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2.

Notation of Numbers and Symbols
The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.
(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO03 bit in the PMO register
P3_5 pin, VCC pin
(2) Notation of Numbers

The indication “2” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “16” is appended to numeric values given in hexadecimal format. Nothing
is appended to numeric values given in decimal format.
Examples Binary: 112

Hexadecimal: EFAQ16

Decimal: 1234
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7. Clock Generation Circuits

7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function
* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.
* Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source by program. Figure 7.13 shows the procedure for switching the clock

source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes 1. When the CM22 bit is set at 1, oscillation stop, re-oscillation detection interrupt are disabled.
By setting the CM22 bit to 0 by program, oscillation stop, re-oscillation detection interrupt are enabled.

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CM02 bit to

0 (peripheral function clocks not turned off during wait mode).

« Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to 0 (Oscillation stop, re-oscillation detection function disabled)
where the main clock is stopped or oscillated by program, that is where the stop mode is selected or the

CMO5 bit is altered.

* This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit

to 0.

( Switch to the main clock )

Determine several times whether
the CM23 bit is set to 0
(main clock oscillates)

Set the CMO6 bit to 1
(divide-by-8 mode)

Set the CM22 bit to 0
("oscillatin stop, re-oscillation" not detected)

Set the CM21 bit to 0
(main clock or PLL clock)

N
L

NOTE:

mode after set to high-speed mode.

CMO6: Bit in the CMO register
C End ) CM23 to CM21: Bits in the CM2 register

1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation

Figure 7.13 Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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M16C/28 Group (T-ver./V-ver.)

9. Interrupts

Interrupt Control Register(2)

Symbol Address After Reset
ICOCO0IC 004516 XXXXX0002
ICOCH1IC, lICIC®3) 004616 XXXXX0002
BTIC, SCLDAIC®) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMOIC, DM1IC 004B16, 004C16 XXXXX0002
ADIC, KUPIC(3) 004E 16 XXXXX0002
SOTIC to S2TIC 005116, 005316, 004F 16 XXXXX0002
D gy D4 03 62 b1 b0 SORIC to S2RIC 005216, 005416, 005016 XXXXX0002
TAOIC to TA4IC 005516 to 005916 XXXXX0002
H L TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
é oo B Symbol Bit Name Function RW
: HE R ILVLO Interrupt priority level
: . select bit b2 b1 60 , . RW
' I 000: Level O (interrupt disabled)
: - 001: Level1
E E E E E ILVL1 010: Level 2
: R A 011: Level 3 RW
! oo 100: Level4
. I 101: Level 5
: N ILVL2 110: Level 6
111: Level 7 RW
T IR Interrupt request bit 0: Interrupt not requested RW(1)
' ! 1: Interrupt requested
PR SR Y R — Nothing is assigned. If necessary, set to 0. R
(b7-b4) When read, the contents are undefined

NOTES:

For details, refer to 21. 4 Interrupts.
3. Use the IFSR2A register to select.

1. This bit can only be reset by writing 0 (Do not write 1).
2. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that register.

Symbol Address After Reset
INT3IC 004416 XX00X0002
b W1 1% b4 b3 b2 b1 b0 S4IC, INTSIC 004816 XX00X0002
W 0 | | | | | | S3IC, INT4IC 004916 XX00X0002
f\VZ25 "Endl K L [ T INTOIC to INT2IC 005D16 to 005F 16 XX00X0002
Bit Symbol Bit Name Function RW
ILVLO Interrupt priority level 4261 b0
select bit . . RW
000 : Level O (interrupt disabled)
001:Level1
ILVLA1 010:Level 2
011:Level3
100 Level 4 RW
101:Level5
ILVL2 110:Level 6
111:Level 7 RW
IR Interrupt request bit 0: Interrupt not requested
RwW(1)
1: Interrupt requested
POL Polarity select bit 0: Selects falling edge 3. 4)
1: Selects rising edge RW
(b5) Reserved bit Setto 0 RW
— Nothing is assigned. If necessary, set to 0. -
(b7-b6) When read, the contents are undefined

NOTES:

(falling edge).

1. This bit can only be reset by writing 0 (Do not write 1).
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that

register. For details, refer to 21.4 Interrupts.
3. If the IFSRi bit in the IFSR register (i = 0 to 5) is 1 (both edges), set the POL bit in the INTIIC register to O

4. Set the POL bit in register S3IC or S4IC to 0 (falling edge) when the IFSR®6 bit in the IFSR register is set to 0
(S1/03 selected) or IFSR7 bit in the IFSR register to 0 (SI/0O4 selected), respectively.

Figure 9.3 Interrupt Control Registers
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9. Interrupts

9.4.3 Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 9.7 shows the stack status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address
MSB

Stack

m Content of previous stack |wa——

m + 1| Content of previous stack

Stack status before interrupt request
is acknowledged

(o]

[SP]
<«¢— New SP value

Address Stack
MSB LS
m-4 PCL
m-3 PCwm
> m-2 FLGL

m-1 FLGH PCH
[SP]
SP value before .
interrupt request is m Content of previous stack
accepted.

m+1 Content of previous stack

Stack status after interrupt request

is acknowledged

Figure 9.7 Stack Status Before and After Acceptance of Interrupt Request
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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

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

page 82 of 390

RENESAS
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13. Timer S

Divider Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | G1DV 032A16 0016

Function Setting range RW
L Divide f1, f2 or two-phase pullse input by (n+1) 0016 to FE16 RW
for fBT1 clock cycles generation.
n: the setting value of the G1DV register

Base Timer Control Register 1

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

|0| | | |0| | |0| G1BCR1 032316 0016
H R Bit . .
P i b bbb | symbol Bit Name Function RW
(b0) | Reserved bit Setto 0 RW
0: The base timer is not reset by
A RsTq | Base timer reset matching the G1POO register RW
R cause select bit 1 |1: The base timer is reset by matching
Pl with the G1POO register (1)
0: The base timer is not reset by
o] RST2 Base timer resgt _ applying L to the INT1 pin . IrRwW
- cause select bit 2 1: The base timer is reset by applying "L
P to the INT1 pin
R (b3) Reserved bit Setto 0 RW
CE S BTS | Base timer start bit 0: Base t!mer Is reset . RW
oo 1: Base timer starts counting
: : é b6b5
I T uDO 0 0: Counter increment mode RW
P Counter increment/ 0 1: Counter increment/decrement mode
decrement control bit 1 0: Two-phase pulse signal processing
A UD1 mode . RW
' 1 1: Do not set to this value
e RRRTITETOPRRRIPEE (b7) | Reserved bit Setto 0 RW

NOTE:

1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the
G1POO register. (See Figure 13.7 for details on the G1POO register) When the RST1 bit is set to 1,
the value of the G1POj register (j=1 to 7) for the waveform generating function must be set to a
value smaller than that of the G1PQOO register.
When the RST1 bit is set to 1, set the RST4 bit in the G1BCRO register to 0.

Figure 13.3 G1DV Register and G1BCR1 Register
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13. Timer S

(1) Free-running operation
(Bits RST4, RST2, and RST1 in the registers G1BCRO and G1BCR1 are set to 0)

[ o T R 7 I
Base timer
Mmoo e e SO
000016
! 65536 ! 65536 !
i fBT1 ! fBT1 .
- .\ i .~ Inverse ii
OUTCH1j pin 4! Inverse . |
' ' 65536X2 '
E Write 0 by program E faT1 E
| if setting to 0 \ !
G1IRj bit e |
j=0to7

m : Setting value of the G1POj register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1POCR; register is set to 0 (L output as a default value). The INV bit
is set to 0 (not inversed).
e Bits UD1 to UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
[ i ¥ B
Base timer
0 T e S gy T
000016
m ! n+2 ! n+2 !
fBT1 ! fBT1 ! fBT1 !
OUTCA1j pin ~nverse | Inverse ~
| 0 1 Inverse
! ) ' 2(n+2) !
' Write 0 by program | T '
! if setting to 0 ! BT !
G1IRj bit ,_|/ l_l |_|_
j=1to7

m : Setting value of the G1POj register n: Setting value of either register G1PO0 or G1BTRR
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1POCR;j register is set to 0 (L output as a default value).
The INV bit is set to 0 (not inversed).
¢ Bits UD1 to UDO are set to 002 (counter increment mode).

Figure 13.23 Phase-delayed Waveform Output Mode
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14.Serial I/0

» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

source T mroUmmim. - JmrmimmmT
source - R

Sampled “L”

Receive data taken in

Transfer clock

UiC1 register 1 -I ......
RE bi

' o Stop bit
R A Do D1 br) \

[ S I

Reception triggered when transfer clock Transferred from UARTI receive Read out from
UiC1 register 1 is generated by falling edge of start bit register to UiRB register \m/ UiRB register
RI bit 0 —— ]
RTS: E T 3
SIRIC register 1 i
IR bit 0

il

The above timing diagram applies to the case where the register bits are set as follows:
« Set the PRYE bit in the UiMR register to 0 (parity disabled)
« Set the STPS bit in the UiMR register to 0 (1 stop bit) _
« Set the CRD bit in the UiCO register to 0 (CTSi/RTSi enabled), the CRS bit to 1 (RTSi selected) i=0to 2

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

Figure 14.17 Receive Operation

14.1.2.1 Bit Rates

In UART mode, the frequency set by the UiBRG register (i=0 to 2) divided by 16 become the bit rates.

Table 14.9 lists example of bit rate and settings.

Table 14.9 Example of Bit Rates and Settings

Bit Rate |Count Source Peripheral Function Clock : 16MHz | Peripheral Function Clock : 20MHz
(bps) of BRG Set Value of BRG : n |Actual Time (bps)| Set Value of BRG : n | Actual Time (bps)
1200 f8 103(67h) 1202 129(81h) 1202
2400 f8 51(33h) 2404 64(40h) 2404
4800 f8 25(19h) 4808 32(20h) 4735
9600 1 103(67h) 9615 129(81h) 9615
14400 f1 68(44h) 14493 86(56h) 14368
19200 1 51(33h) 19231 64(40h) 19231
28800 f1 34(22h) 28571 42(2Ah) 29070
31250 f1 31(1Fh) 31250 39(27h) 31250
38400 f1 25(19h) 38462 32(20h) 37879
51200 1 19(13h) 50000 24(18h) 50000
Rev. 1.10 Mar. 30,2007  page 180 of 390 RENESAS
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M16C/28 Group (T-ver./V-ver.) 15. A/D Converter

A/D Control Register 0 ()

0: Software trigger

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

| | | | 1 |0 | | | | ADCONO 03D616 00000XXX2
Pl Bit Symbol Bit Name Function RW
N CHO RW
CH1 Analog input pin select bit | Invalid in single sweep mode RW
P CH2 RW
E E E MDO ) b4 b3 RW
A/D operation mode 1 0: Single sweep mode or Simultaneous
S MD1 select bit 0 sample sweep mode RW

ooy TRG Trigger select bit 1: Hardware trigger (ADTRG trigger) RW
_______________________ . 0: A/D conversion disabled
: ADST A/D conversion start flag 1: A/ID conversion started RW
e CKS0 Frequency select bit 0 See Table 15.2 RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
A/D Control Register 1 (1)
b7 b6 S b4 b3 b2 b1 b0 Symbol Address After Reset
DX 1] | [o] | | Abcont 03D716 0016
¢+ 1| Bit Symbol Bit Name Function RW
Pl SCANO L/}Iboen single sweep mode is selected, RW
P ) | 00: ANo to AN1 (2 pins)
HE @ )
P A/D sweep pin select bit 0 1: ANo to AN3 (4 pins)
! te-{  SCAN1 10: ANo to AN5 (6 pins) RW
1 1: ANo to AN7 (8 pins)
[ MD2 AD ope_ration mode 0: Other than repeat sweep mode 1 RW
select bit 1
. . 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 ADCON{1 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 ADCON2 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()

A/D input group select bit | 0 1: Select port P9 group
1 0: Select port PO group

b7 D6 05 b4 b3 b2 b1 b0 Symbol Address After Reset
DXXJo] Jo] T ]| Abconz 03D 0016
¢+ ¢ i | Bit Symbol Bit Name Function RW
Vo A/D conversion method 0: Without sample and hold
. SmP select bit 1: With sample and hold RW
E E E b2 b1
i 1 *---r] ADGSELO 0 0: Select port P10 group RW

""""" ADGSEL1 1 1: Select port P1/P9 group RW
HH— b3) Reserved bit Setto 0 RW
e CKS2 Frequency select bit 2 See Table 15.2 RW

! ................... TRG1 Trigger select bit Set to 0 in single sweep mode RW

Nothing is assigned. If necessary, set to 0. —
When read, the content is 0

(b7-b6)

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

Figure 15.11 ADCONO to ADCONZ2 Registers in Single Sweep Mode
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15. A/D Converter

A/D Control Register 0 (1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
N CHO RW
CH1 Analog input pin select bit | Invalid in repeat sweep mode 0 RW
o CH2 RW
E E E MDO ) b4 b3 RW
A/D operation mode 1 0: Single sweep mode or
HE MD1 select bit 0 simultaneous sample sweep mode RW
P ] TRG Trigger select bit See Table 15.9 RW
) 0: A/D conversion disabled
P ADST AID conversion startflag | 4. A/D conversion started RW
e RLEGGEECEEEEEE P L CKS0 Frequency select bit 0 See Table 15.2 RwW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be undefined.
A/D Control Register 1
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
When simultaneous sample sweep mode
SCANO :Js1 bsoelected, RW
A/D sweep pin select bit @ [0 0: AN0 to AN1 (2 pins)
0 1: ANo to AN3 (4 pins)
SCAN1 1 0: ANo to ANS5 (6 pins) RW
1 1: ANo to AN7 (8 pins)
MD2 AD opefahon mode 0: Other than repeat sweep mode 1 RW
select bit 1
. . 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
5706 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 ADCON2 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()

b7 06 5 b4 b3 b2 bl b0 Symbol Address After Reset

DX | o] T [1] Abconz  03p4ss 0016
P i1 i 1 | BitSymbol Bit Name Function RW
Vo [ SMP AJD conversion method Set to 1 in simultaneous sample sweep RW
Vo N select bit mode
P P b2 b1
i+ 1 -] ADGSELO 0 0: Select port P10 group RW
A/D input group select bit | 0 1: Select port P9 group
o o 1 0: Select port PO group
Pl Pt ADGSEL1 1 1: Select port P1/P9 group RW
o ©3) |Reserved bit Setto 0 RW
R it CKS2 Frequency select bit 2 See Table 15.2 RW
-------------------- TRG1 Trigger select bit See Table 15.9 RW
_______________________ ey 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 15.17 ADCONO to ADCON2 Registers in Simultaneous Sample Sweep Mode
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M16C/28 Group (T-ver./\V-ver.) 16. MULTI-MASTER 12C bus INTERFACE

In receive mode, ACK bit =1 WIT bit=0

ScL J 7 clock 8 clock ‘ g(o::k V 1 clock
SpA 7 bit 8 bit >< ACK bit 1 bit /
ACKBIT bit
PIN flag ‘

Internal WAIT flag

12C bus interface H
interrupt request signal

The writing signal of ‘ ‘
the S00 register :

In receive mode, ACK bit = 1 WIT bit = 1

ScL J 7 clock 8 clock ‘ /;S:k
Soa 7 bit 8 bit \ (1t X
ACKBIT bit ‘
PIN flag

Internal WAIT flag ‘

12C bus interface H 1) H 2)
interrupt request signal

The writing signal of

the SO0 register

The writing signal of the S2 —‘
0 register

NOTE:
1. Do not write to the 12C0 clock control register except the bit ACK-BIT.

Figure 16.12 The timing of the interrupt generation at the completion of the data receive

16.6.3 Bits 2,3 : Port Function Select Bits PED, PEC

If the ESO bit in the S1DO0 register is set to 1 (12C bus interface enabled), the SDAMM functions as an
output port. When the PED bit is set to 1 and the SCLMM functions as an output port when the PEC bit is
setto 1. Then the setting values of bits P2_0 and P2_1 in the port P2 register are output to the I12C bus,
regardless of he internal SCL/SDA output signals. (SCL/SDA pins are onnected to 12C bus interface
circuit)

The bus data can be read by reading the port pi direction register in input mode, regardless of the setting
values of the PED and PEC bits. Table 16.5 shows the port specification.

Table 16.5 Port specifications

P20 Port Direction

Pin Name ES9 Bit PED Bit Register Function
0 - 0/1 Port I/O function
P20 1 0 - SDA 1/O function
1 1 - SDA input function, port output function
Pin Name ESO Bit PEC Bit P21 Fl;zr;igti:"”c’” Function
0 - 0/1 Port 1/0 function
P21 1 0 - Sct I/O function
1 1 - ScL input function, port output funcion
Rev. 1.10 Mar. 30,2007  page 261 of 390 RENESAS
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M16C/28 Group (T-ver./V-ver.) 18. Programmable 1/O Ports

Pull-up selection

ﬁ Direction register }—

i Ui N

Data bus —«»—{ Port latch ‘\ O”“’““‘Q\C }

P63, P67

Switching between CMOS and Nch

Pull-up selection
NMI Enable

P85

% Direction register

A
~N
\

Data bus —¢—]| Port latch | ’—D_‘

5

NMI Interrupt Input Digital Debounce }—@

NMI Enable

/

/

Pull-up selection
P91, P92, P97,

P104 to P107 —] Direction register |

N FDJ 7 s
Data bus—s—]| Port latch |

qF1 %>0—LDT~;L ij
P

Analog input————————o~o—

Input to respective peripheral functions @

1. -~ D B symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 18.3 1/O Ports (3)
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M16C/28 Group (T-ver./V-ver.) 18. Programmable 1/O Ports

g
CNVss T
CNVss signal input @ $ O
£
7T
B
RESET r
RESET signal input @ + O
bING)
7T
NOTE:
1. e symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 18.5 1/O Pins
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M16C/28 Group (T-ver./V-ver.) 20. Electrical Characteristics (T-version)

Vcc =3V

XIN input
—>| |«— tr —>|l<—
tr tw(H) tw)
1l
te
te(TA)
tw(TAH)
TAIIN input \
tw(tAL)
teup)
twuPH
TAIOUT input \
tw(uPL)
TAIOUT input ><
(Up/down input)

During event counter mode

TAIIN input

(When count on falling
edge is selected)
TAIIN input

(When count on rising
edge is selected)

th(TIN-UP) | tsu(UP-TIN)

Two-phase pulse input in event counter mode

te(TA)
/
TAIIN input / ) /
tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
D S| ||
tsu(TAOUT-TAIN)
TAIOUT input /
f
tsu(TAOUT-TAIN)
te(tB)
tw(TBH)
TBIIN input
tw(TBL)
|
tc(aD) ‘
tw(ADL)
ADTRG input
Figure 20.4 Timing Diagram (1)
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M16C/28 Group (T-ver./V-ver.)

20. Electrical Characteristics (V-version)

Table 20.45 Electrical Characteristics ()

Vcec =5V

-, Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
Voi  |Output High |POoto P07, P1oto P17, P20 to P27, P3oto P37, P6oto P67,  |lo=-5mA Vo2 0 Veo | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
Vor (')Iuaput High [POo to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, loH=-200pA Vee0.3 Vee | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
High Power lov=-1mA Voc2.0 Vee
Output High ("H") Voltage Xout V
Low Power loH=-0.5mA Vce2.0 Vee
vor High Power No load applied 25
Output High ("H") Voltage Xcour - \%
Low Power No load applied 1.6
Voo Output Low |PQo to POz, P10 to P17, P20 to P27, P30 to P37, P6o to P67, lo.=5mA 20| V
("L") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
Ve  |OutputLow [POoto P07, Ploto P17, P20to P27, P3oto P37, Péoto P67, [Io=2004A 045| v
("L") Voltage P70 to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
- High Power lo=1mA 2.0
Output Low ("L") Voltage Xoutr ow Power ol=05mA 20 \Y,
Vo High Power No load applied 0
Output Low ("L") Voltage Xcour - \Y
Low Power No load applied 0
Vr-Vr |Hysteresis | TAON-TA4IN, TBON-TB2N, INTo-INTs, NMI, ADTr, CTSo- 0.2 1.0 | V
CTSz, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Klo-Kla, Rxoo-
Rxoz2, Sing, Sing
VTVt |Hysteresis |RESET 0.2 25|V
VT+VT1 |[Hysteresis |Xin 0.2 08| Vv
3] Input High PO0o to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, Vi=5V 5.0 | MA
("H") Current |p7, to P77, P80 to P87, P90 to P93, P95 to P97, P100 to P107
XN, RESET, CNVss
I Input Low POQo to P07, P10 to P17, P20 to P27, P30 to P37, P6o to P67, V=0V -5.0 | pA
("L") Current \p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
X, RESET, CNVss
Rpuwp [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 XN 1.5 MQ
RfxcN  |[Feedback Resistance XcN 15 MQ
VrRaM  |RAM Standby Voltage In stop mode 2.0 \Y
NOTES:

1. Referenced to Vcc=4.2 to 5.5V, Vss=0V at Topr=-40 to 105 ° C, f(BCLK)=20MHz / Vcc=4.2 to 5.5V, Vss=0V at Topr= -40
to 125 ° C, f(BCLK)=16MHz, unless otherwise specified.
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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./\VV-ver.) 21. Precautions

21.7 Timer S
21.7.1 Rewrite the G1IR Register

Bits in the G1IR register are not automatically set to 0 (no interrupt requested) even if a requested inter-
rupt is acknowledged. Set each bit to 0 by program after the interrupt requests are verified.

The IC/OC interrupt is generated when any bit in the G1IR register is set to 1 (interrupt requested) after all
the bits are set to 0. If conditions to generate an interrupt are met when the G1IR register holds the value
other than 0016, the IC/OC interrupt request will not be generated. In order to enable an IC/OC interrupt
request again, clear the G1IR register to 0016. Use the following instructions to set each bit in the G1IR
register to 0.

Subject instructions: AND, BCLR

Figure 21.4 shows an example of IC/OC interrupt i processing.

( Interrupt(!) )

G1IRi=1"?

Set the G1IRi bit to "0"

v

Process channel i waveform generating interrupt

G1IRj=1"?

Set the G1IRj bit to "0"

v

Process channel j time measurement interrupt

) 4

G1IR=0"?

Yes

( Interrupt completed )

NOTES:

1. Example for the interrupt operation when using the channel i waveform generating interrupt and
channel j time measurement interrupt.

Figure 21.4 IC/OC Interrupt i Flow Chart
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M16C/28 Group (T-ver./V-ver.) 21. Precautions

8. If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi
register after completion of A/D conversion, an incorrect value may be stored in the ADi register. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

* When operating in one-shot, single-sweep mode, simultaneous sample sweep mode, delayed trig-
ger mode 0 or delayed trigger mode 1:
Check to see that A/D conversion is completed before reading the target ADi register. (Check the IR
bit in the ADIC register to see if A/D conversion is completed.)

* When operating in repeat mode or repeat sweep mode 0 or 1:
Use the main clock for CPU clock directly without dividing it.

9. If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO
register to 0 (A/D conversion halted), the conversion result of the A/D converter is undefined. The
contents of ADi registers irrelevant to A/D conversion may also become undefined. If while A/D conver-
sion is underway the ADST bit is cleared to 0 in a program, ignore the values of all ADi registers.

10. When setting the ADST bit in the ADCON register to 0 and terminating forcefully by a program in
single sweep conversion mode, A/D delayed trigger mode 0 and A/D delayed trigger mode 1 during
A/D converting operation, the A/D interrupt request may be generated. If this causes a problem, set the
ADST bit to 0 after an interrupt is disabled.
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M16C/28 Group (T-ver./\VV-ver.) 21. Precautions

21.10 Multi-master 12C bus Interface

21.10.1 Writing to the SO0 Register

When the start condition is not generated, the SCL pin may output the short low-signal ("L") by setting the
S00 register. Set the register when the SCL pin outputs an "L" signal.

21.10.2 AL Flag

When the arbitration lost is generated and the AL flag in the S10 register is set to 1 (detected), the AL flag
can be cleared to 0 (not detected) by writing a transmit data to the SO0 register. The AL flag should be
cleared at the timing when master geneates the start condition to start a new transfer.
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M16C/28 Group (T-ver./\VV-ver.) 21. Precautions

21.14.14 Definition of Programming/Erasure Times
"Number of programs and erasure" refers to the number of erasure per block.
If the number of program and erasure is n (n=100 1,000 10,000) each block can be erased n times.
For example, if a 2K byte block A is erased after writing 1 word data 1024 times, each to a different
address, this is counted as one program and erasure. However, data cannot be written to the same
adrress more than once without erasing the block. (Rewrite prohibited)

21.14.15 Flash Memory Version Electrical Characteristics 10,000 E/W cycle product (U7)
When Block A or B E/W cycles exceed 100, set the FMR17 bit in the FMR1 register to 1 (1 wait) to select
one wait state per block access for U7. When FMR17 is set to 1, one wait state is inserted per access to
Block A or B - regardless of the value of PM17. Wait state insertion during access to all other blocks, as
well as to internal RAM, is controlled by PM17 - regardless of the FMR17 bit setting.

To use the limited number of erasure efficiently, write to unused address within the block instead of
rewite. Erase block only after all possible addresses are used. For example, an 8-word program can be
written 128 times before erase becomes necessary.

Maintaining an equal number of erasure between Block A and B will also improve efficiency.

We recommend keeping track of the number of times erasure is used.

21.14.16 Boot Mode

An undefined value is sometimes output in the 1/O port until the internal power supply becomes stable
when "H" is applied to the CNVSss pin and "L" is applied to the RESET pin.
When setting the CNVss pin to "H", the following procedure is required:

(1) Apply an "L" signal to the RESET pin and the CNVss pin.

(2) Bring Vcc to more than 2.7V, and wait at least 2msec. (Internal power supply stable waiting time)
(3) Apply an "H" signal to the CNVss pin.

(4) Apply an "H" signal to the RESET pin.

When the CNVss pin is “H” and RESET pin is “L”, P67 pin is connected to the pull-up resister.
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