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M16C/65C Group 1. Overview

1.2 Specifications
The M16C/65C Group includes 128-pin and 100-pin packages. Table 1.1 to Table 1.4 list specifications.

Table 1.1 Specifications for the 128-Pin Package (1/2)

Item Function Description
M16C/60 Series core
(multiplier: 16 bit x 16 bit — 32 bit,
multiply and accumulate instruction: 16 bit x 16 bit + 32 bit — 32 bit)
CPU Central processing unit * Number of basic instructions: 91
* Minimum instruction execution time:
31.25 ns (f(BCLK) = 32 MHz, VCC1 =VCC2 =2.7t0 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor

See Table 1.5 “Product List (N-Version)” to Table 1.6 “Product List (D-
Version)”.

Memory ROM, RAM, data flash

* Power-on reset

Voltage detector * 3 voltage detection points (detection level of voltage detection 0 and 1
selectable)

Voltage
Detection

¢ 5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
high-speed on-chip oscillator (40 MHz +5%), PLL frequency synthesizer

* Oscillation stop detection: Main clock oscillation stop/restart detection

Clock Clock generator function

* Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16

* Power saving features: Wait mode, stop mode

* Real-time clock

* Address space: 1 MB
* External bus interface: 0 to 8 waits inserted, 4 chip select outputs,

memory area expansion function (expandable to 4 MB), 3V and 5V
Bus memory expansion interfaces

* Bus format: Separate bus or multiplexed bus selectable, data bus width
selectable (8 or 16 bits), number of address buses selectable (12, 16, or
20)

* CMOS 1/O ports: 111 (selectable pull-up resistors)

* N-channel open drain ports: 3

External Bus
Expansion

1/0 Ports Programmable 1/O ports

* Interrupt vectors: 70
Interrupts * External interrupt inputs: 13 (NMI, INT x 8, key input x 4)
¢ Interrupt priority levels: 7

15-bit timer x 1 (with prescaler)

Watchdog Timer Automatic reset start function selectable

* 4 channels, cycle steal mode
DMA DMAC * Trigger sources: 43
* Transfer modes: 2 (single transfer, repeat transfer)
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1. Overview

M16C/65C Group

Pin Assignments
Figure 1.5 to Figure 1.7 show pin assignments. Table 1.7 to Table 1.11 list pin names.
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(See Note 3)
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M16C/65C Group

VCCL1 ports
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3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two
separate functional signals.

2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.

1. N-channel open drain output.

Notes:

Pin Assignment for the 128-Pin Package

Figure 1.5
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M16C/65C Group

1. Overview

Table 1.8 Pin Names for the 128-Pin Package (2/3)
. Control 1/0O Pin for Peripheral Function .
Pin No. . Port ) o A/D converter, Bus Control Pin
Pin Interrupt Timer Serial interface
D/A converter

51 P5 6 ALE

52 P5 5 HOLD

53 P5_4 HLDA

54 P13 3

55 P13 2

56 P13 1

57 P13 0

58 P53 BCLK

59 P5 2 RD

60 P5 1 WRH/BHE

61 P50 WRL/WR

62 P12_7

63 P12_6

64 P12 5

65 P4 7 PWM1 TXD7/SDA7 CSS

66 P4 6 PWMO RXD7/SCL7 CS2

67 P4 5 CLK7 CSi

68 P4 4 CTS7/RTS7 CSo

69 P4 3 Al19

70 P4 2 Al18

71 P4 1 Al7

72 P4 0 Al6

73 P3 7 A15

74 P3 6 Al4

75 P3 5 Al13

76 P3 4 Al2

77 P3 3 All

78 P3 2 A10

79 P3 1 A9

80 P12 _4

81 P12 3

82 P12 2

83 P12 1

84 P12 0

85 VCC2

86 P30 A8, [A8/D7]

87 VSS

88 P2 7 AN2_7 A7, [A7/D7], [A7/D6]
89 P2_6 AN2_6 A6, [A6/D6], [A6/D5]
90 P25 [INT7 AN2_5 A5, [A5/D5], [A5/D4]
91 P2_4 [INT6 AN2_4 AA4[A4/D4], [A4/D3]
92 P2_3 AN2_3 A3, [A3/D3], [A3/D2]
93 P2 2 AN2_2 A2, [A2/D2], [A2/D1]
94 P2 1 AN2_1 Al, [A1/D1], [A1/DO]
95 P2_0 AN2_0 A0, [A0/DO], AD

96 P1_7 |INT5 IDU D15

97 P1 6 |INT4 IDW D14

98 P1 5 |INT3 IDV D13

99 P1 4 D12

100 P13 TXD6/SDA6 D11
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M16C/65C Group 1. Overview

Table 1.14  Pin Functions for the 128-Pin Package (3/3)

Signal Name Pin Name /0 | Power Supply Description
SDAO to SDA2
| /O VCC1
SDA5 Serial data I/O.
UARTO to UART2, I "gpag, SDA7 | 1/0 VCC2
UARTS5 to UART7
12C mode SCLO to SCL2, e VCCl
SCL5 Transmit/receive clock I/0.
SCL6, SCL7 1/0 VCC2
CLKS3, CLK4 /0 VCC1 Transmit/receive clock I/O.
Serial interface - .
SI/03, SI/04 SIN3, SIN4 | VCC1 Serial data input.
SOUT3,SouUT4 | O VCC1 Serial data output.
) SDAMM 1/0 VCC1 Serial data 1/0 (N-channel open drain output).
Multi-master 12C- : : :
bus interface SCLMM /0 VCC1 Transmit/receive clock I/O (N-channel open drain
output).
CEC /O CEC 1/0 VCC1 CEC I/0 (N-channel open drain output).
Referen_ce VREF | VCC1 Reference voltage input for the A/D and D/A converters.
voltage input
ANO to AN7 I VCC1
Analog input.
ANO_0 to ANO_7 | VCC2 g Inp
A/D converter AN2_0to AN2_7
ADTRG | VCC1 External trigger input.
ANEXO0, ANEX1 I VCC1 Extended analog input.
D/A converter DAO, DA1 (0] VCC1 Output pin the D/A converter.
PO_0Oto PO_7
P1 OtoP1 7
P2 OtoP2_7 8-bit CMOS 1/0 ports. A direction register determines
P3_0to P3_7 10 VCC2 whether each pin is used as an input port or an output
P4 OtoP4_7 port. A pull-up resistor may be enabled or disabled for
P5 OtoP5_7 input ports in 4-bit units.
P12 O0to P12_7
1/0 ports P13 0to P13_7
P6_0toP6_7 8-bit I/O ports having equivalent functions to PO.
P7 O0toP7_7
- - However, P7_0, P7_1, and P8_5 are N-channel open
P8 0to P8 7 . = = = . .
P9 010 P9 7 1/0 VCC1 drain output ports. No pull-up resistor is provided. P8_5
— = is an input port for verifying the NMI pin level and shares
P10_0to P10_7 2 pin with NMT
P11 Oto P11 7 P :
P14 0,P14 1 | I/O VCC1 1/0 ports having equivalent functions to PO.
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M16C/65C Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (RO, R1, R2, R3, A0, Al, and FB) out of 13 compose a

register bank, and there are two register banks.

b3, b15 b8b7 bo
E_ R2 ROH (upper bits of R0) ROL (lower bits of R0)
2 H
! R3 R1H (upper bits of R1 RIL (I bits of R1] .
e e e e e (upp ) (lower bits of R1) Data registers 1)
R2
R3 I
A0 I
1 Address registers ()
Al
FB I Frame base registers @
[
b19 b15 bo
| INTBH | INTBL | Interrupt table register
INTBH is the 4 upper bits of the INTB register and INTBL
is the 16 lower bits.
b19 bo
| PC | Program counter
b15 bo
USsP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 bo
| FLG Flag register
b1§.-—==""" b8 b7 bo
IPL
Ll [ [ 1] Jufr]ole[s]z]o]ec
Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved area
Processor interrupt priority level
Reserved area
Note:
1. These registers compose a register bank. There are two register banks.
Figure 2.1  CPU Registers
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M16C/65C Group 3. Address Space

3.3 Accessible Area in Each Mode

Areas that can be accessed vary depending on processor mode and the status of each control bit. Figure
3.3 shows the Accessible Area in Each Mode.

In single-chip mode, the SFRs, internal RAM, and internal ROM can be accessed.

In memory expansion mode, the SFRs, internal RAM, internal ROM, and external areas can be accessed.
Address space is expandable to 4 MB with the memory area expansion function.

In microprocessor mode, the SFRs, internal RAM, and external areas can be accessed. Address space is
expandable to 4 MB with the memory area expansion function. Allocate ROM to the fixed vector table
from FFFDCh to FFFFFh.

Single-Chip Mode Memory Expansion Mode Microprocessor Mode

00000h SFR 00000h SFR 00000h SFR
00400h 00400h 00400h
Internal RAM Internal RAM Internal RAM
Reserved area Reserved area Reserved area
D h D h 0DO000h
D000 SFR 0D000 SFR SFR
0D800h Reserved area 0D800h External area 0D800h
OE00Ch Internal ROM OE000N Internal ROM
(data flash) (data flash)
10000h Internal ROM 10000h Internal ROM External area
(program ROM 2) (program ROM 2)
14000h 14000h
External area
27000h 27000h
Reserved area Reserved area
28000h 28000h
Reserved area External area
80000h
Reserved area External area
Internal ROM Internal ROM
(program ROM 1) (program ROM 1)
FFFFFh FFFFFh FFFFFh
Notes:

1. Do not access reserved areas.
2. The figure above applies under the following conditions:
Single-chip mode and memory expansion mode
- The PM10 bit in the PM1 register is 1
(addresses OEO0Oh to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled)
- The PM13 bit in the PM1 register is 1
(all areas in internal RAM, and the program ROM 1 area from 80000h are usable)
Microprocessor mode
- The PM10 bit is 0 (addresses 0E000h to OFFFFh are used as the CS2 area)
- The PRG2CO bit is 1 (program ROM 2 disabled)

Figure 3.3  Accessible Area in Each Mode
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M16C/65C Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

4.1 SFRs
An SFR is a control register for a peripheral function.

Table 4.1 SFR Information (1) 1)
Address Register Symbol Reset Value
0000h
0001h
0002h
0003h
0000 0000b

. (CNVSS pin is low)

0004h |Processor Mode Register 0 PMO 0000 0011b
(CNVSS pin is high)
0005h |Processor Mode Register 1 PM1 0000 1000b
0006h |System Clock Control Register 0 CMO 0100 1000b
0007h |System Clock Control Register 1 CM1 0010 0000b
0008h | Chip Select Control Register CSR 01h
0009h |External Area Recovery Cycle Control Register EWR XXXX XX00b
000Ah |Protect Register PRCR 00h
000Bh |Data Bank Register DBR 00h
000Ch |Oscillation Stop Detection Register CM2 0X00 0010b ®
000Dh
000Eh
000Fh
0010h |Program 2 Area Control Register PRG2C XXXX XX00b
0011h |External Area Wait Control Expansion Register EWC 00h
0012h |Peripheral Clock Select Register PCLKR 0000 0011b
0013h
0014h
0015h |Clock Prescaler Reset Flag CPSRF OXXX XXXXb
0016h |Peripheral Clock Stop Register 1 PCLKSTP1 OXXX XX00b
0017h
0018h |Reset Source Determine Register RSTFR (hzr)zi(\)/\?a?gi;(st:at) @
0019h |Voltage Detector 2 Flag Register VCR1 0000 1000b )
001Ah |Voltage Detector Operation Enable Register VCR2 00h (3
001Bh |Chip Select Expansion Control Register CSE 00h
001Ch |PLL Control Register 0 PLCO 0X01 X010b
001Dh
001Eh |Processor Mode Register 2 PM2 XX00 0X01b
001Fh
X: Undefined
Notes:

1. The blank areas are reserved. No access is allowed.

2. Software reset, watchdog timer reset, oscillator stop detect reset, voltage monitor 1 reset, and voltage monitor 2 reset
do not affect the following bits: bits PM01 and PMOQO in the PMO register.

3. Oscillator stop detect reset does not affect bits CM20, CM21, and CM27.

The state of bits in the RSTFR register depends on the reset type.

5. This is the reset value after hardware reset. Refer to the explanation of each register for details.

»
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M16C/65C Group 4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) @
Address Register Symbol Reset Value
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMAZ2 Interrupt Control Register DM2IC XXXX X000b
006Ah DMAZ3 Interrupt Control Register DM3IC XXXX X000b
UARTS Bus Collision Detection Interrupt Control Register USBCNIC
006Bh CEC1 Interrupt Control Register P ’ CEC1IC XXXX X000b
UARTS5 Transmit Interrupt Control Register S5TIC
006Ch CEC2 Interrupt Control Register CEC2IC XXXX X000b
006Dh UARTS5 Receive Interrupt Control Register S5RIC XXXX X000b
UART®6 Bus Collision Detection Interrupt Control Register UBBCNIC
006ER Real-Time Clock Periodic Interrupt Control Register XXXX X000b
RTCTIC
UART®6 Transmit Interrupt Control Register S6TIC
006Fh Real-Time Clock Compare Interrupt Control Register RTCCIC XXXX X000b
0070h UART®6 Receive Interrupt Control Register S6RIC XXXX X000b
UART?7 Bus Collision Detection Interrupt Control Register U7BCNIC
0071h Remote Control Signal Receiver O Interrupt Control Register PMCOIC XXXX X000b
UART?7 Transmit Interrupt Control Register S7TIC
0072h Remote Control Signal FFQ)eceiver 1 Intgrrupt Control Register PMC1IC XXXX X000b
0073h UART?7 Receive Interrupt Control Register S7RIC XXXX X000b
0074h
0075h
0076h
0077h
0078h
0079h
007Ah
007Bh 12C-bus Interface Interrupt Control Register lICIC XXXX X000b
007Ch SCL/SDA Interrupt Control Register SCLDAIC XXXX X000b
007Dh
007Eh
007Fh
0080h to
017Fh
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/65C Group

4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) (1)

Address Register Symbol Reset Value
0180h XXh
0181h |DMAO Source Pointer SARO XXh
0182h 0Xh
0183h
0184h XXh
0185h |DMAO Destination Pointer DARO XXh
0186h 0Xh
0187h
gi:gﬂ DMAO Transfer Counter TCRO iig
018Ah
018Bh
018Ch |DMAO Control Register DMOCON 0000 0X00b
018Dh
018Eh
018Fh
0190h XXh
0191h |DMAL Source Pointer SAR1 XXh
0192h 0xh
0193h
0194h XXh
0195h |DMAL Destination Pointer DAR1 XXh
0196h 0Xh
0197h
giggg DMAL Transfer Counter TCR1 ii:
019Ah
019Bh
019Ch |DMAL Control Register DM1CON 0000 0X00b
019Dh
019Eh
019Fh
01A0h XXh
01A1lh |DMAZ2 Source Pointer SAR2 XXh
01A2h 0xh
01A3h
01A4h XXh
01A5h |DMAZ2 Destination Pointer DAR2 XXh
01A6h 0xh
01A7h
giﬁgﬁ DMAZ2 Transfer Counter TCR2 ii:
01AAh
01ABh
01ACh |DMAZ2 Control Register DM2CON 0000 0X00b
01ADh
01AEh
01AFh

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/65C Group

4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) @

Address Register Symbol Reset Value
0240h

0241h

0242h

0243h

0244h  |UARTO Special Mode Register 4 UOSMR4 00h
0245h |UARTO Special Mode Register 3 UOSMR3 000X 0X0Xb
0246h |UARTO Special Mode Register 2 UOSMR2 X000 0000b
0247h |UARTO Special Mode Register UOSMR X000 0000b
0248h |UARTO Transmit/Receive Mode Register UOMR 00h
0249h |UARTO Bit Rate Register UOBRG XXh
8;122 UARTO Transmit Buffer Register uoTB ;((iﬂ
024Ch |UARTO Transmit/Receive Control Register O uoco 0000 1000b
024Dh |UARTO Transmit/Receive Control Register 1 uoC1 00XX 0010b
823';2 UARTO Receive Buffer Register UORB iiﬂ
0250h |UART Transmit/Receive Control Register 2 UCON X000 0000b
0251h

0252h |UART Clock Select Register UCLKSELO X0h
0253h

0254h |UART1 Special Mode Register 4 U1SMR4 00h
0255h |UART1 Special Mode Register 3 U1SMR3 000X 0X0Xb
0256h |UART1 Special Mode Register 2 U1SMR2 X000 0000b
0257h |UART1 Special Mode Register U1SMR X000 0000b
0258h |UART1 Transmit/Receive Mode Register U1MR 00h
0259h |UARTL1 Bit Rate Register U1BRG XXh
g;:gﬂ UART1 Transmit Buffer Register uUiTB ;((iﬂ
025Ch |UART1 Transmit/Receive Control Register 0 ui1cCo 0000 1000b
025Dh |UART1 Transmit/Receive Control Register 1 Uic1i 00XX 0010b
g;gi: UART1 Receive Buffer Register U1RB iiﬂ
0260h

0261h

0262h

0263h

0264h |UART2 Special Mode Register 4 U2SMR4 00h
0265h |UART2 Special Mode Register 3 U2SMR3 000X 0X0Xb
0266h |UART2 Special Mode Register 2 U2SMR2 X000 0000b
0267h |UART2 Special Mode Register U2SMR X000 0000b
0268h |UART2 Transmit/Receive Mode Register U2MR 00h
0269h |UART2 Bit Rate Register U2BRG XXh
8;222 UART2 Transmit Buffer Register u2TB iiﬂ
026Ch |UART2 Transmit/Receive Control Register 0 u2Co 0000 1000b
026Dh |UART2 Transmit/Receive Control Register 1 u2C1 0000 0010b
g;gi: UART2 Receive Buffer Register U2RB iiﬂ

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.

RO1DS0015EJ0110 Rev.1.10
Jul 31, 2012

RENESAS

Page 38 of 109



M16C/65C Group 4. Special Function Registers (SFRs)

Table 4.13 SFR Information (13) @
Address Register Symbol Reset Value
gzzgﬂ Timer BO Register TBO iiﬂ
83;;2 Timer B1 Register TB1 ii:
83222 Timer B2 Register TB2 i;(:
0336h | Timer AO Mode Register TAOMR 00h
0337h |Timer A1 Mode Register TAIMR 00h
0338h |Timer A2 Mode Register TA2MR 00h
0339h |Timer A3 Mode Register TA3MR 00h
033Ah |Timer A4 Mode Register TA4MR 00h
033Bh | Timer BO Mode Register TBOMR 00XX 0000b
033Ch |Timer B1 Mode Register TB1MR 00XX 0000b
033Dh |Timer B2 Mode Register TB2MR 00XX 0000b
033Eh |Timer B2 Special Mode Register TB2SC X000 0000b
033Fh
0340h |Real-Time Clock Second Data Register RTCSEC 00h
0341h |Real-Time Clock Minute Data Register RTCMIN X000 0000b
0342h |Real-Time Clock Hour Data Register RTCHR XX00 0000b
0343h |Real-Time Clock Day Data Register RTCWK XXXX X000b
0344h |Real-Time Clock Control Register 1 RTCCR1 0000 X00Xb
0345h |Real-Time Clock Control Register 2 RTCCR2 X000 0000b
0346h |Real-Time Clock Count Source Select Register RTCCSR XXX0 0000b
0347h
0348h |Real-Time Clock Second Compare Data Register RTCCSEC X000 0000b
0349h |Real-Time Clock Minute Compare Data Register RTCCMIN X000 0000b
034Ah |Real-Time Clock Hour Compare Data Register RTCCHR X000 0000b
034Bh
034Ch
034Dh
034Eh
034Fh
0350h |CEC Function Control Register 1 CECC1 XXXX X000b
0351h |CEC Function Control Register 2 CECC2 00h
0352h |CEC Function Control Register 3 CECC3 XXXX 0000b
0353h |CEC Function Control Register 4 CECC4 00h
0354h |CEC Flag Register CECFLG 00h
0355h |CEC Interrupt Source Select Register CISEL 00h
0356h |CEC Transmit Buffer Register 1 CCTB1 00h
0357h |CEC Transmit Buffer Register 2 CCTB2 XXXX XX00b
0358h |CEC Receive Buffer Register 1 CCRB1 00h
0359h |CEC Receive Buffer Register 2 CCRB2 XXXX X000b
035Ah |CEC Receive Follower Address Set Register 1 CRADRI1 00h
035Bh |CEC Receive Follower Address Set Register 2 CRADRI2 00h
035Ch
035Dh
035Eh
035Fh
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/65C Group 4. Special Function Registers (SFRs)

Table 4.16 SFR Information (16)

Address Register Symbol Reset Value
03COh . XXXX XXXXb
oacin |/VD Register 0 ADO 0000 00XXb
03C2h . XXXX XXXXb
oacan | /WD Register 1 AD1 0000 00XXb
03C4h . XXXX XXXXb
03con |/VD Register 2 AD2 0000 00XXb
03C6h . XXXX XXXXb
03C7h A/D Register 3 AD3 0000 00XXb
03C8h . XXXX XXXXb
03C9h A/D Register 4 AD4 0000 00XXb
03CAh . XXXX XXXXb
03CBh A/D Register 5 AD5 0000 00XXb
03CCh . XXXX XXXXb
03CDh A/D Register 6 AD6 0000 00XXb
03CEh . XXXX XXXXb
oacen | VD Register 7 ADT 0000 00XXb
03DO0h
03D1h
03D2h
03D3h
03D4h |A/D Control Register 2 ADCON2 0000 X00Xb
03D5h
03D6h |A/D Control Register 0 ADCONO 0000 0XXXb
03D7h |A/D Control Register 1 ADCON1 0000 X000b
03D8h |D/AO Register DAO 00h
03D%h
03DAh |D/Al Register DAl 00h
03DBh
03DCh |D/A Control Register DACON 00h
03DDh
03DEh
03DFh
03EOh |Port PO Register PO XXh
03Elh |Port P1 Register P1 XXh
03E2h |Port PO Direction Register PDO 00h
03E3h |Port P1 Direction Register PD1 00h
03E4h |Port P2 Register P2 XXh
03E5h |Port P3 Register P3 XXh
03E6h |Port P2 Direction Register PD2 00h
03E7h |Port P3 Direction Register PD3 00h
03E8h |Port P4 Register P4 XXh
03ES9h |Port P5 Register P5 XXh
03EAh |Port P4 Direction Register PD4 00h
03EBh |Port P5 Direction Register PD5 00h
03ECh |[Port P6 Register P6 XXh
03EDh |[Port P7 Register P7 XXh
03EEh |Port P6 Direction Register PD6 00h
03EFh |Port P7 Direction Register PD7 00h

X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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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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5. Electrical Characteristics

Table 5.21

Electrical Characteristics (4)

Vee1=Vee2=5V

R5F3651ECNFC, R5F3651KCNFC, R5F3650KCNFA, R5F3650KCNFB, R5F3651MCNFC, R5F3650MCNFA, R5F3650MCNFB,
R5F3651NCNFC, R5F3650NCNFA, R5F3650NCNFB, R5F3651ECDFC, R5F3651KCDFC, R5F3650KCDFA, R5F3650KCDFB,
R5F3651MCDFC, R5F3650MCDFA, R5F3650MCDFB, R5F3651NCDFC, R5F3650NCDFA, R5F3650NCDFB
Vee1=Vec2=4.2105.5V,Vgg =0V at Ty, =-20°C to 85°C/-40°C to 85°C, fgc k) = 32 MHz unless otherwise specified.

Symbol

Parameter

Measuring Condition

Standard

Min.

Typ.

Max.

Unit

Rexcin

Feedback resistance
XCIN

8

MQ

lcc

Power supply current

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

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)

550.0

HA

Low-power mode

f(BCLK) =32 kHz

In low-power mode
FMR22 = FMR23 =1
on flash memory (1)

170.0

HA

f(BCLK) =32 kHz
In low-power mode
on RAM (1)

45.0

HA

Wait mode

Main clock stopped

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

Topr = 25°C

20.5

HA

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

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

11.0

pA

fcLk) = 32 kHz (oscillation capacity low)
40 MHz on-chip oscillator stopped

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

6.0

HA

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

1.2

mA

Stop mode

Main clock stopped

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

Topr = 25°C

1.7

HA

During flash memory
program

f(BCLK) =10 MHz, PM17 = 1 (one wait)
VCCl =50V

20.0

mA

During flash memory
erase

f(BCLK) =10 MHz, PM17 = 1 (one wait)
VCCl =50V

30.0

mA

ote:
1.

This indicates the memory in which the program to be executed exists.
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M16C/65C Group 5. Electrical Characteristics

Veec1=Vee2=5V
Timing Requirements
(Vec1 =Veec2 =5V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)
5.2.2.7  Multi-master 12C-bus

Table 5.34  Multi-master 12C-bus

Standard Clock Mode Fast-mode )
Symbol Parameter - - Unit
Min. Max. Min. Max.
teur Bus free time 4.7 1.3 us
tHD:sTA Hold time in start condition 4.0 0.6 us
tLow Hold time in SCL clock 0 status 4.7 1.3 us
R SCL, SDA signals’ rising time 1000 20+0.1Cb 300 ns
tHD:DAT Data hold time 0 0 0.9 us
thiGH Hold time in SCL clock 1 status 4.0 0.6 us
fe SCL, SDA signals’ falling time 300 20+0.1Cb 300 ns
tsu:DAT Data setup time 250 100 ns
tsu:sTA Setup time in restart condition 4.7 0.6 us
tsu:sTO Stop condition setup time 4.0 0.6 us

-
==
>
-
!

BU

tHD;STA tHD,DAT  tHIGH tsu;DAT tsu:sTA

Figure 5.12 Multi-master 12C-bus
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5. Electrical Characteristics

Switching Characteristics

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

Vee1=Vee2=5V

5.24.4 In Wait State Setting 2¢ + 3¢, 20 + 4¢, 3¢ + 49, and 4¢ + 5¢, and When
Accessing External Area
Table 5.39 Memory Expansion Mode and Microprocessor Mode (in Wait State Setting 2¢ +3¢,2 ¢
+ 4¢, 3¢ + 49, and 4¢ + 5¢, and When Accessing External Area)

Symbol Parameter I\éiizlijtriic:]r? MinS.tandarl\o/Ilax' Unit
tayecLk-ap)  |Address output delay time 25 ns
thecLk-aDp)  |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 25 ns
th@cLk-cs)  |Chip select output hold time (in relation to BCLK) 0 ns
tawcLk-aLe)  |ALE signal output delay time 15 ns
th@cLk-aLe)  |ALE signal output hold time See -4 ns
tyscLk-rp)  |RD signal output delay time Figure 5.14 25 ns
th(BCLK-RD) 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
ty@BCLK-DB) Data output delay time (in relation to BCLK) 40 ns
t4(DB-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°_ 4000y

feeLk)

2. Calculated according to the BCLK frequency as follows:

05x10°

10[ns]

fecLk)

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 - VOLNCCZ)

by a circuit of the right figure.

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

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:

05x10°

DBi

20[ns]

Hold time is equal to or less than 0 ns when the BCLK frequency exceeds 25 MHz.

nis 3 for 2¢ + 3¢, 4 for 2¢ + 4¢, 4 for 3¢ + 4¢, and 5 for 4¢ + 5¢.

H
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M16C/65C Group 5. Electrical Characteristics

Vee1=Vee2=3V

5.3.2 Timing Requirements (Peripheral Functions and Others)
(Vee1 =Vee2 =3V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.3.2.1 Reset Input (RESET Input)

Table 5.45  Reset Input (RESET Input)

Standard

Symbol Parameter . Unit
Min. Max.
tw(RSTL) RESET input low pulse width 10 us
RESET input
tw(RTSL) N
« >
Figure 5.20 Reset Input (RESET Input)
5.3.2.2 External Clock Input
Table 5.46  External Clock Input (XIN Input) (1)
Standard .
Symbol Parameter . Unit
Min. Max.

te External clock input cycle time 50 ns
tw(H) External clock input high pulse width 20 ns
tw) External clock input low pulse width 20 ns
t External clock rise time 9 ns
t External clock fall time 9 ns
Note:

1.  The condition is Vccq = Veep = 2.710 3.0 V.

XIN input

— tf
tr tw(H) >« tw(L) N
< fc
Figure 5.21 External Clock Input (XIN Input)
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M16C/65C Group 5. Electrical Characteristics

Veer = Vee2=3V
Timing Requirements
(Vec1 =Veec2 =3V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)
5.3.25  Serial Interface

Table 5.55  Serial Interface

Standard .
Symbol Parameter i Max Unit
te(ck) CLKi input cycle time 300 ns
tw(ckH) CLKi input high pulse width 150 ns
twckL) CLKi input low pulse width 150 ns
tac-q) TXDi output delay time 160 ns
thic-q) TXDi hold time 0 ns
tsup-c) RXDi input setup time 100 ns
thic-D) RXDi input hold time 90 ns
fe(cK) R
¢« LW(CKH) |
CLKi
tw(cKL) o
thc-Q)
TXDi ><
td(c-Q) > tsu(p-C) th(c-D)
RXDi 4 F

Figure 5.25 Serial Interface
5.3.2.6 External Interrupt INTi Input

Table 5.56  External Interrupt INTi Input

Standard )
Symbol Parameter in Viax Unit
tw(NH) INTi input high pulse width 380 ns
tuany INTi input low pulse width 380 ns
tw(INL
INTi input
tw(INH)
< »
Figure 5.26 External Interrupt INTi Input
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Memory Expansion Mode and Microprocessor Mode Vce1= Vee2 = 3V
in 2 or 3 waits setting, and when accessing external area and using multiplexed bus
2 or 3 waits sett d wh t | d Itiplexed b
Read timing
I | I I | I 1 |
I I I I I I 1 I
i | i | 1 I
BeLK I W(BCLK-CS) ' ! ! ! hcLk-Cs)
th(RD-CS) |, Ons(min.)
:l ISIOnS(max) : ;'1 oy ; :E (0.5 r tcyc-(lo)ns(r%m )1 :
H—n—n
— l I I I I ol 1
CSi o\ I I I I 11 [ (I I
! td(AD -ALE) : 111(ALE -AD) : : : : : : :
((IJ 5xteyc- 40nS(mm )L (0.5 teye- 15qs(m|n ) ! ! : ! : : Lo !
. ||| [ I
o X Addfess N T == ——— = — o Cwampu - — — - { Adress
T i L1 I T
I th(RD-DB)
: h P ,ﬁ_sns(max) tac3(RD-DB)! 1su(DB-RD); 1 0ns(min.) | :
: : : : I g :{(n -0.5) ><Icyc GO}TS(maXl GOns(mlln )I : :
I | : td(AD.RD)l_.: L_ | | 1l 1 |
I WBCLK-AD)I | ons(min)| ‘I I I o ] '
I 50ns(max) | | : I : : : : 1 ﬁw(BCL_K»AD)I
. 1 1 I | 1 ! 1 1 L1 1 IOns(mln.) 1
ADi | ] 1 I I 1 I X I
BHE P » — i l m — l
(BCLK-ALE) | I thBCLK-ALE
I25ns(max) = | " ) I I I U thrp-aD) | I
le—n —»l L_4ns(m|n) . I I I I(O.S(Xtc c-lz))ns(min. I
ro | [ I I I | ye-10)n
ALE N A : | ' |
] )
I I I td(BCLK-RD)! ! ! ' th(BCLK- Rq) I
: : I 40ns(max.) i i _’i r_Ons(mln ) :
o | | —\ } |
RD ! ! L\ ! | LS ! !
Write timing
| I I
BCLK | | | I i I
fdBCLK-CS) | teye | | | i thECLK- CS)
. 1 » ¢ g ,,_.[
| ISOnS(maX) : r : r: 05xt e ]\.Ig;?ws(i%m) Ons(min.) :
— l I I I I I
CSi : \ | | | | 1 | * :
R e A
- | ! F_>Ii-30ns(mal><.) | | | I I !
ﬁ)%i - i— —{ Address : u( : Data output : : : : X Address
I T T '™ T T T e T T
| Mamoa | Lo I tos-wR) M vI— !
Do JADALE) . I {(n-0.5) x teyc-50pns(min.) l 1(0.5x toyc-25)ns(min.) !
|(045><tcyc-40ns(m|r|1.) | : | YeT) 1 VC 1
I I I I I I I 1
I ]! [ I I I : I 1
I f4(BCLK-AD)! | Lo I I I I thecLKk-AD)!
I 50ns(max.) : | : | : : : : ons(min)
ADi ] il L1 ] ] 1y L1 1
I I X 1] P I I 1 I IX 1
B E B e : et
td(BCLK-ALE)! | th@BCLK-ALE)! ! td(AD -WR) .
I anstmi I I ! 'l th(wr-AD)! !
:‘_2H5ns(max.)_’l lﬂ—‘mS(mm') :_,::‘_ Ons(min.) : : : : (0.5 X teye-15)ns(min) 1
we L0 I | | A
| | T T
I I I ! I I I th(BCLK-WR) | !
tdBCLK-WI (BCLI )
: : Ih_.:40(ns(ma>( )F|§) : _J Lgns(mln.) : :
WR, WRL, ' t — I I I ' '
VWA, | , | I I I I I I 1
WRH 1 1 1 \}\ 1 1 1 / [ 1
___ I (- ] ] I I 1
WR, WRL, : o : !
tC =
ve fBCLK)
Measuring conditions n: 2 (when 2 waits)
e \Vee1= Vec2 = 3V 3 (when 3 waits)
* Input timing voltage: ML = 0.6 V,\H =2.4V
¢ Output timing voltage: \bL = 1.5V, \by =15V

Figure 5.32 Timing Diagram
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I\./Iemo.ry Expanspn Mode and Microprocessor Mode VCCl — VCC2 =3V
(in wait state setting2 ¢ +3¢,2¢0+4 9,30 +4¢,and 4 ¢ +5 ¢, and
when inserting 1 to 3 recovery cycles inserted and accessing external area)
Read timing
e ey , I I I I I I I I I | |
D | ( I —— PR [ — j——
BeLK m | I I I I I I I I I
| ' | I I | | | | | | | | thecikcs)
td(BCLK-CS) ! -
slledonama) |0 L bbb b s
— I \1 i I I I I I I I I I I
CSi I 1 1 | | 1 1 1 1 1 1 1 : :
11 T T T T T T T T T T T T I |
I l I I I I I I I I I I [ i
1 decLk-AD) | [ [ 1 1 1 1 1 1 1 I th(BCLK-AD)
- le—30ns(max.) | : : ! ! ! ! ! ! ! l«*10ns(min.)
N O O T T N S T T T N M
BHE I i
A : : : : : : : : T T
td(BCLK-ALE, : h(RD-AD) | 1 !
2(5ns(max.3 | k th(BCLK-ALE) | | | | | | | | 1(mxteyc+O)ns(min.)! |
Bl e L A N S S S S R M B i/ S
ALE 1/ : | I I | | | | | ! | | : I
T t t T T T T T T T |
o e L e |
. . I I
I I I I I 1 lECLKRD) | I I I | NECLKRD)
b ——mmeo | o)
B 1
RD I I I | I |\ I I I I I I /|/ I I I
I I I I L t t t t t ] I I I
I I I I I I I ' i I I I I I
I I I I L I I tac4(RD-DB) | I I I I I
1 T T R S LT N N A B
) * »
T S L i B T T e )
I I I
| | | | ! | | | | lsu(mB-RD) L—»:ol th(RD-DB) I |
' ' ' ' ' ' ' ' 60ns(min.) - ¢ * Ons(min.) ' '
Write timing
I leye | I I I I I I I I I : |
[ E— I I I I I I I I I
i I Y—\I r—\l r—\l | ) J
BCLK i S ! I h i I i I }; \ ’II \?\
1 1 | 1 1 | 1 1 1 1 1 1 ! H
| weakes L1 L bbb etk
e R
csi ! ! ! ! ! ! ! ! ! ! ! ! | l
! I i i i i i i i i I i b
: td@BcLK-AD) | : : : : : : : : : I th(BCLK-AD)
- le— 30ns(max.) | | | | | | | | | | l«—! Ons(min.)
ADi | T T T T T T T T T T T ]
— 1 1 1 1 1 | 1 1 1 1 1 1 [ X |
BHE 1 1 1 ! I 1 1 1 ! 1 1 |
N I I I I I I ] I I I 1 [ |
o | weowas | bbb ey |
. - - n.
I dsm) b e
i ! i
ALE L A I I I I I I I I Ll | i !
: ' : I : : : ! : : : : : L th(BclLK WR) : : !
I I I I I WECLKWR) | I I I > i o
1 [ 1 1 —» [« 30ns(max.) : : : : : : Ons(min.) ! :
| T T T T | T
LA | U A S S A
RH I I I I I [ i i i i i I I |
1 1 1 1 1 ! 1 1 1 1 1 1 [
I I I I I fBCLK-DB) | I I I 1 I I :
1 1 1 [ —» «—40ns(max.) | 1 1 1 1] 1 ! H
DB I WENN A G | : | | R Y-
Tt [ R ] 1 1 1 1 1 11 1 AT
I I I I Il I i | i i e ] o, :
! ! ! ! ! ! P oswr) ! Pl thweos) 1
1 (N X teyc -40)ns(min.) (M X teyc -25)ns(min.)
e = FBciK)
Measuring conditions n: 3 (when 2 ¢ +3¢)
4(when2¢+4dpor3¢+49)
* Vec1= ez = 3V 5 (when 4 ¢ +5 ¢)
¢ Input timing voltage: ML =0.6 V, M\n =2.4V )
« Output timing voltage: \bL = 1.5V, \by = 1.5V m: 1 (when 1 recovery cycle inserted )
2 (when 2 recovery cycles inserted)
3 (when 3 recovery cycles inserted)

Figure 5.34 Timing Diagram
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