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M16C/65 Group 1. Overview

1.2 Specifications
The M16C/65 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

Memory ROM, RAM, data flash See Table 1.5 “Product List (1/2)” and Table 1.6 “Product List (2/2)".

* 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 £10%), 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)

RO1DS0031EJ0210 Rev.2.10 RENESAS Page 2 of 111
Jul 31, 2012



M16C/65 Group

1. Overview

PatNo. R 5 E 3 65

0 6 D EA

I— Package type

FC: Package PLQP0128KB-A (128P6Q-A)
FA: Package PRQP0100JD-B (100P6F-A)
FB: Package PLQP0100KB-A (100P6Q-A)

Property Code
N: Operating temperature: -20°C to 85°C
D: Operating temperature: -40°C to 85°C

Memory capacity
Program ROM 1/RAM
6: 128 KB/12 KB
E: 256 KB/20 KB
K: 384 KB/31 KB
M: 512 KB/31 KB
N: 512 KB/47 KB
R: 640 KB/47 KB
T: 768 KB/47 KB

Number of pins
0: 100 pins
1: 128 pins

M16C/65 Group

16-bit MCU

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1  Part No., with Memory Size and Package

M16C
R5F36506DFA

O

XXXXXXX
gy —

——— Type No. (See Figure 1.1 “Part No., with Memory Size and Package”)

Running No. 0 to 9, A to Z (except for |, O, Q)

Week code (from 01 to 54)

Last digit of year

Figure 1.2  Marking Diagram (Top View)
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M16C/65 Group

1. Overview
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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/65 Group 1. Overview

Table 1.11  Pin Names for the 100-Pin Package (2/2)

Pin No. Control I/O Pin for Peripheral Function .
FA | FB Pin Port Interrupt Timer Serial interface A/D converter, Bus Control Pin
D/A converter
51 |49 P4_3 Al19
52 |50 P4 2 Al18
53 |51 P4 1 Al7
54 |52 P4_0 Al6
55 |53 P3_7 Al5
56 |54 P3_6 Al4
57 |55 P3 5 Al13
58 |56 P3_ 4 Al2
59 |57 P3_3 All
60 |58 P3_2 A10
61 |59 P3 1 A9
62 |60 |VvCC2
63 |61 P3_0 A8, [A8/D7]
64 |62 |VSS
65 (63 P2 7 AN2_7 A7, [A7/D7], [A7/D6]
66 |64 P2_6 AN2_6 A6, [A6/D6], [A6/D5]
67 |65 P2 5 [INT7 AN2_5 A5, [A5/D5], [A5/D4]
68 |66 P2 4 [INT6 AN2_4 A4, [A4/D4], [A4/D3]
69 |67 P2_3 AN2_3 A3, [A3/D3], [A3/D2]
70 |68 P2_2 AN2_2 A2, [A2/D2], [A2/D1]
71 |69 P2 1 AN2_1 Al, [A1/D1], [A1/DO]
72 |70 P2 0 AN2_0 A0, [A0/DO], AO
73 |71 P1_7 |INT5 IDU D15
74 |72 P1 6 |[INT4 IDW D14
75 |73 P1_5 |INT3 IDV D13
76 |74 P1 4 D12
77 |75 P13 TXD6/SDA6 D11
78 |76 P12 RXD6/SCL6 D10
79 |77 P1_1 CLK®6 D9
80 |78 P10 CTS6/RTS6 D8
81 |79 PO_7 ANO_7 D7
82 |80 PO_6 ANO_6 D6
83 [81 PO 5 ANO 5 D5
84 (82 PO 4 ANO_4 D4
85 |83 PO_3 ANO_3 D3
86 |84 PO_2 ANO_2 D2
87 |85 PO_1 ANO_1 D1
88 |86 PO_O ANO_O DO
89 |[87 P10_7 |KI3 AN7
90 |88 P10_6 |[KI2 ANG
91 |89 P10 _5 [KIT AN5
92 |90 P10_4 [KIO AN4
93 |91 P10_3 AN3
94 |92 P10_2 AN2
95 |93 P10_1 AN1
96 |94 |AVSS
97 |95 P10 0 ANO
98 |96 |VREF
99 |97 |AvVCC
100 |98 P9 7 SIN4 ADTRG
R0O1DS0031EJ0210 Rev.2.10 RENESAS Page 18 of 111
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M16C/65 Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (I Flag)

The | flag enables maskable interrupts.
Maskable interrupts are disabled when the | flag is 0, and enabled when it is 1. The | flag becomes 0
when an interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is 0. USP is selected when the U flag is 1.
The U flag becomes 0 when a hardware interrupt request is accepted, or the INT instruction of software
interrupt number 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from 0 to 7.
If a requested interrupt has higher priority than IPL, the interrupt request is enabled.

2.8.10 Reserved Areas
Only set these bits to 0. The read value is undefined.
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M16C/65 Group 3. Address Space

3.2 Memory Map

Special function registers (SFRs) are allocated from address 00000h to 003FFh and from 0D0OO0Oh to
OD7FFh. Peripheral function control registers are located here. All blank areas within SFRs are reserved.
Do not access these areas.

Internal RAM is allocated from address 00400h and higher, with 10 KB of internal RAM allocated from
00400h to 02BFFh. Internal RAM is used not only for data storage, but also for the stack area when
subroutines are called or when an interrupt request is accepted.

The internal ROM is flash memory. Three internal ROM areas are available: data flash, program ROM 1,
and program ROM 2.

The data flash is allocated from OEO0Oh to OFFFFh. This data flash area is mostly used for data storage, but
can also store programs.

Program ROM 2 is allocated from 10000h to 13FFFh. Program ROM 1 is allocated from FFFFFh and lower,
with the 64 KB program ROM 1 area allocated from address FOO0Oh to FFFFFh.

The special page vectors are allocated from FFEOOh to FFFD7h. They are used for the JMPS and JSRS
instructions. Refer to the M16C/60, M16C/20, M16C/Tiny Series Software Manual for details.

The fixed vector table for interrupts is allocated from FFFDCh to FFFFFh.

The 256 bytes beginning with the start address set in the INTB register compose the relocatable vector table
for interrupts.

Figure 3.2 shows the Memory Map.

00000h SFR
00400h
Internal RAM 3 Internal RAM
Size | Address XXXxxh| XXXXXh
12 KB 033FFh Reserved area ®
20 KB 053FFh 0DO000h SER
31 KB 07FFFh 0D800h Sl s
47 KB OBFFFh
0EO000h Inzerna]!IROhM /,' 13000h On-chip debugger
10000h (data fash) / 13FFOh monitor area
Internal ROM /
(program ROM 2) |¥__ 13rFFn User boot code area
14000h
External area
27000h Reserved area ®
28000h
' Relocatable vector table
External area
256 bytes beginning with the
Program ROM 1 start address set in the INTB
Size Address YYYYYh]  40000h register
128 KB E0000h
@
256 KB C0000h Reserved area J/ EFEQOh :
384 KB A0000h I,’ FFEDSH Special page vector table
512 KB 80000h YYYYYh / EEFDCh Reserved area @
7
640 KB 60000h Internal ROM ! Fixed vector table
(program ROM 1) | / Address for ID code stored
768 KB 20000 FFFFFh { __FFFFFh OFS1 address
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following conditions:
- Memory expansion mode
- The PM10 bit in the PM1 register is 1
(addresses OEO00h 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)
- The IRON bit in the PRG2C register is 1
(program ROM 1 in addresses 40000h to 7FFFFh enabled)
3. Do not change the data from FFh.

Figure 3.2  Memory Map
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M16C/65 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 SER 00000h SER 00000h SFR
00400h 00400h 00400h

Internal RAM Internal RAM Internal RAM

Reserved area Reserved area Reserved area
0DO000h 0D000h 0DO000h

SFR SFR SFR

0D800h 0D800h 0D800h

Reserved area External area
OE000h Internal ROM OE00ON 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 Szl e
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 OE000h 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)
- The IRON bit in the PRG2C register is 1
(program ROM 1 in addresses 40000h to 7FFFFh enabled)
Microprocessor mode
- The PM10 bit is O (addresses OEO0Oh to OFFFFh are used as the CS2 area)
- The PRG2CO bitis 1 (program ROM 2 disabled)

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

Table 4.2 SFR Information (2) @)

Address Register Symbol Reset Value
0020h
0021h
0022h |40 MHz On-Chip Oscillator Control Register 0 FRAO XXXX XX00b
0023h
0024h
0025h
0026h | Voltage Monitor Function Select Register VWCE 00h
0027h
0028h | Voltage Detector 1 Level Select Register VDILS 0000 1010b()
0029h
002Ah |Voltage Monitor O Control Register VWO0C 1000 XX10b
002Bh |Voltage Monitor 1 Control Register vVwicC 1000 1010b (2
002Ch |Voltage Monitor 2 Control Register VW2C 1000 0X10b @
002Dh
002Eh
002Fh
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
0039%h
003Ah
003Bh
003Ch
003Dh
003Eh
003Fh

X: Undefined
Notes:
1. The blank areas are reserved. No access is allowed.
2. Thisis the reset value after hardware reset. Refer to the explanation of each register for details.
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M16C/65 Group

4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7) (1)

Address Register Symbol Reset Value
giE(lJE Timer B3-1 Register TB31 iiﬂ
815;2 Timer B4-1 Register TB41 ii:
giEgE Timer B5-1 Register TB51 i;(:
01E6h iPslt.g?eZPeriod/Pulse Width Measurement Mode Function Select Reg- PPWES2 XXX X000b
01E7h

01E8h |Timer B Count Source Select Register 2 TBCS2 00h
01E9h |Timer B Count Source Select Register 3 TBCS3 X0h
01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01FOh |[PMCO Function Select Register 0 PMCOCONO 00h
01F1h |PMCO Function Select Register 1 PMCOCON1 00XX 0000b
01F2h |PMCO Function Select Register 2 PMCOCON2 0000 00X0b
01F3h |PMCO Function Select Register 3 PMCOCONS3 00h
01F4h |PMCO Status Register PMCOSTS 00h
01F5h |PMCO Interrupt Source Select Register PMCOINT 00h
01F6h |PMCO Compare Control Register PMCOCPC XXX0 X000b
01F7h |PMCO Compare Data Register PMCOCPD 00h
01F8h |PMC1 Function Select Register 0 PMC1CONO XXX0 X000b
01F9h |[PMC1 Function Select Register 1 PMC1CON1 XXXX 0X00b
01FAh |PMC1 Function Select Register 2 PMC1CON2 0000 00X0b
01FBh |PMC1 Function Select Register 3 PMC1CONS3 00h
01FCh |PMC1 Status Register PMC1STS X000 X00Xb
01FDh |PMC1 Interrupt Source Select Register PMCLINT X000 X00Xb
01FEh

01FFh

0200h

0201h

0202h

0203h

0204h

0205h |Interrupt Source Select Register 3 IFSR3A 00h
0206h |Interrupt Source Select Register 2 IFSR2A 00h
0207h |Interrupt Source Select Register IFSR 00h
0208h

0209h

020Ah

020Bh

020Ch

020Dh

020Eh |Address Match Interrupt Enable Register AIER XXXX XX00b
020Fh |Address Match Interrupt Enable Register 2 AIER2 XXXX XX00b

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/65 Group 5. Electrical Characteristics

Table 5.3 Recommended Operating Conditions (2/3)
Vee1r =Vee2 =2.7105.5 V at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified.
Standard

Symbol Parameter - Unit
Min. Typ. Max.

loLsum) |Low peak |Sum of Igy (peaky @t PO_Oto PO_7, P1_Oto P1_7, 80.0 mA
output P2_0toP2_7,P8_6,P8_7,P9_0to P9 7,

current P10_0to P10_7,P11_OtoP11_7,P14 Oto P14 1
Sum of lg| (peak) at P3_0to P3_7, P4_0to P4_7, 80.0 mA

P5_0toP5_7,P6_0toP6_7,P7_0toP7 7,
P8_0to P8 5, P12 0to P12 7, P13 Oto P13 7

loL(peak) |Low peak |PO_Oto PO_7,P1 OtoP1_7,P2 OtoP2_7, 10.0 mA
output P3_0toP3_7,P4 OtoP4_7,P5 0toP5_7,
current P6 OtoP6_7,P7 OtoP7_7,P8 0Oto P8 7,
P9_0Oto P9 _7,P10_0to P10_7,P11 Oto P11 7,
P12 OtoP12_7,P13 0toP13_7,P14 0,P14_1

loL(avg) [LOW PO _OtoPO_7,P1 OtoP1_7,P2 0toP2_7, 5.0 mA
average |P3_0toP3_7,P4 OtoP4_7,P5 0toP5 7,
output P6 OtoP6_7,P7_0OtoP7_7,P8 OtoP8 7,
current @ [P9_0to P9_7, P10_0to P10_7,P11_0Oto P11_7,
P12 O0toP12_7,P13 0to P13 _7,P14 0,P14 1

foxiny Main clock input Vecp=2.7Vto55V 2 20 MHz
oscillation frequency

foxciny | Sub clock oscillation frequency 32.768 50 kHz

freLy PLL clock oscillation |V =2.7V1t0 55V 10 32 MHz
frequency

fecky |CPU operation clock 2 32 MHz

tsypLy) |PLL frequency Vee1 =50V 2 ms

synthesizer

o o V =30V 3 ms
stabilization wait time ccl

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

5.15 Flash Memory Electrical Characteristics

Table 5.8 CPU Clock When Operating Flash Memory (fgc k)
Vee1=2.710 5.5V, Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified.

. Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.

- CPU rewrite mode 10 (M) MHz
f(SLOW_R) |Slow read mode 5@) MHz
- Low current consumption read mode fC(32.768) 35 kHz
- Data flash read 27V <Vec1£3.0V 16 @ MHz
3.0V <V £55V 20 @ MHz

1. Setthe PM17 bit in the PM1 register to 1 (one wait).

2. When the frequency is over this value, set the FMR17 bit in the FMR1 register to O (one wait) or the PM17 bit in
the PML1 register to 1 (one wait)

3. Setthe PM17 hit in the PM1 register to 1 (one wait). When using 125 kHz on-chip oscillator clock or sub clock as
the CPU clock source, a wait is not necessary.

Table 5.9 Flash Memory (Program ROM 1, 2) Electrical Characteristics
Vce1 =2.710 5.5V at Ty, = 0°C to 60°C (option: -40°C to 85°C), unless otherwise specified.

- Standard .
Symbol Parameter Conditions . Unit
Min. Typ. Max.
- Program and erase cycles (1. 3). (4)|Vcey = 3.3V, Topr = 25°C 1,000 @ times
- 2 word program time Veer = 3.3V, Ty =25°C 150 4000 us
- Lock bit program time Veer =33V, Ty =25°C 70 3000 us
- Block erase time Veer =33V, Ty =25°C 0.2 3.0 S
- Program, erase voltage 2.7 5.5 \Y,
- Read voltage Topr= -20°C to 85°C/-40°C to 85°C| 2.7 5.5 \Y,
- Program, erase temperature 0 60 °C
tps Flash memory circuit stabilization wait time 50 us
- Data hold time (6) Ambient temperature = 55°C 20 year

Notes:
1. Definition of program and erase cycles:

The program and erase cycles refer to the number of per-block erasures. If the program and erase cycles are n

(n =1,000), each block can be erased n times. For example, if a block is erased after writing 2 word data 16,384

times, each to a different address, this counts as one program and erase cycles. Data cannot be written to the

same address more than once without erasing the block (rewrite prohibited).

Cycles to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

3. In a system that executes multiple programming operations, the actual erasure count can be reduced by writing
to sequential addresses in turn so that as much of the block as possible is used up before performing an erase
operation. It is advisable to retain data on the erasure cycles of each block and limit the number of erase
operations to a certain number.

4. If an error occurs during block erase, attempt to execute the clear status register command, then execute the

block erase command at least three times until the erase error does not occur.

Customers desiring program/erase failure rate information should contact a Renesas Electronics sales office.

6. The data hold time includes time that the power supply is off or the clock is not supplied.

n

o
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M16C/65 Group 5. Electrical Characteristics

Table 5.10 Flash Memory (Data Flash) Electrical Characteristics
Vee1 =2.7105.5Vat Ty = -20 to 85°C/-40 to 85°C, unless otherwise specified.

. Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.
- Program and erase cycles (1. 3). (4 |Veeq = 3.3V, Top = 25°C 10,000 @ times
- 2 word program time Veer =33V, Top =25°C 300 4000 us
- Lock bit program time Veer =33V, Topr = 25°C 140 3000 us
- Block erase time Veer =33V, Topr =25°C 0.2 3.0 s
- Program, erase voltage 2.7 55 Y
- Read voltage 2.7 5.5 \%
- Program, erase temperature —-20/-40 85 °C
tps Flash memory circuit stabilization wait time 50 us
- Data hold time (6) |Ambient temperature = 55°C 20 year

Notes:
1. Definition of program and erase cycles

The program and erase cycles refer to the number of per-block erasures.

If the program and erase cycles are n (n = 10,000), each block can be erased n times.

For example, if a 4 KB block is erased after writing 2 word data 1,024 times, each to a different address, this

counts as one program and erase cycles. Data cannot be written to the same address more than once without

erasing the block (rewrite prohibited).

Cycles to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

3. In a system that executes multiple programming operations, the actual erasure count can be reduced by writing
to sequential addresses in turn so that as much of the block as possible is used up before performing an erase
operation. For example, when programming groups of 16 bytes, the effective number of rewrites can be
minimized by programming up to 256 groups before erasing them all in one operation. In addition, averaging the
erasure cycles between blocks A and B can further reduce the actual erasure cycles. It is also advisable to retain
data on the erasure cycles of each block and limit the number of erase operations to a certain number.

4. If an error occurs during block erase, attempt to execute the clear status register command, then execute the
block erase command at least three times until the erase error does not occur.

5. Customers desiring program/erase failure rate information should contact a Renesas Electronics sales office.

6. The data hold time includes time that the power supply is off or the clock is not supplied.

n
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M16C/65 Group 5. Electrical Characteristics

Vee1 = Ve =5V

Table 5.20  Electrical Characteristics (2) (1)
Vee1=Vec2=4.2105.5V,Vgg=0Vat Ty, =-20°C t0 85°C/-40°Cto 85°C, figc k) = 32 MHz unless otherwise specified.

Measuring Standard
Condition Min. Typ. | Max.

V1, - V1. |Hysteresis |HOLD, RDY, TAOIN to TA4IN, TBOIN to TB5IN, 0.5 20 | V
INTO to INT7, NMI, ADTRG, CTSO0 to CTS2,
CTS5 to CTS7, SCLO to SCL2, SCL5 to SCL7,
SDAO to SDA2, SDA5 to SDA7, CLKO to CLK?7,
TAOOUT to TA40UT,

KIO to KI3, RXDO to RXD2, RXDS5 to RXD?7,
SIN3, SIN4, SD, PMCO, PMC1, SCLMM,
SDAMM, CEC, ZP, IDU, IDV, IDW

V14 - V1. |Hysteresis |RESET 0.5 25| V

(T High input (PO_OtoPO_7,P1 OtoP1 7,P2 OtoP2_7, |V,=5V 50 | 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 Oto P11_7,P12 Oto P12 7,

P13 Oto P13 7,P14 0,P14 1

XIN, RESET, CNVSS, BYTE

m Low input |PO_OtoPO_7,P1 OtoP1 7,P2 OtoP2 7, |V,=0V -5.0| pA
current P3_ 0toP3_7,P4 0toP4_7,P5 0toP5 7,
P6_0toP6_7,P7_0toP7_7,P8_0to P8_7,
P9 0toP9 7,P10_0to P10 7,

P11 OtoP11_7,P12 0Oto P12_7,

P13 O0to P13_7,P14 0,P14 1

XIN, RESET, CNVSS, BYTE

RpyLLup |Pull-up PO OtoPO_7,P1 OtoP1 7,P2 OtoP2_7, |V,=0V 30 50 | 100 | kQ
resistance |P3_0toP3 7,P4 0toP4_7,P5 0toP5_7,
P6 0toP6_7,P7_2toP7_7,P8_0toP8_4,
P8 6,P8 7,P9 0toP9 7,P10_0to P10 7,
P11 Oto P11 _7,P12 0Oto P12 7,

P13 0to P13_7,P14 0,P14 1

Symbol Parameter Unit

Rixin Feedback resistance XIN 15 MQ
VRAM RAM retention voltage In stop mode 1.8 \Y,
Note:

1. When Ve # Ve, referto 5V or 3 V standard depending on the voltage.
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M16C/65 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 5.36  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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M16C/65 Group 5. Electrical Characteristics

Vee1=Vee2=5V

5.24 Switching Characteristics (Memory Expansion Mode and Microprocessor
Mode)

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

5.2.4.1 In No Wait State Setting

Table 5.38  Memory Expansion Mode and Microprocessor Mode (in No Wait State Setting)

i Standard
Symbol Parameter Meas‘ff'“g Unit
Condition Min. Max.
td(BCLK-AD) Address output delay time 25 ns
thBCLK-AD) Address output hold time (in relation to BCLK) 0 ns
th(RD-AD) Address output hold time (in relation to RD) 0 ns
thwRr-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
t4(BCLK-ALE) ALE signal output delay time 15 ns
th(BCLK-ALE) ALE signal OUtpUt hold time See -4 ns
t4BCLK-RD) RD signal output delay time Figure 5.14 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
tdBCLK-WR) WR signal output delay time 25 ns
thBCLK-WR) WR signal output hold time 0 ns
ty@cLK-DB) Data output delay time (in relation to BCLK) 40 ns
th(BCLK-DB) Data output hold time (in relation to BCLK) () 0 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 2) ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
O—f"‘:iilo— - 40[ns] fgcLk) is 12.5 MHz or less.
(BCLK)
2. Calculated according to the BCLK frequency as follows:
9
05x10" 10[ns]
QBCLK)
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 |n(1—VOL/Vccz) DBi
by a circuit of the right figure. c
For example, when Vg = 0.2Vcp, C = 30 pF, R = 1 kQ, hold time of output ;I/;
low level is
t=-30 pF x 1 kQ x In(l - O'ZVCCZIVCCZ)
=6.7ns.
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M16C/65 Group 5. Electrical Characteristics

Vee1= Vecz =5V

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

Read timing
I | | | I

BCLK
I tascLk-cs)
I 25ns(max.) |

|

g
s

Y ————

I
I
I
&IyC !
i
I
I
I

|
|
|
|
|
|
T
|
|
|
|
|
|
|
I o
T
|
T
|
|
|
|
|
T
|
|
|
|
|
|

tac2(RD-DB) !

{(n+0|.5) X teyc-45ins(max.) |

|
I
|
ld(BCLK-AD) : th(BCLK-AD)
125ns(max.) | | 10ns(min.)
ADi —\ . ' :
| |
BHE ! X 1 1 ! IX
| ey | ecLca), o) P 1
“— . -4ns(min. | ns(min. |
| 1 e :‘_ | : |
we L i/
1 . }
: 1" fscik-ro) i %ég%ﬁ-RD):
| p_>:25ns(max.) | (min.) :
I |
RD I \ I ]
| } |
! |
i
I

B I
3

v
@©
A
=
IN
|
|
-+
|
IA
|
|
_1
|
|
|
|
|
~~F
|
|
|
_L
|
|
|
|
|
T
|
|
|
|
-
|

! ! P oo o) ! !
tsu(DB-RD) Ons(min.)
40ns(min.)

Write timing

BCLK

td(BC(LK-C)S):
[25ns(max.
g |

thscLk-cs) !
| Oons(min.)

/

j_

A

I |
I |
T 1
teye I :
I I
| |
| I
| |

' i
I 1 |
| ! !
| | 0
} | |
I ! ! !
! [ [
I | I I :
I I ! I I
I I : ! I
| tBCLK-AD), : I I th(BCLK-AD) | :
125ns(max.) | | : pns(mln.) : |
. L 1 1 T} |
ADi I I f T T
BHE LA ! ! ! L X ! ! ;
:tfs(sc(LK-A)LE) ! Ih(Bc(LK-,S«LE): | |H_IM(WR o ] | : I
ns(max. -4ns(min. 1 - . 1 [
g e : ! | (05 xteyc-10)ns(min) I : !
we LN | : . | .
| 11 | t 1 T t
| I ldECLKWR) Il thBCLK-WR) I i I
I I 25ns(max.) 14 —>: [ Ons(min.) | : | :
WR, WRL, — : — ! ; T l T
WRH ! ' Lo | | ! ! !
! : | tWecK-DB) | ! | | |
: | 40ns(max.) | | |1 (BCLK-DB), | |
| I Hi-Z g’ : : 147} Ons(min.) J|- | :
I -t T G} I e
: : : l r Hig I : I
: ' ~ WoB-wWR) th(wR-DB)
{(n-0.5) x tcyc-40ns(min.) (0.5 x teyc-10)ns(min.)
feye = feCLK)
Measuring conditions n: 1 (when 1 wait)
* Vee1= \Wec2 =5V 2 (when 2 wa?ts)
* Input timing voltage: ML = 0.8 V, (4 =2.0V 3 (when 3 waits)

¢ Output timing voltage: \bL = 0.4V, \bH =2.4V

Figure 5.16 Timing Diagram
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M16C/65 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)

5.3.2.3 Timer A Input
Table 5.49  Timer A Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
tera) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input high pulse width 60 ns
tw(TAL) TAIIN input low pulse width 60 ns
Table 5.50  Timer A Input (Gating Input in Timer Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
tera) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input high pulse width 300 ns
tw(TAL) TAIIN input low pulse width 300 ns
Table 5.51 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
teta) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input high pulse width 150 ns
tw(TAL) TAIIN input low pulse width 150 ns
Table 5.52  Timer A Input (External Trigger Input in Pulse Width Modulation Mode and
Programmable Output Mode)
Standard .
Symbol Parameter . Unit
Min. Max.
tw(TAH) TAIIN input high pulse width 150 ns
tw(TAL) TAIIN input low pulse width 150 ns
J te(tA)
tw(TAH)
TAIIN input \
. tw(TAL) R
feup)
tw(UPH)
TAIOUT input \
tw(upPL) R
[« >
Figure 5.22 Timer A Input
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M16C/65 Group 5. Electrical Characteristics

Vee1=Veee =3V
Timing Requirements
(Vec1 =Veec2 =3V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.3.3 Timing Requirements (Memory Expansion Mode and Microprocessor
Mode)

Table 5.60 Memory Expansion Mode and Microprocessor Mode

Standard )
Symbol Parameter - Unit
Min. Max.
tac1(RD-DB) Data input access time (for setting with no wait) (Note 1) ns
tac2(RD-DB) Data input access time (for setting with wait) (Note 2) ns
tac3(RD-DB) Data input access time (when accessing multiplex bus area) (Note 3) ns
tac4(RD-DB) Data input access time (for setting with 2 ¢ + 3 ¢ or more) (Note 4) ns
tsu(DB-RD) Data input setup time 50 ns
tsu(RDY-BCLK) RDY input setup time 85 ns
th(RD-DB) Data input hold time 0 ns
th(BCLK—RDY) RDY input hold time 0 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
05x10" 60[ns]
fecLk)

2. Calculated according to the BCLK frequency as follows:
9
N +fO.5 x10 _ 60[ns] nis 1 for 1 wait setting, 2 for 2 waits setting and 3 for 3 waits setting.
(BCLK)
3. Calculated according to the BCLK frequency as follows:

n-0.5) x 10°
(n-05)x10 _ 60[ns] nis 2 for 2 waits setting, 3 for 3 waits setting.

fecLk)
4. Calculated according to the BCLK frequency as follows:
9
][‘Xﬁ—eoms] nis3for2o+3¢, 4for2h+4¢, 4for3¢+4¢,5ford¢+50,
(BCLK)
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M16C/65 Group

5. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode Vce1= Veez2 = 3V
(in 1 to 3 waits setting and when accessing external area)
Read timing
I I
BCLK I l ' ' ' : : !
: larseLK-Cs) : : : thecLk-cs) | : :
I‘_b:aons(max.) | | : Ons(min.) : : :
I I I
- | | 1 T 1 t
cSi ! I I ! L/ . ! .
- I ] ! ! ! : :
L feye N ! I ! ! !
I I I : | I I !
I I I | I ! ! |
| | | | | : | |
! Itd(BCLK-AD)l ! I | th(ecLK-AD)| : |
30ns(max.) | | 1 I‘_>|Ons(m|n.) | | 1
ADi | ' ' : — | l :
BHE l X l I ! l P( ! I !
! tgéEsC(Lmlng;_E) I thBcLk-ALE)| I th(RD-AD) :"} i | : I
on LN :‘ilns(mln.) : : Ons(min.) | : | : :
I I ! /—f'\ I
e LN | | B | | |
' " tyBCLk-RD) | L th(BCLK-RD) | |
: ﬂ_p:SOns(max.) : : _’: r_ons(m'n-) : : :
R I | ! | | |
I T t I
: b I' taco(rD-DB) | . | : [
i ! e {(1405) xtoyc-60pns(max) | N ! ! !
DB -—:—HIZ———T—'————E ————— L— i I}————} ————— i
| | |
[ ! ! ' e Ith(RD-DB)! !
tsu(DB-RD) ons(min.)
50ns(min.)
Write timing
| | 1 | 1 | I
I | I
| lscuccs) | ! | tecikces)! ! !
IH_’: - : : : | (I)ns(mln.) i | !
T T
Csi L\ i I : LY : | ;
1 I T T 1 ] 1 | |
L el | | | . ! |
I I | : I I I !
1 ! | | | [ 1 |
I I [ | I : ! |
| taBeLK-AD)| | | | th(BCLK-AD) | | |
H_’LBOns(max.) : : : l‘_’!I()ns(mln.) : : :
ADi : ) | | t : T T t
BHE LA ' ! ; L X ' ! !
:gﬁéBC(LK-A;_E) ! th(B(ELK-?LE): | W | : !
ns(max. -4ns(min. | - . 1 I
:‘": meing ! ! I (05 xteyc-10)ys(min) I : !
I | I
NS ) S | : , | ,
i I tBCLKWR) | Il hECLK-WR) I I !
o | I 30ns(max.) M —P: ¢ Ons(min.) | : [ |
WR, WRL, — : L Il ; . l T
WRH I I . A I ! ! !
! ! I tecLk-DB) ! : ——— | I
I [N ey OnS(MEX.) : 1 W’:Ons(min.) : ! :
1 : Hi-z JI_ | r t i : |
DBi -t ————- l—{ | ! .'7'“‘. ————— ey
I I I le 1 — ! I '
i I Il r i ! I !
: ) td(DB-WR) th(wR-DB)
{(n-0.5) x tcyc -40ins(min.) (0.5 x teyc-10)ns(min.)
I
oy = fecLK)
Measuring conditions n: 1 (when 1 wait)
e Vcc1= \ec2 = 3V 2 (when 2 waits)
« Input timing voltage: ML =0.6 V, \u =2.4V 3 (when 3 waits)
¢ Qutput timing voltage: \bL = 1.5V, \by =15V

Figure 5.31 Timing Diagram
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M16C/65 Group

5. Electrical Characteristics

(in wait state setting2 ¢ +3 ¢, 2 ¢ + 4 ¢,
when accessing external area)

Read timing ;
cyc

Memory Expansion Mode, Microprocessor Mode

3p+4¢p,and4 ¢ +5 ¢, and

Vcci= Veez = 3V

Measuring conditions
* Vce1=Wec2 =3V

« > I I I | I I I I |
I i ] I I I I I I I I 1
ST A G B U A G S U A R A W
I I I I I I I I I I I i
: l : : : : : : : : : th(B(I;LK CSs)
t4(BCLK-CS) -
| I I I I I I I I I
I Y
CsSi I I | | | I 1 | I I I 1
T S R e R
1 {d(BCLK-AD) 1 1 1 1 1 1 1 1 I th(BCLK-AD)
sl f b L 4 b b b ewonsmn)
AN G S R N N S A N N B
BHE 1 T T T T T T T T T T T
4 I I I I I I I I I P 1
(BCLK-ALE) | ' I I I i I I I I th(RD-AD)
25ns(max.) th(BCLK-ALE) | | 1 1 I [ 1 L i
0 e I AR A A S N SN /i A
ALE A I i I I I i I I I I I/_:_\_
I i
i ' i i i i i i i i | i
[ | [ [ I, lecw-RD) | [ [ [ I} th(BCLK-RD)
: ! : : - le—30ns(max.) | : : : - e Ons(min.)
B i I i i i\ I I I I I P! i
RD I | I I I I\ I i I I I 1 i
S A S Soveu s m
I | I I I I I lac4RDDB) | I o ]
: ! : : b ! ' (n X teye-60)ns(max.) ! Jo !
) I Hi- I I I T I 1 | I I g 1
DBi R 17 F-———1————- Fh———q-———- T————- === t————- =4 1! - r——--
i I i i Pl I i | suoBRD) { THIC thrp o)
' ' ' ' ' ' ' ' * 50ns(min) © ‘1 Ops(min.)
Write timing
I teyc l | | | 1 | | 1 | |
— T — — —
BCLK I \I\—I{ \ I I 1 I I I I I
I | I I I I I I I I I I
: td(BCLK-CS) : : : : : : : : : th(BCLK-CS)
- :4_30n§(max.) | | | | H | | H . ,: Ons(min.)
I I I I I I I I I I
csi 1 VS S S SR S SN N SN R SR N
1! | I I I I i I I i P I
: taecik-Ap) | : : : ! : : ! : th(BCLK-AD)
—» le30ns(max.) | I I I 1 I I i t«—s! ONs(min.)
ADI Y 1 1 1 1 1 1 11 Y
BHE | I | | | | 1 | | 1 | | |
td(BCL}I(-ALE) | th(BCII_K-ALE) | | | i | i | th(WR-AD) I | )
25ni&m?-x-) —): 1 -4ns(min.) : : : : : : : (0.5 X teye -]_p)ns(rl‘nm.)
1= I I I I I 1 I I 1] I
LSS | W B S S I S B S L I I
P! I I I I I 1 | I 1] : I
: | th(BCLK-WR)
I I I I I ' I I I
I | I I I la@Eckwr) I I adlt ons(min.) |
1 | I 1 —»1 « 30ns(max.) 1 1 1 1 I I
- ] t ] ] t\ | 1 | | 1 1 ]
L | G S S 7 .
B T v e R
I | I I | ldeclk-DB) | I I i | |th(BCLK-DB)
! ! ! ! -+ l40ns(max.) | I I 1] k> ONs(Min.)
R I S N N L)
1 I 1 1 1, 1 1 1 | N | J 1
I I I I |1 1 i 1 1 ™ g I
' ' ' ' ' ' tyoB-wR) ' " "th(WR-DB) -
e = 1 {(n-0.5) x tyc -40ins(min.) (0.5 x teyc -10)ns(min.)
¥¢ = HBCLK)

n:3(when2¢+3¢)

* Input timing voltage: ML = 0.6 V, \H =2.4V
e Qutput timing voltage: \bL = 1.5V, \by =15V

4(when2¢+4¢por3d+49)
5 (when4 ¢ +5¢)

Figure 5.33 Timing Diagram
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