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Remote Control Signal Receiver Setting by Format Type Rev. 1.00
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Abstract

This document describes remote control signal reception by format type for the M16C/63, 64A, 65, and 65C
Groups.

Products
MCUs: M16C/63, 64A, 65, and 65C Groups

When using this application note with other Renesas MCUSs, careful evaluation is recommended after
making modifications to comply with the alternate MCU.
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

1. Remote Control Sighal Receive Waveform

This application note describes the six format waveforms shown in Figure 1.1 to Figure 1.6 as the receive
operation example using PMCO circuit and PMCL1 circuit pattern match mode.

| G-

ibo bl {b2 b3 ib4 | ib7 b8

R

b14

Data O Data 1

U d
0.3ms 0.3 ms

—
1.1 ms 2.1 ms

Figure 1.1

Pattern 1: Remote Control Format without Header Pattern
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pattern !

Header pattern Data 0 Data 1
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3.4 ms

Figure 1.2

Pattern 2: Remote Control Format with Header Pattern

L J%fgpfjg

b0 ibl  §ib2  ib3 | ib12  ib13 |
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[

1.8 ms 1.8 ms

Figure 1.3

Pattern 3: Bi-Phase Remote Control Format

B iy Q@;JMﬁgﬁJ Qk

Header pattern bO bl b7 ¢ Spacer

Header pattern Spacer Data 0 Data 1
] u u \ L \
— d
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Figure 1.4

Pattern 4: Remote Control Format with Header Pattern and Spacer
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M16C/63, 64A, 65, and 65C Groups Remote Control Signal Receiver Setting by Format Type
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Figure 1.5  Pattern 5: Remote Control Format with Header Pattern and Repeat Code
B e L, B
Headeri o 04 N ipein7 ibs iboi  ibig
pattern P i P i
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pattern
2 4 ms O 6 ms O 6 ms
«—> —
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Figure 1.6  Pattern 6: Remote Control Format with Special Header Pattern

Table 1.1 lists the Reception in Pattern Match Operation Corresponding Circuit.

Table 1.1 Reception in Pattern Match Operation Corresponding Circuit
Pattern PMCO Independent PMC1 Independent PMCO/PMC1 _Combined
Operation Operation Operation
Pattern 1 See 3.1. (1) See 4.1. (D) Not needed
Pattern 2 See 3.2. (D See 4.2. (D) Not needed
Pattern 3 Not needed See 4.3. (D Not needed
Pattern 4 See 6. (2) See 6. (2) See 5.1. (1)
Pattern 5 See 6. (@ See 6. (2) See 5.2. 3
Pattern 6 See 3.3. (1) Not needed Not needed
Notes:

1. Available without timer measure interrupt (low software process load).

2. Available by software processed pulse width analysis with timer measure interrupt (causes
software process load for pulse width analysis).
3. Another timer is used for the repeat code.
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

2.

Remote Control Signal Receiver Initialization

To enable the remote control signal receiver, follow the procedure below to set the registers.
This procedure will set the “Sub Clock Control” and “Enabling Remote Control Signal Receive Interrupt”.

Sub Clock Setting for the M16C/64A, 65, and 65C Groups

Protect Register

Symbol
PRCR

Bit Symbol
e PRCO
----------- PRC1

Symbol
CMO

i Bit Symbol

Symbol
PM2

Bit Symbol
--------------------- PM25

Symbol
PRCR

Bit Symbol
[ LR PRCO

Sub Clock Setting for the M16C/63 Group

Symbol
PRCR

Protect Register

Bit Symbol

e PRCO
----------- PRC1

Symbol
CMO

Bit Symbol
Somsmsssssmssses CMO03
------------------ CMO04

Symbol
PM2

Bit Symbol
--------------------- PM25

Symbol
PRCR

Bit Symbol
[T PRCO

Address
000Ah

Bit Name
Protect bit 0
Protect bit 1

Address
0006h

Bit Name
Port XC select bit

Address
001Eh

Bit Name
Peripheral clock fC provide bit

Address
000Ah

Bit Name

Protect bit 0
Protect bit 1

Address
000Ah

Bit Name

Protect bit 0
Protect bit 1

Address
0006h

Bit Name
XCIN clock stop bit
Port XC select bit

Address
001Eh

Bit Name
Peripheral clock fC provide bit

Address
000Ah

Bit Name

Protect bit 0
Protect bit 1

Function
1: CMO register write enabled
1: PM2 register write enabled

Function
1: XCIN-XCOUT oscillation
function

Function
1: Provided

Function
0: CMO register write protected
0: PM2 register write protected

Function
1: CMO register write enabled
1: PM2 register write enabled

The CMO03 bit becomes 1 (off)
while the CMO04 bit is 0 (P8_6,
P8_7 are input ports).

Function

0: On

1: XCIN-XCOUT oscillation
function

Function
1: Provided

Function
0: CMO register write protected
0: PM2 register write protected

RO1ANO390EJ0100 Rev. 1.00
Dec. 28, 2010
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

Enabling the Remote Control Signal Receive interrupt

Interrupt Factor Select Register 2

Symbol Address
| | |l|1| | | | | IFSR2A 0206h
' i Bit Symbol Bit Name Function
I e IFSR24 Interrupt request source select bit  1: Remote control 0
S, IFSR25 Interrupt request source select bit  1: Remote control 1
Interrupt Control Register 0 Symbol Address
|><D<D<l><| | | | | PMCOIC 0071h
H : : Bit Symbol Bit Name Function
leebodocoo- VL2 t0 ILVLO Interrupt priority level 000: Level O (interrupt disabled)
select bit 001: Level 1
010: Level 2
011: Level 3
100: Level 4
101: Level 5
110: Level 6
111: Level 7
Interrupt Control Register 1 Symbol Address
PMC1IC 0072h
DIDXDXIXT 1 111
i i i Bit Symbol Bit Name Function
b=teo——ee= |LVL2t0 ILVLO Interrupt priority level 000: Level O (interrupt disabled)
select bit 001: Level 1
010: Level 2
011: Level 3
100: Level 4
101: Level 5
110: Level 6
111: Level 7
RO1ANO390EJ0100 Rev. 1.00 RENESANS Page 6 of 47
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

3. Individual Operation of the PMCO Circuit in Pattern Match Mode

3.1

Remote Control Signal Reception without Header Pattern

Figure 3.1 shows how to receive the remote control signal when using the pattern match mode of the

PMCO circuit.

M16C/65

PMCO PMC1
circuit circuit

Pattern match mode

l Input the remote control signal to port P9_2.

IR A A O SO K B S R S B Cp
ib2 {b3 ib4 | b7 ib8  jb9 | a

i b0 :bl b2 b3
Data 0 Data 1
LI [ Il [
8)3 ms ?3 ms
—> >
1.1 ms 2.1 ms

ib14

Figure 3.1

Outline of the Remote Control Format without Header Pattern

The detection pattern is designed to accept a tolerance of £10% from the format width shown in Figure

3.1. See the following table for settings.

Table 3.1 PMCO Circuit Settings

Item

Description

Clock source
Count sources

fC

Division

No division

Operation mode

Pattern match mode

Detect patterns

Data O or data 1 match

Interrupt request
generation timing

Completion of data reception

Pattern match mode

Selectable functions

Input signal inversion
Digital filter
Error flag hold

Input port

P9 2

Register Settings

PMCO Function Select Register 3

Symbol Address
b b0 PMCOCON3 01F3h
| l ?l |1| Ol?l Pl Ol O| Bit Symbol Bit Name
E E LU Y i PDICSTICFRICRE  Mode select bit
1 1
] 1

CSRC1 to CSRCO

Clock source select bit

e CDIV1 to CDIVO Count source divisor select bit
PMCO Function Select Register 2
Symbol Address
bo PMCOCON2 01F2h
lolafof T TTT] . .
H Bit Symbol Bit Name
CEINT Counter overflow interrupt enable bit

PSEL1 to PSELO

Input pin select bit

Function
0000: Pattern match mode

10: fC
00: No division

Function
0: Disabled

01: PMCO pin

RO1ANO390EJ0100 Rev. 1.00
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

PMCO Function Select Register 0
b7 b0 Symbol
| l| 0| l| 1| 1| 0| PMCOCONO

) Bit Symbol
EN

SINV

FIL
EHOLD

1f ol

e oo HDEN
SDEN
DRINT1 to DRINTO

1
[l
]
]
]
]
1
1
]
]
'
]
'
'
]
]
'
]
.

[

PMCO Function Select Register 1

Address

01FOh

Bit Name

PMCO operation enable bit

Input signal polarity invert bit
Filter enable bit
Error flag hold bit

Header pattern enable bit
Special data pattern enable bit
Receive interrupt control bit

Function

0: Operation disabled

1: Inverted

1: Filter enabled

Status of the REFLG bit in the PMCOSTS register:
1: Held even after next data received

0: Header disabled

0: Special data pattern disabled

11: Interrupt request is generated when

compare match and no receive error
occurs, and reception completed @

b7 bo Symbol Address
[ o] oDXIX] 0] o] of ol PMCOCON1 01F1h
i HERH Bit Symbol Bit Name Function
]
HEH Poboao TYP1 to TYPO Receive mode select bit 00: Period measurement (between rising edge
P ! and rising edge)
HE Lo CsSs Counter start control bit 0: Counters operate individually
| bommmm e EXSDEN Special pattern detect block select bit 0: PMCO
i EXHDEN Header pattern detect block select bit 0: PMCO
PMCO Interrupt Source Register
, 0 e o
lofofoJo] of2fofo] ™ ) ,
R ! : | Bit Symbol Bit Name Function
P H ! “-- CPINT Compare match flag interrupt enable bit 0: Disabled
N H boremeee REINT Receive error flag interrupt enable bit 0: Disabled
N H I DRINT Data reception complete interrupt enable bit 1: Enabled
Crr ---- BFULINT Receive buffer full flag interrupt enable bit  0: Disabled
R tommmm o PTHDINT Header match flag interrupt enable bit 0: Disabled
I kbl PTDINT Data 0/1 match flag interrupt enable bit 0: Disabled
1ot TIMINT Timer measure interrupt enable bit 0: Disabled
b SDINT Special data match flag interrupt enable bit 0: Disabled
PMCO Compare Control Register —
b7 bo Symbol Address
PMCOCPC 01F6h
DXL [XJ1]o]o] : .
T . Bit Symbol Bit Name Function
H t-t--l-- CPN2to CPNO Compare bit specified bit Bits 4 to 0 are compared
e CPEN Compare enable bit 1: Compare enabled See Note 2.
PMCO Compare Data Register Symbol Address
b7 b0 PMCOCPD 01F7h
[ 00000]| Function
I Compare with 00000b ]
PMCO Data 0 Pattern Set Register (MIN) Symbol Address
b7 bo PMCODOPMIN  D084h
| : | Function
Lo 1.1 [ms] x (1-0.1)/(1/32.768 [kHz]) - 1 = 31
PMCO Data 0 Pattern Set Register (MAX) Symbol Address
b7 b0 PMCODOPMAX  D085h
| . | Function
e 1.1 [ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 39
PMCO Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCOD1PMIN  DO086h
| | Function
L EEE T TS 2.1[ms]x(1-0.1)/(1/32.768 [kHz]) - 1 = 61
PMCO Data 1 Pattern Set Register (MAX) Symbol Address
b7 bo PMCOD1PMAX DO087h
| . | Function
T L L e 21[ms]x(1+0.1)/(1/32.768 [kHz]) - 1 =75
PMCO Function Select Register 0
b7 b0 Symbol Address
[TTTTTTTz] pmcocono 01FOh
1 Bit Symbol Bit Name Function
'--- EN PMCO operation enable bit 1: Operation enabled
Notes:
1. Set bits DRINT1 to DRINTO to 00b when the compare match function is not used.
2. Set all bits to 0 when the compare match function is not used.
Check the specification to set the compared value when the compare match function is used.
RO1ANO390EJ0100 Rev. 1.00 .ZEN ESNS Page 8 of 47
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M16C/63, 64A, 65, and 65C Groups Remote Control Signal Receiver Setting by Format Type

Operation

(1) The receive operation starts at the falling edge of b0 in the receive data.

(2) During the receive operation, the receive data is stored bit by bit in the PMCODATi register (i = 0 to 5).

(3) After receiving the 15th bit, if there is no falling edge during the maximum time set to data O or data 1,
a data reception complete interrupt is generated.

(4) Read registers PMCODATi and PMCORBIT in the data reception complete interrupt.

Figure 3.2 shows the condition of the status flags and the interrupt request generation timing of the PMCO
circuit in remote control reception.

Data Data Data Data Data
1 0 0 0 0

Remote control
signal
(PCMO pin input)

|—| See Note 1. |—| |—|

Dbl b2 b3 : b4

bo : : : : bl3§ bl4 : " bo bl

o SN NN NN LN

P eter | T PMCODATO . T PNCODATI . [PwcobaTo
PMffgsgi 0 i1@2i3i415 (3] 1 |15 ERE

DRFLG bit | g é g A/

PTDOFLG bit |
PTDIFLG bit : :
CPFLG bit :

Data reception complete
IR bit in the The CPFLG bit becomes 1 after/ interrupt ~ l_|

PMCOIC register the compare matches.

DRFLG, PTDOFLG, PTD1FLG, and CPFLG: Bits in the PMCOSTS register

i=0to5

The above assumes the following:

- The SINV bit in the PMCOCONO register is 1 (inverted), and bits DRINT1 and DRINTO are 11b (interrupt request is generated when
compare match and no receive error occurs, and reception completed).

- The PMCOINT register is 04h (data reception complete interrupt enabled).

- The CPEN bit in the PMCOCPC register is 1 (compare enabled), and bits CPN2 to CPNO are 100b (bits 4 to 0 are compared).

Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMCODOPMAX or PMCOD1PMAX.

Figure 3.2  PMCO Receive Operation of the Remote Control Format without Header Pattern
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

3.2

Receive Operation of the Remote Control Format with Header Pattern

Figure 3.3 shows how to receive the remote control signal when using the pattern match mode of the

PMCO circuit.

M16C/65

PMCO| o PMC
circuit|° [ circuit

Pattern match mode

! Input the remote control signal to port P9_2.

R S B Be B Be N B N e T i
Header i 4, ib6ib7 ibs8 ibol = iba7 |
pattern i~ i HaH i | i
Header pattern Data0  Datal

[ L[] [ \

—> &~ L d

3.4 ms 0.4 ms 0.4 ms
o —> —>
1.7ms 09ms 1.7 ms

Figure 3.3

The detection pattern is designed to accept a tolerance of +10% from the format width shown in Figure

3.3. See the following table for settings.

Outline of the Remote Control Format with Header Pattern

Table 3.2 PMCO Circuit Settings
ltem Description
Clock source fC
Count sources S —
Division No division
Operation mode Pattern match mode
Header

Detect patterns

Data 0 or data 1 match

Pattern match mode

Interrupt request
generation timing

Completion of data reception

Input signal inversion

Selectable functions

Digital filter

Error flag hold

Input port

P9 2

Register settings

PMCO Function Select Register 3

Symbol

b7 PMCOCON3
[oJof1] oo of of o] _

T I Bit Symbol

] 1 ] (] [

1 1

] 1

1 [l

T

]

IR U PDICST/CFRICRE
]

! CSRC1 to CSRCO

TR CDIV1 to CDIVO

PMCO Function Select Register 2
Symbol
PMCOCON2

Bit Symbol

CEINT
----------------------- PSEL1 to PSELO

b7 bo
[olafol T T[T

Address
01F3h

Bit Name
Mode select bit

Clock source select bit

Count source divisor select bit

Address
01F2h

Bit Name

Counter overflow interrupt enable bit
Input pin select bit

Function
0000: Pattern match mode
10: fC

00: No division

Function

0: Disabled
01: PMCO pin

RO1ANO390EJ0100 Rev. 1.00
Dec. 28, 2010
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M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

PMCO Function Select Register 0
Symbol

PMCOCONO

bo
1[ 1] 1] o]
b Bit Symbol
¢ oie-- EN
' SINV
---- FIL
EHOLD

SDEN

PMCO Function Select Register 1
Symbol
PMCOCON1

| Bit Symbol
TYP1to TYPO

PMCO Interrupt Source Register
Symbol
|b

PMCOINT

) Bit Symbol
“-- CPINT

[oloTol o[<]o]0]
!
1
! REINT

0
1
1
]
]
1
1
1
1
1
]
]
]
1

Labeiadede bt bt il (=} ]

PMCO Compare Control Register

Symbol
b7 b0 PMCOCPC
DXL X]a]a]a]
Bit Symbol

1
! CPN2 to CPNO
CPEN

PMCO Compare Data Register
b7 b0

Notes:

1. Set bits DRINT1 to DRINTO to 00b when the compare match function is not used.

Address
01FOh

Bit Name
PMCO operation enable bit

Input signal polarity invert bit
Filter enable bit
Error flag hold bit

Header pattern enable bit
Special data pattern enable bit

DRINT1 to DRINTO Receive interrupt control bit

Address
01F1h

Bit Name
Receive mode select bit

Counter start control bit
Special pattern detect block select bit
Header pattern detect block select bit

Address
01F5h

Bit Name
Compare match flag interrupt enable bit
Receive error flag interrupt enable bit

Data reception complete interrupt enable
bit

Receive buffer full flag interrupt enable bit

Header match flag interrupt enable bit
Data 0/1 match flag interrupt enable bit
Timer measure interrupt enable bit

Special data match flag interrupt enable bit

Address
01F6h
Bit Name

Compare bit specified bit
Compare enable bit

Symbol Address
PMCOCPD 01F7h
Function

Compare with 00000000b

2. Set all bits to 0 when the compare match function is not used.
Check the specification to set the compared value when the compare match function is used.

Function

0: Operation disabled

1: Inverted

1: Filter enabled

Status of the REFLG bit in the PMCOSTS register:
1: Held even after next data received

1: Header enabled

0: Special data pattern disabled

11: Interrupt request is generated when
compare match and no receive error occurs,
and reception completed. ©

Function

00: Period measurement (between rising edge and
rising edge)

0: Counters operate individually

0: PMCO

0: PMCO

Function
0: Disabled
0: Disabled
1: Enabled
0: Disabled
0: Disabled
0: Disabled
0: Disabled
0: Disabled

Function

Bits 7 to 0 are compared

1: Compare enabled
See Note 2.
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M16C/63, 64A, 65, and 65C Groups Remote Control Signal Receiver Setting by Format Type

PMCO Header Pattern Set Register (MIN) Symbol Address
b15 b8 b7 b0 PMCOHDPMIN  DO081h to D080h
OO T [ ;
T Function

----------------- (3.4+1.7) [ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 149

PMCO Header Pattern Set Register (MAX) Symbol Address
b15 b8 b7 b0 PMCOHDPMAX DO083h to D082h

T Function
---------------- (3.4 +1.7)[ms] x (1 +0.1)/ (1/32.768 [kHz]) - 1 = 183

PMCO Data 0 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCODOPMIN  D084h

| | Function
0.9[ms] x (1-0.1)/(1/32.768 [kHz]) - 1 = 26

PMCO Data 0 Pattern Set Register (MAX) Symbol Address
p7 b0 PMCODOPMAX  D085h
| . | Function
b e eeemmmemeeeeee 0.9 [ms] x (1 +0.1)/ (1/32.768 [kHz]) - 1 = 31
PMCO Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCOD1PMIN  DO086h
| | Function
e 1.7 [ms] x (1 - 0.1) / (1/32.768 [kHz]) - 1 = 49
PMCO Data 1 Pattern Set Register (MAX) Symbol Address
b7 b PMCOD1PMAX DO087h
| . | Function
R 1.7 [ms] x (1 + 0.1) / (1/ 32.768 [kHz]) - 1 = 60
PMCO Function Select Register 0 Symbol Address
b7 b0 PMCOCONO 01FOh
LI F T Jaf _ . .
4 Bit Symbol  Bit Name Function
lemc e EN PMCO operation enable bit 1: Operation enabled
RO1ANO390EJ0100 Rev. 1.00 RENESANS Page 12 of 47
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M16C/63, 64A, 65, and 65C Groups Remote Control Signal Receiver Setting by Format Type

Operation

(1) The receive operation starts at the first falling edge of the header.

(2) The receive data is stored bit by bit in PMCODATi (i = 0 to 5).

(3) After receiving the 48th bit, if a falling edge is not detected by the time the maximum time set to the
header, data O, or data 1 has elapsed, a data reception complete interrupt is generated.

(4) Read registers PMCODATi and PMCORBIT in the data reception complete interrupt.

Figure 3.4 shows the condition of the status flags and the interrupt generation timing of the PMCO circuit
in remote control reception.

DataQ Datal |
Remote control : : :

signal
(PCMO pin input)

— SeeNote 1. -
—>

! Header :

ot DO’ © \\ib6:ib7:ib8ibo: b47 : : ';sgsrer: "b0 : bl

- o NN NN N L LN
PM?Q;Q; | spmcobato - \F ¢ ], ¢ || : PMCODATS : | PMCODATO
: : | PMCODAT1 : P

PMfggftgi 0 !1!2 6]7!8]9[ |47!48 | 0 1

DRFLG bit J I
PTHDFLG bit I
PTDOFLG bit

|

PTDLFLG bit The BFULFLG bit becomes 1 when |
the PMCORBIT register value is 48.
BFULFLG bit el : |
1T
The CPFLG bit becomes 1 when l l
CPFLG bit the compare matches.
11

Data reception complete |

interrupt :
IR bit in the \\ N |—|
PMCOIC register \ \}

DRFLG, PTHDFLG, PTDOFLG, PTD1FLG, BFULFLG, and CPFLG: Bits in the PMCOSTS register

i=0to5

The above assumes the following:

- The SINV bit in the PMCOCONO register is 1 (inverted), the HDEN bit is 1 (header enabled), and bits DRINT1 and DRINTO are 11b
(interrupt request is generated when compare match and no receive error occurs, and reception completed).

- The PMCOINT register is 04h (data reception complete interrupt enabled).

- The CPEN bit in the PMCOCPC register is 1 (compare enabled), and bits CPN2 to CPNO are 111b (bits 7 to 0 are compared).
Note:

1. The data reception complete interrupt is generated when the counter value is bigger than register PMCOHDPMAX, PMCODOPMAX,
or PMCOD1PMAX.

Figure 3.4  PMCO Receive Operation of the Remote Control Format with Header Pattern
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M16C/63, 64A, 65, and 65C Groups Remote Control Signal Receiver Setting by Format Type

3.2.1 Receive Error of the PMCO Circuit in Pattern Match Mode

Figure 3.5 shows the change of the status flags and the interrupt generation timing when a receive error

is generated in 3.2 "Receive Operation of the Remote Control Format with Header Pattern". The SFR
settings in section 3.2 enable the receive error interrupt.

Receive error

DataQ Datal |,

Remote control . : :
signal

(PCMO pin input)

: Header : bo: bl ba7 e SeeNotel, : : Header : bo ' bl
pattern : : : : pattern - :
A receive error is generated if no

It becomes 0 when the next

corresponding pattern is detected, : : : : : : . . reception frame starts.
REFLG bit i the header, data 0, or data 1. \l) : : : )J : : : U/ . :

DRFLGbitJ : S : : —
PTHDFLG bit |_| l_l

PTDOFLG bit
PTD1FLG bit Data reception |
complete interrupt i .
IR bit in the |—| not generated. w
PMCOIC register /
Receive error interrupt \\

REFLG, DRFLG, PTHDFLG, PTDOFLG, and PTD1FLG: Bits in the PMCOSTS register
The above assumes the following:

- The EHOLD bit in the PMCOCONO register is 1 (state of the REFLG bit in the PMCIiSTS register is held even after next data received),

the SINV bit is 1 (inverted), the HDEN bit is 1 (header enabled), and bits DRINT1 and DRINTO are 11b (interrupt request is generated when
compare match and no receive error occurs, and reception completed).

- The PMCOINT register is 06h (receive error flag interrupt enabled, data reception complete interrupt enabled).
Note:

1. The data reception complete interrupt is generated when the counter value is bigger than register PMCOHDPMAX, PMCODOPMAX,
or PMCOD1PMAX.

Figure 3.5 PMCO Receive Operation of the Remote Control Format with Header Pattern When

Receive Error Occurs

A receive error is generated if no corresponding pattern is detected in the header, data O, or data 1, and
a receive error interrupt request is generated.

Acknowledge the receive error in the receive error interrupt handling.

A data reception complete interrupt will not be generated at this time because bits DRINT1 to DRINTO

are 11b (interrupt request is generated when a compare match and no receive error occurs, and
reception completed).
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3.3 Remote Control Signal Receiver with Special Header Pattern

Figure 3.6 shows the outline of the remote control format with special header reception of the PMCO
individual circuit operation in the pattern match mode.

M16C/65

PMCO o PMC1
circuit [° 9 circuit

Pgttern match mode

bli
pattern

Header pattern pata 0 Data 1

1.2ms

g I 11
2.4 ms %.6 ms %.6 ms
—

1.8 ms

Input the remote control signal to port P9_2.

ib6ib7 b8 ib9i ib19

Figure 3.6

Outline of the Remote Control Format with Special Header Pattern

The detection pattern is designed to accept a tolerance of +10% from the format width shown in Figure

3.6. See the following table for settings.

Table 3.3 PMCO Circuit Settings
ltem Description
Clock source fC
Count sources S —
Division No division
Operation mode Pattern match mode
Header

Detect patterns

Data 0 or data 1 match

Pattern match mode

Interrupt request
generation timing

Completion of data reception

Selectable functions

Input signal not inverted

Digital filter

Error flag hold

Input port

P9 2

Register settings

PMCO Function Select Register 3

Symbol
b7 bo PMCOCON3
Lololsfololololol gy sympo
Do) el PD/CST/CFRICRE
bbb CSRC1 to CSRCO
] [}
| PR

------------------- CDIV1 to CDIVO

PMCO Function Select Register 2

Symbol
b7 b0 PMCOCON2
0/1]0
I
Vol b CEINT
) 1

----------------------- PSELL to PSELO

Address
01F3h

Bit Name

Mode select bit

Clock source select bit

Count source divisor select bit

Address
01F2h

Bit Name

Counter overflow interrupt enable bit
Input pin select bit

Function
0000: Pattern match mode
10: fC

00: No division

Function
0: Disabled
01: PMCO pin
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PMCO Function Select Register 0

Symbol Address
b7 b0 PMCOCONO 01FOh
[1lofof 2[ 1] 2ol o]
P o ! Bit Symbol Bit Name Function
' E E i : i i t--- EN PMCO operation enable bit 0: Operation disabled
E A (P SINV Input signal polarity invert bit 0: Not inverted
e FIL Filter enable bit 1: Filter enabled
; : R EHOLD Error flag hold bit State of the REFLG bit in the PMCOSTS register:
oo 1: Held even after next data received
P bl HDEN Header pattern enable bit 1: Header enabled
E E D L e SDEN Special data pattern enable bit 0: Special data pattern disabled
13

PMCO Function Select Register 1

DRINT1 to DRINTO Receive interrupt control bit

10: Interrupt requested is generated when no
receive error occurs and reception completed

Symbol Address

b7 b0 PMCOCON1 01F1h

[ of ofXDXJof o[ af o]

HEN T Bit Symbol Bit Name Function

[ [ R .

Vol Vo TYP1to TYPO Receive mode select bit 10: Pulse width measurement (between rising edge and
. i falling edge, and falling edge and rising edge)
i i --------- CSS Counter start control bit 0: Counters operate individually
| bmmmmmmmmmmmmeoees EXSDEN Special pattern detect block select bit 0: PMCO
e it EXHDEN Header pattern detect block select bit 0: PMCO

PMCO Interrupt Source Register
Symbol Address

b7 b PMCOINT 01F5h

[ofoJoJofo[1]o]0]
IR Bit Symbol Bit Name Function
A H i ! { ~-- CPINT Compare match flag interrupt enable bit 0: Disabled
A H H ! LI REINT Receive error flag interrupt enable bit 0: Disabled
A H i bemeeeem DRINT Data reception complete interrupt enable bit 1: Enabled
Vo E L BFULINT Receive buffer full flag interrupt enable bit ~ 0: Disabled
]
! E E lemcccemcee PTHDINT Header match flag interrupt enable bit 0: Disabled
R bt PTDINT Data 0/1 match flag interrupt enable bit 0: Disabled
b ==== TIMINT Timer measure interrupt enable bit 0: Disabled
L e T SDINT Special data match flag interrupt enable bit 0: Disabled

PMCO Header Pattern Set Register (MIN)
b15

b8 b7 bo

PMCO Header Pattern Set Register (MAX)

b15

T Function

Symbol Address
PMCOHDPMIN  D081h to DO80h

----------------- 2.4[ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 70

b8 b7 bo

T Function

Symbol Address
PMCOHDPMAX DO083h to D082h

2.4[ms] x (1+0.1)/ (1/32.768 [kHz]) - 1 = 86

RO1ANO390EJ0100 Rev. 1.00
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PMCO Data 0 Pattern Set Register (MIN) Symbol Address
b7 bo PMCODOPMIN  D084h
| . | Function
e 0.6 [ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 17
PMCO Data 0 Pattern Set Register (MAX) Symbol Address
p7 b0 PMCODOPMAX  D085h
| . | Function
T e et 0.6 [ms] x (1 +0.1)/(1/32.768 [kHz]) - 1 =21
PMCO Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCOD1PMIN  D086h
| | Function

------------------ 1.2[ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 34

PMCO Data 1 Pattern Set Register (MAX) Symbol Address
b7 b0 PMCOD1PMAX DO087h
| ; | Function
D T 1.2 [ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 42
PMCO Function Select Register 0 Symbol Address
b7 b0 PMCOCONO 01FOh
LT T T TITa _ . _
1 Bit Symbol Bit Name Function
B EN PMCO operation enable bit 1: Operation enabled
RO1ANO390EJ0100 Rev. 1.00 RENESANS Page 17 of 47
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Operation

(1) The receive operation starts at the falling edge of the header.

(2) The pulse width of the remote control signal measured at every edge is stored in PMCODATi in order
when the receive operation starts (i = 0 to 5).

(3) After receiving the 20th bit, if there is no falling edge during the maximum time set to the header, data
0, or data 1, a data reception complete interrupt is generated.

(4) Read registers PMCODATi and PMCORBIT in the data reception complete interrupt.
The data read is encoded.

Figure 3.7 shows the condition of the status flags and the interrupt request generation timing of the PMCO
circuit in remote control reception.

- Data - Data -

- Data - Data
1 1 . Lo

1 0

Remote control
signal
(PCMO pin input)

See Note 1.:

 Header : pq : bl b6 b7 b8 b9 b18 blg‘—’; : Header : b1
) : . pattern : . : . pattern : :
PM?SSQZ: | .PMCODATO \\PMCODATl | PMCODATZ \ PMCODAT4 : | PMCODATO : :
PMCORBIT —j - H Ll ‘ : E R
register | © |l | | l4| [ 13|wll5lrvll7|wllg‘| L] N?ﬂld?ﬂl 40 : | o |1/
// : 12 14 16 18; // : 136 385 : : -

DRFLG bitJ:

PTHDFLG bit

PTDOFLG bit

W\ Data reception complete /
interrupt

DRFLG, PTHDFLG, PTDOFLG, and PTD1FLG: Bits in the PMCOSTS register
i=0to5

PTD1FLG bit

IR bit in the PMCOIC
register

The above assumes the following:

- The SINV bit in the PMCOCONO register is 0 (not inverted), the HDEN bit is 1 (header enabled), and bits DRINT1 to DRINTO are
10b (interrupt request is generated when no receive error occurs and reception completed).

- Bits TYP1 to TYPO in the PMCOCONL1 register are 10b (pulse width measurement).

- The PMCOINT register is 04h (data reception complete interrupt enabled).

Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMCOHDPMAX,
PMCODOPMAX, or PMCOD1PMAX.

Figure 3.7 PMCO Individual Operation of the Remote Control Format with Special Header Pattern
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Encoding process

Header
pattern

Remote control
signal

1. Pattern match determineé data

2. Analyzed data 0 1

Figure 3.8  Analytical Operation Example of Format with Special Header Pattern

(1) The pulse width is measured in pattern match mode.

(2) Every 2 bits of data measured after the receive operation is completed.
When the data is 00Db, it is determined to be data O and converted.
When the data is 01b, it is determined to be data 1 and converted.
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4. Individual Operation of the PMCL1 Circuit in Pattern Match Mode

4.1

Remote Control Signal Reception without Header Pattern

Figure 4.1 shows how to receive the remote control signal when not using the pattern match mode of the

PMC1 circuit.

M16C/65

PMCO Q PMC1
circuit 00— circuit

Pattern match mode

ib0 ibl {b2 {b3 ib4
Data 0 Data 1
?.3 ms ?.3 ms
—> >
1.1 ms 2.1 ms

Input the remote control signal to port P9_1.

b8

ib7 i b9 {b14

Figure 4.1

PMC1 Receive Outline of the Remote Control Format without Header Pattern

The detection pattern is designed to accept a tolerance of £10% from the format width shown in Figure

4.1. See the following table for settings.

Table 4.1 PMC1 Circuit Settings

Item

Description

Clock source
Count sources

fC

Division

No division

Operation mode

Pattern match mode

Detect patterns

Data O or data 1 match

Interrupt request

Pattern match mode generation timing

Data O or data 1 match

Completion of data reception

Selectable functions

Input signal inversion

Digital filter

Input port

P9 1

Register settings

PMC1 Function Select Register 3

Symbol Address
b7 bo PMC1CON3 01FBh
|(.)| (.)l :.Ll .Ol (.)l Pl Ol Ol Bit Symbol Bit Name Function
E E i E LI S PD/CST/CFR/CRE Mode select bit 0000: Pattern match mode
E E :__:_ ____________ CSRC1 to CSRCO Clock source select bit 10: fC
] 1
e CDIV1 to CDIVO Count source divisor select bit 00: No division
PMC1 Function Select Register 2
bo Symbol Address
HE Bit Symbol Bit Name Function
I CEINT Counter overflow interrupt enable bit 0: Disabled
1 ]
R PSEL1 to PSELO Input pin select bit 10: PMC1 pin
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PMC1 Function Select Register 0

b7 bo Symbol Address

|><|><|>40 |><| 1| 1| 0| PMC1CONO 01F8h
E i ' i Bit Symbol Bit Name Function
i ! i --- EN PMC1 operation enable bit 0: Operation disabled
i PR SINV Input signal polarity invert bit 1: Inverted
E RN FIL Filter enable bit 1: Filter enabled
(N HDEN Header pattern enable bit 0: Header disabled

PMC1 Function Select Register 1

b7 b Symbol Address
}me{x‘.mmm -PMC1CON1 OZ.LFQh -
N Bit Symbol Bit Name Function g ® g
vy : : 00: Period measurement (between rising edge and
TYP1to TYPO Receive mode select bit rising edge)
PMC1 Interrupt Source Register
b7 b0 Symbol Address
PMC1INT 01FDh
Dol 1oPX]1]o[X]
H b (I Bit Symbol Bit Name Function
]
E N E lomm - REINT Receive error flag interrupt enable bit 0: Disabled
[
E P bommooee- DRINT Data reception complete interrupt enable bit 1: Enabled
! i e eeeeem PTHDINT Header match flag interrupt enable bit 0: Disabled
H e PTDINT Data 0/1 match flag interrupt enable bit 1: Enabled
]
lmmmm e memm e TIMINT Timer measure interrupt enable bit 0: Disabled
PMC1 Data 0 Pattern Set Register (MIN) Symbol Address
b7 bo PMC1DOPMIN  DO098h
| . | Function
e ettty 1.1[ms] x (1-0.1)/(1/32.768 [kHz]) - 1 =31
PMC1 Data 0 Pattern Set Register (MAX) Symbol Address
b7 b0 PMC1DOPMAX  D09%h
. | Function
P S 1.1 [ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 39
PMC1 Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMC1D1PMIN  DO09Ah
| | Function
T PP 2.1[ms] x(1-0.1)/(1/32.768 [kHz]) - 1 = 61
PMC1 Data 1 Pattern Set Register (MAX) Symbol Address
b7 bo PMC1D1PMAX D09Bh
| . | Function
L L L LD L 21[ms] x(1+0.1)/(1/32.768 [kHz]) -1 =75
PMC1 Function Select Register 0
Symbol Address
lg7<|><|><| T |b10| PMCICONO  O1F8h
! Bit Symbol Bit Name Function
)
I——— EN PMC1 operation enable bit 1: Operation enabled
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Operation

(1) The receive operation starts at the first falling edge.

(2) When receiving data, store the receive data bit by bit using the data 0/1 match flag interrupt in the
program.

(3) After receiving the 15th bit, if a falling edge is not detected by the time the maximum time set to data
0 or data 1 has elapsed, a data reception complete interrupt is generated.

(4) The receive data is stored to an array in the data reception complete interrupt.

Figure 4.2 shows the condition of the status flags and the interrupt generation timing of the PMCL1 circuit
when receiving the remote control signal.

Datal  DataO,

Remote control
signal
(PCM1 pin input)

S Ui

See Note 1. -
)

:b0§b1§b2§b3§b4§ ébOébl
DRFLG bitJ l_]_—
PTD1FLG bit l_l I i

o

IR bit in the
PMCLIC register
J Va
Data O or data 1 match flag interrupt \\ \\ Data reception complete interrupt

DRFLG, PTDOFLG, and PTD1FLG: Bits in the PMC1STS register

The above assumes the following:

- The SINV bit in the PMC1CONO register is 1 (inverted).

- The PMCLINT register is 24h (data reception complete interrupt enabled, data 0/1 match flag interrupt enabled).

Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMC1DOPMAX or PMC1D1PMAX.

Figure 4.2 PMC1 Receive Operation of the Remote Control Format without Header Pattern
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4.2 Remote Control Format with Header Pattern Reception
Figure 4.3 shows the outline of receiving remote control format with header using the pattern match mode

of PMC1 circuit.

M16C/65

PMCO] o [PMCT
> [

Pattern match mode
4

Input the remote control signal to port P9_1.

“““’AAAJ“14F1J“‘7422‘LJ‘LIAAAWAFAAAEJ‘LQ? o
Header {0117 | ibeib7r  ibs fpa7
Heade Pattern
Data0 Datal
pattern T o
N I
§.4 ms ?.4 ms ?.4 ms
g —> —>
1.7ms 09ms 1.7ms

Figure 4.3

Outline of the Remote Control Format with Header Pattern

The detection pattern is designed to accept a tolerance of +10% from the format width shown in Figure

4.3. See the following table for settings.

Table 4.2 PMC1 Circuit Settings
Item Description
Clock source fC
Count sources — ——
Division No division
Operation mode Pattern match mode

Header

Pattern match mode

Detect patterns

Data O or data 1 match

Interrupt request
generation timing

Data O or data 1 match

Completion of data reception

Selectable functions

Input signal inversion

Digital filter

Input port

P9 1

Register settings

PMC1 Function Select Register 3

Symbol
foTollololarala  PMewcon
T T Bit Symbol
S I B Y PD/CST/CFRICRE

CSRC1 to CSRCO
e CDIV1 to CDIVO

b7 Symbol
(oo TTTT] PMCLCONZ
Bit Symbol
CEINT

PSEL1 to PSELO

Address
01FBh

Bit Name
Mode select bit

Clock source select bit

Count source divisor select bit

Address
01FAh

Bit Name
Counter overflow interrupt enable bit

Input pin select bit

Function
0000: Pattern match mode

10: fC

00: No division

Function
0: Disabled

10: PMC1 pin

RO1ANO390EJ0100 Rev. 1.00
Dec. 28, 2010

RENESAS

Page 23 of 47



M16C/63, 64A, 65, and 65C Groups

Remote Control Signal Receiver Setting by Format Type

PMC1 Function Select Register 0
Symbol

be bo PMC1CONO
DG G L]

E : ! i Bit Symbol

i ! i t--- EN

i i R SINV

; [ — FIL

O LTt HDEN

PMC1 Function Select Register 1

b7 Symbol
DI Xo]o] PMCLCON1
) Bit Symbol

1
Ll TYPLtoTYPO

PMC1 Interrupt Source Register

Symbol
b7 bo PMCLINT

0|1 1]0 .
Bit Symbol
ty
[
1
1
1

PMC1 Header Pattern Set Register (MIN)
b15 b8 b7 b0
EZNW{M l l.l Function

----------------- (3.4+1.7)[ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 149

PMC1 Header Pattern Set Register (MAX)
b15 b8 b7 b0

PMC1 Data 0 Pattern Set Register (MIN)

| | Function

Address

01F8h

Bit Name

PMC1 operation enable bit
Input signal polarity invert bit
Filter enable bit

Header pattern enable bit

Address
01F9h

Bit Name
Receive mode select bit

Address
01FDh

Bit Name
Receive error flag interrupt enable bit

Data reception complete interrupt enable
bit

Header match flag interrupt enable bit
Data 0/1 match flag interrupt enable bit
Timer measure interrupt enable bit

Symbol Address
PMC1HDPMIN  DO095h to D094h

Symbol Address
PMC1HDPMAX D097h to D096h

Symbol Address
PMC1DOPMIN  DO098h

Gt LR 0.9 [ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 26

PMC1 Data 0 Pattern Set Register (MAX) Symbol Address
b7 b0 PMC1DOPMAX D09%h
| . | Function
T IR 0.9 [ms] x (1+0.1) / (1/32.768 [kHz]) - 1 = 31

PMCL1 Data 1 Pattern Set Register (MIN)

b7 b0
| | Function

Symbol Address
PMC1D1PMIN  DO09Ah

------------------ 1.7 [ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 49

PMC1 Data 1 Pattern Set Register (MAX) Symbol Address
b7 b0 PMC1D1PMAX D09Bh
| . | Function
L ittty 1.7 [ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 60
PMC1 Function Select Register 0
b7 b0 Symbol Address
|><|><|><| |><| | | 1| PMC1CONO 01F8h
! Bit Symbol Bit Name
)
]

--- EN

PMC1 operation enable bit

Function

0: Operation disabled
1: Inverted

1: Filter enabled

1: Header enabled

Function

00: Period measurement (between rising edge and

rising edge)

Function

0: Disabled
1: Enabled
0: Disabled
1: Enabled
0: Disabled

Function

1: Operation enabled
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Operation

(1) The receive operation starts at the first falling edge of the header.

(2) Store the receive data bit by bit using data 0/1 match flag interrupt in the program when receiving
data.

(3) After receiving the 48th bit, if a falling edge is not detected by the time the maximum time set to the
header, data O, or data 1 has elapsed, a data reception complete interrupt is generated.

(4) The receive data is stored to an array in the data reception complete interrupt.

Figure 4.4 shows the condition of the status flags and the interrupt generation timing of the PMCL1 circuit
in remote control reception.

DataQ Datal |
Remote control . : .

signal
(PCM1 pin input )

* Header
: pattern

' Header
. pattern

DRFLG bit_| I T . |
PTHDFLG bit l
PTDOFLG bit I

I Heeny LU U

b6 b7 b8:IbY:

1
=
i

PTD1FLG bit : : :
IR bit in the : : : :
PMCL1IC register |_| |_| |_| l:'\
\\ Data 0 or data 1 \\ Data reception complete interrupt

match flag interrupt

DRFLG, PTHDFLG, PTDOFLG, and PTD1FLG: Bits in the PMC1STS register

The above assumes the following:
- The SINV bit in the PMC1CONO register is 1 (inverted), and the HDEN bit is 1 (header enabled).
- The PMCLINT register is 24h (data reception complete interrupt enabled, data 0/1 match flag interrupt enabled).

Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMC1HDPMAX,
PMC1DOPMAX, or PMC1D1PMAX.

Figure 4.4  PMC1 Receive Operation of the Remote Control Format with Header Pattern
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4.3 Bi-Phase Remote Control Format Reception
Figure 4.5 shows the outline of receiving bi-phase remote control format using the pattern match mode of

PMC1 circuit.

M16C/65

PMCO Q PMC1
circuit [~ * circuit

Pattern match mode
P

Input the remote control signal to port P9_1.

ib0  ibl ib2  |b3 bl2 {b13
Data 0 Data 1
- —
1.8 ms 1.8 ms

Figure 4.5

Outline of the Bi-Phase Remote Control Format

The detection pattern is designed to accept a tolerance of +20% from the format width shown in Figure

4.5. See the following table for settings.

Table 4.3 PMC1 Circuit Settings
Item Description
Clock source fC
Count sources — ——
Division No division

Operation mode

Pattern match mode

Detect patterns

Data 0 or data 1 match

Pattern match mode

Interrupt request
generation timing

Data O or data 1 match

Completion of data reception

Selectable functions

Input signal not inverted

Digital filter

Input port

P9 1

Register settings

PMC1 Function Select Register 3

CSRC1 to CSRCO

Symbol
b7 b0 PMC1CON3
|(:)|(:)|:1|:0|?|?|:0|:0| Bit Symbol
R et PD/CST/CFR/CRE
T R T
] ]
] ]
] ]

CDIV1 to CDIVO

Symbol
bo PMC1CON2

Bit Symbol
R IO CEINT
PSEL1 to PSELO

Address
01FBh

Bit Name
Mode select bit
Clock source select bit

Count source divisor select bit

Address
01FAh

Bit Name
Counter overflow interrupt enable bit
Input pin select bit

Function
0000: Pattern match mode
10: fC

00: No division

Function
0: Disabled
10: PMC1 pin
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PMC1 Function Select Register 0

Symbol Address
o7 bo PMCICONO  O1F8h

0 1]10]0
! v : Bit Symbol Bit Name

1
E E V ‘--- EN PMC1 operation enable bit
1 ]
| E e SINV Input signal polarity invert bit
i [ FIL Filter enable bit
. HDEN Header pattern enable bit

PMC1 Function Select Register 1
b7 Symbol Address

bo
%K{K m.mn ‘PM01CON1 01F%h
T Bit Symbol Bit Name

]
I TYP1to TYPO Receive mode select bit

PMCL1 Interrupt Source Register

Function
0:Operation disabled
0: Not inverted

1: Filter enabled

0: Header disabled

Function

10: Pulse width measurement
(between rising edge and falling edge,
and falling edge and rising edge)

Symbol Address
1 &9 PMC1INT 01FDh
?lol1|o|§|1|o|¥|
! : \ ! 1 Bit Symbol Bit Name Function
| 1
i : H L REINT Receive error flag interrupt enable bit 0: Disabled
]
H i i bemooome- DRINT Data reception complete interrupt enable bit 1: Enabled
E HI PTHDINT Header match flag interrupt enable bit 0: Disabled
)
I PTDINT Data 0/1 match flag interrupt enable bit 1: Enabled
1
lommmmmm e TIMINT Timer measure interrupt enable bit 0: Disabled
PMC1 Data 0 Pattern Set Register (MIN) Symbol Address
b7 b0 PMC1DOPMIN ~ D098h
| : | Function
e 0.9 [ms] x (1-0.2)/(1/32.768 [kHz]) - 1 = 23
PMC1 Data 0 Pattern Set Register (MAX) Symbol Address
b7 b0 PMC1DOPMAX D09%h
| | Function
S 0.9 [ms] x (1 +0.2)/(1/32.768 [kHz]) - 1 = 36
PMC1 Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMC1D1PMIN  DO09Ah
| | Function
R T 1.7[ms] x (1-0.2)/(1/32.768 [kHz]) - 1 = 47
PMC1 Data 1 Pattern Set Register (MAX) Symbol Address
b7 b0 PMC1D1PMAX D09Bh
| . | Function
bemmmm e 1.7[ms] x (1+0.2)/(1/32.768 [kHz]) - 1 =71
PMC1 Function Select Register 0
Symbol Address
lg7<|><|><| ST |b10| PMCICONO  O1F8h
! Bit Symbol Bit Name Function
- EN PMC1 operation enable bit 1: Operation enabled
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Operation

(1) The receive operation starts at the falling edge of b0.

(2) Store the receive data bit by bit using the data 0/1 match flag interrupt in the program when receiving
data.

(3) After receiving the 14th bit, if a falling edge is not detected by the time the maximum time set to data
0 or data 1 has elapsed, a data reception complete interrupt is generated.

(4) The receive data is stored to an array in the data reception complete interrupt.

Figure 4.6 shows the condition of the status flags and the interrupt generation timing of the PMCL1 circuit
in remote control reception.

bO : bl

L LT

bO : bl : b2
Remote control

signal : l_l l_l

(PCM1 pin input) . SeeNote 1
—

DRFLG bit
PTDOFLG bit | |
PTD1FLG bit

IR bit in the R I - E NI
puciicregiser L LT[ M T I [T
L \ ) X

Data O or data 1 match flag interrupt \\ Data reception complete interrupt

DRFLG, PTDOFLG, and PTD1FLG: Bits in the PMC1STS register
The above assumes the following:
- Bits TYP1 to TYPO in the PMC1CONL1 register are 10b (pulse width measurement).
- The PMCLINT register is 24h (data reception complete interrupt enabled, data 0/1 match flag interrupt enabled).
Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMC1DOPMAX or PMC1D1PMAX.

Figure 4.6  PMC1 Receive Operation of the Bi-Phase Remote Control Format

Encoding process

bO ° bl : b2 : b3

Remote control signal I—I l—l

“u u T o i o P " Yo " i
Low HighLow High Low High Low  High High Low High Low

1. Pattern match determines data 0O 0 0 o 1 1 1 1 1 0 O 0
2. Data conversion when v v - - v 4 v 4 v 4 v 4 ve v v o«
Low is 0 and High is 1 1 0O 1 o0 1 0 0 1 1 0 01 1 11 0 1 0
(first high that is 1 is fixed) . B : - . M : oo ’ ’

3. Analysis data 0 0 0 1 0 1

Figure 4.7  Analytical Operation Example of Bi-Phase Format

(1) The pulse width measurement is set for monitoring the signal determined data O or data 1 in
pattern match mode.

(2) Based in Figure 6.6 PMCL circuit receive timing, high and low periods are measured.
Convert to:
High period is long: 11b, high period is short: 1.
Low period is long: 00b, low period is short: 0.

(3) The 2 bits of data converted in step 2 converted to 1 bit in bi-phase format.
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5. Combined Operation of the PMCO and PMC1 Circuits in Pattern
5.1 Remote Control Signal Receiver with Header Pattern and Spacer
Figure 5.1 shows the outline of receiving remote control format with header and spacer using the pattern
match mode of the PMCO and PMC1 circuits.
M16C/65
i KM i
Pgttern match mode
I Input the remote control signal to port P9_2.
Hamm B D lin N Ny Ko e I W
Header patternébo bl §b6 §b7 Spacer ib8 b9 §b15
Header pattern Spacer Data0 Datal
[ L
—> (g Ld g)
8.4 ms 0.5ms 0.5ms .5ms
—> —> —> —
4.2 ms 4.2 ms 1.1ms 2.1ms
Figure 5.1  Outline of the Remote Control Signhal Receiver with Header Pattern and Spacer
The detection pattern is designed to accept a tolerance of £10% from the format width shown in Figure
5.1. See the following table for settings.
Table 5.1 PMCO/PMCL1 Circuit Settings
tem Description
PMCO circuit PMC1 circuit
Clock source fC
Count sources — —
Division No division
Operation mode Pattern match mode
Special data Header

Detect patterns

Data 0 or data 1 match

Pattern match mode

Interrupt request
generation timing

Completion of data reception

Selectable functions

Input signal inversion

Digital filter

Error flag hold

Input port

P9 2

Register settings
PMCO Function Select Register 3

CSRC1 to CSRCO
CDIV1 to CDIVO

Symbol

P sTsToTs ToToT S PMCOCON3
LI_LI'LI_LI_LI_LI'LI'LI_I Bit Symbol
bbb aeebedede PDICST/CFRICRE
T S
1 1
' ]

!

PMC1 Function Select Register 3

b7 Symbol
[ofoTiTofofoofo] ~ PMCiCON3
T HEH Bit Symbol
R PD/CST/CFR/CRE
]

CSRC1 to CSRCO
CDIV1 to CDIVO

Address

01F3h

Bit Name

Mode select bit

Clock source select bit

Function

0000: Pattern match mode
00: Same as PMC1

Count source divisor select bit 00: No division

Address

01FBh

Bit Name Function

Mode select bit 0000: Pattern match mode
Clock source select bit 10: fC

Count source divisor select bit 00: No division
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PMCO Function Select Register 2
Symbol

b7 b0 PMCOCON2
0] 0] O

| T l: l T l l l l Bit Symbol
1) beeemcccccceaea- CEINT

] 1

PSEL1 to PSELO

PMCL1 Function Select Register 2

Symbol
b7 b0

[o[adlo T[] PMcicon
T Bit Symbol
bl b CEINT

1 ]

PSEL1 to PSELO

PMCO Function Select Register 0

0 Symbol
I

[

b7 b
RERERRRRRE PMCOCONO

! ! Bit Symbol
| t--- EN
1

SDEN

T
]
1
1
]
1
I
]
I
]
]
1
]
I
]
1
I
1
1
{1

Lo

PMC1 Function Select Register 0

b7 bo Symbol
DXIX] 1[X] 1] 1] of PMCLCONO
: E ! i Bit Symbol
: Plot--- EN
e SINV
b e FIL
R HDEN

PMCO Function Select Register 1
0 Symbol
|

b7 b
Lal ofXIXJo] ol of 0 PMCOCON1
i | Bit Symbol

TYP1to TYPO

PMC1 Function Select Register 1
b7 bo Symbol

DXDIXIXoX] of o] ~ PMCLCONL
v Bit Symbol

TYP1to TYPO

Address
01F2h

Bit Name
Counter overflow interrupt enable bit
Input pin select bit

Address
01FAh

Bit Name
Counter overflow interrupt enable bit
Input pin select bit

Address

01FOh

Bit Name

PMCO operation enable bit
Input signal polarity invert bit
Filter enable bit

Error flag hold bit

Header pattern enable bit
Special data pattern enable bit

DRINT1 to DRINTO Receive interrupt control bit

Address

01F8h

Bit Name

PMC1 operation enable bit

Input signal polarity invert bit
Filter enable bit
Header pattern enable bit

Address

01F1h

Bit Name

Receive mode select bit

Counter start control bit )
Special pattern detect block select bit

Header pattern detect block select bit

Address
01F9h

Bit Name
Receive mode select bit

Function
0: Disabled
00: Same as PMC1

Function
0: Disabled
01: PMCO pin

Function
0: Operation disabled

Setto 0
Setto 0

Status of the REFLG bit in the PMCOSTS

register:
1: Held even after next data received

1: Header enabled

1: Special data pattern enabled

11: Interrupt request is generated
when compare match and no
receive error occurs, and
reception completed

Function

0: Operation disabled
1: Inverted

1: Filter enabled

1: Header enabled

Function

00: Period measurement (between
rising edge and rising edge)

0: Counters operate individually

0: PMCO

1: PMC1

Function
00: Period measurement (between
rising edge and rising edge)
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PMCO Interrupt Source Register
Symbol

PMCOINT
Bit Symbol

b7
lofofofofof2]o]o]

L-- CPINT
REINT

PMCL1 Interrupt Source Register
Symbol
bo PMC1INT

X

re=========-|O

Bit Symbol
REINT

PTHDINT
PTDINT
TIMINT

re-------fo

PMCO Compare Control Register

o7 bo Symbol
SO 1]1] _ PMeocPe
T H—— Bit Symbol
! t.2-_l.- CPN2to CPNO
. CPEN

PMCO Compare Data Register
b7 b0
[oboooo 0o o0 of

T

PMCO Header Pattern Set Register (MIN)
b15 b8 b7 b0
T Function

Address
01F5h

Bit Name

Compare match flag interrupt enable bit
Receive error flag interrupt enable bit

Data reception complete interrupt enable bit
Receive buffer full flag interrupt enable bit
Header match flag interrupt enable bit

Data 0/1 match flag interrupt enable bit
Timer measure interrupt enable bit

Special data match flag interrupt enable bit

Address

01FDh

Bit Name . .
Receive error flag interrupt enable bit
Data reception complete interrupt enable
bit

i

Header match flag interrupt enable bit
Data 0/1 match flag interrupt enable bit
Timer measure interrupt enable bit

Address
01F6h

Bit Name

Compare bit specified bit
Compare enable bit

Symbol
PMCOCPD
Function

Compare with 0000 0000b

01F7h

Address
DO081h to D080h

Symbol
PMCOHDPMIN

----------------- (0.5 +4.2) [ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 138

PMCO Header Pattern Set Register (MAX)
bl5 b8 b7 b0
b Function

Symbol Address
PMCOHDPMAX DO083h to D082h

---------------- (0.5 +4.2) [ms] x (1 +0.1) / (1/ 32.768 [kHz]) - 1 = 168

PMC1 Header Pattern Set Register (MIN)
bl5 b8 b7 b0
T Function

Address
D095h to D094h

Symbol
PMC1HDPMIN

----------------- (8.4 +4.2) [ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 371

PMC1 Header Pattern Set Register (MAX)
b15

WMN l l I. Function

Symbol Address
PMC1HDPMAX DO097h to D0O96h

---------------- (8.4+4.2)[ms] x (1+0.1)/(1/32.768 [kHz]) - 1 = 453

Note:

1. Set all bits to 0 when the compare match function is not used.
Check the specification to set the compared value when the compare match function is used.

Function

: Disabled
: Disabled
: Enabled
: Disabled
: Disabled
: Disabled
: Disabled
: Disabled

cocoooroo

Function
0: Disabled
0: Disabled

0: Disabled
0: Disabled
0: Disabled

Function

Bits 7 to O are compared
1: Compare enabled

See Note 1.
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PMCO Data 0 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCODOPMIN  D084h

| | Function
1.1[ms] x(1-0.1)/(1/32.768 [kHz]) - 1 = 31

PMCO Data 0 Pattern Set Register (MAX) Symbol Address
b7 b0 PMCODOPMAX  D085h
| . | Function
S 1.1[ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 39
PMCO Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCOD1PMIN  D086h
| | Function

------------------ 2.1[ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 61

PMCO Data 1 Pattern Set Register (MAX) Symbol Address
b7 b0 PMCOD1PMAX DO087h
[ . | Function
D e e 2.1[ms]x (1+0.1)/(1/32.768 [kHz]) - 1 =75
PMCO Function Select Register 0 Symbol Address
b7 bO PMCOCONO 01FOh
HEEEEEER _ . .
T Bit Symbol Bit Name Function
e i EN PMCO operation enable bit 1: Operation enabled
PMC1 Function Select Register 0 Symbol Address
b7 b0 PMC1CONO 01F8h
1
wu‘rl Bit Symbol Bit Name Function
S —— EN PMC1 operation enable bit 1: Operation enabled
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Operation
(1) The receive operation starts at the first falling edge of the header.

(2) Store the receive data bit by bit to the PMCODATI register when receiving data (i = 0 to 5).
(3) After receiving the 16th bit, if a falling edge is not detected by the time the maximum time set to the

header, special data, data 0, or data 1 has elapsed, a data reception complete interrupt is generated.
(4) Read registers PMCODATi and PMCORBIT using the program in the data reception complete

interrupt (i=0to 5).

Figure 5.2 shows the condition of the status flags and the interrupt generation timing of the PMCO and

PMC1 circuits in remote control reception.

Data Data
Header pattern - 1 - 0 -

- Spacer -
Remote control ;SP :

. Header pattern

signal
(PCMO pin input)

See Note 1. -

—

The recepfion of spécial data is
not counted as the received size.

DRFLG bitJ

:bo ‘b1 b6 {Z §\ b8 §b9§\ §b15§\ g ;
o DN LN 'Y L : :
PM?:;Q; | . PMCODATO || : @ | PMCODATL||: 3 [ PMCODATO
PM?S;;Q; | .01 2 1607 8 §9: T 15 16 | 0

. the compare matches.
PMCOIC register

complete interrupt & -

PTHDFLG bit Do :
PTDOFLG bit
PTD1FLG bit . | |
SDFLG bit : :
CPFLG bit ' .
| " Data reception :
L The CPFLG bit becomes 1 when .
IR bit in the

[

DRFLG, PTHDFLG, PTDOFLG, PTD1FLG, SDFLG, and CPFLG: Bits in the PMCOSTS register
i=0to5
The above assumes the following:

- The SINV bit in the PMC1CONO register is 1 (inverted), and the HDEN bit is 1 (header enabled).
- The PMCOINT register is 04h (data reception complete interrupt enabled).

Note:

PMCOD1PMAX, or PMC1HDPMAX.

- The SINV bit in the PMCOCONO register is 1 (inverted), the SDEN bit is 1 (special data pattern enabled), and bits DRINT1 and DRINTO
are 11b (interrupt request is generated when compare match and no receive error occurs, and reception completed).

- The CPEN bit in the PMCOCPC register is 1 (compare enabled), and bits CPN2 to CPNO are 111b (bits 7 to 0 are compared).

1. The data reception complete interrupt is generated when the counter value is bigger than register PMCOHDPMAX, PMCODOPMAX,

Figure 5.2 PMCO and PMC1 Combined Receive Operation of the Remote Control Format with

Header Pattern and Spacer
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5.2 Remote Control Signal Receiver with Header Pattern and Repeat Code

Figure 5.3 shows the outline of the remote control format reception with header and repeat code of the
PMCO0 and PMC1 combined circuit operation in pattern match mode.

M16C/65

PMCO | o PMC1
circuit [0 circuit

Pattern match mode

Input the remote control signal to port P9_2.

] . Wmﬁm QQﬁ—ﬂ—QE—'_
Header b0 ib1j b6 ib7 b8 iboi N i jRepeat;

ib31 H H
pattern i i code i
Header pattern Data0 Data 1

Repeat code

1 T 11
— —
9.0 ms ?6 ms %.6 ms 9.0 ms
—> > —> o
45ms 11ms 23ms 2.3ms

Figure 5.3  Outline of the Remote Control Signal Reception with Header Pattern and Repeat Code

The detection pattern is designed to accept a tolerance of +10% from the format width shown in Figure
5.3. See the following table for settings.

Table 5.2 PMCO/PMC1 Circuit Settings
ltem Description
PMCO circuit PMC1 circuit
Clock source fC
Count sources — ——
Division No division
Operation mode Pattern match mode
Header Special data pattern

Detect patterns

Data O or data 1 match
Special data match
Completion of data reception
Input signal inversion

Digital filter

Error flag hold

Input port P9 2

Interrupt request
generation timing

Pattern match mode

Selectable functions

This application note confirms the time measured using timer AO and repeat code received in the
PMCO/PMC1 circuit during a fixed period.
Table 5.3 lists the Timer AOQ Settings.

Table 5.3 Timer AO Settings

Item Description
Operation mode One-shot timer mode
Count source fC32

TAO register setting value 200 - 1 (200 ms)
Interrupt priority level Level 1
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Register settings

PMCO Function Select Register 3
Symbol

PMCOCON3

T Bit Symbol
———-+-+___ PD/CST/CFR/CRE
CSRC1 to CSRCO
CDIV1 to CDIVO

o
)
o
o

r======-0

—————=eO

r

PMCL1 Function Select Register 3

Symbol
PMC1CON3

Bit Symbol
PD/CST/CFR/CRE
CSRC1 to CSRCO

CDIV1 to CDIVO

PMCO Function Select Register 2

b7 b0 Symbol
[olof o TTTT ] PMcOCON2
I Bit Symbol
R L E T CEINT
] ]

PSEL1 to PSELO

PMC1 Function Select Register 2

b7 b0 Symbol
[o[dJof T T T T ] PMCicON2
HI Bit Symbol
] ] [ I

1 CEINT

PSEL1 to PSELO

PMCO Function Select Register 0
b7 bo Symbol
[a]alafa[ 1] o] of o]  PMCOCONO
R ] v Bit Symbol
b oio-- EN
1

SDEN

PMC1 Function Select Register 0

b7 b0 Symbol
MXK[X[ o] ~ PMcicone
E P E Bit Symbol
: i1 t--- EN
S SINV
E ERREEEtLE FIL
it HDEN

PMCO Function Select Register 1

Symbol
PMCOCON1

Bit Symbol
TYP1to TYPO

I EanhELEELEEEE LD EXSDEN
IR EXHDEN

PMCO Function Select Register 1

S 0] o] o] PMCOCONL
Bit Symbol

TYP1to TYPO

Address

01F3h

Bit Name

Mode select bit

Clock source select bit

Count source divisor select bit

Address
01FBh

Bit Name
Mode select bit
Clock source select bit

Count source divisor select bit

Address

01F2h

Bit Name

Counter overflow interrupt enable bit

Input pin select bit

Address

01FAh

Bit Name

Counter overflow interrupt enable bit

Input pin select bit

Address

01FOh

Bit Name

PMCO operation enable bit

Input signal polarity invert bit
Filter enable bit
Error flag hold bit

Header pattern enable bit
Special data pattern enable bit

DRINT1 to DRINTO Receive interrupt control bit

Address

01F8h

Bit Name

PMC1 operation enable bit

Input signal polarity invert bit
Filter enable bit
Header pattern enable bit

Address

01F1h

Bit Name

Receive mode select bit

Counter start control bit

Special pattern detect block select bit
Header pattern detect block select bit

Address

01F1h

Bit Name

Receive mode select bit

Function

0000: Pattern match mode
00: Same as PMC1

00: No division

Function
0000: Pattern match mode

10: fC
00: No division

Function
0: Disabled
00: Same as PMC1

Function
0: Disabled

01: PMCO pin

Function
0: Operation disabled

Setto 0
Setto 0
Status of the REFLG bit in the PMCOSTS register:
1: Held even after next data received
1: Header enabled
1: Special data pattern enabled
11: Interrupt request is generated when
compare match and no receive error
occurs, and reception completed

Function

0: Operation disabled
1: Inverted

1: Filter enabled

1: Header enabled

Function

00: Period measurement (between
rising edge and rising edge)

0: Counters operate individually

1: PMC1
0: PMCO

Function

00: Period measurement (between
rising edge and rising edge)
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PMCO Interrupt Source Register

b7 Symbol Address
[1ToJoJo] o[ 1]o]o0] PMCOINT 01F5h
R N Bit Symbol Bit Name Function
Vo i --- CPINT Compare match flag interrupt enable bit 0: Disabled
. - LY REINT Receive error flag interrupt enable bit 0: Disabled
P : Pobeeeee DRINT Data reception complete interrupt enable bit  1: Enabled
N ! lemeccmeeee BFULINT Receive buffer full flag interrupt enable bit 0: Disabled
bl beememeemeeee PTHDINT Header match flag interrupt enable bit 0: Disabled
Vo) - --=-= PTDINT Data 0/1 match flag interrupt enable bit 0: Disabled
e e e TIMINT Timer measure interrupt enable bit 0: Disabled
. SDINT Special data match flag interrupt enable bit 1: Enabled
PMCL1 Interrupt Source Register
b7 Symbol Address
T ololoB<]oolX] PMC1INT 01FDh
R o Bit Symbol Bit Name Function
1 ! H LI REINT Receive error flag interrupt enable bit 0: Disabled
I ! L DRINT Data reception complete interrupt enable bit  0: Disabled
b S, PTHDINT Header match flag interrupt enable bit 0: Disabled
R PTDINT Data 0/1 match flag interrupt enable bit 0: Disabled
e TIMINT Timer measure interrupt enable bit 0: Disabled
PMCO Compare Control Register -
b7 bo Symbol Address
}Em%m 1 'PMCOCPC 0.1F6h ]
Bit Symbol Bit Name Function
CPN2 to CPNO Compare bit specified bit Bits 7 to 0 are compared
CPEN Compare enable bit 1: Compare enabled See Note 1.
PMCO Compare Data Register Symbol
b7 b0 PMCOCPD 01F7h
0 0000 OO0 O :
| - | Function
e Compare with 0000 0000b

PMCO Header Pattern Set Register (MIN) Symbol Address
b15 b8 b7 b0 PMCOHDPMIN  D081h to DO80h

. Function
“““““““““ (9.0 +4.5) [ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 397

PMCO Header Pattern Set Register (MAX) Symbol Address
b15 b8 b7 b0 PMCOHDPMAX DO083h to D082h

b Function
---------------- (9.0 +4.5) [ms] x (1 +0.1)/ (1/32.768 [kHz]) - 1 = 486

PMC1 Header Pattern Set Register (MIN) Symbol Address
b15 b8 b7 b0 PMC1HDPMIN  D095h to D094h

. Function
----------------- (9.0+ 2.3) [ms] x (1-0.1)/ (1/32.768 [kHz]) - 1 = 332

PMC1 Header Pattern Set Register (MAX) Symbol Address
b15 b8 b7 b0 PMC1HDPMAX DO097h to D096h

¢ Function
---------------- (9.0 +2.3)[ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 406

Note:
1. Set all bits to 0 when the compare match function is not used.
Check the specification to set the compared value when the compare match function is used.
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PMCO Data 0 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCODOPMIN  D084h

| | Function
1.1 [ms] x(1-0.1)/(1/32.768 [kHz]) - 1 = 31

PMCO Data 0 Pattern Set Register (MAX) Symbol Address
b7 bo PMCODOPMAX  D085h
| . | Function
it T 1.1[ms] x (1 +0.1)/(1/32.768 [kHz]) - 1 = 39
PMCO Data 1 Pattern Set Register (MIN) Symbol Address
b7 b0 PMCOD1PMIN  DO086h
| | Function

------------------ 2.3[ms] x (1-0.1) / (1/32.768 [kHz]) - 1 = 67

PMCO Data 1 Pattern Set Register (MAX) Symbol Address
b7 b0 PMCOD1PMAX DO087h
| . | Function
B 2.3[ms] x (1+0.1)/(1/32.768 [kHz]) - 1 = 82
PMCO Function Select Register 0 Symbol Address
b7 %) PMCOCONO 01F0h
HEEEEEER _ _ _
T Bit Symbol Bit Name Function
leme e EN PMCO operation enable bit 1: Operation enabled
PMC1 Function Select Register 0 Symbol Address
b7 bo PMC1CONO 01F8h
I><| l | T l Bit Symbol Bit Name Function
e e EN PMCL1 operation enable bit 1: Operation enabled
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Operation

(1) The receive operation starts at the first falling edge of the header.

(2) Store the receive data bit by bit to the PMCODATI register when receiving data (i = 0 to 5).

(3) After receiving the 32nd bit, if a falling edge is not detected by the time the maximum time set to the
header, special data, data O, or data 1 has elapsed, a data reception complete interrupt is generated.
Use a program to read registers PMCODATi and PMCORBIT in the data reception complete interrupt.
Set the HDEN bit in the PMCOCONO register to 0 (header disabled) to receive the repeat code. Set
timer AO to one-shot timer mode and start.

(4) The special data match flag interrupt is generated when receiving the repeat code. A trigger for timer
A0 is input at the special data match flag interrupt.

(5) If the repeat code is not input, the timer AO interrupt is generated when the timer AO counter value
becomes 0000h. Set the HDEN bit to 1 (header enabled) in the timer AQO interrupt.

Figure 5.4 shows the condition of the status flags and the interrupt generation timing of the PMCO and
PMC1 circuits when using the remote control signal receiver.

o) @ &) @ ®)

e Data Data
Header pattern . 1 .0 -

. Repeatcode :

Remote control
signal
(PMCQO pin input) :

; T ; ; ; T ; N See Note 1.
- b0 :b1: 2 b6 : b7 : b8 :b9: :b31:
S 0 VN | N VI VI T VO |

PMéODA:Tog \\: - - |, 1l PmcopaTs | PMCOD/;\TO \

PMCODATI |
register

PMCODAT1

PMCORBIT |

register I6I7I8I9I

j31| | 0

DRFLG bit J

PTHDFLG bit

T
1l

PTDOFLG bit

PTD1FLG bit

SDFLG bit

CPFLG bit / |

Data reception -
CPFLG bit becomes 1 Special data match;

IR bit in the PMCOIC when the compare ‘ complete interrupt ~ l—l flag interrupt
>

register matches.

HDEN bit in the |
PMCOCONO register

IR bit in the TAOIC \
register \¥
DRFLG, PTHDFLG, PTDOFLG, PTD1FLG, SDFLG, and CPFLG: Bits in the PMCOSTS register
i=0to5
The above assumes the following:
- The SINV bit in the PMCOCONO register is 1 (inverted), the SDEN bit is 1 (special data pattern enabled), and bits DRINT1 to DRINTO are
11b (interrupt request is generated when compare match and no receive error occurs, and reception completed).
- The SINV bit in the PMC1CONO register is 1 (inverted), and the HDEN bit is 1 (header enabled).
- The PMCOINT register is 84h (data reception complete interrupt enabled, special data match flag interrupt enabled).
- The CPEN bit in the PMCOCPC register is 1 (compare enabled), and bits CPN2 to CPNO are 111b (bits 7 to 0 are compared).

Note:
1. The data reception complete interrupt is generated when the counter value is bigger than register PMCOHDPMAX, PMCODOPMAX,
PMCOD1PMAX, or PMC1HDPMAX.

Figure 5.4 PMCO and PMC1 Combined Receive Operation of the Remote Control Format with
Header Pattern and Repeat Code
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6. PMCO Circuit Individual Operation in Pattern Match Mode using

Timer Measure Interrupt

6.1 Remote Control Signal Receiver with Header Pattern and Spacer
Figure 6.1 shows the outline of the remote control format reception with header at the PMCO circuit

operation in the pattern match mode.

Every pattern in 1. "Remote Control Signal Receive Waveform" is compatible by using the register

settings below.

M16C/65

PMCO PMCL

Pattern match mode

Input the remote control signal to port P9_2.

- e lnNany Bepnn I
eader ibo ibl i ib6 ib7 i Spacer ib8
Header pattern
Spacer Data 0 Data 1
pattern
L L L]
§.4 ms $>5 ms % ms ﬁ ms
Card —> —> ﬁ
4.2ms 4.2ms 1.1ms 1ms

Figure 6.1

See the following table for settings.

Remote Control Signal Receiver with Header Pattern and Spacer

Table 6.1 PMCO Circuit Settings
ltem Description
Clock source fC
Count sources — ——
Division No division

Operation mode

Pattern match mode

Interrupt request

Timer measurement

Pattern match mode generation timing

Completion of data reception

Selectable functions |Digital filter
Input port P9 2
Register settings
PMCO Function Select Register 3
Symbol Address
b b0 PMCOCON3 01F3h
| l (.)l :.Ll Ol (.)l Pl ?l I0| Bit Symbol Bit Name Function
E i L R PD/CST/CFRICRE Mode select bit 0000: Pattern match mode
1 1
] 1

N OO CSRCL1 to CSRCO Clock source select bit

b - CDIV1 to CDIVO Count source divisor select bit
PMCO Function Select Register 2
Symbol Address
7 b0 PMCOCON2 01F2h
Lolalof T T[] . .
H Bit Symbol Bit Name
Counter overflow interrupt enable bit

T T
o
I e T CEINT
o
[

----------------------- PSEL1 to PSELO Input pin select bit

10: fC
00: No division

Function
0: Disabled

01: PMCO pin
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PMCO Function Select Register 0
Symbol
PMCOCONO

b7

[ [ folafa]a]o]ol
b Bit Symbol
¢ lo-- EN
1

PMCO Function Select Register 1

Symbol
PMCOCON1

0

\ Bit Symbol

: '==*--- TYP1lto TYPO
)

)

[

PMCO Interrupt Source Register
Symbol

[o[z]oJo]  PMCOINT
: T
1
1
1

b7
[o]1]o]

) Bit Symbol
L-- CPINT
ST REINT

PMCO Header Pattern Set Register (MAX)
b15 b8 b7 b0

PMCO Function Select Register 0

Symbol
|b7| T T blo PMCOCONO
T Bit Symbol
L-- EN

Address

01FOh

Bit Name

PMCO operation enable bit

Input signal polarity invert bit
Filter enable bit
Error flag hold bit

Header pattern enable bit
Special data pattern enable bit

Address
01F1h

Bit Name
Receive mode select bit

Counter start control bit

Function

0: Operation disabled

0: Not inverted

1: Filter enabled

Status of the REFLG bit in the PMCOSTS register:

1: Held even after next data received
1: Header enabled

0: Special data pattern disabled

Function

10: Pulse width measurement between rising edge
and falling edge, and falling edge and rising
edge)

0: Counters operate individually

Address

01F5h

Bit Name Function
Compare match flag interrupt enable bit 0: Disabled
Receive error flag interrupt enable bit 0: Disabled
Data reception complete interrupt enable bit 1: Enabled
Receive buffer full flag interrupt enable bit  0: Disabled
Header match flag interrupt enable bit 0: Disabled
Data 0/1 match flag interrupt enable bit 0: Disabled
Timer measure interrupt enable bit 1: Enabled
Special data match flag interrupt enable bit  0: Disabled

Symbol Address

PMCOHDPMAX D083h to D082h

Function

8.4 [ms] x (1 +0.1) / (1/32.768 [kHz]) - 1 = 303

Address
01F0h

Bit Name
PMCO operation enable bit

Function
1: Operation enabled
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. Header pattern

—

Header pattern . Datal [DataO:

Remote control _: Spacer

signal
(PMCO pin input) -

See Note 1.

: Header pattern_y,
setting value

Internal counter +

VL by vy Vi Y

PMCOTIM register 0 [a [blc [d]e]f// {a]i Li/[ k]

. Data reception l
. complete :
fjinterrupt ™ |—|

DRFLG bitin the
PMCOSTS register

IR bit in the PMCOIC |—|
register

Time measure interrupt \\
The above assumes the following:
- The HDEN bit in the PMCOCONO register is 1 (header enabled).
- Bits TYP1 to TYPO in the PMCOCONL1 register are 10b (pulse width measurement).
- The PMCOINT register is 44h (data reception complete interrupt enabled, timer measure interrupt enabled).
Note:
1. The data reception complete interrupt is generated when the counter value is bigger than the PMCOHDPMAX register.

Figure 6.2  Timer Measure Mode Receive Timing in Pattern Match Mode of PMCO Circuit

In the timer measure interrupt handler, read the PMCOTIM register to obtain each pulse width. (1) During
the period that is at or above the maximum value set to the header pattern, if no edge is detected, a data
reception complete interrupt is generated. When this interrupt is generated, perform the receive complete
handling operation.

Note:
1. When registers PMCOBC and PMC1BC are read, an undefined value may be read.
Do not use registers PMCOBC and PMC1BC.
When Registers PMCOTIM and PMC1TIM are read while data changes (edge of the PMC
internal input signal), an undefined value may be read. Judge the reading values of registers
PMCOTIM and PMCL1TIM by reading the registers at least two times.
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7. Structure

typedef union U_W_STATUS_ PM {
struct S W_STATUS PM {
unsigned char ri0: 1;
unsigned char rhddO: 1;
unsigned char rrpt0: 1;
unsigned char rerr0: 1;
Declaration unsigned char ril: 1;
unsigned char rhdd1: 1;
unsigned char rrptl: 1;
unsigned char rerrl: 1;
}bit;
unsigned char all;
IREM_STATUS_PM;

rio PMCO receive completion
rhdd0 PMCO header pattern detection
rrpt0 PMCO special data pattern match

Variable rerrQ PMCO receive error
ril PMC1 receive completion
rhddl PMC1 header pattern detection
rrptl PMC1 special data pattern match
rerrl PMC1 receive error

Description Maintains the status of PMCO and PMCL1.
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8. Function Tables

Declaration unsigned char Remlnitialize(unsigned char ch,unsigned char fmt)
Outline Function to initialize remote control signal receiver
Argument name Meaning
Channel selection
ch 0x01: PMCO
0x02: PMC1
0x03: PMCO and PMC1
Receive format selection
Argument 0x00: Remote control format without header pattern
0x01: Remote control format with header pattern
0x02: Bi-phase remote control format
fmt 0x03: Remote control format with header pattern and spacer

0x04:
0x05:
0x06:

Remote control format with header pattern and repeat code
Remote control format with special data pattern

Individual Operation of the PMCO Circuit timer measure
interrupt

Variable (global)

Variable name

Value to store

format

Selected format

PM_RBIT

Number of received bits

Returned value

Type

Meaning

unsigned char

INT_OK: Remote control signal receiver setting success

INT_NG: Remote control signal receiver setting failed

Description Sets the remote control signal receiver.

Declaration unsigned char GetRemStatus(void)

Outline Function to obtain status of remote control signal receiver
Argument None

Variable (global)

Variable name

Value to store

RemStatus.all

The status of remote control signal receiver

Returned value

Type

Meaning

unsigned char

Status stored on the RAM

Description Obtains the status stored on the RAM.
Declaration unsigned char ClearRemStatus(unsigned char ch)
Outline Function to initialize status of remote control signal receiver
Argument name Meaning
Argument Channel selection
ch 0x01: PMCO
0x02: PMC1

Variable (global)

Variable name

Value to store

RemStatus.all

The status of remote control signal receiver

Returned value

None

Description

Initializes the status stored on the RAM.
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Declaration unsigned char GetPmcOData(unsigned char *rx_data)
Outline Function to store PMCO buffer data

Argument name Meaning
Argument

*rx_data Pointer to buffer for receive data

Variable (global)

Variable name Value to store

rx_dataf] To store receive data

PmORecvBuUf[] Receive buffer for PMCO

Returned value

Type Meaning

0: Storage failed

unsigned char

1: Storage successful

Description Receive data in PMCO is stored in the receive data buffer.
Declaration unsigned char GetPmcl1Data(unsigned char *rx_data)
Outline Function to store PMCL1 buffer data

Argument name Meaning
Argument

*rx_data

Pointer to buffer for receive data

Variable (global)

Variable name

Value to store

rx_data[]

To store receive data

Pm1RecvBuf(]

Receive buffer for PMC1

Returned value

Type

Meaning

unsigned char

0: Storage failed

1: Storage successful

Description Receive data in PMCL1 is stored in the receive data buffer.
Declaration void PMO_Pmint(void)

Outline Function to receive PMCO data

Argument None

Variable (global)

Variable name

Value to store

PmORecvBuf(]

Receive buffer for PMCO

RemStatus.bit

Store the status

Returned value

None

Description

Carries out the receive operation in PMCO.
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Declaration void PM1_Pmint(void)
Outline Function to receive PMC1 data
Argument None

Variable name

Value to store

Pm1RecvBuf(] Receive buffer for PMC1
RemStatus.bit Store the status
Variable (global) [Pm1RecvBitBuf Receive buffer every bit
Pm1RecvBitCnt Counter for the number of bits received in 1 byte
Pm1RecvByteCnt Counter for the number of bytes received
Pm1BitCnt Counter for the number of bits received
Returned value None

Description Carries out the receive operation in PMC1.
Declaration void PMO_Tmint(void)

Outline Function to store PMCO measured values
Argument None

Variable name

Value to store

Variable (global) |PmORecvTimBuf]] Storage buffer for the PMCO measured values
PmORecvTimCnt Counter for PMCO measured values
Returned value  |None

Description The results of pulse period/pulse width measurement in PMCO are stored in the buffer.
Declaration void PM1_Tmint(void)

Outline Function to store PMC1 measured values

Argument None

Variable name

Value to store

Variable (global) |Pm1RecvTimBuf[] Store buffer for the PMC1 measured values
Pm1RecvTimCnt Counter for PMC1 measured values
Returned value None

Description

The results of pulse period/pulse width measurement in PMC1 are stored in the buffer.
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Declaration unsigned char RC5_Encode(unsigned char *buff)
Outline Function to analyze bi-phase format
Argument name Meaning
Argument - -
*buff Receive buffer pointer

Variable (global) [None

Type Meaning

Returned value ) 0: Encoding failed
unsigned char

1: Encoding successful

Description Analyzes data received of bi-phase format. The result is stored in buff[0] and buff[1].
Declaration unsigned char RC6_Encode(unsigned char *buff)
Outline Function to analyze special header format
Argument name Meaning
Argument - -
*buff Receive buffer pointer

Variable (global) [None

Type Meaning

Returned value ) 0: Encoding failed
unsigned char

1: Encoding successful

Analyzes the receiving data of special header format. The result is stored in buff[0],

Description buff[1] and buff[2].

Declaration void SubClk1Wait(void)

Outline Function to wait one sub clock cycle
Argument None

Variable (global) [None

Returned value None

Description Generates wait time of one sub clock cycle.
Declaration void _timer_a0(void)

Outline Function to handle timer AOQ interrupt
Argument None

Variable (global) [None

Returned value None

Sets enables header. (This setting is used when receiving the remote control signal of

Description pattern 6.)
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9. Sample Code

Sample code can be downloaded from the Renesas Electronics website.

10. Reference Documents

M16C/63 Group User’s Manual: Hardware Rev.1.00

M16C/64A Group User’'s Manual: Hardware Rev.1.10

M16C/65 Group User’'s Manual: Hardware Rev.1.10

M16C/65C Group User’'s Manual: Hardware Rev.0.10

The latest version can be downloaded from the Renesas Electronics website.

Technical Update/Technical News
The latest information can be downloaded from the Renesas Electronics website.

C Compiler Manual

M16C Series, R8C Family C Compiler Package V.5.45

C Compiler User’s Manual Rev.2.00

The latest version can be downloaded from the Renesas Electronics website.

11. Website and Support

Renesas Electronics website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




Notice

be disclosed by Renesas Electronics such as that disclosed through our website.

others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

use of these circuits, software, or information.

prohibited under any applicable domestic or foreign laws or regulations.

personal electronic equipment; and industrial robots.

designed for life support.

use of Renesas Electronics products beyond such specified ranges.

please evaluate the safety of the final products or system manufactured by you.

o

no liability for damages or losses occurring as a result of your r iance with i laws and

1

1. All information included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas

Electronics products listed herein, please confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to additional and different information to

2. 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

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible 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

5. When exporting the 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. You should not use Renesas Electronics products or the 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. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 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.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard”, "High Quality", and "Specific". The recommended applications for each Renesas Electronics product
depends on the product's quality grade, as indicated below. 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 categorized as "Specific" without the prior written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. 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 an application categorized as "Specific" or for which the product is not intended where you have failed to obtain the prior written consent of Renesas Electronics.
The quality grade of each Renesas Electronics product is "Standard" unless otherwise expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard":  Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools;

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically

"Specific": Aircraft; equipment; P ; nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
i 1s, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
8. You should use the Renesas products i in this 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

9. 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.

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 i with all i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

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

Because the evaluation of microcomputer software alone is very difficult,

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the i ion contained in this 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.
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