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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

1.3 Product List

Table 1.5 and Table 1.6 list product information. Figure 1.1 shows the Part No., with Memory Size and
Package, and Figure 1.2 shows the Marking Diagram (Top View).

Table 1.5 Product List (N-Version) As of July, 2012
ROM Capacity RAM

Part No. PRr(())g'\r/la;n Pé(é)gl\r/la;n Data flash | Capacity Package Code Remarks
R5F36506CNFA 128 KB 16 KB 4 KB 12 KB PRQP0100JD-B
R5F36506CNFB x 2 blocks PLQPO100KB-A
R5F3651ECNFC PLQPO0128KB-A
R5F3650ECNFA 256K8 | 16KkB | 'S | 20KkB [PRQPOL00IDB
R5F3650ECNFB PLQPO100KB-A
R5F3651KCNFC PLQP0128KB-A )
R5F3650KCNFA 384 KB 16KB | 24b'|<c')3cks 31KB |PRQP0100JD-B toefne;;‘:g‘t%re
R5F3650KCNFB PLQPO100KB-A -20°C to 85°C
R5F3651MCNFC PLQP0128KB-A
R5F3650MCNFA 512 KB 16 KB y 24bll<(;30ks 31 KB PRQP0100JD-B
R5F3650MCNFB PLQPO0100KB-A
R5F3651INCNFC PLQP0128KB-A
R5F3650NCNFA 512 KB 16 KB y 24bll<oE::ks 47 KB PRQP0100JD-B
R5F3650NCNFB PLQPO100KB-A
(D): Under development
(P): Planning
Note:

1. Previous package codes are as follows:
PLQP0128KB-A: 128P6Q-A, PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A

Table 1.6 Product List (D-Version) As of July, 2012
ROM Capacity RAM
Part No. Pcmég'\;lain PRr%gl\r/Ia;n Data flash | Capacity Package Code Remarks
R5F36506CDFA 4 KB PRQP0100JD-B
128 KB 16 KB 12 KB
R5F36506CDFB x 2 blocks PLQPO0100KB-A
R5F3651ECDFC PLQP0128KB-A
R5F3650ECDFA 256 KB 16 KB y 24bll<(iks 20 KB PRQP0100JD-B
R5F3650ECDFB PLQPO100KB-A
R5F3651KCDFC PLQP0128KB-A
R5F3650KCDFA 384 KB 16 KB 4 KB 31KB |PRQP0100JD-B | OPerating
x 2 blocks temperature
R5F3650KCDFB PLQPO100KB-A -40°C to 85°C
R5F3651MCDFC PLQP0128KB-A
R5F3650MCDFA 512 KB 16 KB 9 24bll(oiks 31 KB PRQP0100JD-B
R5F3650MCDFB PLQPO0100KB-A
R5F3651NCDFC PLQP0128KB-A
R5F3650NCDFA 512 KB 16 KB 4b}|<0i;32 47 KB PRQP0100JD-B
R5F3650NCDFB PLQPO0100KB-A
(D): Under development
(P): Planning
Note:

1. Previous package codes are as follows:
PLQP0128KB-A: 128P6Q-A, PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A
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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 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.

R0O1DS0015EJ0110 Rev.1.10 RENESAS Page 26 of 109
Jul 31, 2012



M16C/65C 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 N2 Internal RAM
Size |Address XXxxXh| XXXXXh
12 KB 033FFh Reserved area ®
20 KB 053FFh 0D000h SFR
31KB 07FFFh ODS00h External area
47 KB OBFFFh ’
0E000h Internal ROM 4/ 13000h On-chip debugger
(data flash) / monitor area
10000h Internal ROM / 13FFOh Jser boot cod
(rogramRoM 2) | 13eFen ser boot code area
14000h
External area
27000h Reserved area ®
28000h
Relocatable vector table
External area — -
256 bytes beginning with the
Program ROM 1 rsézll'g ?etidress setin the INTB
Size | Address YYYYYh| 80000h
128 KB E0000h Reserved area ®
! FFEOOh
256 KB C0000h ! .
/ Special page vector table
384 KB A0000h / FFFD8h
YYYYYh ; Reserved area @
512 KB 80000h ! FFFDCh
Internal ROM ! Fixed vector table
(programROM 1) | / Address for ID code stored
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 OE000h to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is O (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)
3. Do not change the data from FFh.

Figure 3.2  Memory Map
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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)

Table 4.3 SFR Information (3) @
Address Register Symbol Reset Value
0040h
0041h
0042h |INT7 Interrupt Control Register INT7IC XX00 X000b
0043h |INT6 Interrupt Control Register INT6IC XX00 X000b
0044h  |INT3 Interrupt Control Register INT3IC XX00 X000b
0045h | Timer B5 Interrupt Control Register TB5IC XXXX X000b
Timer B4 Interrupt Control Register TB4IC
0046h UARTL1 Bus CoII?sion Detectiogn Interrupt Control Register U1BCNIC XXXX X000b
Timer B3 Interrupt Control Register TB3IC
0047h UARTO Bus Coll?sion Detectiogl Interrupt Control Register UOBCNIC XXXX X000b
S1/O4 Interrupt Control Register S41C
0048h  I1NT5 Interrupt Control Register INT5IC XX00 X000b
0049h S1/03 Interrupt Control Register S3IC XX00 X000
INT4 Interrupt Control Register INT4IC
004Ah |UART2 Bus Collision Detection Interrupt Control Register BCNIC XXXX X000b
004Bh |DMAO Interrupt Control Register DMOIC XXXX X000b
004Ch |DMAL1 Interrupt Control Register DM1IC XXXX X000b
004Dh |Key Input Interrupt Control Register KUPIC XXXX X000b
004Eh |A/D Conversion Interrupt Control Register ADIC XXXX X000b
004Fh |UART2 Transmit Interrupt Control Register S2TIC XXXX X000b
0050h |UART2 Receive Interrupt Control Register S2RIC XXXX X000b
0051h |UARTO Transmit Interrupt Control Register SOTIC XXXX X000b
0052h |UARTO Receive Interrupt Control Register SORIC XXXX X000b
0053h |UART1 Transmit Interrupt Control Register SI1TIC XXXX X000b
0054h |UARTL1 Receive Interrupt Control Register S1RIC XXXX X000b
0055h | Timer AO Interrupt Control Register TAOIC XXXX X000b
0056h |Timer Al Interrupt Control Register TALIC XXXX X000b
0057h | Timer A2 Interrupt Control Register TA2IC XXXX X000b
0058h | Timer A3 Interrupt Control Register TA3IC XXXX X000b
0059h | Timer A4 Interrupt Control Register TA4IC XXXX X000b
005Ah | Timer BO Interrupt Control Register TBOIC XXXX X000b
005Bh |Timer B1 Interrupt Control Register TB1lIC XXXX X000b
005Ch | Timer B2 Interrupt Control Register TB2IC XXXX X000b
005Dh  |INTO Interrupt Control Register INTOIC XX00 X000b
005Eh |INTT Interrupt Control Register INT1IC XX00 X000b
005Fh |INT2 Interrupt Control Register INT2IC XX00 X000b
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
RO1DS0015EJ0110 Rev.1.10 RENESAS Page 32 of 109

Jul 31, 2012



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

Table 4.6 SFR Information (6) (1)

Address Register Symbol Reset Value
01BOh XXh
01B1h |DMAS3 Source Pointer SAR3 XXh
01B2h 0xh
01B3h
01B4h XXh
01B5h |DMAS Destination Pointer DAR3 XXh
01B6h 0xh
01B7h
81222 DMAS3 Transfer Counter TCR3 ii:
01BAh
01BBh
01BCh |DMAS3 Control Register DM3CON 0000 0X00b
01BDh
01BEh
01BFh
81222 Timer BO-1 Register TBO1 iig
812;2 Timer B1-1 Register TB11 ii:
8122: Timer B2-1 Register TB21 ii:
01C6h Puls_e Period/Pulse Width Measurement Mode Function Select PPWES1 XXXX X000b

Register 1
01C7h
01C8h |Timer B Count Source Select Register 0 TBCSO 00h
01C9h |Timer B Count Source Select Register 1 TBCS1 X0h
01CAh
01CBh |[Timer AB Division Control Register O TCKDIVCO 0000 X000b
01CCh

01CDh
01CEh
01CFh
01D0Oh |Timer A Count Source Select Register O TACSO 00h
01D1h |Timer A Count Source Select Register 1 TACS1 00h
01D2h |Timer A Count Source Select Register 2 TACS2 X0h
01D3h
01D4h |16-bit Pulse Width Modulation Mode Function Select Register PWMFS 0XX0 X00Xb
01D5h |Timer A Waveform Output Function Select Register TAPOFS XXX0 0000b
01D6h
01D7h
01D8h |Timer A Output Waveform Change Enable Register TAOW XXX0 X00Xb
01D%h
01DAh |Three-Phase Protect Control Register TPRC 00h
01DBh
01DCh
01DDh
01DEh
01DFh

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 4.15 SFR Information (15) @

Address Register Symbol Reset Value
0390h |DMAZ2 Source Select Register DM2SL 00h
0391h
0392h |DMAS3 Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h |DMAO Source Select Register DMOSL 00h
0399h
039Ah |DMAL1 Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh
03A0h
03Alh
03A2h |Open-Circuit Detection Assist Function Register AINRST XX00 XXXXb
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A%9h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03B0Oh
03B1h
03B2h
03B3h
gggg: SFR Snoop Address Register CRCSAR éé?g(( )>(())(<))(<))(<E
03B6h |CRC Mode Register CRCMR OXXX XXX0b
03B7h
03B8h
03B%Sh
03BAh
03BBh
gzsg: CRC Data Register CRCD iig
03BEh |CRC Input Register CRCIN XXh
03BFh

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

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 Grou

p

5. Electrical Characteristics

Vee1=Vee2=5V

5.2.2 Timing Requirements (Peripheral Functions and Others)
(Vee1=Vee2 =5V, Vgg =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.2.2.1 Reset Input (RESET Input)
Table 5.22  Reset Input (RESET Input)
Standard
Symbol Parameter - Unit
Min. Max.
twrsTL) RESET input low pulse width 10 us
RESET input
tw(RTSL) |
« >
Figure 5.5 Reset Input (RESET Input)
5.2.2.2 External Clock Input
Table 5.23  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 ns
t External clock fall time ns
Note:
1. The condition is Veep = Ve, =3.0t0 5.0 V.
XIN input
— tf
tr tw(H) tw(n) N
> € >
< tc
Figure 5.6  External Clock Input (XIN Input)
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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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M16C/65C Group

5. Electrical Characteristics

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

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

Vee1=Vee2=5V

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

5.2.4.3 In 2 or 3 Waits Setting, and When Accessing External Area and Using

Multiplexed Bus

Table 5.38 Memory Expansion Mode and Microprocessor Mode (in 2 or 3 Waits Setting, and When

Accessing External Area and Using Multiplexed Bus) ()

i Standard
Symbol Parameter Meas‘?f'”g - Unit
Condition Min. Max.
t4(BCLK-AD) Address output delay time 25 ns
th(BCLK-AD) Address output hold time (in relation to BCLK) 0 ns
th(RD-AD) Address output hold time (in relation to RD) (Note 1) ns
th(wRr-AD) Address output hold time (in relation to WR) (Note 1) ns
ta@cLK-cs) Chip select output delay time 25 ns
thcLK-CS) Chip select output hold time (in relation to BCLK) 0 ns
thrD-CS) Chip select output hold time (in relation to RD) (Note 1) ns
th(wRr-cs) Chip select output hold time (in relation to WR) (Note 1) ns
td(BCLK-RD) RD signal output delay time 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
t4BCLK-WR) WR signal output delay time 25 ns
th(BCLK-WR) WR signal output hold time FigusrgeS 14 0 ns
tdBCLK-DB) Data output delay time (in relation to BCLK) 40 ns
tyoB-WR) Data output delay time (in relation to WR) (Note 2) ns
th(wRr-DB) Data output hold time (in relation to WR) (Note 6) ns
td(BCLK-ALE) ALE signal output delay time (in relation to BCLK) 15 ns
th(BCLK-ALE) ALE signal output hold time (in relation to BCLK) -4 ns
t4(AD-ALE) ALE signal output delay time (in relation to Address) (Note 3) ns
th(AD-ALE) ALE signal output hold time (in relation to Address) (Note 4) ns
td(AD-RD) RD signal output delay from the end of address 0 ns
taAD-wR) WR signal output delay from the end of address 0 ns
t4z(RD-AD) Address output floating start time 8 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
05x10" 10[ns]
HBCLK)
2. Calculated according to the BCLK frequency as follows:
9
n-05)x10° _ 40[ns] nis 2 for 2-wait setting, 3 for 3-wait setting.
QBCLK)
3.  Calculated according to the BCLK frequency as follows:
9
05x10" 25[ns]
QBCLK)
4.  Calculated according to the BCLK frequency as follows:
9
05x10" 15[ns]
QBCLK)
5. When using multiplex bus, set fgc k) 12.5 MHz or less.
0.5 x 10°
6. Calculated according to the BCLK frequency as follows: =———— —20[ns]
(BCLK)
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M16C/65C Group

5. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode VCCl - VCC2 =5V
(in 2 or 3 waits setting, and when accessing external area and using multiplexed bus)
Read timing
I I I I I I 1 I
: : : : ' ' : :
BCLK I tdBCLk-cs) ! ! ! ! ! IBCLK-CS)
thr Ons(min.)
: 25ns(max.) i ;: tcyci >; ©5 %( cyc»(lo)ng(?%ln)k_" :
il H—I—H
— I I I I I Il [
CSi 1\ | | | | [ [ I
| T T T T 1 T 1 |
1 W(AD-ALE) th(ALE-AD) ) | | | 11 1 |
(0.5 x teye-25ns(min.) (05x tcyc-15ﬂs(m|n-) | I " | : : [ |
i 0 I I | 1 1
A SR ) TS R EEE B v S
/DBi T ; | ,_H tdz(RD-AD) , h(RD-DE) T
: b P 0 Sns(max) tac3(RD-DB) | 1su(DB-RD)] 1 0ns(min.) | :
| | : L |{(n -0. 5)Xtcyc 45ins(max) S0ns(min.) | 1 |
I I [T I i 1l 1 I
Ly I} f(AD-RD)l—bl le— I I o i I
I (BCLK-AD) I | oOns(min)1 I I I Il 1 i
I 25ns(max) | | [ I 1 11 I th(BCLK-AD)
gl il Lo I I L] prons(min) |
ADi T\ 1T ] I ] ] 1l ) ]
BHE I ! | : I I L1 1 X I
'dBCLK-ALE) ! | ¢, ] I | [ ]
I 15ns(max.) I (BCLK-ALE) ! I I I th(rD-AD) ! !
A l l | 105xtoc-10s(min '
ALE L A IR | | L/
I I I td(BCLK-RD)! I ! ' th(BCLK-RD) !
: : I 25ns(max.) : _’: r_Ons(mln) q :
. H H H ', | | 0 H
RD ! ! ) ! ! LS ! !
Write timing
BCLK I | I |
| | | I I I
fdBCLK-CS, to th(BCLK -CS),
I I ye | R I thw
| 25ns(max.) : r : r: ©5 Ixtfyc(lo)ns(mln)Hons(mm) :
— | | | | | | ﬁ—l—V
CSi 1\ | | | | 1 | * 1
| [ T T T T T |
I I I tdBCLK-DB)! 1 1 : : : 1
: : S : I :
. - | ! 1
ﬁ)%i - i— _{I Adidress i ix | Data output | : : : X Addre'ssI
Le T T T e | N
I T@apalg) | : 0 : ld(DB-WR) . :T th(WR-DB) |
| (0-5xtcyc-25n5(mifl1-) | : ; {(n-0.5) xteyc-40tns(min ) | :(O 5x tcyc 20)ns(min.) \
I I I I I I I 1
I I : [ I I I : I 1
A | : | el
| | Ons(min.)
o el | : : i - :
CESNTD S S I S S — ) S
tdBCLK-ALE)! | thecLk-ALE)! |1 taap-wR) e
I 15 : y ; 1L | | I'| thwr-AD)! 1
I nS(maX)_’l |ﬁ_4ns(m|n.) : |:‘£)ns(m|n) : : : : (05 toye-10]ns(min) |
) I
e N i s L
I I th(BCLK-WR)
t & !
o ! ! . 'zéﬁ‘sc(;'éﬂ? i "E | onemin) | !
WR, WRL, — ' — , . .
wRH | | i — | ¥ | |
I I [ ] ] I I 1
! ! ! H ! !
Measuring conditions n: 2 (when 2 waits)
y " 5V 3 (when 3 waits)
* Vec1=\ecz =
¢ Input timing voltage: ML = 0.8V, V\H =2.0V
¢ Output timing voltage: \bL = 0.4V, \by =24V

Figure 5.17 Timing Diagram
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M16C/65C Group 5. Electrical Characteristics

Vec1=Veee =3V
Switching Characteristics
(Vec1=Vee2 =5V, Vgs =0V, at Ty, = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.2.45 In Wait State Setting 2¢ + 3¢, 2¢ + 4¢, 3¢ + 44, and 4¢ + 5¢, and When
Inserting 1 to 3 Recovery Cycles and Accessing External Area

Table 540 Memory Expansion and Microprocessor Modes (in Wait State Setting 2¢ + 3¢, 2¢ + 4¢,
3¢ + 4¢, and 4¢ + 5¢, and When Inserting 1 to 3 Recovery Cycles and Accessing
External Area)

i Standard
Symbol Parameter 'V'eas‘.lf'“g - Unit
Condition Min. Max.
td(BCLK-AD) Address output delay time 25 ns
thecLK-AD) Address output hold time (in relation to BCLK) 0 ns
th(rD-AD) Address output hold time (in relation to RD) (Note 4) ns
th(wRr-AD) Address output hold time (in relation to WR) (Note 2) ns
ty@cLK-Cs) Chip select output delay time 25 ns
th@cLk-cs) Chip select output hold time (in relation to BCLK) 0 ns
td(BCLK-ALE) ALE signal output delay time 15 ns
th(BCLK-ALE) ALE signal output hold time See -4 ns
t4(BCLK-RD) RD signal output delay time Figure 5.14 25 ns
th(BCLK-RD) RD signal output hold time 0 ns
t4BCLK-WR) WR signal output delay time 25 ns
thBCLK-WR) WR signal output hold time 0 ns
ty@BCLK-DB) Data output delay time (in relation to BCLK) 40 ns
t4(B-WR) Data output delay time (in relation to WR) (Note 1) ns
th(wr-DB) Data output hold time (in relation to WR) ) (Note 5) ns
Notes:
1. Calculated according to the BCLK frequency as follows:
nx 10°
————— —40[ns] nis 3 for 2¢ + 3¢, 4 for 2¢ + 4¢, 4 for 3¢ + 4¢, and 5 for 4¢ + 5¢.
f(BCLK)
2. Calculated according to the BCLK frequency as follows:
m x 109 m is 1 when 1 recovery cycle is inserted, 2 when 2 recovery cycles are inserted, and
f— - 10[ns] 3 when 3 recovery cycles are inserted.
(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 x |n(1—VOL/VCc2) .
by a circuit of the right figure. DBi
For example, when Vg = 0.2Vc,, C = 30 pF, R = 1 kQ, hold time of output Cc
low level is
t=-30pFx1 kQ x In(1 - O'2VCC2NCC2)
=6.7 ns.
4.  Calculated according to the BCLK frequency as follows:
m x 109 m is 1 when 1 recovery cycle is inserted, 2 when 2 recovery cycles are inserted, and
f +0[ns] 3 when 3 recovery cycles are inserted.
(BCLK)
5.  Calculated according to the BCLK frequency as follows:
m x 109 m is 1 when 1 recovery cycle is inserted, 2 when 2 recovery cycles are inserted, and
f —20[ns] 3 when 3 recovery cycles are inserted.
(BCLK)
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5. Electrical Characteristics

Table 5.43

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

R5F3650MCNFB, R5F3651NCNFC, RSF3650NCNFA, RSF3650NCNFB,

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

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

Vec1=Vec2 =3V

Symbol Parameter

Measuring Condition

Standard

Min.

Typ.

Max.

Unit

Rixcin

Feedback resistance
XCIN

16

MQ

lcc

Power supply current

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

High-speed mode

f(BCLK) =32 MHz

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

26.0

mA

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

PLL multiplied by 8

125 kHz on-chip oscillator stopped

27.0

mA

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

17.0

mA

40 MHz on-chip
oscillator mode

Main clock stopped

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

18.0

mA

125 kHz on-chip
oscillator mode

Main clock stopped

40 MHz on-chip oscillator stopped

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

500.0

nA

Low-power mode

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

170.0

nA

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

40.0

pA

Wait mode

Main clock stopped

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

Topr = 25°C

20.0

pA

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

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

8.0

pA

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

125 kHz on-chip oscillator stopped
Peripheral clock operating

Topr = 25°C

4.0

pA

XIN = 6 MHz

40 MHz on-chip oscillator stopped

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

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

A given timer operating

0.5

mA

Note:
1.

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

5. Electrical Characteristics

Timing Requirements

Veec1=Veeze =3V

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

5.3.2.7  Multi-master 12C-bus
Table 5.57  Multi-master 12C-bus

Symbol Parameter Stahdard Clock Mode - Fast-mode Unit

Min. Max. Min. Max.
teuF 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 13 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
H - -
=W AT O
T ->| tHD-;-SjI':A tsu;sTO I(—

iiaietelaieielatutaiat Sufalisiatatiaiaiaiaieiataistaiaiel i St

te .
s
SCL y

M . S ) I

1|l T

tHD;STA tHD;DAT  THIGH tsu;DAT tsu:sTA

Figure 5.27 Multi-master 12C-bus
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and ] You are fully r for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the ir ion included in this , but Renesas does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas El assumes no for any losses incurred by you or

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.
“Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; and industrial robots etc.

"High Quality": Trar , trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10.

o

Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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