/Supply Voltage

25 MHz/VCC1=2.7t0 5.5V, VCC2 =2.7 Vto VCC1
32 MHz/VCC1=2.7t05.5V,VCC2=2.7 Vto VCC1

Current Consumption

Refer to the Electrical Characteristics chapter

Operating Temperature

-20°C to 85°C, -40°C to 85°C (1)

Package

100-pin QFP: PRQP0100JD-B (Previous package code: 100P6F-A)
100-pin LQFP: PLQPO0100KB-A (Previous package code: 100P6Q-A)

Notes:

1. See Table 1.5 “Product List (N-Version)” to Table 1.6 “Product List (D-Version)” for the operating temperature.

2.

The CEC function indicates circuitry which supports the transmission and reception of CEC signals standardized
by the High-Definition Multimedia Interface (HDMI). HDMI and High-Definition Multimedia Interface are

registered trademarks of HDMI Licensing, LLC.
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M16C/65C Group

1. Overview

1.4 Block Diagram
Figure 1.3 to Figure 1.4 show block diagrams.

8 8 8 8 8 8 8 8

A A A A A Y A Y
Port PO| |[Port P1| |PortP2| |PortP3| |PortP4| [Port P5| |Port P12| |Port P13

VCC2 ports
Internal peripheral functions UART or System clock generator
Timer (16 bit) clock synchronous serial 1/0 XIN-XOUT
(6 channels) XCIN-XCOUT

PLL frequency synthesizer
On-chip oscillator (125 kHz)
High-speed on-chip oscillator

Outputs (timer A): 5
Inputs (timer B): 6

Clock synchronous serial 1/0
(8 bit x 2 channels)

Three-phase
motor control circuit

DMAC
(4 channels)

Multi-master 12C-bus interface
(1 channel)

Real-time clock CRC arithmetic circuit

(CRC-CCITT or CRC-16)

CEC function

PWM function (8 bit x 2)

Remote control signal Voltage detector

receiver (2 circuits) Power-on reset

Watchdog timer On-chip debugger

(15 bit)
AID converter M16C/60 Series CPU core Memory
(10-bit resolution x 26

channels) ROH | ROL ROM @

R LRI
D/A converter R2 — ©

(8-bit resolution x 2 R3 RAM

circuits) 0 | INTB |

AL | PC |
FB FLG Multiplier

VCC1 ports

|Port P14| |PortP11| [PortP10| |PortP9| |PortP8| [PortP7| | Port P6 |

S S SR N MU SR
I° P I°

I° /° /°
Notes:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.
Figure 1.3  Block Diagram for the 128-Pin Package
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M16C/65C Group

1. Overview
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Y Y A A A A
PortPO | | PortP1 | | PortP2 | | PortP3 | | PortP4 | | Port P5

VCC2 ports

Internal peripheral functions

Timer (16 bit)

Outputs (timer A): 5
Inputs (timer B): 6

UART or

clock synchronous serial I/0

(6 channels)

Clock synchronous serial 1/0

(8 bit x 2 channels)

System clock generator

XIN-XOUT
XCIN-XCOUT

PLL frequency synthesizer
On-chip oscillator (125 kHz)
High-speed on-chip oscillator

Three-phase motor control
circuit

@

Multi-master 12C-bus interface

channel)

DMAC (4 channels)

Real-time clock

PWM function (8 bit x 2)

CEC function

Remote control signal
receiver (2 circuits)

Watchdog timer

CRC arithmetic circuit
(CRC-CCITT or CRC-16)

Voltage detector

Power-on reset

On-chip debugger

Notes:

1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

(15 bit)
A/D converter M16C/60 Series CPU core Memory
(10-bit resolution x 26
channels) Rod T ROL ROM ®
i | R
D/A converter R2 usP
(8-bit resolution x 2 R3 ISP RAM @
circuits) | INTB |
AD | oC |
Al
FB FLG Multiplier
VCC1 ports
Port P10 || PortP9 || PortP8 || PortP7 || Port P6
A A A A A
8 8 8 8 8
A\ 4 v v \ 4 \ 4

Figure 1.4

Block Diagram for the 100-Pin Package
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M16C/65C Group 1. Overview
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Notes:
1. N-channel open drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two
separate functional signals.

Figure 1.6  Pin Assignment for the 100-Pin Package
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M16C/65C Group

1. Overview

Table 1.16  Pin Functions for the 100-Pin Package (2/3)
Signal Name Pin Name I/O | Power Supply Description
Main clock input XIN | VCC1 I/O for the main clock oscillator. Connect a ceramic
resonator or crystal between pins XIN and XOUT. (1)
Input ( I clock to XIN pi dl XOUT pi
Main clock output XOUT 0 Veel 0nlopeun.an external clock to pin and leave pin
Sub clock input XCIN | VCC1 I/O for a sub clock oscillator. Connect a crystal between
XCIN pin and XCOUT pin. @ Input an external clock to
Sub clock output XCOUT o} VCC1 XCIN pin and leave XCOUT pin open.
BCLK output BCLK (0] VCC2 Outputs the BCLK signal.
Clock output CLKOUT o VCC2 fOslétputs a clock with the same frequency as fC, f1, {8, or
__ _ INTO to INT2 | VCC1 .
INT interrupt input ——— Input for the INT interrupt.
INT3to INT7 I VCC2
NMI interrupt input NMI I VCC1 Input for the NMI interrupt.
;E%(Jtmpm interrupt KI0 to KI3 I VCC1 Input for the key input interrupt.
TAOOUT to 1o VCel I/O for timers AQ to A4 (TAOOUT is N-channel open drain
_ TA40UT output).
Timer A TAOIN to TA4IN | | VCC1  |Input for timers AO to A4.
ZP I VCC1 Input for Z-phase.
Timer B TBOIN to TB5IN | | VCC1 Input for timers BO to B5.
uuv,VwWw| o VCC1 Output for the three-phase motor control timer.
Three-phase motor &N "
control timer SD I VCC1 Forced cutoff input.
IDU, IDV, IDW I VCC2 Input for the position data.
chuet%tttime clock RTCOUT (@] VCC1 Output for the real-time clock.
PWM output PWMO, PWM1 | O | VCC1, VCC2 |PWM output.
Remote control : .
signal receiver input PMCO, PMC1 I VCC1 Input for the remote control signal receiver.
CTSO0 to CTS2, | vVCel . -
CTS5 Input pins to control data transmission.
CTS6, CTS7 I VCC2
RTSO0 to RTS2, o veel . .
RTS5 Qutput pins to control data reception.
RTS6, RTS7 O VCC2
CLKOto CLK2, | /o VCC1
Serial interface CLKS Transmit/receive clock /0.
UARTO to UART2, CLK®6, CLK7 /10 VCC2
UARTS to UART7 RXDO to RXD2,
| vCcCl ) _
RXD5 Serial data input.
RXD6, RXD7 I VCC2
TXDO to TXD2, o vVeel -
TXD5 Serial data output. (2)
TXD6, TXD7 O VCC2
CLKS1 o veel Output for the transmit/receive clock multiple-pin output

function.

Notes:

1. Contact the manufacturer of crystal/ceramic resonator regarding the oscillation characteristics.
2. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i =0, 1, 5 to 7), SDAI, and SCLi can be
selected as CMOS output pins or N-channel open drain output pins.
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M16C/65C Group 2. Central Processing Unit (CPU)

2.1 Data Registers (RO, R1, R2, and R3)

RO, R1, R2, and R3 are 16-bit registers used for transfer, arithmetic, and logic operations. RO and R1 can
be split into upper (ROH/R1H) and lower (ROL/R1L) bits to be used separately as 8-bit data registers.

RO can be combined with R2, and R3 can be combined with R1 and be used as 32-bit data registers
R2R0 and R3R1, respectively.

2.2 Address Registers (A0 and Al)

A0 and Al are 16-bit registers used for indirect addressing, relative addressing, transfer, arithmetic, and
logic operations. A0 can be combined with A1 and used as a 32-bit address register (A1AQ).

2.3 Frame Base Register (FB)

FB is a 16-bit register that is used for FB relative addressing.

24 Interrupt Table Register (INTB)
INTB is a 20-bit register that indicates the start address of a relocatable interrupt vector table.

2.5 Program Counter (PC)
The PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The USP and ISP stack pointers (SP) are each comprised of 16 bits. The U flag is used to switch between
USP and ISP.

2.7 Static Base Register (SB)
SB is a 16-bit register used for SB relative addressing.

2.8 Flag Register (FLG)
FLG is an 11-bit register that indicates the CPU state.

2.8.1 Carry Flag (C Flag)
The C flag retains a carry, borrow, or shift-out bit generated by the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)
The D flag is for debugging only. Set it to 0.

2.8.3 Zero Flag (Z Flag)
The Z flag becomes 1 when an arithmetic operation results in 0. Otherwise, it becomes 0.

2.8.4 Sign Flag (S Flag)

The S flag becomes 1 when an arithmetic operation results in a negative value. Otherwise, it becomes
0.

2.8.5 Register Bank Select Flag (B Flag)
Register bank 0 is selected when the B flag is 0. Register bank 1 is selected when this flag is 1.

2.8.6 Overflow Flag (O Flag)

The O flag becomes 1 when an arithmetic operation results in an overflow. Otherwise, it becomes 0.

R0O1DS0015EJ0110 Rev.1.10 :{ENESAS Page 25 of 109
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M16C/65C Group 3. Address Space

3. Address Space

3.1 Address Space

The M16C/65C Group has a 1 MB address space from 00000h to FFFFFh. Address space is expandable to
4 MB with the memory area expansion function. Addresses 40000h to BFFFFh can be used as external
areas from bank 0 to bank 7. Figure 3.1 shows the Address Space. Areas that can be accessed vary
depending on processor mode and the status of each control bit.

Memory expansion mode
00000h SER
00400h Internal RAM The internal RAM is allocated
from address 00400h higher.
Reserved area
04000h External area
0D000h SER
0D800h
External area In 4 MB mod
n mode
OEO0O0Oh
Internal ROM When data flash is enabled
(data flash) I Bank 7
10000h Internal ROM When program ROM 2 I y
1MB (program ROM 2) | is enabled Bank 6
dd 14000h I Bank 5
address space External area I
Bank 4
27000h I
Reserved area Bank 3
28000h I Bank 2
_ I Bank 1
40000h
External area
Bank 0
|BEFFFh _____ 512 KB x 8
D0000h
Reserved area
Internal ROM Program ROM 1 is allocated from
(program ROM 1) | address FFFFFh lower.
FFFFFh
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following condition:
- The PM13 bit in the PM1 register is O
(addresses 04000h to OCFFFh and 80000h to CFFFFh are used as external areas)

Figure 3.1  Address Space
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M16C/65C Group

4. Special Function Registers (SFRs)

4.2 Notes on SFRs

4.2.1 Register Settings

Table 4.19 lists Registers with Write-Only Bits and registers whose function differs between reading and
writing. Set these registers with immediate values. Do not use read-modify-write instructions. When
establishing the next value by altering the existing value, write the existing value to the RAM as well as
to the register. Transfer the next value to the register after making changes in the RAM.
Read-modify-write instructions can be used when writing to the no register bits.

Table 4.19  Registers with Write-Only Bits
Address Register Symbol
0249h UARTO Bit Rate Register UOBRG
024Bh to 024Ah UARTO Transmit Buffer Register uoTB
0259h UARTL1 Bit Rate Register U1BRG
025Bh to 025Ah UART1 Transmit Buffer Register UlTB
0269h UART2 Bit Rate Register U2BRG
026Bh to 026Ah UART2 Transmit Buffer Register uz2TB
0273h S1/0O3 Bit Rate Register S3BRG
0277h S1/O4 Bit Rate Register S4BRG
0289h UARTS5 Bit Rate Register USBRG
028Bh to 028Ah UARTS5 Transmit Buffer Register USTB
0299 UART®6 Bit Rate Register U6BRG
029Bh to 029Ah UART®6 Transmit Buffer Register U6TB
02A9%9h UARTY7 Bit Rate Register U7BRG
02ABh to 02AAh UARTY Transmit Buffer Register U7TB
02B6h 12C0 Control Register 1 S3D0
02B8h I12C0 Status Register 0 S10
0303h to 0302h Timer Al-1 Register TA11l
0305h to 0304h Timer A2-1 Register TA21
0307h to 0306h Timer A4-1 Register TA41
030Ah Three-Phase Output Buffer Register 0 IDBO
030Bh Three-Phase Output Buffer Register 1 IDB1
030Ch Dead Time Timer DTT
030Dh Timer B2 Interrupt Generation Frequency Set Counter ICTB2
0327h to 0326h Timer AO Register TAO
0329h to 0328h Timer Al Register TA1l
032Bh to 032Ah Timer A2 Register TA2
032Dh to 032Ch Timer A3 Register TA3
032Fh to 032Eh Timer A4 Register TA4
037Dh Watchdog Timer Refresh Register WDTR
037Eh Watchdog Timer Start Register WDTS

RO1DS0015EJ0110 Rev.1.10
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M16C/65C Group

4. Special Function Registers (SFRs)

Table 4.20 Read-Modify-Write Instructions

Function Mnemonic
Transfer MOVDir
Bit processing BCLR, BMCnd, BNOT, BSET, BTSTC, and BTSTS

Shifting

ROLC, RORC, ROT, SHA, and SHL

Arithmetic operation

ABS, ADC, ADCF, ADD, DEC, DIV, DIVU, DIVX, EXTS, INC, MUL, MULU, NEG,

SBB, and SUB

Decimal operation

DADC, DADD, DSBB, and DSUB

Logical operation

AND, NOT, OR, and XOR

Jump

ADJNZ, SBINZ
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M16C/65C Group 5. Electrical Characteristics

5. Electrical Characteristics

5.1 Electrical Characteristics (Common to 3V and 5V)
51.1 Absolute Maximum Rating

Table 5.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
Veer Supply voltage Veer = AVece -0.3t06.5 \Y
Ve Supply voltage Veer = AVee -0.3t0 Ve +0.1 ()| V
AVce Analog supply voltage Veer = AVee -0.3t06.5 \Y,
VREE Analog reference voltage Veer = AVee -0.3to Ve +0.1 ()| V
V| Input voltage |RESET, CNVSS, BYTE, -0.3t0 Vg1 + 03|V

P6_0to P6_7, P7_2to P7_7,
P8_0to P8_4, P8_6, P8_7,
P9_0to P9_7, P10_0to P10_7,
P11 Oto P11_7,P14 0, P14 1
XIN
PO_0toP0O_7,P1_OtoP1_7, -0.3t0Vgep+03 M)V
P2_0toP2_7,P3_0toP3_7,
P4_0toP4_7,P5_0toP5_7,
P12_0toP12_7,P13 Oto P13_7
P7_0,P7_1,P8.5 -0.3106.5 v
Vo Output voltage |P6_0 to P6_7, P7_2 to P7_7, -0.3t0 Vg +03 M)V
P8_0to P8_4, P8_6, P8_7,
P9_0to P9_7, P10_0 to P10_7,
P11 Oto P11_7,P14 0, P14 1
XOouT
PO_0toP0O_7,P1_OtoP1_7, -0.3t0Vgep+03 M|V
P2_0toP2_7,P3_0toP3_7,
P4_0toP4_7,P5_0toP5_7,
P12_0toP12_7,P13 Oto P13_7

P7_0,P7_1,P8_5 -0.3t06.5 \Y,
Py Power consumption —40°C < T, < 85°C 300 mw
Topr Operating When the MCU is operating —-20to 85/-40t0 85 | °C
temperature | Flash program erase Program area 0 to 60
Data area —20 to 85/-40 to 85
Tstg Storage temperature —65 to 150 °C

Note:
1. Maximum value is 6.5 V.
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M16C/65C Group

5. Electrical Characteristics

Timing Requirements
(Veec1 =Vec2 =5V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

Veer =

VCCZ =5V

5.2.2.4  Timer B Input
Table 5.29  Timer B Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter i Mo, Unit
teTe) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBIIN input high pulse width (counted on one edge) 40 ns
tw(TBL) TBIIN input low pulse width (counted on one edge) 40 ns
teTB) TBIIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBIIN input high pulse width (counted on both edges) 80 ns
tw(tBL) TBIIN input low pulse width (counted on both edges) 80 ns
Table 5.30  Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tere) TBIIN input cycle time 400 ns
tw(TBH) TBIIN input high pulse width 200 ns
fw(TBL) TBIIN input low pulse width 200 s
Table 5.31  Timer B Input (Pulse Width Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
ters) TBIIN input cycle time 400 ns
tw(TBH) TBIIN input high pulse width 200 ns
tw(TBL) TBIIN input low pulse width 200 ns
e(TB)
tw(TBH)
TBIIN input \
tw(TBL)
«
Figure 5.9  Timer B Input
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M16C/65C Group

5. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode Vce1= Vec2 =5V
(in no wait state setting)
Read timing
I I I I
| : I I : I I |
U A G2 S L VS S
) I I
! ItxzngC(LK c)s1 | t@cLk-cs)| : : : :
"_’i ns(max.) | HOns(mm) [ | | | [
__ | | ' + | | /—;_
Csi L\ | Y | 1\ | | |
I I I I
o g | ’ | | |
| : I I : I I |
| | | | | | | |
| ! i i ! i i |
| taecLk-AD)! | th(BCLK-AD) | i ! |
ADI |<—>|25ns(max) | H Ons(min.) | | I ! |
I T / T H H T H H T
vt | X | I X I | X i i X |
BHE . , i - ! ; ; !
I td(BCLK-ALE) | th(BCLK-ALE [ anl | I I |
S e : | | |
I I
1 I
I 1 th(BCLK-RD) | I I
R, R l | : |
RD : i | /I o\ : / o\ | / |
| 1 |
! tac1(RD- DB) = l : l ! !
(0.5 x tyc -45)ns(max.) ﬂ—b: : | : : | : : |
T 1 T R o e T U G o S
DBi o kbt - —-T- —————= -——T-
i 3 et GEEE . i T
| tsu(DB-RD) ————»1e—ith(RD- DB) | | I |
' 50ns(min.) ! " lons(min) ' ' ' '
Write timing
I I J | I I I
BCLK td(BCLK-CS) | | ! U | I
I 25ns(max.) : : : : |Or(|Es;($r|1_i§-)CS): : :
le—»! | : |
N : : : : ! | 1 : : +
csi P\ I ' ! L/ : | :
1 r T T | ] I |
L feye! | ! b | | !
e » | |
I I I ! I ! . !
| I I : | I I :
I tyBCLk-AD)! : | ! th(BCLK -AD) : : |
I 25ns(max.) | | : ! ps(mln ) | | :
e I
ADi : ) : : i | X T : !
BHE ' ! ! ; L : ! ;
:ltg ((:nlagx'?LE) ' tljl(nBS((:fh:(n ?LE] 3 thwr-aD) ! | I |
e ¥l : 1 1(0.5 x toye - 10)ns(min.) I | I
ALE B | : T ' i |
1 1
: I I taeLkwr)] ! thBCLK-WR) | : | i
- | | 25ns(max.) g—.} —;Il :4— ons(min.)" | 1 | :
WR, WRL, — I ! h | I ' T
WRH ! | P 1/ : | : !
I
! : d(ecL-DB)! | : | | I
| | h_’[40ns(ma><) : " | : : :
1 I s +
Hi-Z TT 1
DBi -t - :—I————J'—{ ! ! -———t-—— :—————T—
[N N
| : | e | |
! : td(DB WR) thwr-DB)' ! : :
(0.5 x teyc-40)ns(min.) (0.5 x teyc - 20)ns(min.)
h fiBCLK)
Measuring conditions
¢ Vcc1= \ec2 =5V
¢ Input timing voltage: ML = 0.8V, \H =2.0V
¢ Output timing voltage: \bL = 0.4V, \by =2.4V

Figure 5.15 Timing Diagram
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M16C/65C Group 5. Electrical Characteristics

Vee1=Vee2=5V

Switching Characteristics
(Vec1=Vee2 =5V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.2.4.2 In 1 to 3 Waits Setting and When Accessing External Area

Table 5.37 Memory Expansion Mode and Microprocessor Mode (in 1 to 3 Waits Setting and When

Accessing External Area)

i Standard
Symbol Parameter Measgr_lng - Unit
Condition Min. Max.
tyscLk-ap)  |Address output delay time 25 ns
thcLk-ap)  |Address output hold time (in relation to BCLK) 0 ns
th(rRD-AD) Address output hold time (in relation to RD) 0 ns
th(WR-AD) Address output hold time (in relation to WR) (Note 2) ns
taecLK-CS) Chip select output delay time 25 ns
th@cLK-CS) Chip select output hold time (in relation to BCLK) 0 ns
tayecLk-ALE) |ALE signal output delay time 15 ns
thecLk-aLE)  |ALE signal output hold time See -4 ns
tyscLk-rp)  |RD signal output delay time Figure 5.14 25 ns
theck-rpy  |RD signal output hold time 0 ns
tyscLk-wr)  |WR signal output delay time 25 ns
theclk-wr) | WR signal output hold time 0 ns
t4BCLK-DB) Data output delay time (in relation to BCLK) 40 ns
t4B-WR) Data output delay time (in relation to WR) (Note 1) ns
th(wR-DB) Data output hold time (in relation to WR)(3) (Note 4) ns
Notes:
1. Calculated according to the BCLK frequency as follows:
n—05)x 10° nis 1 for 1 wait setting, 2 for 2 waits setting and 3 for 3 waits setting.
L————L——f —40[ns] When n = 1, fgcik) is 12.5 MHz or less.
(BCLK)
2. Calculated according to the BCLK frequency as follows:
9
05x10" 10[ns]
feeLky
3. This standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up
(pull-down) resistance value. R
Hold time of data bus is expressed in
t=-CR x In(l - VOLNCCZ) DBi
by a circuit of the right figure. C
For example, when Vg = 0.2V¢ep, C =30 pF, R = 1 kQ, hold ;I/;
time of output low level is
t=-30 pF x 1 kQ x In(l - O'ZVCCZIVCCZ)
=6.7ns.
4. Calculated according to the BCLK frequency as follows:
9
0.5x 10 —20[ns]
(BCLK)
Hold time is equal to or less than 0 ns when the BCLK frequency exceeds 25 MHz.
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Vcc2 =5V

5. Electrical Characteristics

Vccei

teye

(in wait state setting2 ¢ +3¢,2¢+4 ¢,30 +4 ¢,and 4 ¢ + 5 ¢, and
when inserting 1 to 3 recovery cycles and accessing external area)

Memory Expansion Mode and Microprocessor Mode

Read timing
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4(when2¢+4dor3d+4d¢)
5(when4 ¢ +5¢)

m: 1 (when 1 recovery cycle inserted )
2 (when 2 recovery cycles inserted)
3 (when 3 recovery cycles inserted)

n: 3 (when 2 ¢ + 3 ¢)

RENESAS

24V

20V

5v
¢ Input timing voltage: ML = 0.8 V, 1

* Output timing voltage: \bL = 0.4 V, \bH

Measuring conditions
* Vcc1= \ec2

Figure 5.19 Timing Diagram
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M16C/65C Group

5. Electrical Characteristics

5.3 Electrical Characteristics (Vcc1 = Veez =3 V)
53.1 Electrical Characteristics
VCC1=VCC2=3V
Table 5.41  Electrical Characteristics (1) (1)
Vee1=Vee2=2.7103.3V,Vgg=0Vat Ty, =-20°C to 85°C/-40°C t0 85°C, fgcLky = 32 MHz unless otherwise specified.
. " Standard .
Symbol Parameter Measuring Condition - Unit
Min. Typ. | Max.
VOH ngh P6 0toP6_7,P7_2to P7_7,P8 0to P8_4, IOH =-1mA VCCl -0.5 VCCl \%
output P8_6, P8 _7,P9_0to P9_7, P10_0to P10_7,
voltage P11 Oto P11 _7,P14 0,P14 1
PO OtoPO_7,P1 OtoP1_7,P2 OtoP2_7, IOH =-1mA Vcc2 -0.5 VCCZ
P3_0toP3_7,P4_0toP4_7,P5_0to P5_7,
P12 _0to P12_7,P13_0to P13_7
VoH High output voltage ~ XOUT HIGH POWER lon =-0.1 mA Vee1-0.5 Veer | V
LOW POWER IOH =-50 },lA VCCl -05 VCCl
High output voltage ~ XCOUT HIGH POWER With no load applied 2.6 \Y
LOW POWER With no load applied 2.2
VoL Low output ([P6_0to P6_7,P7_0toP7_7,P8_0toP8_7,P9_0to |lg =1mA 0.5 \
voltage P9_7,P10_0toP10_7,P11_OtoP11_7,P14 0,P14_1
PO_0toPO_7,P1 _OtoP1_7,P2_0to P2_7, lo.=1mA 0.5
P3 0toP3_7,P4_0toP4_7,P5_0to P5_7,
P12 _0to P12_7,P13_0to P13_7
CEC lo.=1mA 0 0.5 \Y;
VoL Low output voltage ~ XOUT HIGH POWER lop =0.1mA 0.5 \
LOW POWER loL =50 pA 0.5
Low output voltage ~ XCOUT HIGH POWER With no load applied 0 Y
LOW POWER With no load applied 0
Vr4+-V1. |Hysteresis [HOLD, RDY, TAOIN to TA4IN, TBOIN to TB5IN, INTO to 0.2 1.0 \Y
INT7, NMI, ADTRG, CTS0 to CTS2, CTS5 to CTS7,
SCLO to SCL2, SCL5 to SCL7, SDAO to SDA2, SDA5S
to SDA7, CLKO to CLK7, TAOOUT to TA40UT, KIO to
KI3, RXDO to RXD2, RXD5 to RXD7, SIN3, SIN4, SD,
PMCO, PMC1, SCLMM, SDAMM, ZP, IDU, IDV, IDW
CEC 0.2 0.5 1.0 \Y
RESET 0.2 1.8 \
H High input [PO_OtoPO_7,P1_0toP1_7,P2_0toP2_ 7, V=3V 40 | pA
current P3_0toP3_7,P4_0toP4_7,P5 0toP5_7,
P6_0to P6_7,P7_0toP7_7,P8_0to P8 7,
P9_0to P9_7,P10_0to P10_7, P11_0Oto P11_7,
P12 _0to P12_7,P13_0to P13_7,P14 0,P14_1
XIN, RESET, CNVSS, BYTE
- Leakage current in powered-off state CEC Veec1 =0V 1.8 | pA
m Low input |PO_OtoPO_7,P1 OtoP1 7,P2_0toP2_7, V=0V -4.0 | pA
current P3 0toP3 7,P4 OtoP4_7,P5 0toP5_7,
P6_0to P6_7, P7_0to P7_7,P8_0to P8_7,
P9 _0toP9_7,P10_0to P10_7, P11_0Oto P11_7,
P12_0to P12_7,P13_0to P13_7,P14_0,P14_1
XIN, RESET, CNVSS, BYTE
RpuLLup |Pull-up PO_OtoPO_7,P1 0toP1_7,P2_0to P2_7, V=0V 50 80 150 | kQ
resistance |P3_0toP3_7,P4_0toP4_7,P5 0toP5_7,
P6_0to P6_7, P7_2to P7_7, P8_0to P8_4,
P8 _6,P8_7,P9 0to P9_7, P10_0to P10_7,
P11_0Oto P11_7,P12 0Oto P12_7,P13_0to
P13 7,P14 0,P14_1
Rexin Feedback resistance XIN 3.0 MQ
VRAM RAM retention voltage In stop mode 1.8 \Y
Note:

1. When Ve # Ve, refer to 5V or 3 V standard depending on the voltage.
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M16C/65C Group

5. Electrical Characteristics

Table 5.43

Electrical Characteristics (3) (1/2)
R5F3651ECNFC, R5F3651KCNFC, R5F3650KCNFA, R5F3650KCNFB, R5F3651MCNFC, R5F3650MCNFA,

R5F3650MCNFB, R5F3651NCNFC, RSF3650NCNFA, RSF3650NCNFB,

R5F3651ECDFC, R5F3651KCDFC, R5F3650KCDFA, R5F3650KCDFB, R5F3651MCDFC, R5F3650MCDFA,

R5F3650MCDFB, R5F3651NCDFC, R5F3650NCDFA, R5F3650NCDFB
Vee1=Vee2=2.7103.3V,Vgg=0Vat Ty, =-20°C t085°C/-40°Ct0 85°C, f(gcLk) = 32 MHz unless otherwise specified.

Vec1=Vec2 =3V

Symbol Parameter

Measuring Condition

Standard

Min.

Typ.

Max.

Unit

Rixcin

Feedback resistance
XCIN

16

MQ

lcc

Power supply current

In single-chip, mode,
the output pin are
open and other pins
are Vgg

High-speed mode

f(BCLK) =32 MHz

XIN = 4 MHz (square wave),
PLL multiplied by 8
125 kHz on-chip oscillator stopped

26.0

mA

fiecLk) = 32 MHz, A/D conversion
XIN = 4 MHz (square wave),

PLL multiplied by 8

125 kHz on-chip oscillator stopped

27.0

mA

f(BCLK) =20 MHz
XIN =20 MHz (square wave)
125 kHz on-chip oscillator stopped

17.0

mA

40 MHz on-chip
oscillator mode

Main clock stopped

40 MHz on-chip oscillator on,
divide-by-4 (f(BCLK) = 10 MHz)
125 kHz on-chip oscillator stopped

18.0

mA

125 kHz on-chip
oscillator mode

Main clock stopped

40 MHz on-chip oscillator stopped

125 kHz on-chip oscillator on, no division
FMR22 =1 (slow read mode)

500.0

nA

Low-power mode

f(BCLK) =32 MHz
In low-power mode, FMR 22 = FMR23 =1
on flash memory )

170.0

nA

f(BCLK) =32 MHz
In low-power mode,
on RAM (D)

40.0

pA

Wait mode

Main clock stopped

40 MHz on-chip oscillator stopped
125 kHz on-chip oscillator on
Peripheral clock operating

Topr = 25°C

20.0

pA

fecLk) = 32 MHz (oscillation capacity High)
40 MHz on-chip oscillator stopped

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

8.0

pA

fecLk) = 32 kHz (oscillation capacity Low)
40 MHz on-chip oscillator stopped

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

4.0

pA

XIN = 6 MHz

40 MHz on-chip oscillator stopped

125 kHz on-chip oscillator stopped
Peripheral clock f1 provision disabled except
timers (PCKSTP1A = 1)

Main clock as a timer clock source
(PCKSTP11 = 0, PCKSTP17 = 1)

A given timer operating

0.5

mA

Note:
1.

This indicates the memory in which the program to be executed exists.
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M16C/65C Group

5. Electrical Characteristics

Timing Requirements
(Vec1 =Veec2 =3V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

Veec1=Veeze =3V

5.3.24  Timer B Input
Table 5.52  Timer B Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tere) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBIIN input high pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input low pulse width (counted on one edge) 60 ns
teB) TBIIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBIIN input high pulse width (counted on both edges) 120 ns
tw(tBL) TBIIN input low pulse width (counted on both edges) 120 ns
Table 5.53  Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
tere) TBIIN input cycle time 600 ns
tw(TBH) TBIIN input high pulse width 300 ns
tw(TBL) TBIIN input low pulse width 300 ns
Table 5.54  Timer B Input (Pulse Width Measurement Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
teTe) TBIIN input cycle time 600 ns
tw(TBH) TBIIN input high pulse width 300 ns
tw(TBL) TBIIN input low pulse width 300 ns
tc(TB)
tw(TBH)
TBIIN input
tw(BL)
N
Figure 5.24 Timer B Input
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M16C/65C Group 5. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode VCCl = VCC2 =3V
(in no wait state setting)

Read timing
1 | I | | I I 1

| | 1
BCLK m

! Itg(()BC(LK-C)S : th(BCLK -cs)|
ns(max. Ons(min.)
e

1
i Y/

g
3

q
I
I
5 !
I
. | |
L teye »l [ : :
| | | 1 |
| ! ! | |
| | | | |
' | | ' '
: td(BCLK-AD)] I th(BCLK-AD)I : |
[>130ns(max) | |4_,E ons(min)) | | |
ADi ™\ T t T t t t
i X . X ! L X ! L X !
! tdsC | th(BCLK-ALE ! I I ] |
SR Y g | | | |
I
I |
| ool R | | | |
ons(max. .
I (max) i "Il II“ I : I ! i
! tac1(RD-DB) | Tl | | i | |
k0.5 xtoye- 60)ns(max)ﬂ->: 1o I | I ! !
o I I I |
Hi-z | ] I I
o o= - —— - -4
: tsu(DB-RD) H—i—»ﬂ—»ﬂh(RD DB)! : I | :
' 60ns(min.) ' lons(min.) ' '

Write timing

I
BCLK
td(BCLK-CS)

30ns(max.) th(BCLK-CS)|

10ns(min.)

2
j_

——

| PR S AN P ——

)
. |
| 1 |
| ! !
I f f
! | ! !
| \ T |
! teyc | I i :
e I I | |
| ! | I I
I ] |
| | |
! y I th(BCLK AD) ! I
| Aoy l | Ops(min) | l
ADi 1 1 : ! L | |
] f T T
BAE X | ' : .X ! ! :
S 1 R e | |
s(max - . |
Iu_.{ —» h— : : :(O.Sxtcyc-ls)nsl(min.) | : :
ALE i i | ! : | | |
! I taeeLkwr)! | i ! th(BCLK-WR) | | : |
_ 30ns(max.) —l Ons(min.) | | 1
WR, WRL, I ﬁ | l'_ ; I I !
WRH [ : : | I : : |
! | ;! 1 I 1 | |
: | | taecLk-oe)l | ! | | i
| | H_AOns(max) ! : | : | !
| [T } |
DB -t :—H'—Z———J-—{ i I p———t———— e
| | e | :
T I
! ! ! td(DB -WR) thwr-0B)' ! : ’
(0.5 x teyc-40)ns(min.) (0.5 x teyc-25)ns(min.)
tC =
ve fBCLK)

Measuring conditions

* Vec1=\ec2 =3V

¢ Input timing voltage: ML = 0.6 V, \\(H =2.4V

* Output timing voltage: \bL = 1.5V, \by =15V

Figure 5.30 Timing Diagram
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M16C/65C Group

5. Electrical Characteristics

Switching Characteristics
(Vec1 =Veec2 =3V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

Veec1=Veeze =3V

5.34.2 In 1 to 3 Waits Setting and When Accessing External Area
Table 5.60 Memory Expansion Mode and Microprocessor Mode (in 1 to 3 Waits Setting and When
Accessing External Area)

Symbol Parameter '\éi?:jlijtriic:]r? MinS.tandar'\cjlaX' Unit
td(BCLK-AD) Address output delay time 30 ns
th(BCLK-AD) Address output hold time (in relation to BCLK) 0 ns
th(RD-AD) Address output hold time (in relation to RD) 0 ns
th(WR-AD) Address output hold time (in relation to WR) (Note 2) ns
taBCLK-CS) Chip select output delay time 30 ns
th(BCLK-CS) Chip select output hold time (in relation to BCLK) 0 ns
td(BCLK-ALE) ALE signal output delay time 25 ns
th(BCLK-ALE) ALE signal output hold time See -4 ns
t4(BCLK-RD) RD signal output delay time Figure 5.29 30 ns
th(BCLK-RD) RD signal output hold time 0 ns
t4(BCLK-WR) WR signal output delay time 30 ns
th(BCLK-WR) WR signal output hold time 0 ns
t4(BCLK-DB) Data output delay time (in relation to BCLK) 40 ns
taOB-WR) Data output delay time (in relation to WR) (Note 1) ns
th(wR-DB) Data output hold time (in relation to WR) (3) (Note 4) ns
Notes:

1. Calculated according to the BCLK frequency as follows:

9
(1=05)x10° 4101

fecLk)

2. Calculated according to the BCLK frequency as follows:

0.5 x 10°

—15[ns]

(BCLK)

3. This standard value shows the timing when the output is off,

and does not show hold time of data bus.

Hold time of data bus varies with capacitor volume and pull-up

(pull-down) resistance value.

Hold time of data bus is expressed in
t=-CR x In(l—VOL/VCcz)

by a circuit of the right figure.

For example, when Vg = 0.2Vcp, C =30 pF, R = 1 kQ, hold

time of output low level is
t=-30 pF x 1 kQ x |n(1 - O'ZVCCZIVCCZ)

=6.7 ns.

4. Calculated according to the BCLK frequency as follows:

0.5x10°
fiecLk)

25[ns]

Hold time is equal to or less than 0 ns when the BCLK frequency exceeds 20 MHz.

nis 1 for 1 wait setting, 2 for 2 waits setting and 3 for 3 waits setting.
When n =1, figc k) is 12.5 MHz or less.

DBi 4}_ .
ie
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M16C/65C Group Appendix 1. Package Dimensions

Appendix 1. Package Dimensions

The information on the latest package dimensions or packaging may be obtained from “Packages” on the
Renesas Electronics website.

JEITA Package Code | RENESAS Code [  Previous Code [ MASS[Typ] |
P-LQFP128-14x20-0.50 | PLQPO128KB-A | 128P6Q-A \ 09g |

Ho

*1
D

102

ReRRAARRAARAARAAARAAARAAAAARAAARAAAARA

O

L

103 64
NOTE)
1. DIMENSIONS "*1" AND "+2"
DO NOT INCLUDE MOLD FLASH.
bp 2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

*2
He

Dimension in Millimeters
Terminal cross section Symbol Min | Nom| Max
D ]19.9]|20.0] 20.1
E 113.9]|14.0] 141
A | — | 14 | —

Hp | 21.8| 22.0| 22.2

OE.

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHgE He | 15.8] 16.0| 16.2
1 Al — | — 17
o Index mark < . A1 | 0.05]0.125| 0.2
r ﬁ J i b, | 0.17] 0.22] 0.27
— = 7° by | — [020] —
i N ¢ | 0.09]0.145] 0.20

il . o 0125

(LEEEEEEEEEEEEEEEEEEEEEEL
E

Ze

RAARAAAARRAARAAARAAAARAARA

128

J

Az

Au

» L [ 0° | — 8°

[E] Dly] * by = 0] : 3] — 105 | —

— DetailF X I I 0.10

y — | — 1010

Zp | — [0.75| —

Ze | — [ 075 —

L 1035]| 05 |0.65

Li | — |10 | —
JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
P-QFP100-14x20-0.65 | PRQP0100JD-B | 100P6F-A | 18y |

Ho
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D

80 51
ARARARARARARARARAARARAARARAARR]
81 I 1 so
g Q E NOTE)
o =] 1. DIMENSIONS "*1" AND "*2"
o ——— DO NOT INCLUDE MOLD FLASH.
=== = ? NCLOsE TR oreser
o =0
== —— o
(== =
(== =re]
[ =
(== =re]
g E Dimension in Millimeters
=== Q =N Symbol | “Min [ Nom | Max
100 :n:g}Q g E 19.8]20.0| 20.2
13.8|14.0| 14.2
L REEEEEEEEEEEEREGEEREEEEL! Al 28—
' 7o \ ndex mark % Hpo [ 22.5[22.8] 23.1

= 2 He | 165 16.8] 17.1

A | — | — 1305

A\ 1, Ai| 0 | 0102

( | - bp |0.25] 0.3 | 0.4
< L ¢ [013[015] 0.2

@ R o 0° | — | 10°
Aly] " [&]x @) Detail F € | — 065 —

X | — | — 013

y |— | — |010

Zo | — |0575] —

Ze | — |0.825] —

L 04 ] 06| 0.8
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