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M16C/28 Group (T-ver./V-ver.) 1. Overview

Table 1.11 Pin Description (64-Pin and 80-Pin Packages) (Continued)

Classification Symbol 1/0 Type Function
Timer S INPC10 to INPC17 | Input pins for the time measurement function
OUTC10to OUTC17 o Output pins for the waveform generating function
1/0 Ports POo to P03 110 CMOS 1/0O ports which have a direction register determines an individual
P15 to P17 pin is used as an input port or an output port. A pull-up resistor is select-
P20 to P27 able for every 4 input ports.
P30 to P33
P60 to P67
P70 to P77
P80 to P87
P90 to P93
P100 to P107

| : Input O : Output I/0O : Input and output
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M16C/28 Group (T-ver./V-ver.)

11. DMAC

DMA1 Request Cause Select Register

Symbol Address After Reset
DM1SL 03BA16 0016
Bit Symbol Bit Name Function RW
DSELO DMA request cause Refer to note (1) RwW
DSELA select bit RW
DSEL2 RW
DSEL3 RW
Nothing is assigned. If necessary, set P
(b5-b4) to 0. When read, their contents are 0
DMS DMA re_queSt cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to 1 when the DMS bit
DSR is 0 (basic cause) and the DSEL3 to RW
DSELO bits are 00012
(software trigger).
The value of this bit when read is O

NOTES:
1. The causes of DMA1 requests can be selected by a combination of DMS bit and bits DSEL3 to DSELO in the
manner described below.

DSEL3 to DSELO | DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INT1 pin IC/OC base timer
00012 Software trigger —

00102 Timer AO IC/OC channel O
00112 Timer A1 IC/OC channel 1
01002 Timer A2 —

01012 Timer A3 SI/03

01102 Timer A4 SI/04

01112 Timer BO Two edges of INT1
10002 Timer B1 —

10012 Timer B2 —

10102 UARTO transmit 1IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART2 transmit IC/OC channel 4
11012 UART2 receive/ACK2 IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 receive IC/OC channel 7

b5 b4 b3 b2

DMAI Control Register(i=0,1)

Symbol Address After Reset
DMOCON 002C16 00000X002
DM1CON 003C16 00000X002
Bit Symbol Bit Name Function RwW
DMBIT Transfer unit bit select bit | 0: 16 bits RW
1: 8 bits
Repeat transfer mode 0: Single transfer
DMASL select bit 1: Repeat transfer RwW
DMA reguest bit 0: DMA not requested Rw
DMAS 9 1: DMA requested 1
DMAE DMA enable bit 0: Disabled RW
1: Enabled
Source address direction 0: Fixed
DsD select bit (2) 1+ Forward RW
Destination address 0: Fixed
DAD direction select bit (2) 1: Forward RW
Nothing is assigned. If necessary, set to 0. When
(b7-b6) read, their contents are O

NOTES:

1. The DMAS bit can be set to 0 by writing O by program (This bit remains unchanged even if 1 is written).
2. At least one of bits DAD and DSD must be set to 0 (address direction fixed).

Figure 11.3 DM1SL Register, DMOCON Register, and DM1CON Registers
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M16C/28 Group (T-ver./V-ver.)

12. Timer A

Timer Ai Mode Register (i=2 to 4)
(When using two-phase pulse signal processing)

b6 b5 b4 b3 b2 b1l bO

L fo[t]o]o]o]1]

Symbol Address After Reset
TA2MR to TA4MR 039816 to 039A16 0016
Bit Symbol Bit Name Function RW
TMODO . oo RwW
TMOD1 Operation mode select bit [0 1: Event counter mode RW
MRO To use two-phase pulse signal processing, set this bit to 0 RW
MR1 To use two-phase pulse signal processing, set this bit to 0 RW
MR2 To use two-phase pulse signal processing, set this bit to 1 RwW
MR3 To use two-phase pulse signal processing, set this bit to 0 RW
TCKO Count operation type 0: Reload type RW
select bit 1: Free-run type
Two-phase pulse signal . . .
TCKA1 processing operation 0: Normal processing operation RW

select bit (1)(2)

1: Multiply-by-4 processing operation

NOTES:

1. The TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate
in normal processing mode and x4 processing mode, respectively.

2. If two-phase pulse signal processing is desired, following register settings are required:
+ Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
+ Set bits TAITGH and TAITGL in the TRGSR register to 002 (TAIIN pin input).
+ Set the port direction bits for TAiIN and TAiouT to 0 (input mode).

Figure 12.9 TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse

signal processing with timer A2, A3 or A4)
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M16C/28 Group (T-ver./V-ver.) 14. Serial I/O

Start and stop condition generation block
SDA2 O STSPSEL=1 » DMAO, DMA1 request
SDASTsP
—]SCLsTsp
lICM2=1
Transmission UART2 transmit,
register 0 NACK interrupt
UART2 IICM=1 and request
1ICM2=0
ALS
Arbitration > DMAO
> Noise
Filter
1ICM2=1
Reception register | UART2 receive,
ACK interrupt request,
UART2 0
IICM=1 and DMA1 request
Start condition licM2=0
detection L
[ R busy
Stop condition NACK
detection
—
D q
Falling edge T
detection
SCL2 D q
IICM=0 Port register T | |ACK
M 9th bit
Internal clock
Start/stop condition
— D o<FSWC2| [ cLKk . el
NCM=1UARTZ [ obsEl =1 | Extornal control detection interrupt
Noise clock request
Filter UART2
This diagram applies to the case where bits SMD2 to SMDO in the U2MR register is set to 0102 and the IICM bit in the U2SMR register
is setto 1.
IICM: Bit in the U2SMR register
1ICM2, SWC, ALS, SWC2, SDHI: Bits in the U2SMR2 register
STSPSEL, ACKD, ACKC: Bits in the U2SMR4 register
NOTE:
1. If the lICM bit is set to 1, the pin can be read even when the PD7_1 bit is set to 1 (output mode).

Figure 14.22 12C bus Mode Block Diagram
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M16C/28 Group (T-ver./V-ver.) 14. Serial I/O

14.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 14.25.
The CSC bit in the U2SMR2 register is used to synchronize the internally generated clock (internal
SCL2) and an external clock supplied to the SCL2 pin. In cases when the CSC bit is set to 1 (clock
synchronization enabled), if a falling edge on the SCL2 pin is detected while the internal SCL2 is high,
the internal SCL2 goes low, at which time the U2BRG register value is reloaded with and starts count-
ing in the low-level interval. If the internal SCL2 changes state from low to high while the SCL2 pin is
low, counting stops, and when the SCL2 pin goes high, counting restarts.
In this way, the UART2 transfer clock is comprised of the logical product of the internal SCL2 and SCL2
pin signal. The transfer clock works from a half period before the falling edge of the internal SCL2 1st
bit to the rising edge of the 9t bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the U2SMR2 register allows to select whether the SCL2 pin should be fixed to or freed
from low-level output at the falling edge of the 9th clock pulse.
If the SCLHI bit in the U2SMR4 register is set to 1 (enabled), SCL2 output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the U2SMR2 register is set to 1 (0 output) makes it possible to forcibly output
a low-level signal from the SCL2 pin even while sending or receiving data. Clearing the SWC2 bitto 0
(transfer clock) allows the transfer clock to be output from or supplied to the SCL2 pin, instead of
outputting a low-level signal.
If the SWC9 bit in the U2SMRA4 register is set to 1 (SCL2 hold low enabled) when the CKPH bit in the
U2SMRa3 register is set to 1, the SCL2 pin is fixed to low-level output at the falling edge of the clock
pulse next to the ninth. Setting the SWC9 bit to 0 (SCL2 hold low disabled) frees the SCL2 pin from
low-level output.

14.1.3.5 SDA Output
The data written to the bit 7 to bit 0 (D7 to Do) in the U2TB register is sequentially output beginning
with D7. The ninth bit (D8) is ACK or NACK.
The initial value of SDA2 transmit output can only be set when [ICM is set to 1 (12C bus mode) and bits
SMD2 to SMDO in the U2MR register is set to 0002 (serial 1/0O disabled).
Bits DL2 to DLO in the U2SMR3 register allow to add no delays or a delay of 2 to 8 U2BRG count
source clock cycles to SDA2 output.
Setting the SDHI bit in the U2SMR2 register to 1 (SDA2 output disabled) forcibly places the SDA2 pin
in the high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the
UART2 transfer clock. This is because the ABT bit may inadvertently be set to 1 (detected).

14.1.3.6 SDA Input

When the [ICM2 bit is set to 0, the 1st to 8th bits (D7 to Do) in the received data are stored in bits 7 to
0 in the U2RB register. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit is set to 1, the 1st to 7th bits (D7 to D1) in the received data are stored in the bit 6
to bit 0 in the U2RB register and the 8th bit (Do) is stored in the bit 8 in the U2RB register. Even when
the IICM2 bit is set to 1, providing the CKPH bit is set to 1, the same data as when the IICM2 bit is set
to 0 can be read out by reading the U2RB register after the rising edge of the corresponding clock
pulse of 9th bit.
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M16C/28 Group (T-ver./V-ver.) 14. Serial /O

14.1.6.2 Format
* Direct Format
Set the PRY bit in the U2MR register to 1, the UFORM bit in U2CO0 register to 0 and the U2LCH bit in
U2C1 register to 0.
* Inverse Format
Set the PRY bit to 0, UFORM bit to 1 and U2LCH bit to 1.
Figure 14.34 shows the SIM interface format.

(1) Direct format

renster e 1) [ [ (LML LU LU

TxD2 H'
XDz2 o \

fDo X D1 fD2)D3 ) D4a)D5) D6 D7) P [

P : Even parity

(2) Inverse format

Transfer clcck "’

|

L W 2 58 55 678 (55 73 6T el

P : Odd parity

Figure 14.34 SIM Interface Format
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M16C/28 Group (T-ver./V-ver.)

14. Serial I/O

Table 14.20 SI1/O3 and SI/O4 Specifications

ltem

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

» The SMi6 bit in the SiC (i=3, 4) register is set to 1 (internal clock) : fj/ (2(n+1))
fj = f1s10, f2sI0, f8sl0, f32s10. Nn=Setting value of SiBRG register 0016 to FF16.
+ SMi6 bit is set to 0 (external clock) : Input from CLKi pin (1)

Transmission/reception
start condition

« Before transmission/reception can start, the following requirements must be met
Write transmit data to the SiTRR register (2. 3)

Interrupt request
generation timing

* When the SMi4 bit in the SiC register is set to 0
The rising edge of the last transfer clock pulse )
* When SMi4 is set to 1
The falling edge of the last transfer clock pulse ()

CLKi pin fucntion

I/O port, transfer clock input, transfer clock output

Souri pin function

I/O port, transmit data output, high-impedance

SINi pin function

I/O port, receive data input

Select function

* LSB first or MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected

« Function for setting an SouTi initial value set function
When the SMi6 bit in the SiC register is set to 0 (external clock), the SouTi pin
output level while not tranmitting can be selected.

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling edge of
transfer clock can be selected.

NOTE:

1. To set the SMi6 bit in the SiC register to 0 (external clock), follow the procedure described below.

« If the SMi4 bit in the SiC register is set to 0, write transmit data to the SiTRR register while input on the CLKi
pin is high. The same applies when rewriting the SMi7 bit in the SiC register.

« If the SMi4 bit is set to 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The same
applies when rewriting the SMi7 bit.

» Because shift operation continues as long as the transfer clock is supplied to the SI/Qi circuit, stop the transfer
clock 2. Unlike UARTO to UART2, SI/Qi (i = 3 to 4) is not separated between the transfer register and buffer.
Therefore, do not write the next transmit data to the SiTRR register during transmission.

3. When the SMi6 bit in the SiC register is set to 1 (internal clock), SouTi retains the last data for a 1/2 transfer
clock period after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit
data is written to the SiTRR register during this period, SouTi immediately goes to a high-impedance state, with
the data hold time thereby reduced.

4. When the SMi6 bit in the SiC register is set to 1 (internal clock), the transfer clock stops in the high state if the
SMi4 bit is set to 0, or stops in the low state if the SMi4 bit is set to 1.
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M16C/28 Group (T-ver./V-ver.) 15. A/D Converter

15.1.4 Repeat Sweep Mode 0
In repeat sweep mode 0, analog voltages applied to the selected pins are repeatedly converted to a
digital code. Table 15.6 shows the repeat sweep mode 0 specifications. Figure 15.12 shows the opera-
tion example in repeat sweep mode 0. Figure 15.13 shows the ADCONO to ADCONZ2 registers in repeat
sweep mode 0.

Table 15.6 Repeat Sweep Mode 0 Specifications

Item Specification

Function Bits SCAN1 and SCANO in the ADCON1 register and bits ADGSEL1 and
ADGSELDO in the ADCONB2 register select pins. Analog voltage applied to the
selected pins is repeatedly converted to a digital code
A/D Conversion Start Condition |+ When the TRG bit in the ADCONO register is 0 (software trigger)

Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (Hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the ADST bit

to 1 (A/D conversion started)
A/D Conversion Stop Condition |Set the ADST bit to 0 (A/D conversion halted)
Interrupt Request Generation Timing|None generated
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANS5 (6 pins),
ANo to AN7 (8 pins) (V)
Readout of A/ID Conversion Result  |Readout one of registers ADO to AD7 that corresponds to the selected pin
NOTES:
1. ANOo to ANO7, AN 2 to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7.

However, all input pins need to belong to the same group.

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO = 012)

- A/D pin input voltage
A/D conversion started I:l samgling P 9

* ] A/Dpin conversion

ANo |

AN1 |
AN2 | _l_
AN3

AN4
ANs
ANe
AN7

Figure 15.12 Operation Example in Repeat Sweep Mode 0
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M16C/28 Group (T-ver./\V-ver.)

15. A/D Converter

A/D Control Register 0 (1

b7 b6 b5 b4 b3 b2 b1 b0

LI T

NOTE:

A/D Control Register 1 ()

b7 b6 b5 b4 b3 b2 bl b0

mmmmmmmm————————

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO RW
CHA1 Analog input pin select bit | Invalid in repeat sweep mode 1 RW
CH2 RW
MDO ) o408 RW
A/D operation mode 1 1: Repeat sweep mode 0 or
MD1 select bit 0 repeat sweep mode 1 RW
) . 0: Software trigger
TRG Trigger select bit 1: Hardware trigger (ADTRG trigger) RW
. 0: A/D conversion disabled
ADST [ A/D conversion startflag | 1 o/ conversion started RW
CKSO0 Frequency select bit 0 See Table 15.2 RW
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
SCANO Zygoen repeat sweep mode 0 is selected, RW
X X 0 0: ANo (1 pin)
2)
A/D sweep pin select bit 0 1: ANo to AN1 (2 pins)
SCAN1 10: ANo to AN2 (3 pins) RW
1 1: ANo to AN3 (4 pins)
A/D operation mode .
MD2 select bit 1 1: Repeat sweep mode 1 RW
. . 0: 8-bit mode
BITS 8/10-bit mode select bit 1+ 10-bit mode RW
CKS1 Frequency select bit 1 See Table 15.2 RW
vCuT Vref connect Bit ) 1: Vref connected RW
- Nothing is assigned. If necessary, set to 0. _
(b7-b6) When read, the content is 0

NOTES:

1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be undefined.
2. ANOO to ANO7, AN20 to AN27, and AN30 to AN32 can be used in the same way as ANO to AN7. Use bits ADGSEL1

and ADGSEL 0 in the ADCONB2 register to select the desired pin.
3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 ps or more before starting A/D

conversion.

A/D Control Register 2(1)

b7 b6 b5 b4 b3 b2 b b0 Symbol Address After Reset

XX o] o] ADCON2  03D41s 0016
Por ot 11+t | Bit Symbol Bit Name Function RW
[ A/D conversion method 0: Without sample and hold
e MP RW
- I s select bit 1: With sample and hold
EEEEEE w2
i1 ] ADGSELO 0 0: Select port P10 group RW
A/D input group select bit | 0 1: Select port P9 group
o . 1 0: Select port PO group
e ADGSEL1 1 1: Select port P1/P9 group RW
I ©3) |Reserved bit Setto 0 RW
P e CKSs2 Frequency select bit 2 See Table 15.2 RW
L — TRG1 Trigger select bit Set to 0 in repeat sweep mode 1 RW
_______________________ 07-06 Nothing is assigned. If necessary, set to 0. —

(b7-b6) When read, the content is 0

NOTE:

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be undefined.

Figure 15.15 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 1
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M16C/28 Group (T-ver./V-ver.) 18. Programmable 1/O Ports

«Example of INT5 Digital Debounce Function (if P17DDR = 0316)

Digital Debounce Filter

fg—>1 Clock

P17— Port In Signal Out|— To INT5
Data Bus— Reload Value Count Value — Data Bus
(write) (read)

o _TMWLWJTMTLWJTMTLTJTMTLWJTu_m_ﬂ_TLﬂ
Port In [
Signal Out Jr-|
Count Value FF 03 Y0z Y oi 03 (02 (01 (o0 X_FF

Reload Value 03 FF:
(continued)

Port In
(continued)

Signal Out
(continued)

Cz()untValuz) FF 03 X 02 Y 01 ¥ 00 X  FF 03 X 02 X _FF
continue ; : : ; ; ; :
® O @

. (Condition after reset). P17DDR=FF16. Pin input signal will be output directly.

Set the P17DDR register to 0316. The P17DDR register starts decrement along the f8 as a counter source, if the pin
input level (e.g.,"L") and the signal output level (e.g.,"H") are not matched.

The P17DDR register will stops counting when the pin input level and the signal output level are matched (e.g.,
both levels are "H") while counting.

If the pin input level (e.g.,"L") and the signal output level (e.g.,"H") are not matched the P17DDR register will start
decrement again after the setting value is reloaded.

When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input
level (e.g."L").

If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will
start decrement again after the setting value is reloaded.

When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input
level (e.g."H").

If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will
start decrement again after the setting value is reloaded.

Set the P17DDR register to FF16. The P17DDR register starts counting after the setting value is reloaded. Pin input
signal will be output directly.

© ®© N o o & 0 =

Figure 18.12 Functioning of Digital Debounce Filter
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M16C/28 Group (T-ver./\V-ver.) 19. Flash Memory Version

(Data space)
00F00016 ] P
88,’;550':16 Block B :2K bytes
16
: 2)
0OFFFF1s Block A :2K bytes |
' (Program space) :
0E800016
Block 4 : 32K bytes (5
OEFFFF16
0F000016
Block 3 : 32K bytes (5
NOTES:
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled for use when the PM10 bit in the PM1
OF7FFF16 register is set to 1.
0F800016 3. Blocks 0 and 1 are enabled for programs and erasure when the
FMRO2 bit in the FMRO register is set to 1 and the FMR16 bit in the
FMR1 register is set to 1. (CPU rewrite mode only)
Block 2 : 16K bytes (5) 4. The Boot ROM area is reserved. Do not rewrite.
5. Blocks 2 to 4 are enabled for programs and erasure when the
FMR16 bit in the FMR1 register is set to 1. (CPU rewrite mode
OFBFFF16 only)
0FCO00016
Block 1 : 8K bytes (3)
OFDFFF16
OFEO00016
OFF00016
: (©))
Block 0 : 8K bytes 4K bytes ()
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 19.2 Flash Memory Block Diagram (ROM capacity 96 Kbytes)
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M16C/28 Group (T-ver./\V-ver.) 19. Flash Memory Version

19.5.2 Flash Memory Control Register 1 (FMR1)
FMR11 Bit
EW mode 1 is entered by setting the FMR11 bit to 1 (EW mode 1). The FMR11 bit is valid only when
the FMRO1 bit is set to 1.

*FMR16 Bit
The combined setting of bits FMR02 and FMR16 enables program and erase in the user ROM area.
To set the FMR16 bit to 1, first set it to 0 and then 1. The FMR16 bit is valid only when the FMRO01 bit
is set to 1 (CPU rewrite mode enable).

*FMR17 Bit
If the FMR17 bit is set to 1 (with wait state), 1 wait state is inserted when blocks A and B are accessed,
regardless of the content of the PM17 bit in the PM1 register. The PM17 bit setting is reflected to
access other blocks and internal RAM, regardless of the FMR17 bit setting.
Set the FMR17 bit to 1 (with wait state) to rewrite more than 100 times.

Table 19.4 Protection using FMR16 and FMRO02

FMR16 FMRO2 | Block A, Block B Block 0, Block 1 | other user block
0 0 write enabled write disabled write disabled
0 1 write enabled write disabled write disabled
1 0 write enabled write disabled write enabled
1 1 write enabled write enabled write enabled

19.5.3 Flash Memory Control Register 4 (FMR4)

*FMR40 Bit
The erase-suspend function is enabled when the FMR40 bit is set to 1 (enabled).

*FMR41 Bit
When the FMR41 bit is set to 1 by program during auto-erasing in EW mode 0, erase-suspend mode
is entered. In EW mode 1, the FMR41 bit is automatically set to 1 (suspend request) to enter erase-
suspend mode when an enabled interrupt request is generated. Set the FMR41 bit to O (erase restart)
to restart an auto-erasing operation.

*FMR46 Bit
The FMRA46 bit is set to 0 during auto-erasing. It is setto 1 in erase-suspend mode.
Do not access to flash memory when the FMRA46 bit is set to 0.
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M16C/28 Group (T-ver./\V-ver.) 19. Flash Memory Version

19.10 Parallel 1/0 Mode
In parallel input/output mode, the user ROM can be rewritten by a parallel programmer supporting the
M16C/28 group (T-ver./V-ver.). Contact your parallel programmer manufacturer for more information on
the parallel programmer. Refer to the user’'s manual included with your parallel programmer for instruc-

tions.

19.10.1 ROM Code Protect Function
The ROM code protect function prevents the flash memory from being read or rewritten. (Refer to 19.3
Functions To Prevent Flash Memory from Rewriting).
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M16C/28 Group (T-ver./V-ver.)

20. Electrical Characteristics (T-version)

Table 20.7 Electrical Characteristics (V)

Vcc =5V

Symbol Parameter Condition - Standard Unit
Min. |Typ.| Max.
VoH Output High [PQo to P07, P1oto P17, P20 to P27, P30 to P37, P6o to P67, loH=-5mA Voo 2.0 Ve | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
Vou ?u&put High [P0Ooto P07, P1oto P17, P20 to P27, P30 to P37, P6o to P67, loH=-200pA Vco0.3 Veec | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
High Power loH=-1mA Voc2.0 Voo
Output High ("H") Voltage Xour \%
Low Power lo=-0.5mA Vee2.0 Vec
Von o High Power No load applied 25
Output High ("H") Voltage Xcour ow Power No load applied 16 \Y
Vo Output Low |[P0Oo to P07, P10 to P17, P20 to P27, P3oto P37, P6oto P67,  [lo.=5mA 20| v
("L") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
Va. Output Low |POoto P07, P1oto P17, P20 to P27, P30 to P37, P6o to P67, lo.=200pA 045| V
("L") Voltage |P70to P77, P80 to P87, P9o to P93, P9s to P97, P100 to P107
- High Power lo=1mA 2.0
Output Low ("L") Voltage Xour Cow Power o=05mA 20 \Y
Vo . High Power No load applied 0
Output Low ("L") Voltage Xcour Low Power No load applied 0 Y
V-V |Hysteresis  |TAON-TA4N, TBONTB2iN, INTo-INTs, NMI, ADTRG, CTS0- 0.2 10|V
CTS2, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Klo-Kl3, Rxoo-
Rxoe2, SINg, Sing
VT+VT1 |Hysteresis |RESET 0.2 25|V
VT+VT |Hysteresis |Xin 0.2 08 | Vv
IH Input High  |P0Oo to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, V=5V 5.0 | HA
("H") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
I Input Low  |POoto P07, P1oto P17, P20to P27, P3oto P37, P6oto P67,  |Vi=OV 5.0 | pA
("L") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
RpuLup [Pull-up PO0o to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, V=0V 30 50 | 170 | kQ
Resistance  |p7,to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
RfxN  |Feedback Resistance XIN 15 MQ
RfxoN  |Feedback Resistance XN 15 MQ
VrRaM  |RAM Standby Voltage In stop mode 2.0 Y,
NOTE:

1. Referenced to Vocc=4.2 to 5.5V, Vss=0V at Topr=-40 to 85 ° C, f(BCLK)=20MHz unless otherwise specified.
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M16C/28 Group (T-ver./V-ver.)

20. Electrical Characteristics (V-version)

Timing Requirements

(Vcec=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)

Table 20.48 Timer A Input (Counter Input in Event Counter Mode)

Vcc =5V

Standard )
Symbol Parameter Unit
Min. Max.
tc(Ta) TAiIN Input Cycle Time 100 ns
tw(TAH) TAiN Input High ("H") Width 40 ns
tw(TAL) TAIN Input Low ("L") Width 40 ns
Table 20.49 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min. Max.
tc(a) TAiIN Input Cycle Time 400 ns
tW(TAH) TAIN Input High ("H") Width 200 ns
tw(TAL) TAIN Input Low ("L") Width 200 ns
Table 20.50 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(Ta) TAIN Input Cycle Time 200 ns
tW(TAH) TAIN Input High ("H") Width 100 ns
tw(TAL) TAIN Input Low ("L") Width 100 ns
Table 20.51 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard
Symbol Parameter Unit
Min. Max.
tw(TAH) TAIN Input High ("H") Width 100 ns
tw(TAL) TAIN Input Low ("L") Width 100 ns
Table 20.52 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard
Symbol Parameter Unit
Min. Max.
tcup) TAiout Input Cycle Time 2000 ns
tw(uPH) TAiout Input High ("H") Width 1000 ns
tw(upL) TAiout Input Low ("L") Width 1000 ns
tSUUP-TIN) TAiout Input Setup Time 400 ns
th(Tin-uP) TAiout Input Hold Time 400 ns
Table 20.53 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard Unit
Symbol Parameter -
Min. Max.
tea) TAIN Input Cycle Time 800 ns
tsu(TAN-TAout) | TAiouT Input Setup Time 200 ns
tsumaour.TAn) | TAIIN Input Setup Time 200 ns
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M16C/28 Group (T-ver./V-ver.)

21. Precautions

21.2 Clock Generation Circuit
21.2.1 PLL Frequency Synthesizer

Stabilize supply voltage so that the standard of the power supply ripple is met.

Standard
Symbol Parameter Min. Typ. Max. Unit
f(ripple) Power supply ripple allowable frequency(Vcc) 10 kHz
Vp-p(ripple) Power supply ripple allowabled amplitude (Vce=5V) 0.5 \%
voltage (Vec=3V) 03 v
Vce(pvioT)) | Power supply ripple rising/falling gradient (Vee=5V) 0.3 V/ms
(Vee=3V) 0.3 Vims
f(ripple) f(ripple)
Power supply ripple allowable frequency < >
(Vce)
Vp-p(ripple) . . e
Power supply ripple allowable amplitude vee .
voltage NN Vp-p(ripple)

Figure 21.1 Voltage Fluctuation Timing
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M16C/28 Group (T-ver./V-ver.) 21. Precautions

21.4.6 Rewrite the Interrupt Control Register
(1) The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.
(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the
instruction to be used.

Changing any bit other than the IR bit
If while executing an instruction, a request for an interrupt controlled by the register being modified
occurs, the IR bit in the register may not be set to 1 (interrupt requested), with the result that the
interrupt request is ignored. If such a situation presents a problem, use the instructions shown below
to modify the register.
Usable instructions: AND, OR, BCLR, BSET

Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to 0 (interrupt not requested).
Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as
you set the | flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample
program fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the
interrupt control register is rewrited, due to the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the
interrupt control register is modified

INT_SWITCH1:
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ;Set the TAOIC register to 0016
NOP ;
NOP
FSET | ; Enable interrupts

The number of NOP instruction is as follows.
PM20 =1 (1 wait) : 2, PM20 = 0 (2 waits): 3

Example 2:Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
MOV.W MEM, RO ; Dummy read
FSET | ; Enable interrupts

Example 3:Using the POPC instruction to changing the | flag

INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
POPC FLG ; Enable interrupts

21.4.7 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.
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M16C/28 Group (T-ver./V-ver.) 21. Precautions

21.13 Mask ROM Version
21.13.1 Internal ROM Area

In the masked ROM version, do not write to internal ROM area. Writing to the area may increase power
consumption.

21.13.2 Reserved Bit
The b3 to b0 in addresses OFFFFF16 are reserved bits. Set these bits to 11112.
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M16C/28 Group (T-ver./V-ver.)

Register Index

O
ONSF 94
P

POto P3 287
P17DDR 290

P6 to P10 287
PACR 166, 289
PCLKR 41

PCR 289

PDO to PD3 286
PD6 to PD10 286
PDRF 126

PFCR 128

PLCO 42

PMO 34

PM1 34

PM2 35, 41
PRCR 58

PURO to PUR2 288

R

RMADO 77
RMAD1 77
ROCR 39
ROMCP 298

S

S00 247
SODO0 246
SORIC to S2RIC 65
SOTIC to S2TIC 65

SARO 84
SAR1 84
SCLDAIC 65

T

TAO to TA4 93
TAOIC to TA4IC 65
TAOMR to TAAMR 92
TA11 119

TATMR 122

TA2 119

TA21 119

TA2MR 122

TA4 119

TA41 119

TAAMR 122

TABSR 93, 107, 121
TBOto TB2 107
TBOIC to TB2IC 65
TBOMR to TB2MR 106
TB2 121

TB2MR 122

TB2SC 120, 216
TCRO 84

TCR1 84

TPRC 128

TRGSR 94, 121

U

UOBRG to U2BRG 163
UOCO to U2C0O0 165
UOC1to U2C1 166
UOMR to U2MR 164

S10 249 UORB to U2RB 163
S1D0 248 UOTB to U2TB 163
S20 247 U2SMR 167
S2D0 252 U2SMR2 167
S31C 65 U2SMR3 168
S3BRG 207 U2SMR4 168
S3C 207 UCON 165

S3D0 250 UDF 93

S3TRR 207

S4BRG 207 W

S4C 207 WDC 79

S4D0 251 WDTS 79

S4IC 65

S4TRR 207
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