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M16C/65C Group 1. Overview

Table 1.3 Specifications for the 100-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-

Memory ROM, RAM, data flash

Version)”.
\oltage * Power-on reset
Detec?tion Voltage detector * 3 voltage detection points (detection level of voltage detection 0 and 1
selectable)

¢ 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: 85 (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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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

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 1.15  Pin Functions for the 100-Pin Package (1/3)
Signal Name Pin Name I/0 |Power Supply Description
Power supply VCC1, | i Apply 2.7 t0 5.5 V to pins VCC1 and VCC2 (VCC1 > VCC2)
input VCC2, VSS and 0 V to the VSS pin.
Analod power This is the power supply for the A/D and D/A converters.
g.p AVCC, AVSS | VCC1 Connect the AVCC pin to VCC1, and connect the AVSS pin
supply input
to VSS.
Reset input RESET | VCC1 Driving this pin low resets the MCU.
Input pin to switch processor modes. After a reset, to start
CNVSS CNVSS veel operat_lng in S|_ngle-ch|p mode, cor_lne(_:t tht_a CNVSS pin to
VSS via a resistor. To start operating in microprocessor
mode, connect the pin to VCCL1.
Input pin to select the data bus of the external area. The data
External data bus BYTE | vCel bus is 16 bits when it is low, and 8 bits when it is high. This
width select input pin must be fixed either high or low. Connect the BYTE pin to
VSS in single-chip mode.
DO to D7 e VCC2 Inputs or output_s data (DO to D7) while accessing an
external area with a separate bus.
D8 to D15 10 VCC2 Inputs or output; data (Dg to D15) while accessing an
external area with a 16-bit separate bus.
AO to A19 (0] VCC2 Outputs address bits A0 to A19.
AO/DO to Inputs or outputs data (DO to D7) and outputs address bits
1/0 VCC2 (A0 to A7) by timesharing, while accessing an external area
A7/D7 . ) -
with an 8-bit multiplexed bus.
A1/DO to Inputs or outputs data (DO to D7) and outputs address bits
1/0 VCC2 (A1 to A8) by timesharing, while accessing an external area
A8/D7 . - -
with a 16-bit multiplexed bus.
CS01t0 CS3 o VCC2 Outputs chip-select signals CSO0 to CS3 to specify an
external area.
Outputs WRL, WRH, (WR, BHE), and RD signals. WRL and
_ WRH can be switched with BHE and WR.
Bus control pins « WRL, WRH, and RD selected
If the external data bus is 16 bits, data is written to an even
WRLWR address in an external area when WRL is driven low. Data
e ot is written to an odd address when WRH is driven low. Data
RH/BHE (0] VCC2 . =_—
D is read when RD is driven low.
*WR, BHE, and RD selected
Data is written to an external area when V WR is driven low.
Data in an external area is read when RD is driven low. An
odd address is accessed when BHE is driven low. Select
WR, BHE, and RD when using an 8-bit external data bus.
ALE (0] VCC2 Outputs an ALE signal to latch the address.
HOLD | VCC2 HOLD mput is unavailable. Connect the HOLD pin to VCC2
via a resistor (pull-up).
HLDA (0] VCC2 In a hold state, HLDA outputs a low-level signal.
BDY | VCC2 The MCU bus is placed in a wait state while the RDY pin is
driven low.

Power supply: VCC2 is used to supply power to the external bus associated pins. The dual power supply configuration

allows VCC2 to interface at a different voltage than VCCL1.
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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

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

Table 4.18 SFR Information (18) ()
Address Register Symbol Reset Value
D080h . ) 0000 0000b
Do81h PMCO0 Header Pattern Set Register (Min) PMCOHDPMIN XXX X000D
D082h . 0000 0000b
Do8ah PMCO0 Header Pattern Set Register (Max) PMCOHDPMAX XXX X000D
D084h |PMCO Data 0 Pattern Set Register (Min) PMCODOPMIN 00h
D085h |PMCO Data 0 Pattern Set Register (Max) PMCODOPMAX 00h
D086h |PMCO Data 1 Pattern Set Register (Min) PMCOD1PMIN 00h
D087h |PMCO Data 1 Pattern Set Register (Max) PMCOD1PMAX 00h
D088h . 00h
D08oh PMCO0 Measurements Register PMCOTIM ooh
DO8Ah
DO08Bh
D08Ch |PMCO Receive Data Store Register 0 PMCODATO 00h
D08Dh |PMCO Receive Data Store Register 1 PMCODAT1 00h
DO8Eh |PMCO Receive Data Store Register 2 PMCODAT2 00h
DO08Fh |PMCO Receive Data Store Register 3 PMCODAT3 00h
D090h |PMCO Receive Data Store Register 4 PMCODAT4 00h
D091h |PMCO Receive Data Store Register 5 PMCODAT5 00h
D092h |PMCO Receive Bit Count Register PMCORBIT XX00 0000b
D093h
D094h . . 0000 0000b
D095h PMC1 Header Pattern Set Register (Min) PMC1HDPMIN XXX X000b
D096h . 0000 0000b
D097h PMC1 Header Pattern Set Register (Max) PMC1HDPMAX XXX X000b
D098h |PMC1 Data O Pattern Set Register (Min) PMC1DOPMIN 00h
D09%h |PMC1 Data 0 Pattern Set Register (Max) PMC1DOPMAX 00h
D09Ah |PMC1 Data 1 Pattern Set Register (Min) PMC1D1PMIN 00h
D09Bh |PMC1 Data 1 Pattern Set Register (Max) PMC1D1PMAX 00h
D09Ch ) 00h
D09Dh PMC1 Measurements Register PMC1TIM oon
DO9Eh
D09Fh
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)

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
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M16C/65C Group 5. Electrical Characteristics

5.1.2 Recommended Operating Conditions

Table 5.2 Recommended Operating Conditions (1/3)
Veer = Veez =2.710 5.5V at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified.

Standard ]
Symbol Parameter _ Unit
Min. Typ. Max.
Veew | Supply voltage (Veer = Veeo) CEC function is not used 2.7 5.0 55 \Y

Veez CEC function is used 2.7 3.63
AVce  |Analog supply voltage Veer

Vss Supply voltage 0

AVgg Analog supply voltage 0
ViH High input |P3_1to P3_7,P4_0toP4_7,P5_0to P5_7,
voltage P12 OtoP12 7,P13 Oto P13 7
PO_OtoPO_7,P1_0OtoP1_7,P2 0OtoP2_7,P3_0 0.8Veeo Veeo
(in single-chip mode)
PO_OtoPO_7,P1_OtoP1_7,P2 _0toP2_7,P3_0 0.5Veeo Veeo
(data input in memory expansion and microprocessor
modes)

P6_0to P6_7,P7_2toP7_7,P8 0to P8 4,P8_6,P8 7, 0.8Veer Veer \Y,
P9 OtoP9_7,P10_0to P10_7,P11_0Oto P11_7, P14_0,
P14 1

XIN, RESET, CNVSS, BYTE

P7_0,P7_1,P8 5 0.8Veer 6.5 Y,
CEC 0.7Vee1
VL Low input |P3_1toP3_7,P4_0toP4_7,P5 _0toP5_7, 0 0.2Veeo | V
voltage P12 0Oto P12_7,P13 Oto P13 7
PO_OtoPO_7,P1_0OtoP1_7,P2 _0toP2_7,P3_0 0 0.2Veeo | V
(in single-chip mode)
PO_OtoPO_7,P1_OtoP1_7,P2 0toP2_7,P3_0 0 0.16Veeo | V
(data input in memory expansion and microprocessor mode)
P6_0to P6_7,P7_0OtoP7_7,P8 Oto P8 7, P9 0Oto P9 7, 0 0.2Veer | V
P10_0Oto P10_7,P11 Oto P11_7,P14 0,P14_1
XIN, RESET, CNVSS, BYTE

CEC 0.26Vcey| V

lom(sum) |HiGh peak | sum of Iopypeak) at PO_0 to PO_7, P1_0to P1_7, -40.0 | mA
OutpUt = 1p5 oo p2_7
current

Sum of Ioy(peak) at P3_0to P3_7, P4_0to P4_7, -40.0 mA
P5 0toP5 7,P12 0toP12_7,and P13 0to P13 7
Sum of loy(peak) at P6_0 to P6_7, P7_2to P7_7, -40.0 mA
P8 O0to P8 4
Sum of loy(peak) at P8_6, P8_7, P9_0 to P9_7, -40.0 mA
P10_0Oto P10_7,P11_Oto P11_7,P14 Oto P14_1
loH(peak) [High peak |PO_0to PO_7,P1_OtoP1_7,P2_0OtoP2_7,P3_0toP3_7, -10.0 | mA
output P4 OtoP4_7,P5 0toP5 7,
current P6 OtoP6_7,P7_2toP7_7,P8 0Oto P8 4,P8 6,P8 7,
P9 _OtoP9_7,P10_0to P10_7,P11_Oto P11 7,
P12_0to P12_7,P13_0to P13_7,P14_0,P14_1
loH(avg) |High PO_OtoPO_7,P1_0toP1_7,P2 0toP2_7, -5.0 mA
average P3_0toP3_7,P4 O0toP4_7,P5 0toP5 7,
output P6 OtoP6_7,P7 2toP7_7,P8 0toP8 4,P8 6,P8 7,
current @ P9 0toP9_7,P10 OtoP10_7,P11 _Oto P11_7,
P12 0toP12_7,P13 0to P13 7,P14 0,P14 1

0.8Vcea Veeo

< < [ <] << <

<

<

Note:
1. The average output current is the mean value within 100 ms.
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M16C/65C Group 5. Electrical Characteristics

51.7 Oscillator Electrical Characteristics

Table 5.16 40 MHz On-Chip Oscillator Electrical Characteristics (1/2)
Vee1=2.7105.5V, Topy = -20°C to 85°C/-40°C to 85°C, unless otherwise specified.

- Standard )
Symbol Parameter Condition - Unit
Min. | Typ. | Max.
focoaom 40 MHz on-chip oscillator frequency|Average frequency in a 10 ms period 38 40 42 | MHz
tsu(focoagm) | Wait time until 40 MHz on-chip
. . 2 ms
oscillator stabilizes
Table 5.17 125 kHz On-Chip Oscillator Electrical Characteristics
Vee1 =2.710 5.5V, Top = -20°C to 85°C/-40°C to 85°C, unless otherwise specified.
. Standard ]
Symbol Parameter Condition - Unit
Min. | Typ. | Max.
foco-s 125 kHz on-chip oscillator frequency |Average frequency in a 10 ms period| 100 | 125 | 150 | kHz
tsu(foco.s) |Wait time until 125 kHz on-chip
. - 20 us
oscillator stabilizes
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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)

Table 5.28  Timer A Input (Two-Phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
tea) TAIIN input cycle time 800 ns
tSLI(TA|N-TAOUT) TAIOUT input Setup time 200 ns
tsu(TAOUT-TAIN) TAIIN input Setup time 200 ns

Two-phase pulse input in event counter mode
te(TA)

TAIIN input /I )

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)

TAIOUT input

—

fsu(TAOUT-TAIN)

Figure 5.8  Timer A Input (Two-Phase Pulse Input in Event Counter Mode)
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Vec1=Vec2=5V

Memory Expansion Mode and Microprocessor Mode

(Effective in wait state setting)

RD |-
(Separate bus) \ / ;

WR, WRL, WRH J———=
(Separate bus) \ / 7
RD /T T T T T
(Multiplexed bus) \ 7
WRWRLWRH
) /

(Multiplexed bus) \ 7
RDY input

tsu(RDY-BCLK) «———»| th(BCLK-RDY)

Measuring conditions

* Vec1=Vece =5V

* Input timing voltage: ML =1.0V,\H =4.0V

e Output timing voltage: \bL =2.5V, \by =25V

Figure 5.13 Timing Diagram
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5. Electrical Characteristics

Read timing

Memory Expansion Mode and Microprocessor Mode
(in wait state setting2 ¢ +3 ¢, 2 ¢ +4 ¢, 3¢ +4 ¢p,and4 ¢ +5 ¢, and
when accessing external area)

Vcci= Vcc2 =5V

T T A R S
BCLK | \ / \ / \ /—\_/—\_/—\_
I I I I I I I | I I I I
: I : : : : : : : : : th(BclzLK cs)
d(BCLK-CS) -
R o N S S S T T R M )
__ I I I I I I I I I I I I
CSi I I I I I I I I I I I I
11 T T T T T T T T T T I [}
1 ' I I I I I I I I oy
| lBCLK-AD) | I I I I | I I | th(BCLK-AD)
R O W T S I SN N S =l )
ADi iy 1 | 1 1 1 1 | [ [ [ X [
= I I I I I I I I I I I I
o P R N N
WecLkay) ' I I I I I | I i} throap
15ns(max.) |, th(BCLK-ALE) | | | | | | | 11 Ih(RD-AD)
- e - -4(ns(min,)) I I i I i I i J|": ke Ons(min.)
I I I I I I I I I I I
ALE A I i I I I I | I I i) I
I t T T T T t T T T |
i) i I I I I I I I I i I
: : : : : | ld(BCLK-RD) : : : : : 1 Ih(BCLK-RD)
I I | I - l—25n§(max) I I I + e Ons(min.)
== i i I i i\ I I I I I I i
RD I I | I I |\ I I | I I I I
S H o Sovan e et B
I I | I P I I fac4RD-DB) | I i I
e e
DBi SR [ Z0 N F————t————- o === ————- t————- —- —-——r-——-
I I I I I I I I I I '
| | I | ! I I I | buoeRD) LTI th(RD-DB)
g g ' g g g g ' + 50ns(min.) T ong(min)
Write timing
. I T T e A R
N E—
I I I | I /—\_
A o
: td(BCLK-CS) : : : : : : : : : th(BCLK-CS)
- :4_25n§(max.) | | | | | | | | « ,: Ons(min.)
I I I I I I I I I I
Csi : \ ! ! ! ! ! ! ! ! ! Y
1! ! I ] ] | | I | | | |
: ta@cik-AD) | : : : : : : : : th(BCLK-AD)
) —» :4_25n$(max.) I I I I I I I I te—»! ONS(min.)
ADL i i | i i i i | i i i X i
BHE 1 1 1 1 1 1 1 1 1 1 1
Td(Bcu|< AILE) | ! | | | | | | | th(wr AIZl)) : |
- | theeicag) ! I I I I I I - Lo
15n§&m¢|39 - e -4ns(min) | | : ! ! ! | (0.5 toyc -10)ns(min.)
I I I I I I I | I I I
me N0y
. : | i ! | : | | 1o thECLCWR) |
I I | I | ldeckwr) | I adha ons(min.) I
[ [ I | —» ¢ 25ns(max.) | | [ 11 I [
- ] ] t ] t\ | | | | | ] ]
A ) VO R S S T
L
I I [ I I | ldBCLK-DB) | [ I i I I
1 1 | 1 - l40ns(max.) | | 1 1] 1 :
I I I [ I t t t t t t
DBi [ I 4o L——__a_H-Z _ | | | 1 i 1 )____1_____
I I I I I L L | L 11 L i
I 1 | 1 1, 1 1 | | 1le i) 1
I I I I | T 1 T T ™ ! I
' ' ' ' ' ' doe-wr) ' " " th(wR-DB) .
. 1 {(n-0.5) x teyc -40Ins(min.) (0.5 x teyc -20)ns(min.)
¥*~ f(BCLK)

Measuring conditions

* Vec1=\ecz =5V

¢ Input timing voltage: ML = 0.8V, (4 = 2.0V

¢ Qutput timing voltage: \bL =0.4 V, \by =2.4V

n: 3 (when2 ¢ + 3 ¢)
4(when2¢+4dor3¢+44¢)
5(when4 ¢ +5 ¢)

Figure 5.18 Timing Diagram
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Vec1=Vec2 =3V

Table 5.44  Electrical Characteristics (3) (2/2)
R5F3651ECNFC, R5F3651KCNFC, R5F3650KCNFA, RSF3650KCNFB, R5F3651MCNFC, R5F3650MCNFA,
R5F3650MCNFB, R5F3651NCNFC, R5F3650NCNFA, R5F3650NCNFB,
R5F3651ECDFC, R5F3651KCDFC, R5F3650KCDFA, R5F3650KCDFB, R5F3651MCDFC, R5F3650MCDFA,
R5F3650MCDFB, R5F3651NCDFC, R5F3650NCDFA, R5F3650NCDFB
Vee1=Vee2=2.7103.3V,Vgg=0Vat Ty, =-20°Ct085°C/-40°C 10 85°C, fgcLk) = 32 MHz unless otherwise specified.

Symbol Parameter Measuring Condition i Stir;(;ard o Unit
lcc Power supply current | Stop mode Main clock stopped
40 MHz on-chip oscillator stopped
In single-chip, mode, 125 kHz on-chip oscillator stopped 1.6 pA
the output pin are Peripheral clock stopped
open and other pins Topr = 25°C
are Vsg During flash fecLi) = 10 MHz, PM17 = 1 (one wait) 0.0 A
memory program |V, =3.0V :
During flash fecLk) = 10 MHz, PM17 = 1 (one wait)
memory erase Veep = 3.0V 30.0 mA
RO1DS0015EJ0110 Rev.1.10 ENESAS Page 88 of 109

Jul 31, 2012



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

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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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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Vceei=Vec2 =3V

Memory Expansion Mode and Microprocessor Mode
(in 1 to 3 waits setting and when accessing external area)

Read timing

BCLK \ |
taBCLK-CS)! ! I ' thoLk-cs) | i !
;30ns(max.) | : I I ons(min.) | [ !
“: | | | M | | !
csi ! : : ! L/ . . !
;! 1 ] i | 1 : | :
L toye | . | : | | I
I I i I | I | I
I I I : | ! ! !
1 | | 1
! ItgéBC(LK A)D)I : | ! ﬂS(B(c;K-)AD) : : |
ns(max. ] ns(min. | 1
. hillg I I I o i l l
oE . . | . | |
BHE | ]
R T L |
T 1gns(min. | | ns(min. | | | 1
) o | | —h | |
ALE _}_,I/—E_\.\ ! ! ) ! | !
: b td(BCLK-RD): [ i uggg%ﬁ')RD)| | |
| HBOns(maX.) : i _,: r_ . : ! i
i
RD ! ! il ! | Ly | I i
! Lo I' tac2(RD-DB) | | L | | |
iy ! e {(n%0.5) xteyc-60)ns(ax) | L1 ! ! !
I Hi- “ 1 > T
DB S - l————— 1:———1 i }————} ————— :——————IL—
[ ! ! : l'_"""’}IJn(RD 0B)’ !
tsubB-RD) ons(min.)
60ns(min.)

Write timing

I | ] | |
BCLK _/—\\—,/—\—/—\—/—\_
1

I
tdBCLK-CS)| thecLk-cs) !
0ons(min.)

/

L_>:30ns(max.) :

I I
I ! : : !
| : ' | : :
I i

| } }
CSi | | I : I 0 I
. T T : | ! ! :
!: tCyC I I : : | : 1 :
| I ! ' ! . I .
I I I : I I I !
| taBeLk-AD)| | | I th(BCLK-AD) | | |
l‘_"‘BOns(max) | | : pns(mln) : | :
I
ADi y ! ! - . i .
BHE LA ! ! ! : X ' ! !
Itd(BCLK-ALE) |  th(BCLK-ALE) N — | : !
| 25ns(max) _| h_4ns(m|n) | I I thwr-AD) ! | | |
i | : : (05X teyc-15)ns(min.) I : :
ALE ! ' ' i ! | | |
| : | : i : : [ T H
| I dECLKWR)IL Il hECLKWR) [ [ [
I I 30ns(max) I —b: [4— Ons(min.) | : | :
WR, WRL, — | m ¥ i ) l T
WRH | | I " | : | :
: : : tdéBC(LK-D)B)I ! : I : I
40ns(max.) | I |
I : Hi-Z :‘_’i ! ! 1 : [
I _ 4 M | 4 I ]
DBi -t T T |_{ 1! ! N I R
: 1 | le | . | 1 I
i I o r P I I I
: ) td(DB-WR) th(wR-DB)
{(n-0.5) x teyc -40)n5(mm ) (0.5 x teyc-25)ns(min.)
-1
foye = fiecLk)
Measuring conditions n: 1 (when 1 wait)
e Veer1= Wec2 = 3V 2 (when 2 waits)
* Input timing voltage: ML = 0.6 V, \n =2.4V 3 (when 3 waits)
¢ Output timing voltage: \bL = 1.5V, \by =15V
Figure 5.31 Timing Diagram
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5. Electrical Characteristics

Veec1=Veeze =3V

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

5.34.4 In Wait State Setting 2¢ + 3¢, 2¢ + 4¢, 3¢ + 49, and 4¢ + 5¢, and When
Accessing External Area
Table 5.62 Memory Expansion and Microprocessor Modes (in Wait State Setting 2¢ + 3¢, 2¢ + 4¢,
3¢ + 44, and 4¢ + 5¢, and When Accessing External Area)

Symbol Parameter '\é?)?]zlijtrii(?r? MinS.tandar’\cjlaX- Unit
tayecLk-ap)  |Address output delay time 30 ns
th@cLk-ap)  |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
thecLK-CS) Chip select output hold time (in relation to BCLK) 0 ns
tayecLk-aLE) |ALE signal output delay time 25 ns
thcLk-aLe)  |ALE signal output hold time See -4 ns
tyscLk-rp)  |RD signal output delay time Figure 5.29 30 ns
thck-rp)  |RD signal output hold time 0 ns
tascLk-wr)  |WR signal output delay time 30 ns
thecLk-wr)  |WR signal output hold time 0 ns
ta@CLK-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:

9
(1=05)x10° 4001y

fieeLk)

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

2. Calculated according to the BCLK frequency as follows:

05x10°

15[ns]

f(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 R
t=-CR xIn(1 - Vg Vce2) DBi
by a circuit of the right figure. c

For example, when Vg, = 0.2Vep, C =30 pF, R =1 kQ,
hold time of output low level is
t=-30 pF x 1 kQ x |n(1 - O'ZVCCZ/VCCZ)

H

=6.7 ns.

4. Calculated according to the BCLK frequency as follows:

05 x 10°
(BCLK)

—25[ns]

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