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names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, anc
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and morereliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as a reference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atotal system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice
or system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of aproduct contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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HD404449 Series
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Description

The HD404449 Series is a HMCS400-series microcomputer designed to increase program productivity
with large-capacity memory. Each microcomputer has four timers, two serial interfaces, A/D converter,
input capture circuit, 32-kHz oscillator for clock, and four low-power dissipation modes.

The HD404449 Series includes three chips. the HD404448 with 8-kword ROM; the HD404449 with 16-
kword ROM; and HD4074449 with 16-kword PROM (ZTATL version).

The HD4074449 is a PROM version (ZTATO microcomputer). A program can be written to the PROM by
a PROM writer, which can dramatically shorten system development periods and smooth the process from
debugging to mass production. (The ZTATO version is 27256-compatible.)

ZTATO: Zero Turn Around Time ZTAT isatrademark of Hitachi Ltd.
Features

» 8,192-word x 10-bit ROM (HD404448)
16,384-word x 10-bit ROM (HD404449 and HD4074449)

e 1,152-digit x 4-bit RAM

e 64 1/0 pins, including 10 high-current pins (15 mA, max)

» Four timer/counters

» Eight-bit input capture circuit

» Threetimer outputs (including two PWM outputs)

» Two event counter inputs (including one double-edge function)

» Two clock-synchronous 8-bit serial interfaces

e A/D converter (4-channel x 8-hit)

» Built-in oscillators
O Main clock: 4-MHz ceramic oscillator or crystal (an external clock is also possible)
0 Subclock: 32.768-kHz crystal

» Eleven interrupt sources
O Four by external sources, including two double-edge function
0 Seven by internal sources
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HD404449 Series

» Subroutine stack up to 16 levels, including interrupts

» Four low-power dissipation modes
0 Subactive mode
0 Standby mode
0 Watch mode
0 Stop mode

* Oneexternal input for transition from stop mode to active mode

» Instruction cycletime: 1 us (fose = 4 MH2)
» Two operating modes
0 MCU mode (HD404448, HD404449)
0 MCU/PROM mode (HD4074449)

Ordering Information

Type Product Name  Model Name ROM (Words) Package
Mask ROM HD404448 HD404448H 8,192 80-pin plastic QFP (FP-80A)
HD404448TF 80-pin plastic QFP (TFP-80F)
HD404449 HD404449H 16,384 80-pin plastic QFP (FP-80A)
HD404449TF 80-pin plastic QFP (TFP-80F)
ZTATO HD4074449 HD4074449H 16,384 80-pin plastic QFP (FP-80A)
HD4074449TF 80-pin plastic QFP (TFP-80F)
RENESAS
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Pin Arrangement
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HD404449 Series

Pin Description

Item Symbol Pin Number 1/0 Function
Power supply V¢ 77 Applies power voltage
GND 10 Connected to ground
Test TEST 4 I Used for factory testing only: Connect this pin to V.
Reset RESET I Resets the MCU
Oscillator 0OSsC, 5 I Input/output pins for the internal oscillator circuit:
Connect them to a ceramic oscillator, crystal, or
connect OSC, to an external oscillator circuit
OSsC, o
X1 8 I Used for a 32.768-kHz crystal for clock purposes. |If
not to be used, fix the X1 pin to V. and leave the X2
pin open.
X2 9 o
Port DD, 11-22 I/0O Input/output pins addressed by individual bits; pins
DD, are high-current pins that can each supply up to
15 mA
Dy, Dyg 23,24 I Input pins addressable by individual bits
RO,—RC, 25-76 I/O Input/output pins addressable in 4-bit units
Interrupt INT,, INT,, 24-27 I Input pins for external interrupts
INT,, INT,
Stop clear STOPC 23 I Input pin for transition from stop mode to active mode
Serial SCK,, SCK, 42, 46 I/O Serial clock input/output pin
interface Sl,, Sl, 43, 47 I Serial receive data input pin
SO,, SO, 44, 48 O  Serial transmit data output pin
Timer TOB, TOC, TOD 37-39 O Timer output pins
EVNB, EVND 40, 41 I Event count input pins
A/D converter AV, 78 Power pin for A/D converter: Connect it to the same
potential as V., as physically close to the V. pin as
possible
AV 3 Ground for AV_..: Connect it to the same potential as
GND, as physically close to the GND pin as possible
AN—AN, 79,80,1,2 | Analog input pins for A/D converter

RENESAS
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Block Diagram
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Memory Map

ROM Memory Map

The ROM memory map is shown in figure 1 and described below.

0 $0000 0] JMPL instruction _| $0000
Vector address 1 |(Jump to RESET, STOPC routine)| $0001
15 $000F 2 JMPL instruction _| $0002
Jump to INTp routine
16 $0010 3 (Jump 0 ) $0003
Zero-page subroutine N 4 IJMPL instruction —{ S0004
i INT; i
(64 words) \ 5 (Jump to INT; routine) $0005
6 JMPL instruction _| $0006
63 $OO3F\ 7 (Jump to timer A routine) $0007
64 $0040
. 8| JMPL instruction _| $0008
Pattern 9 | (Jump to timer B, INT, routine) | $0009
(4,096 words) 10 | JMPL instruction _| $000A
4,095 $OFFF 11 | (Qumptotimer C, INTz routine) | $000B
4,096 $1000 12 JMPL instruction _| $000C
HD404448 *13 | (Jump to timer D, A/D routine) | $000D
Program 14| JMPL instruction _ | $000E
(8,192 words) : ; ;
8191 $1FFF 15 | (Jump to serial 1, serial 2 routine) | $000F
8,192 $2000
HD404449, HD4074449
Program
(16,384 words)
16,383 $3FFF

Figurel ROM Memory Map

Vector Address Area ($0000-$000F): Reserved for IMPL instructions that branch to the start addresses
of the reset and interrupt routines. After MCU reset or an interrupt, program execution continues from the
vector address.

Zero-Page Subroutine Area ($0000-$003F): Reserved for subroutines. The program branches to a
subroutine in this areain response to the CAL instruction.

Pattern Area ($0000-$0FFF): Contains ROM data that can be referenced with the P instruction.
Program Area ($0000-$1FFF (HD404448), $0000—$3FFF (HD404449, HD4074449)): Used for
program coding.

RAM Memory Map

The MCU contains a 1,152-digit x 4-bit RAM area consisting of a memory register area, a data area, and a
stack area. In addition, an interrupt control bits area, special register area, and register flag area are mapped

onto the same RAM memory space as a RAM-mapped register area outside the above areas. The RAM
memory map is shown in figure 2 and described as follows.

RENESAS
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0 $000 0 . $000
. Interrupt control bits area
RAM-mapped registers 3 $003
4| Port mode register A (PMRA)? $004
64 Memory registers (MR) $040 5 | Serial mode register 1A (SMlA)1 w $005
80 $050 6 | Serial data register 1 lower (SRlL)l R/W | $006
Not used 7 | Serial data register 1 upper (SR1U)' R/W | $007
8 | Timer mode register A (TMA) W $008
144 $090 9| Timer mode register Bl (TMB1)! w | $009
10| Timer B (TRBL/TWBL)! R/W | $00A } 7
11 (TRBU/TWBU)! R/W | $00B
Note Data (il64 digits x 2) 12 | Miscellaneous register (MIS)! w__| $00C
AL V =0 (bank 0) 13 | Timer mode register C1  (TMC1)! W | $00D
3 V=1 (bank1) 14| Timer ¢ (TRCL/ITWCL)! RIW | $00E } )
! 15 (TRCU/TWCU), R/W | $00F
! 16 | Timer mode register D1 (TMD1); w | $010
; 608 $260 17 | Timer D (TRDL/TWDL)! R/W | $011 } B
! Data (144 digits) 18 (TRDU/TWDU), R/W | $012
| 752 $2F0 19 | Timer mode register B2 (TMB2); R/W | $013
! 960 Not used $3C0 20 | Timer mode register C2 (TMCZ): R/W | $014
! 21 | Timer mode register D2 (TMD2): R/W | $015
! Stack (64 digits) 22 | AID data register (AMR) W | $016
! 1023 $3FF 23 | A/ID data register lower  (ADRL)! R $017
' 24 | A/D data register upper (ADRU): R $018
! 25 $019
! 2 Not used $01A
. } 27| Serial mode register 2A  (SM2A) W | $01B
Lo 1 28 | Serial mode register 2B (SM2B). w | $01C
i i $090 i 29 | Serial data register 2 lower (SR2L)3 R/W | $01D
Lo Data Data i 30 | Serial data register 2 upper (SR2U)! R/W | $01E
|| | (464 digits)| | (464 digits) ! 81 Not used $o1F
- V=0 V=1 ! 82 Register flag area $020
' | (bank = 0) (bank = 1) | 35 $023
! | 36 | Port mode register B (PMRB), W | $024
! $25F | 37 | Port mode register C (PMRC), W | $025
. | 38 | Detection edge select register 1 (ESR1)1 W | $026
39 | Detection edge select register 2 (ESR2)1 W $027
Note: ghekdgtf, a_reoa haz‘W;’ i’a{‘/kfil 40 | Serial mode register 1B (SM1B)! w | $028
ank 0 (V = 0) to bank 1 (v = 1) 41| System clock select register (SSR)! w | $029
R:  Read onl 42 $02A
W:  Write onlill 43 Not used $028
R/W: Read/Write 44| Port D,—D3DCR (DCDO)I w | $02C
45| PortD,—D,DCR (DCD1)i w | $02D
46| PortDgand D;; DCR  (DCD2)i W | $02E
a7 Not used $02F
48| Port RO DCR (DCRO)l W | $030
49| Port R1DCR (DCR1) W | $031
50| Port R2 DCR (DCRZ); w $032
51| Port R3DCR (BCR3) w $033
52| Port R4 DCR (DCR4) W $034
53| Port R5 DCR (DCR5)' W $035
54| Port R6 DCR (DCR6)! W $036
55| Port R7 DCR (DCR7)! W $037
56| Port R8 DCR (DCR8), W $038
57| Port R9 DCR (DCR9), W $039
58| Port RADCR (DCRA), W $03A
59| Port RB DCR (DCRB), W $03B
60| Port RC DCR (DCRC), W | $03C
Not used
* Two registers are mapped 63| V register . R/W_| $03F
on the same area.
; \
1 10 |Timer read register B lower (TRBL)J R | Timer write register B lower (TWBL)J W | $00A |
i 11 |Timer read register B upper (TRBU)' R | Timer write register B upper (TWBU)' W | $00B 3
i 14 |Timer read register C lower (TRCL)? R | Timer write register C lower (TWCL)?W $00E L
1 15 |Timer read register C upper (TRCU)' R | Timer write register C upper (TWCU)' W | $00F |
I I
| 17 |Timer read register D lower (TRDL)? R | Timer write register D lower (TWDL)J w | $011 1
3 18 |Timer read register D upper (TRDU)! R | Timer write register D upper (TWDU)' W | $012

Figure2 RAM Memory Map

RENESAS
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RAM-M apped Register Area ($000-$03F):

 Interrupt Control Bits Area ($000-$003)
Thisareais used for interrupt control bits (figure 3). These bits can be accessed only by RAM bit
mani pulation instructions (SEM/SEMD, REM/REMD, and TM/TMD). However, note that not all the
instructions can be used for each bit. Limitations on using the instructions are shown in figure 4.

» Specia Function Register Area ($004—$01F, $024-$03F)
This areais used as mode registers and data registers for external interrupts, serial interface 1, serial
interface 2, timer/counters, A/D converter, and as data control registersfor 1/0 ports. The structureis
shown in figures 2 and 5. These registers can be classified into three types: write-only (W), read-only
(R), and read/write (R/W). RAM bit manipulation instructions cannot be used for these registers.

» Register Flag Area ($020-$023)
Thisareais used for the DTON, WDON, and other register flags and interrupt control bits (figure 3).
These bits can be accessed only by RAM bit manipulation instructions (SEM/SEMD, REM/REMD, and
TM/TMD). However, note that not all the instructions can be used for each bit. Limitations on using
theinstructions are shown in figure 4.

Memory Register (MR) Area ($040-$04F): Consisting of 16 addresses, this area (MRO-MR15) can be
accessed by register-register instructions (LAMR and XMRA). The structure is shown in figure 6.

Data Area (3090-$2EF): 464 digits from $090 to $25F have two banks, which can be selected by setting
the bank register (V: $03F). Before accessing this area, set the bank register to the required value (figure
7). The areafrom $260 to $2EF is accessed without setting the bank register.

Stack Area ($3C0-$3FF): Used for saving the contents of the program counter (PC), status flag (ST), and
carry flag (CA) at subroutine call (CAL or CALL instruction) and for interrupts. Thisarea can be used asa
16-level nesting subroutine stack in which one level requires four digits. The datato be saved and the save
conditions are shown in figure 6.

The program counter is restored by either the RTN or RTNI instruction, but the status and carry flags can
only be restored by the RTNI instruction. Any unused space in this areais used for data storage.

RENESAS
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32

33

34

35

Bit 3 Bit 2 Bit 1 Bit0
IMO__ IF0__ RSP (Intgfrupt
(IM of INT) (IF of INTp) (Reset SP bit) enable flag)
IMTA IFTA M1 IF1
(IM of timer A) (IF of timer A) (IM of INT3) (IF of INTy)
IMTC IFTC IMTB IFTB
(IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
IMS1 IFS1
(IM of serial (IF of serial IMTD IFTD

interface 1)

interface 1)

(IM of timer D)

(IF of timer D)

Interrupt control bits area

Bit 3 Bit 2 Bit 1 Bit 0
DTON ADSF WDON LSON
(Direct transfer (A/D start flag) (Watchdog (Low speed
on flag) 9 on flag) on flag)
RAME ICEF ICSF
(RAM enable Not used (Input capture (Input capture
flag) error flag) status flag)
IM3 IF3 IM2 IF2
(IM of INT3) (IF of INT3) (IM of INT5) (IF of INT5)
IMS2 IFS2
) . IMAD IFAD
(IM of serial (IF of serial (IM of A/D) (IF of AID)

interface 2)

interface 2)

Register flag area

$000

$001

$002

$003

$020

$021

$022

$023

IF:
IM:
IE:

SP:

Interrupt request flag
Interrupt mask
Interrupt enable flag
Stack pointer

Figure3 Configuration of Interrupt Control Bitsand Register Flag Areas

RENESAS
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SEM/SEMD REM/REMD TM/TMD
IE
IM Allowed Allowed Allowed
LSON
IF
ICSF
\CEF Not executed Allowed Allowed
RAME
RSP Not executed Allowed Inhibited
WDON Allowed Not executed Inhibited
ADSF Allowed Inhibited Allowed
DTON Not exe;uted in gctive mode Allowed Allowed
Used in subactive mode
Not used Not executed Not executed Inhibited

Note: WDON is reset by MCU reset or by STOPC enable for stop mode cancellation.
The REM or REMD instuction must not be executed for ADSF during A/D conversion.
DTON is always reset in active mode.
If the TM or TMD instruction is executed for the inhibited bits or non-existing bits,
the value in ST becomes invalid.

10

Figure4 UsageLimitations of RAM Bit Manipulation Instructions

RENESAS
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$000

$003

PMRA $004

SM1A $005

SR1L $006

SR1U $007

TMA $008

TMB1 $009
TRBL/TWBL $00A
TRBU/TWBU $00B
MIS $00C

TMC1 $00D
TRCL/TWCL $00E
TRCU/TWCU $00F
TMD1 $010
TRDL/TWDL $011
TRDU/TWDU $012
TMB2 $013

TMC2 $014

TMD2 $015

AMR $016

ADRL $017

ADRU $018

SM2A $01B
SM2B $01C
SR2L $01D
SR2U $01E

$020

$023
PMRB $024
PMRC $025
ESR1 $026
ESR2 $027
SM1B $028
SSR $029

DCDO0 $02C
DCD1 $02D
DCD2 $02E

DCRO $030
DCR1 $031
DCR2 $032
DCR3 $033
DCR4 $034
DCRS5 $035
DCR6 $036
DCR7 $037
DCR8 $038
DCR9 $039
DCRA $03A
DCRB $03B
DCRC $03C

V $03F

Bit3 Bit 2 Bit 1 Bit0
Interrupt control bits area
R52/Sl2 R5ySO2 | R4S |  R4ySO
R41/SCKy Serial transmit clock speed selection 1
Serial data register 1 (lower digit)
Serial data register 1 (upper digit)
*1 Clock source selection (timer A)
*2 Clock source selection (timer B)
Timer B register (lower digit)
Timer B register (upper digit)
*3 R43/SO1 PMOS control ‘ Interrupt frame period selection
*2 Clock source selection (timer C)
Timer C register (lower digit)
Timer C register (upper digit)
*2 Clock source selection (timer D)
Timer D register (lower digit)
Timer D register (upper digit)
Not used Not used ‘ Timer-B output mode selection
Not used Timer-C output mode selection
*4 Timer-D output mode selection

Analog channel selection

‘ Not used ‘ *5

A/D data register (lower digit)

A/D data register (upper digit)

Not used
R51/SCK> Serial transmit clock speed selection 2
Notused |R5y50; PMOS control *6 [ *7
Serial data register 2 (lower digit)
Serial data register 2 (upper digit)
Not used
Register flag area
Not used RO2/INT3 RO1/INT2 ROo/INTy
D13/INTo D12/STOPC R40/EVND R33/EVNB
INT3 detection edge selection INT> detection edge selection
EVND detection edge selection Not used
Not used Not used *8 *9
*10 *11 *12 Not used
Not used
Port D3 DCR Port D DCR Port D; DCR Port Do DCR
Port D7 DCR Port Dg DCR Port Ds DCR Port D4 DCR
Port D1; DCR Port D1o DCR Port Dg DCR Port Dg DCR
Not used
Port ROz DCR Port RO, DCR Port RO; DCR Port ROp DCR
Port R13 DCR Port R1; DCR Port R1; DCR Port R1p DCR
Port R23 DCR Port R2; DCR Port R2; DCR Port R2o DCR
Port R33 DCR Port R32 DCR Port R3; DCR Port R3p DCR
Port R43 DCR Port R4, DCR Port R4; DCR Port R4o DCR
Port R53 DCR Port R5, DCR Port R5; DCR Port R59 DCR
Port R63 DCR Port R62 DCR Port R61 DCR Port R6p DCR
Port R73 DCR Port R7, DCR Port R7; DCR Port R79 DCR
Port R83 DCR Port R8; DCR Port R8; DCR Port R8y DCR
Port R93 DCR Port R9; DCR Port R9; DCR Port R99 DCR
Port RAz DCR Port RA2 DCR Port RA; DCR Port RAg DCR
Port RBz DCR Port RB, DCR Port RB1 DCR Port RBo DCR
Port RC3 DCR Port RC> DCR Port RC; DCR Port RCo DCR
Not used
Not used ‘ Not used ‘ Not used ‘ *13

Notes:

Timer-A/time-base

Auto-reload on/off

Pull-up MOS control

Input capture selection

A/D conversion time

SO, ouput control in idle states
Serial clock source selection 2
SO, output level control in idle states
Serial clock source selection 1
10. 32-kHz oscillation stop

11. 32-kHz oscillation division ratio
12. System clock selection

13. Bank 0, 1 selection

COoNOAWONE

Figure5 Special Function Register Area

RENESAS
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Memory registers Stack area

64 | MR(0) |$040 960 | Level 16 | $3CO

65 | MR(1) |$041 Level 15

66 | MR(2) |$042 Level 14

67 |_MR(3) |$043 Level 13

68 | MR(4) | $044 Level 12

69 | MR(5) | $045 Level 11

70 | MR(6) | $046 Level 10

71| MR(7) | $047 Level 9 Bit 3 Bit2 Bitl Bit 0
72 | MR(8) | $048 Level 8 — —

73 | MR(9) | $049 Level 7 1020 | ST PC;3 | PCy, | PCyy
74 | _MR(10) | $04A Level 6 — - —

75 |_MR(11) | $04B Level 5 1021 | PCyy | PCq | PCq | PCy

76 | _MR(12) | g04C Level 4 _ __

77 |_MR(13) | $04D Level 3 1022 | CA PCs | PCs | PC,

78 | MR(14) | $04E Level 2 =— —

79 |_MR(15) | $04F 1023 | Level1 | $3FF 1023| PC; | PC, | PC, | PC,

PC,,—PC,: Program counter

ST: Status flag
CA: Carry flag

$3FC
$3FD
$3FE

$3FF

Figure6 Configuration of Memory Registersand Stack Area, and Stack Position

Bank register (V: $03F)

Bit 3 2 1
Initial value ‘ — ‘ — ‘ — ‘ 0 ‘
Read/Write — — — R/W
Bit name Not used Notused Notused VO
VO Bank area selection
0 Bank O is selected
1 Bank 1 is selected

Note: After reset, the value in the bank register is 0, and therefore bank 0 is
selected.

12

Figure7 Bank Register (V)
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Functional Description

Registersand Flags

The MCU has nine registers and two flags for CPU operations. They are shown in figure 8 and described

below.

Accumulator

B register

W register

X register

Y register

SPX register

SPY register

Carry

Status

Program counter
Initial value: 0,
no R/W

Stack pointer

Initial value: $3FF,

0
Initial value: Undefined, R/W (A)
0
Initial value: Undefined, R/W (B)
1 0
Initial value: Undefined, R/W (W)
0
Initial value: Undefined, R/IW X)
0
Initial value: Undefined, R/IW )
0
Initial value: Undefined, R/W (SPX)
0
Initial value: Undefined, R/IW (SPY)
0
Initial value: Undefined, R/W (CA)
0
Initial value: 1, no R/W (ST)
13 0
(PC)
9 0
no R/W L ! (SP)

Figure8 Registersand Flags

Accumulator (A), B Register (B): Four-bit registers used to hold the results from the arithmetic logic unit
(ALU) and transfer data between memory, 1/0, and other registers.

W Register (W), X Register (X), Y Register (Y): Two-bit (W) and four-bit (X and Y) registers used for

indirect RAM addressing. The'Y register is also used for D-port addressing.

RENESAS
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SPX Register (SPX), SPY Register (SPY): Four-bit registers used to supplement the X and Y registers.

Carry Flag (CA): One-bit flag that stores any ALU overflow generated by an arithmetic operation. CA is
affected by the SEC, REC, ROTL, and ROTR instructions. A carry is pushed onto the stack during an
interrupt and popped from the stack by the RTNI instruction—but not by the RTN instruction.

Status Flag (ST): One-bit flag that latches any overflow generated by an arithmetic or compare
instruction, not-zero decision from the ALU, or result of abit test. ST is used as a branch condition of the
BR, BRL, CAL, and CALL instructions. The contents of ST remain unchanged until the next arithmetic,
compare, or bit test instruction is executed, but become 1 after the BR, BRL, CAL, or CALL instructionis
read, regardless of whether the instruction is executed or skipped. The contents of ST are pushed onto the
stack during an interrupt and popped from the stack by the RTNI instruction—but not by the RTN
instruction.

Program Counter (PC): 14-bit binary counter that points to the ROM address of the instruction being
executed.

Stack Pointer (SP): Ten-bit pointer that contains the address of the stack area to be used next. The SPis
initialized to $3FF by MCU reset. It is decremented by 4 when data is pushed onto the stack, and
incremented by 4 when data is popped from the stack. The top four bits of the SP are fixed at 1111, so a
stack can be used up to 16 levels.

The SP can be initialized to $3FF in another way: by resetting the RSP bit with the REM or REMD
instruction.

Reset

The MCU isreset by inputting a high-level voltage to the RESET pin. At power-on or when stop mode is
cancelled, RESET must be high for at least one tx to enable the oscillator to stabilize. During operation,
RESET must be high for at least two instruction cycles.

Initial values after MCU reset are listed in table 1.

RENESAS
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Tablel Initial Values After MCU Reset
Initial
Item Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from start
address of ROM area
Status flag (ST) 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
flags/mask
Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (M) 1 Prevents (masks) interrupt requests
110 Port data register (PDR) All bits 1 Enables output at level 1
Data control register (DCDO- All bits 0 Turns output buffer off (to high impedance)
DCD2)
(DCRO- All bits 0
DCRC)
Port mode register A (PMRA) 0000 Refer to description of port mode register A
Port mode register B (PMRB) - 000 Refer to description of port mode register B
Port mode register C (PMRC) 0000 Refer to description of port mode register C
Detection edge select (ESR1) 0000 Disables edge detection
register 1
Detection edge select (ESR2) 00 - - Disables edge detection
register 2
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode register A
counters,
serial
interface
Timer mode register B1 ~ (TMB1) 0000 Refer to description of timer mode register B1
Timer mode register B2 (TMB2) --00 Refer to description of timer mode register B2
Timer mode register C1  (TMC1) 0000 Refer to description of timer mode register C1
Timer mode register C2  (TMC2) - 000 Refer to description of timer mode register C2
Timer mode register D1 (TMD1) 0000 Refer to description of timer mode register D1
Timer mode register D2 (TMD2) 0000 Refer to description of timer mode register D2
Serial mode register 1A (SM1A) 0000 Refer to description of serial mode register 1A
Serial mode register 1B (SM1B) --00 Refer to description of serial mode register 1B
Serial mode register 2A  (SM2A) 0000 Refer to description of serial mode register 2A
Serial mode register 2B (SM2B) - 000 Refer to description of serial mode register 2B
Prescaler S (PSS) $000 —
Prescaler W (PSW)  $00 —
RENESAS
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Initial
Item Abbr. Value Contents
Timer/ Timer counter A (TCA) $00 —
counters,
serial
interface
Timer counter B (TCB) $00 —
Timer counter C (TCC) $00 —
Timer counter D (TCD) $00 —
Timer write register B (TWBU, $X0 —
TWBL)
Timer write register C (TWCU, $X0 —
TWCL)
Timer write register D (TWDU, $X0 —
TWDL)
Octal counter 000 —
A/D A/D mode register (AMR) 00-0 Refer to description of A/D mode register
Bit register Low speed on flag (LSON) O Refer to description of operating modes
Watchdog timeron flag  (WDON) 0 Refer to description of timer C
A/D start flag (ADSF) 0 Refer to description of A/D converter
Direct transfer on flag (DTON) O Refer to description of operating modes
Input capture status flag (ICSF) 0 Refer to description of timer D
Input capture error flag ~ (ICEF) 0 Refer to description of timer D
Others Miscellaneous register (MIS) 0000 Refer to description of operating modes, and
oscillator circuit
System clock select (SSR2- 00 - Refer to description of operating modes, and
register bits 2-0 SSRO0) oscillator circuit
Bank register V) ---0 Refer to description of RAM memory map

Notes: 1. The statuses of other registers and flags after MCU reset are shown in the following table.
2. Xindicates invalid value. — indicates that the bit does not exist.

16
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Status After Status After
Cancellation of Stop  Cancellation of Stop  Status After all Other
Item Abbr. Mode by STOPC Input Mode by MCU Reset  Types of Reset
Carry flag (CA) Pre-stop-mode values are not guaranteed,; Pre-stop-mode values
values must be initialized by program are not guaranteed;
values must be
initialized by program
Accumulator (A)
B register (B)
W register (W)
XISPX register (XISPX)
Y/SPY register (Y/SPY)
Serial data register (SRL, SRU)
A/D data register  (ADRL,
ADRU)
RAM Pre-stop-mode values are retained
RAM enable flag (RAME) 1 0
Port mode register (PMRC12)  Pre-stop-mode values 0
1 bit 2 are retained
System clock (SSR3)

select register bit 3

Interrupts

The MCU has 11 interrupt sources: four externa signals (INT,, INT;, INT,, INT ), four timer/counters
(timers A, B, C, and D), two serial interfaces (seria 1, serial 2), and A/D converter.

An interrupt request flag (IF), interrupt mask (IM), and vector address are provided for each interrupt
source, and an interrupt enable flag (IE) controls the entire interrupt process.

Some vector addresses are shared by two different interrupts. They are timer B and INT,, timer C and
INT,, timer D and A/D converter, and serial interface 1 and seria interface 2. So the type of request that
has occurred must be checked at the beginning of interrupt processing.

Interrupt Control Bitsand Interrupt Processing: Locations $000 to $003 and $022 to $023 in RAM are
reserved for the interrupt control bits which can be accessed by RAM bit manipulation instructions.

The interrupt request flag (IF) cannot be set by software. MCU reset initializes the interrupt enable flag
(IE) and the IF to 0 and the interrupt mask (IM) to 1.

A block diagram of the interrupt control circuit is shown in figure 9, interrupt priorities and vector
addresses are listed in table 2, and interrupt processing conditions for the 11 interrupt sources are listed in
table 3.

RENESAS
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An interrupt request occurs when the IF is set to 1 and the IM isset to 0. If the IE is 1 at that point, the
interrupt is processed. A priority programmable logic array (PLA) generates the vector address assigned to
that interrupt source.

The interrupt processing sequence is shown in figure 10 and an interrupt processing flowchart is shown in
figure 11. After an interrupt is acknowledged, the previous instruction is completed in the first cycle. The
IE is reset in the second cycle, the carry, status, and program counter values are pushed onto the stack
during the second and third cycles, and the program jumps to the vector address to execute the instruction
in the third cycle.

Program the JMPL instruction at each vector address, to branch the program to the start address of the
interrupt program, and reset the IF by a software instruction within the interrupt program.

Table2 Vector Addressesand Interrupt Priorities

Reset/Interrupt Priority Vector Address
RESET, STOPC* — $0000

INT, 1 $0002

INT, 2 $0004

Timer A 3 $0006

Timer B, INT, 4 $0008

Timer C, INT, 5 $000A

Timer D, A/D 6 $000C

Serial 1, Serial 2 7 $000E

Note: * The STOPC interrupt request is valid only in stop mode

RENESAS
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INT, interrupt

INT; interrupt

Timer A interrupt

Timer B interrupt

Timer C interrupt

Timer D interrupt

Serial 1 interrupt

Note: $m,n is RAM address $m, bit number n.

Sequence control

* Push PC/CA/ST

* Reset IE

* Jump to vector
address

Priority control logic

Vector

address

IF2 | INT, interrupt

IF3 | INT3 interrupt

IFS2|  Serial 2 interrupt

A/D interrupt

Figure9 Interrupt Control Circuit

RENESAS
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Table3 Interrupt Processing and Activation Conditions

Interrupt Source

Interrupt L L Timer B or Timer Cor Timer Dor Serial 1 or
Control Bit INT, INT, Timer A INT, INT, A/D Serial 2
IE 1 1 1 1 1 1 1

IFO - IMO 1 0 0 0 0 0 0
IF1-IM1 * 1 0 0 0 0 0

IFTA IMTA  * * 1 0 0 0 0

IFTB IMTB  * * * 1 0 0 0

+IF2 M2

IFTC IMTC  * * * * 1 0 0
+IF3-1M3

IFTD IMTD  * * * * * 1 0

+ IFAD" IMAD

IFS1 W * * * * * * 1
+IFS2-IMS2

Note: Bits marked * can be either 0 or 1. Their values have no effect on operation.

Instruction cycles

1 2 3 4 5 6
| | | | | | |
| | | | | | |
Instruction
execution*
| Stacking |
Interrupt
acceptance
p | IE reset | |Vector address|
generation

Execution of IMPL
instruction at vector address

Execution of
instruction at
start address
of interrupt
routine

Note: *The stack is accessed and the IE reset after the instruction
is executed, even if it is a two-cycle instruction.

Figure 10 Interrupt Processing Sequence
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Power on

RESET =17

No

4

Interrupt Yes
request?
No
No
Yes
Y
Reset MCU Execute instruction Accept interrupt
' IE -0
PC < (PC) +1 Stack ~ (PC)
Stack < (CA)
Stack < (ST)

Yes INT,

| PC ~ $0002 interrupt?

] PC — $0004

Timer-A

=7 PC-— 30006 interrupt?

Timer-B/INT,

] PC < $0008 interrupt?

Timer-C/INT3

] PC < $000A .
$ interrupt?

Timer-D/A-D

~~—  PC <$000C :
$ interrupt?

No

(Serial 1, serial 2 interrupt)

- PC ~ $000E

Figure1l Interrupt Processing Flowchart
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Interrupt Enable Flag (1 E: $000, Bit 0): Controls the entire interrupt process. It is reset by the interrupt
processing and set by the RTNI instruction, as listed in table 4.

Table 4 Interrupt Enable Flag (1 E: $000, Bit 0)

IE Interrupt Enabled/Disabled
0 Disabled
Enabled

External Interrupts (INT,, INT,, INT,, INT): Four external interrupt signals.

External Interrupt Request Flags (IFO, IF1, IF2, IF3: $000, $001, $022): IF0 and IF1 are set at the
falling edge of signalsinput to INT, and INT;, and IF2 and |F3 are set at the rising or falling edge of signals
input to INT,and INT,, aslisted intable 5. The INT,and INT 5 interrupt edges are selected by the detection
edge select registers (ESR1, ESR2: $026, $027) as shown in figures 12 and 13.

Table5 External Interrupt Request Flags (I FO-l F3: $000, $001, $022)

IFO-IF3 Interrupt Request
0 No
1 Yes

Detection edge selection register 1 (ESR1: $026)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name ESR13 ESR12 ESR11 ESR10
—= 1 t =
ESR13 | ESR12 INT3 detection edge ESR11 | ESR10 INT, detection edge
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection* 1 Double-edge detection*

Note: *Both falling and rising edges are detected.

Figure12 Detection Edge Selection Register 1 (ESR1)
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Detection edge selection register 2 (ESR2: $027)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ — ‘ — ‘
Read/Write W w — —

Bit name ESR23 ESR22 Notused Notused

T

ESR23 | ESR22 EVND detection edge
0 0 No detection
1 Falling-edge detection
1 0 Rising-edge detection
1 Double-edge detection*

Note: *Both falling and rising edges are detected.

Figure13 Detection Edge Selection Register 2 (ESR2)

External Interrupt Masks (IMO, IM1, IM2, IM3: $000, $001, $022): Prevent (mask) interrupt requests
caused by the corresponding external interrupt request flags, as listed in table 6.

Table6 External Interrupt Masks (IM0-1M 3: $000, $001, $022)

IMO-IM3 Interrupt Request
0 Enabled
1 Disabled (Masked)

Timer A Interrupt Request Flag (IFTA: $001, Bit 2): Set by overflow output from timer A, aslisted in
table 7.

Table7 Timer A Interrupt Request Flag (IFTA: $001, Bit 2)

IFTA Interrupt Request
0 No
1 Yes
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Timer A Interrupt Mask (IMTA: $001, Bit 3): Prevents (masks) an interrupt request caused by the
timer A interrupt request flag, aslisted in table 8.

Table 8 Timer A Interrupt Mask (IMTA: $001, Bit 3)

IMTA Interrupt Request
0 Enabled
1 Disabled (Masked)

Timer B Interrupt Request Flag (IFTB: $002, Bit 0): Set by overflow output from timer B, aslisted in
table 9.

Table9 Timer B Interrupt Request Flag (IFTB: $002, Bit 0)

IFTB Interrupt Request
0 No
1 Yes

Timer B Interrupt Mask (IMTB: $002, Bit 1): Prevents (masks) an interrupt request caused by the
timer B interrupt request flag, aslisted in table 10.

Tablel0  Timer B Interrupt Mask (IMTB: $002, Bit 1)

IMTB Interrupt Request
0 Enabled
1 Disabled (Masked)

Timer C Interrupt Request Flag (IFTC: $002, Bit 2): Set by overflow output from timer C, aslisted in
table 11.

Tablell Timer C Interrupt Request Flag (IFTC: $002, Bit 2)

IFTC Interrupt Request
0 No
1 Yes

RENESAS
24


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

HD404449 Series

Timer C Interrupt Mask (IMTC: $002, Bit 3): Prevents (masks) an interrupt request caused by the
timer C interrupt request flag, aslisted in table 12.

Table1l2 Timer CInterrupt Mask (IMTC: $002, Bit 3)

IMTC Interrupt Request
0 Enabled
1 Disabled (Masked)

Timer D Interrupt Request Flag (IFTD: $003, Bit 0): Set by overflow output from timer D, or by the
rising or falling edge of signals input to EVND when the input capture function is used, as listed in table
13.

Tablel3 Timer D Interrupt Request Flag (IFTD: $003, Bit 0)

IFTD Interrupt Request
0 No
1 Yes

Timer D Interrupt Mask (IMTD: $003, Bit 1): Prevents (masks) an interrupt request caused by the
timer D interrupt request flag, aslisted in table 14.

Table1l4  Timer D Interrupt Mask (IMTD: $003, Bit 1)

IMTD Interrupt Request
0 Enabled
1 Disabled (Masked)

Serial Interrupt Request Flags (IFS1: $003, Bit 2; 1FS2: $023, Bit 2) Set when data transfer is
completed or when data transfer is suspended, aslisted in table 15.

Tablel5  Serial Interrupt Request Flag (IFS1: $003, Bit 2; |FS2: $023, Bit 2)

IFS1, IFS2  Interrupt Request

0 No

1 Yes
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Serial Interrupt Masks (IMS1: $003, Bit 3; IMS2: $023, Bit 3): Prevents (masks) an interrupt request
caused by the serial interrupt request flag, aslisted in table 16.

Table16  Serial Interrupt Mask (IMS1: $003, Bit 3; |M S2: $023, Bit 3)

IMS1, IMS2 Interrupt Request

0 Enabled

1 Disabled (Masked)

A/D Interrupt Request Flag (IFAD: $023, Bit 0): Set at the completion of A/D conversion, as listed in
table 17.

Table1l7  A/D Interrupt Request Flag (IFAD: $023, Bit 0)

IFAD Interrupt Request
0 No
1 Yes

A/D Interrupt Mask (IMAD: $023, Bit 1): Prevents (masks) an interrupt request caused by the A/D
interrupt request flag, aslisted in table 18.

Table18  A/D Interrupt Mask (IMAD: $023, Bit 1)

IMAD Interrupt Request
0 Enabled
1 Disabled (Masked)
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Operating Modes

The MCU has five operating modes as shown in table 19. The operations in each mode are listed in tables
20 and 21. Transitions between operating modes are shown in figure 14.

Active Mode: All MCU functions operate according to the clock generated by the system oscillators OSC,
and OSC,.

Table19  Operating Modesand Clock Status

Mode Name

Active Standby Stop Watch Subactive*?
Activation method RESET SBY instruction STOP STOP INT, or timer A

cancellation, instruction when instruction when interrupt request

interrupt TMA3 =0 TMA3 =1 from watch

request, STOPC mode

cancellation in

stop mode,

STOP/SBY

instruction in
subactive mode
(when direct

transfer is
selected)
Status System OoP OoP Stopped Stopped Stopped
oscillator
Subsystem OP OoP op*? OP OoP
oscillator
Cancellation RESET input, RESET input, RESET input, ESET input, RESET input,
method STOP/SBY interrupt request STOPC inputin INT,ortimer A STOP/SBY
instruction stop mode interrupt request instruction

Note: OP implies in operation

1. Operating or stopping the oscillator can be selected by setting bit 3 of the system clock select
register (SSR: $029).
2. Subactive mode is an optional function; specify it on the function option list.
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Table20  Operationsin Low-Power Dissipation M odes

Function Stop Mode Watch Mode Standby Mode Subactive Mode*?
CPU Reset Retained Retained OoP

RAM Retained Retained Retained oP

Timer A Reset OoP OoP OoP

Timer B Reset Stopped OoP oP

Timer C Reset Stopped OoP oP

Timer D Reset Stopped OoP OoP

Serial 1, 2 Reset Stopped*® OoP oP

A/D Reset Stopped oP Stopped

110 Reset** Retained Retained oP

Note: OP implies in operation
1. Output pins are at high impedance.
2. Subactive mode is an optional function specified on the function option list.

3. Transmission/reception is activated if a clock is input in external clock mode. However, all
interrupts stop.

Table21  1/O Statusin Low-Power Dissipation M odes

Output Input

Standby mode, Active mode,

watch mode Stop mode subactive mode
DD, Retained High impedance Input enabled
D,,—Di; — — Input enabled
RO-RC Retained or output of High impedance Input enabled

peripheral functions
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Reset by
RESET input or
by watchdog timer

Stop mode

RAME=0Yy RAME=1 [ fosc:  Stop
sTopc | fx Oscillate |
RESET1 | | RESET2 1 Bepy: Stop 3
| Bck:  Stop
/| opr: Stop
Active
Standby mode mode !
- | | (TMA3=0,SSR3=1) |
| fosc:  Oscillate | SBY | fosc:  Oscillate | (| fosc:  Stop
| fx: Oscillate | oy Oscillate |1 | Stop
| Zcpyr Stop  interrupt || Zcput oy . sTop | Zcey Stop
| Pe Toye — B Toye 1 ~ Bk Stop :
[ Zrert feye [ Zrert foye 1 [ Zper’Stop
: 3 ! (TMA3 = 0) | I ‘
Watch mode
| } (TMA3 = 1) | ' (TMA3=1,LSON=0) |
fosc: Oscillate || s 1| fosc:  Oscillate 1| fosc:  Stop
i . w BY ! . | STOP ! . |
o fxe Oscillate |« : fx: Oscillate . : fx: Oscillate |
| 2cru’ Stop " Interrupt || ZoPU’ feye :_NTo, et | Zeru Stop
| Po fw 1 = o fw ~—mer 4 Pck fw ;
| @rert oy [ @rert foye 7| Zper’ Stop
7777777777777777777777777777777777777 3| |
! - illati | *2 | !
9 Suboscilaton requency | SUbctve STop :
} X , quency - mode ' (TMA3=1,LSON=1) |
! for time-base ! : | : !
feyer foscl4 fo;c- Stop *4 y fO,SC' Stop
fsup:  fx/8 or fy/4 : fx: . Oscillate NTo, ! fx: . Oscillate
1 (software selectable) | Zerr fsus timer A"l || @cPur Stop
Cfwe fui8 | Pok fw 1 %ck fw ;
g -5 | 2 pER' fsus ' 2 pER! Stop !
' Bopys System clock 1 ; !
1 @k Clock for time-base L T ’
' Bpgr: Clock for other
peripheral functions i Notes: 1. Interrupt source
' LSON: Low speed on flag 2. STOP/SBY (DTON =1, LSON = 0)
1 DTON: Direct transfer on flag ! 3. STOP/SBY (DTON =0, LSON = 0)
************************************* ‘ 4. STOP/SBY (DTON = Don't care, LSON = 1)

Figure14 MCU Status Transitions

RENESAS
29



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

HD404449 Series

Standby Mode: In standby mode, the oscillators continue to operate, but the clocks related to instruction
execution stop. Therefore, the CPU operation stops, but all RAM and register contents are retained, and the
D or R port status, when set to output, is maintained. Peripheral functions such as interrupts, timers, and
serial interface continue to operate. The power dissipation in this mode is lower than in active mode
because the CPU stops.

The MCU enters standby mode when the SBY instruction is executed in active mode.

Standby mode is terminated by a RESET input or an interrupt request. If it is terminated by RESET input,
the MCU is reset as well. After an interrupt request, the MCU enters active mode and executes the next
instruction after the SBY instruction. If the interrupt enable flag is 1, the interrupt is then processed; if it is
0, the interrupt request is left pending and normal instruction execution continues. A flowchart of
operation in standby mode is shown in figure 15.

Oscillator: Stop
Suboscillator: Active/Stop
Peripheral clocks: Stop
All other clocks: Stop

Oscillator: Stop
Suboscillator: Active
Peripheral clocks: Stop
All other clocks: Stop

1 '

Oscillator: Active
Peripheral clocks: Active
All other clocks: Stop

RAME =1

IFTD «
IMTD + IFAD
MAD =12

(SBY (SBY (SBY
only) only) only)

Restart
processor clocks

Restart
processor clocks

Execute
next instruction

’ Reset MCU ‘

Accept interrupt

Figure15 MCU Operation Flowchart
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Stop Mode: In stop mode, all MCU operations stop and RAM data is retained. Therefore, the power
dissipation in this mode is the least of all modes. The OSC, and OSC, oscillator stops. Operation of the
X1 and X2 oscillator can be selected by setting bit 3 of the system clock select register (SSR: $029;
operating: SSR3 = 0, stop: SSR3 = 1) (figure 26). The MCU enters stop mode if the STOP instruction is
executed in active mode when bit 3 of timer mode register A (TMA: $008) is set to 0 (TMA3 = 0) (figure
41).

Stop mode is terminated by a RESET input or aSTOPC input as shown in figure 16. RESET or STOPC
must be applied for at least one txc to stabilize oscillation (refer to the AC Characteristics section). When
the MCU restarts after stop mode is cancelled, all RAM contents before entering stop mode are retained,
but the accuracy of the contents of the accumulator, B register, W register, X/SPX register, Y/SPY register,
carry flag, and serial dataregister cannot be guaranteed.

Stop mode
Oscillator _cat T TP

meal [ ]| <MM N

RESET 5 5 \—
STOPC D ‘ ’—
T }‘—tresgﬁ
STOP instruction execution tres = trc (stabilization period)

Figure16 Timing of Stop Mode Cancellation

Watch Mode: In watch mode, the clock function (timer A) using the X1 and X2 oscillator operates but
other function operations stop. Therefore, the power dissipation in this mode is the second least to stop
mode, and this mode is convenient when only clock display is used. In this mode, the OSC, and OSC,
oscillator stops, but the X1 and X2 oscillator operates. The MCU enters watch mode if the STOP
instruction is executed in active mode when TMA3 = 1, or if the STOP or SBY instruction is executed in
subactive mode.

Watch mode is terminated by a RESET input or a timer-A/INT, interrupt request. For details of RESET
input, refer to the Stop Mode section. When terminated by a timer-A/INT,, interrupt request, the MCU
enters active mode if LSON is 0, or subactive mode if LSON is 1. After an interrupt request is generated,
the time required to enter active mode is tz. for atimer A interrupt, and Ty (where T + toe < Ty < 2T + txo)
for an INT, interrupt, as shown in figure 17.

Operation during mode transition is the same as that at standby mode cancellation (figure 15).
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Oscillation
stabilization period

Active mode

-
-t

Active mode Watch mode

-
-

P

A

Interrupt strobe

INT,

Interrupt request
generation

(During the transition
from watch mode to ‘
active mode only)

T:  Interrupt frame length
trc - Oscillation stabilization period

Figure17 Interrupt Frame

Subactive Mode: The OSC, and OSC, oscillator stops and the MCU operates with a clock generated by
the X1 and X2 oscillator. In this mode, functions other than A/D conversion operate. However, because
the operating clock is slow, the power dissipation becomes low, next to watch mode.

The CPU instruction execution speed can be selected as 244 us or 122 us by setting bit 2 (SSR2) of the
system clock select register (SSR: $029). Note that the SSR2 value must be changed in active mode. If the
value is changed in subactive mode, the MCU may malfunction.

When the STOP or SBY instruction is executed in subactive mode, the MCU enters either watch or active
mode, depending on the statuses of the low speed on flag (LSON: $020, bit 0) and the direct transfer on
flag (DTON: $020, hit 3).

Subactive mode is an optional function that the user must specify on the function option list.

Interrupt Frame: In watch and subactive modes, g, « is applied to timer A and the INT, circuit. Prescaler
W and timer A operate as the time-base and generate the timing clock for the interrupt frame. Three
interrupt frame lengths (T) can be selected by setting the miscellaneous register (MIS: $00C) (figure 18).

In watch and subactive modes, the timer-A/INT, interrupt is generated synchronously with the interrupt
frame. The interrupt request is generated synchronously with the interrupt strobe timing except during
transition to active mode. The falling edge of the INT, signal is input asynchronously with the interrupt
frame timing, but it is regarded as input synchronously with the second interrupt strobe clock after the
falling edge. An overflow and interrupt request in timer A is generated synchronously with the interrupt
strobe timing.
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Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name MIS3 MIS2 MIS1 MISO
e
MIS3 MIS2 MIS1 MISO T tre'! Oscillation circuit conditions
Buffer control. 0 0 0.24414 ms| 0.12207 ms | External clock input
Refer to figure 38. 0.24414 ms*2
0 1 15.625 ms | 7.8125 ms Ceramic oscillator or crystal
1 0 125 ms 62.5ms
1 1 Not used —

Notes: 1. The values of T and trc are applied when a 32.768-kHz crystal oscillator is used.
2. The value is applied only when direct transfer operation is used.

Figure 18 Miscellaneous Register (MI1S)

Direct Transition from Subactive Mode to Active Mode: Available by controlling the direct transfer on
flag (DTON: $020, bit 3) and the low speed on flag (LSON: $020, bit 0). The procedures are described
below:

e Set LSON to 0 and DTON to 1 in subactive mode.
» Executethe STOP or SBY instruction.

» The MCU automatically enters active mode from subactive mode after waiting for the MCU internal
processing time and oscillation stabilization time (Figure 19).

Notes: 1. The DTON flag ($020, bit 3) can be set only in subactive mode. It is always reset in active
mode.

2. Thetransition time (T,) from subactive mode to active mode:
tRC<TD<T+tRC
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STOP/SBY instruction execution Oscillation
i MCU internal stabilization
Subactive mode processing period ‘ time J‘ Active mode
>

>«

(Set LSON = 0, DTON = 1)

Interrupt strobe

Direct transfer 1 T
completion timing

T: Interrupt frame length
trc: Oscillation stabilization period

Figure19 Direct Transition Timing

Stop Mode Cancellation by STOPC : The MCU enters active mode from stop mode by a STOPC input
as well as by RESET. In either case, the MCU starts instruction execution from the starting address
(address 0) of the program. However, the value of the RAM enable flag (RAME: $021, bit 3) differs
between cancellation by STOPC and by RESET. When stop mode is cancelled by RESET, RAME = 0;
when cancelled by STOPC, RAME = 1. RESET can cancel all modes, but STOPC is valid only in stop
mode; STOPC input is ignored in other modes. Therefore, when the program requires to confirm that stop
mode has been cancelled by STOPC (for example, when the RAM contents before entering stop mode are
used after transition to active mode), execute the TEST instruction on the RAM enable flag (RAME) at the
beginning of the program.

MCU Operation Sequence: The MCU operates in the sequences shown in figures 20 to 22. It isreset by
an asynchronous RESET input, regardless of its status.

The low-power mode operation sequence is shown in figure 22. With the IE flag cleared and an interrupt
flag set together with its interrupt mask cleared, if a STOP/SBY instruction is executed, the instruction is
cancelled (regarded as an NOP) and the following instruction is executed. Before executing a STOP/SBY
instruction, make sure al interrupt flags are cleared or al interrupts are masked.
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C Power on >

Y

No
RESET=17?
Yes
RAME = 0 i MCU :
; operation !
: cycle i
Reset MCU

Y

-

Figure20 MCU Operating Sequence (Power On)
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MCU operation
cycle

Yes

IF=12?

Instruction Yes
execution

IE « 0
Yes ~~ SBY/STOP Stack — (PC),
instruction? (CA),
(ST)
P T T
, Low-power mode | PC ~ Next PC « Vector
! operation cycle ! location address

IF: Interrupt request flag
IM:  Interrupt mask

IE: Interrupt enable flag
PC: Program counter
CA: Carry flag

ST: Status flag

Figure21l MCU Operating Sequence (M CU Operation Cycle)
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Low-power mode
operation cycle

IF=1and No
IM =0?
Yes
Standby/Watch Stop mode
mode

STOPC =0?

Yes
Hardware_ NOP Hardware_ NOP RAME = 1
execution execution
PC - Next PC -~ Next Reset MCU
location location
Instruction
execution

MCU operation
cycle

Note: * For IF and IM operation, refer to figure 15.

Figure22 MCU Operating Sequence (L ow-Power Mode Operation)

Note: When the MCU isin watch mode or subactive mode, if the high level period before the falling edge
of INT, is shorter than the interrupt frame, INT,, is not detected. Also, if the low level period after
the falling edge of INT, is shorter than the interrupt frame, INT, is not detected.

Edge detection is shown in figure 23. The level of the INT, signal is sampled by a sampling clock.
When this sampled value changes to low from high, afalling edge is detected.

In figure 24, the level of the INT, signal is sampled by an interrupt frame. In (a) the sampled value
islow at point A, and also low at point B. Therefore, a falling edge is not detected. In (b), the
sampled value is high at point A, and aso high at point B. A falling edge is not detected in this
case either.
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When the MCU is in watch mode or subactive mode, keep the high level and low level period of
INT, longer than interrupt frame.

Sampling T

High Low Low

Figure23 Edge Detection

WO WO 3 i
Interrupt T T Interrupt T T

frame frame ) )
A: Low B: Low A: High B: High

(a) High level period (b) Low level period

Figure24 Sampling Example
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Internal Oscillator Circuit

A block diagram of the clock generation circuit is shown in figure 25. As shown in table 22, a ceramic
oscillator or crystal oscillator can be connected to OSC, and OSC,, and a 32.768-kHz oscillator can be
connected to X1 and X2. The system oscillator can also be operated by an external clock. Bit 1 (SSR1) of
the system clock select register (SSR: $029) must be selected according to the frequency of the oscillator
connected to OSC, and OSC, (figure 26).

Note: If the system clock select register (SSR: $029) setting does not match the oscillator frequency,
subsystems using the 32.768-kHz oscillation will malfunction.

0OSC, @ System
oscillator
ose. ()1

X1 @ Sub-
system
o @

Note: 1/8 or 1/4 division ratio can be selected by setting bit 2 of the system
clock select register (SSR: $029).

LSON
\
fosc| 14 |foe | Timing Gepu CPU with ROM,
L RAM, registers,
division t generator flags. and /0
circuit | "¢ circuit System gs:
clock
selection
9PER Peripheral
function
interrupt
fx fsus |
1/8 or 1/4 Timing
division |'subcyc |generator
oscillator circuitNote circuit
TMA3
\
aTime-base
clock |ZcLk Tim
- : e-base
1/8 Timing selection interru
C pt
division | f,, |generator
—™ circuit circuit
thyc

Figure25 Clock Generation Circuit
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System clock select register (SSR: $029)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ — ‘
Read/Write w w w —
Bit name SSR3 SSR2 SSR1 Notused
32-kHz oscillation division SSR1 System clock selection
SSR2 : :
ratio selection
0 0.4to0 1.0 MHz
0 fsus = fx/8
SUB = X 1 1.6 t0 4.0 MHz
1 fsug = fx/4
SSR3 32-kHz oscillation stop
0 Oscillation operates in stop mode
1 Oscillation stops in stop mode

Figure26 System Clock Select Register

Do ]

GND | [ ]

RESET | |

0SC, -

TEsST ||

\
<
X2 -
=
X1 H
X
7
.\
LY
0SC, H
=
P
GND

Avss ||

40

Figure27 Typical Layoutsof Crystal and Ceramic Oscillator
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Table 22

Oscillator Circuit Examples

Circuit Configuration

Circuit Constants

External clock
ti External 0sC
Operaton oscillator 1
Open 0SsC,
Ceramic oscillator C1 Ceramic oscillator: CSA4.00MG (Murata)
(0SC,, 0SC,) _L 0sc, R,= 1 MQ + 20%
Ceramlc Be C,=C, =30 pF £ 20%
oscillator = T R¢=
' 0SsC,
e Cz
GND
Crystal oscillator — R,=1MQ+ 20%
(OSC,, 0SC,) 0sC, C,=C, = 10-22 pF + 20%
Crystal
oscillator = R¢ Crystal: Equivalent to circuit shown below
0SC, C, =7 pF max
Rs = 100 Q max
Cs Rs
JUU“H A
OSC; =— +— OSC,
L
Co
Crystal oscillator Cq — Ceramic: 32.768 kHz: MX38T
(X1, X2) I X1 (Nippon Denpa Kogyo)
Crystal 0
oscillator == C,=C, =20 pF £20%
%2 Rg: 14 kQ
C, C, 15pF
GND
Cs Rg
JUU“H A

X] -—o

Co

— X2

Notes: 1. Since the circuit constants change depending on the crystal or ceramic resonator and stray
capacitance of the board, the user should consult with the crystal or ceramic oscillator
manufacturer to determine the circuit parameters.

2. Wiring among OSC,, OSC,, X1, X2, and elements should be as short as possible, and must not
cross other wiring (see figure 27).

3. If the 32.768-kHz crystal oscillator is not used, the X1 pin must be fixed to GND and X2 must be

open.
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I nput/Output

The MCU has 64 input/output pins (D~D,;, RO,—RC;) and 2 input pins (D,,, D,5). The features are
described below.

10 pins (DD,) are high-current input/output pins.

The D,,, D35, RO;~R0,, and R3,—R5; input/output pins are multiplexed with peripheral function pins
such asfor the timers or seria interface. For these pins, the peripheral function setting is done prior to
the D or R port setting. Therefore, when a peripheral function is selected for a pin, the pin function and
input/output selection are automatically switched according to the setting.

Input or output selection for input/output pins and port or peripheral function selection for multiplexed
pins are set by software.

Peripheral function output pins are CMOS output pins. Only the R4,/SO, and R5,/SO, pins can be set to
NMOS open-drain output by software.

In stop mode, the MCU isreset, and therefore peripheral function selection is cancelled. Input/output
pins are in high-impedance state.

Each input/output pin has a built-in pull-up MOS, which can be individually turned on or off by
software.

I/O buffer configuration is shown in figure 28, programmable I/O circuits are listed in table 23, and /O pin
circuit types are shown in table 24.

Table23  Programmable /O Circuits

MIS3 (Bit 3 of MIS) 0 1
DCD, DCR 0 1 0 1
PDR 0 1 0 1 0 1 0 1
CMOS buffer PMOS — — — On — — — On

NMOS — — On — — — On —
Pull-up MOS — — — — — On — On
Note: — indicates off status.
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0<} HLT
Pull-up control signal

MIS3

Pull-up
MOS

Buffer control signal
| DCD, DCR

Output data
PDR

Input data

e

Input control signal

Figure28 1/0O Buffer Configuration
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Table24  Circuit Configurationsof 1/0 Pins

1/0 Pin Type Circuit Pins
Input/output pins v HLT DD, RO,—RO,
cc Pull-up control signal
é Vee Buffer control (MIS3] R1,-R1s R2:-R2,
ignal

signa R3,-R3,, R4,—R4
a 3y R4-R4,

R5,-R5,, R6,~R6
.4 0 29 0 3
s CUPLEE_(POR]  R7,-R7, R8RS,

WM’ R9,~R9,, RA-RA,

RB,—RB;, RC,—RC,
Input control signal

v HLT R4,, R5,
cc Pull-up control signal
é Vee Buffer control MIS3

signal
o E o< -
|—G SM2B2

Output data 'PDR]

WM,

Input control signal

Input pins @—TDM’ Dz Dy

Input control signal

Peripheral  Input/ output v HLT SCK;,, 8CK,
i i i Pull-up control signal
function pins pins éc Ve p g Mis3]

POCLMJ
|—Oq Output data SCK,, SCK,

Input data
>o SCK1, SCK

Output pins v HLT SO,, SO,
Pull-up control signal
P 9 MIS3
o< PMO|S control
o< 39ha MIS2, SM2B2
Output data SOy, SOz
v HLT TOB, TOC, TOD
Pull-up control signal
N Ve P 9 MIS3

(5

L Y
@ Fo@%j Output data

TOB, TOC, TOD
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1/0 Pin Type Circuit Pins
Input pins Vee Sl,, Sl,, INT,,
HLT INT,, INT,,
| MIS3
PDR EVNB, EVND
@ ‘ >o Input data Sly, Sly,, INTy, etc
@ >0 Input data INT, , STOPC INT,, STOPC

Notes: 1. The MCU is reset in stop mode, and peripheral function selection is cancelled. The HLT signal
becomes low, and input/output pins enter high-impedance state.

2. The HLT signal is 1 in watch and subactive modes.

D Port (D4D,3): Consist of 12 input/output pins and 2 input pins addressed by one bit. D,—D,, are high-
current 1/0O pins, and D,, and D,; are input-only pins.

Pins Dy—D,, are set by the SED and SEDD instructions, and reset by the RED and REDD instructions.
Output datais stored in the port data register (PDR) for each pin. All pins DD, are tested by the TD and
TDD instructions.

The on/off statuses of the output buffers are controlled by D-port data control registers (DCDO-DCD2:
$02C-$02E) that are mapped to memory addresses (figure 29).

Pins D,, and D,; are multiplexed with peripheral function pins STOPC and INT,, respectively. The
peripheral function modes of these pins are selected by bits 2 and 3 (PMRC2, PMRC3) of port mode
register C (PMRC: $025) (figure 30).

R Ports (RO—RC,): 52 input/output pins addressed in 4-bit units. Dataisinput to these ports by the LAR
and LBR instructions, and output from them by the LRA and LRB instructions. Output data is stored in the
port data register (PDR) for each pin. The on/off statuses of the output buffers of the R ports are controlled
by R-port data control registers (DCRO-DCRC: $030—-$03C) that are mapped to memory addresses (figure
29).

Pins RO—RO0, are multiplexed with peripheral pinsINT,—INT, respectively. The peripheral function modes
of these pins are selected by bits 0-2 (PMRBO-PMRB2) of port mode register B (PMRB: $024) (figure
31).

Pins R3,—-R3, are multiplexed with peripheral pins TOB, TOC, and TOD, respectively. The peripheral
function modes of these pins are selected by bits 0 and 1 (TMB20, TMB21) of timer mode register B2
(TMB2: $013), bits 0-2 (TMC20-TMC22) of timer mode register C2 (TMC2: $014), and bits 0-3
(TMD20-TMD23) of timer mode register D2 (TMD2: $015) (figures 32, 33, and 34).

Pins R3; and R4, are multiplexed with peripheral pins EVNB and EVND, respectively. The periphera
function modes of these pins are selected by bits 0 and 1 (PMRCO, PMRC1) of port mode register C
(PMRC: $025) (figure 30).

Pins R4,—R4, are multiplexed with peripheral pins SCK,, SI,, and SO,, respectively. The periphera
function modes of these pins are selected by bit 3 (SM1A3) of serial mode register 1A (SM1A: $005), and
bits 0 and 1 (PMRAO, PMRAL) of port mode register A (PMRA: $004), as shown in figures 35 and 36.
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Ports R5,—R5; are multiplexed with peripheral function pins SCK,, Sl,, SO,, respectively. The function
modes of these pins can be selected by individual pins, by 2A setting bit 3 (SM2A3) of serial mode register
2A (SM2A: $01B), and bits 2 and 3 (PMRA2, PMRA3J) of port mode register A (PMRA: $004) (figures 36
and 37).

Pull-Up MOS Transistor Control: A program-controlled pull-up MOS transistor is provided for each
input/output pin other than input-only pins D,, and D,;. The on/off status of all these transistors is
controlled by bit 3 (MI1S3) of the miscellaneous register (M1S: $00C), and the on/off status of an individual
transistor can also be controlled by the port data register (PDR) of the corresponding pin—enabling on/off
control of that pin alone (table 23 and figure 38).

The on/off status of each transistor and the peripheral function mode of each pin can be set independently.

How to Deal with Unused 1/0O Pins: 1/O pins that are not needed by the user system (floating) must be
connected to V - to prevent LSl malfunctions due to noise. These pins must either be pulled up to V . by
their pull-up MOS transistors or by resistors of about 100 kQ.
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Data control register (DCDO to 2: $02C to $02E)
(DCRO to C: $030 to $03C)

DCDO, DCD1

Bit 3 2 1 0

Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

Read/Write w w w W

Bit name DCDO03, DCDO02, DCDO01, DCDO0O,
DCD13 DCD12 DCD11 DCD10

DCD2

Bit 3 2 1 0

Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

Read/Write w w w w

Bit name DCD23 DCD22 DCD21 DCD20

DCRO to DCRC

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name DCR03- DCR02- DCRO1- DCROO0O-

DCRC3 DCRC2 DCRC1 DCRCO

All Bits CMOS Buffer On/Off Selection
0 Off (high-impedance)
1 On

Correspondence between ports and DCD/DCR bits

Register Name Bit 3 Bit 2 Bit 1 Bit 0
DCDO Ds D, D, Do
DCD1 D, D Ds D,
DCD2 D1 Dio Dg Dg
DCRO RO RO, RO, ROg
DCR1 R1; R1, R1, R1,
DCR2 R24 R2, R2; R2,
DCR3 R3;3 R3, R3; R3y
DCR4 R4 R4, R4, R4,
DCR5 R53 R5, R5; R5q
DCR6 R63 R6, R6, R6q
DCR? R73 R7, R7; R7,
DCR8 R83 R8, R8; R8y
DCR9 R9;3 R9, R9,; R9g
DCRA RAg RA, RA; RAg
DCRB RB3 RB, RB; RBy
DCRC RC3 RC, RCq RCyp

Figure29 Data Control Registers (DCD, DCR)
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Port mode register C (PMRC: $025)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W w w

Bit name PMRC3 PMRC2* PMRC1 PMRCO

A A

P

PMRCO R33/EVNB mode selection

0 R33

1 EVNB

PMRC1 R4o/EVND mode selection

0 R4

1 EVND

PMRC2 | D;2/STOPC mode selection

0 D12

1 STOPC

PMRC3 | D13/INTg mode selection

0 D13

1 INTo

Note: *PMRC2 is reset to 0 only by RESET input. When STOPC is input in stop
mode, PMRC2 is not reset but retains its value.

Figure30 Port Mode Register C (PMRC)
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Port mode register B (PMRB: $024)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — w w w
Bit name Notused PMRB2 PMRB1 PMRBO
A A T
PMRBO | ROg/INT1 mode selection
0 ROg
1 INT,
PMRB1 R041/INT> mode selection
0 RO
1 INT>
PMRB2 R0,/INT3 mode selection
0 RO,
1 INT3

Figure31 Port Mode Register B (PMRB)

Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘
Read/Write — — R/W R/W
Bit name Not used Notused TMB21 TMB20

\ A

TMB21 | TMB20 R3p/TOB mode selection
0 0 R3op R3p port
1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

Figure32 Timer Mode Register B2 (TMB2)
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Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — R/W R/W R/W
Bit name Notused TMC22 TMC21 TMC20

vy

TMC22 | TMC21 | TMC20 | R341/TOC mode selection
0 0 0 R31 R3; port
1 TOC Toggle output
1 0 TOC 0 output
1 TOC 1 output
1 0 0 — Inhibited
1
1 0
1 TOC PWM output

Figure33 Timer Mode Register C2 (TMC2)
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Timer mode register D2 (TMD2: $015)

Bit 3 2 1
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ ‘
Read/Write R/W R/W R/W R/W
Bit name TMD23 TMD22 TMD21 TMD20
TMD23 | TMD22 | TMD21 | TMD20 | R3,/TOD mode selection
0 0 0 0 R3> R3, port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 — Inhibited
1
1 0
1 TOD PWM output
1 Don't care |Don't care| Don't care| R32 Input capture (R3, port)

Figure34 Timer Mode Register D2 (TMD2)
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Serial mode register 1A (SM1A: $005)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name SM1A3 SM1A2 SM1A1 SMI1AO0
é ; \ ! \ ! \
RAy/SOK; — Chison
SM1A3 | mode selection SM1A2 | SM1A1 | SM1A0 | SCK; | Clock source | ratig
0 R41 0 0 0 Output | Prescaler +2048
1 SCK; 1 Output | Prescaler +512
1 0 Output | Prescaler +128
1 Output | Prescaler +32
1 0 0 Output | Prescaler +8
1 Output | Prescaler +2
1 0 Output | Systemclock | —
1 Input External clock | —

52

Figure35 Serial Mode Register 1A (SM1A)
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Port mode register A (PMRA: $004)

Bit

Initial value ‘
Read/Write

Bit name

0

0|

w

PMRA3 PMRA2 PMRA1l PMRAO

T

PMRAO | R43/SO; mode selection
0 R43
1 SOq

PMRA1 | R4,/Sl; mode selection
0 R4,
1 Sy

PMRA2 | R53/SO, mode selection
0 R53
1 SO,

PMRA3 | R5,/Sl, mode selection
0 R5,
1 Sl,

RENESAS

Figure36 Port Mode Register A (PMRA)



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

HD404449 Series

Serial mode register 2A (SM2A: $01B)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w W w

Bit name SM2A3 SM2A2 SM2A1 SM2A0

!—f *\+ \*\

RSy/SCK, — Chison
SM2A3 | mode selection SM2A2 | SM2A1 | SM2A0 | SCK;, | Clock source | [atig
0 R51 0 0 0 Output | Prescaler +2048
1 SCK; 1 Output | Prescaler +512
1 0 Output | Prescaler +128
1 Output | Prescaler +32
1 0 0 Output | Prescaler +8
1 Output | Prescaler +2
1 0 Output | Systemclock | —
1 Input External clock | —
Figure37 Serial Mode Register 2A (SM2A)
Miscellaneous register (MIS: $00C)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name MIS3 MIS2 MIS1 MISO
N S S |
CMOS buffer
wiss | onoffeclesion | | ysp | QO selecton s | Miso
0 Off 0 On trc selection.
Refer to figure 18 in the
1 On 1 Off operation modes section.

Figure 38 Miscellaneous Register (MIS)
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Prescalers
The MCU has the following two prescalers, S and W.

The prescaler operating conditions are listed in table 25, and the prescaler output supply is shown in figure
39. The timer A-D input clocks except external events and the seria transmit clock except the external
clock are selected from the prescaler outputs, depending on corresponding mode registers.

Prescaler Operation

Prescaler S: 11-hit counter that inputs a system clock signal. After being reset to $000 by MCU reset,
prescaler S divides the system clock. Prescaler S keeps counting, except in stop, watch, and subactive
modes and at MCU reset.

Prescaler W: Five-bit counter that inputs the X1 input clock signal (32-kHz crystal oscillation) divided by
eight. After being reset to $00 by MCU reset, prescaler W divides the input clock. Prescaler W can be
reset by software.

Table25  Prescaler Operating Conditions

Prescaler Input Clock Reset Conditions Stop Conditions
Prescaler S System clock (in active MCU reset MCU reset, stop mode,
and standby mode), watch mode

Subsystem clock (in
subactive mode)

Prescaler W 32-kHz crystal oscillation  Software MCU reset, stop mode

Subsystem| fx/8

- Prescaler W )
clock Timer A
fx/4 or fx/8 — Timer B
— Timer C

System Clock - Prescaler S :
clock »| selector Timer D
— Serial 1
— Serial 2

Figure39 Prescaler Output Supply
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Timers
The MCU has four timer/counters (A to D).

e Timer A: Free-running timer
e Timer B: Multifunction timer
e Timer C: Multifunction timer
e Timer D: Multifunction timer

Timer A is an 8-bit free-running timer. Timers B-D are 8-bit multifunction timers, whose functions are
listed in table 26. The operating modes are selected by software.

Table 26 Timer Functions

Functions Timer A Timer B Timer C Timer D
Clock source Prescaler S Available Available Available Available
Prescaler W Available — — —
External event — Available — Available
Timer functions  Free-running Available Available Available Available
Time-base Available — — —
Event counter — Available — Available
Reload — Available Available Available
Watchdog — — Available —
Input capture — — — Available
Timer outputs Toggle — Available Available Available
0 output — Available Available Available
1 output — Available Available Available
PWM — — Available Available
Note: — means not available.
RENESAS
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Timer A
Timer A Functions: Timer A has the following functions.

* Free-running timer
» Clock time-base

The block diagram of timer A is shown in figure 40.

32.768-kHz f Prescaler W Timer A interrupt
el w
; —| 1/4 F»| 1/2 request flag
oscillator lTCyc’ (PSW) NETA)
i
2w el
1/2 tWeye ¢ Y VY

= 5 |Clock| Timer @

i counter A— Q

o (TcA) |Overflow | &

> N ©

©

L ©

£

Selector AN g

A A A A A Ad -
<| 0
O NN
AN+ OO
N[ <O M| || N
| I-| -l

SyStem DpER |l ] ]
clock —’I Prescaler S (PSS) | 3 ‘ ‘ ‘
Timer mode| ——|

register A |
(TMA)

Figure40 Timer A Block Diagram

Timer A Operations:

e Free-running timer operation: The input clock for timer A is selected by timer mode register A (TMA:
$008).
Timer A isreset to $00 by MCU reset and incremented at each input clock. If an input clock is applied
to timer A after it has reached $FF, an overflow is generated, and timer A isreset to $00. The overflow
setsthetimer A interrupt request flag (IFTA: $001, bit 2). Timer A continues to be incremented after
reset to $00, and therefore it generates regular interrupts every 256 clocks.

e Clock time-base operation: Timer A isused as a clock time-base by setting bit 3 (TMA3) of timer
mode register A (TMA: $008) to 1. The prescaler W output is applied to timer A, and timer A
generates interrupts at the correct timing based on the 32.768-kHz crystal oscillation. In this case,

prescaler W and timer A can be reset to $00 by software.
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Registersfor Timer A Operation: Timer A operating modes are set by the following registers.

» Timer mode register A (TMA: $008): Four-bit write-only register that selects timer A’s operating mode

and input clock source as shown in figure 41.

Timer mode register A (TMA: $008)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w W W W

Bit name TMA3 TMA2 TMAl TMAO

S M

Source Input clock
TMA3| TMA2 | TMA1| TMAO | prescaler | frequency |Operating mode
0 0 0 0 PSS 2048teyc | Timer A mode
1 PSS 1024tcyc
1 0 PSS 512tcyc
1 | PSs 128teyc
1 0 0 PSS 32teyc
1 PSS 8teye
1 0 PSS Ateye
1 PSS 2teyc
1 0 0 0 PSW 32tweyc Time-base
mode
1 | PSW 16tweye
1 0 | PSW 8tweyc
1 | PSW 2tweye
1 0 0 PSW 12tweyc
1 Inhibited
1 |Don't| PSW and TCA reset
care

Notes: 1. tycyc = 244.14 us (when a 32.768-kHz crystal oscillator is used)
2. Timer counter overflow output period (seconds) = input clock period (seconds) x 256.
3. The division ratio must not be modified during time-base mode operation, otherwise
an overflow cycle error will occur.

Figure4l Timer Mode Register A (TMA)
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Timer B
Timer B Functions: Timer B has the following functions.

* Free-running/reload timer
» Externa event counter
» Timer output operation (toggle, 0, and 1 outputs)

The block diagram of timer B is shown in figure 42.

Timer B interrupt
request flag

(IFTB)

[

0 (O g
9 Timer read register BU (TRBU)
Timer output control

Timer read
register BL
(TRBL)

Clock

Timer counter B
(TCB) Overflow

Selector NS Timer write

WEEN! register BU
EVNB NES]
AN|<F|0|m \Ti

(TWBU)

2 h
System PER
clock 4>| Prescaler S

4

Timer write | ——
pss) | _ register BL [
Free-running/ (TWBL)
Reload control

3 11

Timer mode| ——|
register B1 [\
(TMB1)

2 1]

Timer mode

register B2 D
(TMB2)

512
+2048

Internal data bus

—~ | =

Figure42 Timer B Block Diagram
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Timer B Operations:

60

Free-running/rel oad timer operation: The free-running/rel oad operation, input clock source, and
prescaler division ratio are selected by timer mode register B1 (TMB1: $009).

Timer B isinitialized to the value set in timer write register B (TWBL: $00A, TWBU: $00B) by
software and incremented by one at each clock input. If aninput clock is applied to timer B after it has
reached $FF, an overflow is generated. In this case, if the reload timer function is enabled, timer B is
initialized to itsinitial value set in timer write register B; if the free-running timer function is enabled,
the timer is initialized to $00 and then incremented again.

The overflow sets the timer B interrupt request flag (IFTB: $002, bit 0). IFTB isreset by software or
MCU reset. Refer to figure 3 and table 1 for details.

External event counter operation: Timer B is used as an external event counter by selecting external
event input as the input clock source. In this case, pin R3,/EVNB must be set to EVNB by port mode
register C (PMRC: $025).

Timer B isincremented by one at each falling edge of signalsinput to pin EVNB. Other operations are
basically the same as the free-running/ reload timer operation.

Timer output operation: The following three output modes can be selected for timer B by setting timer
mode register B2 (TMB2: $013).

0 Toggle
0 O output
[0 1 output

By selecting the timer output mode, pin R3,/TOB isset to TOB. The output from TOB is reset low by
MCU reset.

0 Toggle output: When toggle output mode is selected, the output level isinverted if aclock isinput
after timer B has reached $FF. By using this function and reload timer function, clock signals can
be output at arequired frequency for the buzzer. The output waveform is shown in figure 43.

O Ooutput: When 0 output mode is selected, the output level is pulled low if aclock isinput after
timer B has reached $FF. Note that this function must be used only when the output level is high.

0 1 output: When 1 output mode is selected, the output level is set high if aclock isinput after timer
B has reached $FF. Note that this function must be used only when the output level islow.
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Toggle output waveform (timers B, C, and D)

Free-running timer

256 clock cycles 256 clock cycles

Reload timer

(256 — N) clock cycles (256 — N) clock cycles

PWM output waveform (timers C and D)

Tx(N+1)

DR

TMC13=0
TMD13 =0

-
T x 256

T

<
Bl

TMC13=1
TMD13=1

-~

T x (256 — N)

Note: The waveform is always fixed low when N = $FF.
T: Input clock period to counter (figures 52 and 59)
N: The value of the timer write register

Figure43 Timer Output Waveform

Registersfor Timer B Operation: By using the following registers, timer B operation modes are selected
and the timer B count is read and written.

Timer mode register B1 (TMB1: $009)

Timer mode register B2 (TMB2: $013)

Timer write register B (TWBL: $00A, TWBU: $00B)
Timer read register B (TRBL: $00A, TRBU: $00B)
Port mode register C (PMRC: $025)

O oOoood

» Timer mode register B1 (TMB1: $009): Four-bit write-only register that selectsthe free-
running/reload timer function, input clock source, and the prescaler division ratio as shown in figure 44.
Itisreset to $0 by MCU reset.
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Writing to this register is valid from the second instruction execution cycle after the execution of the
previous timer mode register B1 write instruction. Setting timer B’ sinitialization by writing to timer
write register B (TWBL: $00A, TWBU: $00B) must be done after a mode change becomes valid.

Timer mode register B1 (TMB1: $009)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name TMB13 TMB12 TMB11 TMB10
} 4 ‘ 4 ‘ } ‘
Free-running/reload Input clock period and input
TMB13 | timer selection TMB12 | TMB11 | TMB10 | clock source
0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 512tcyc
1 0 128tcyc
1 32tcyc
1 0 0 8teyc
1 Aeye
1 0 2teyc
1 R33/EVNB (External event input)

Figure44 Timer Mode Register B1 (TMB1)

» Timer mode register B2 (TMB2: $013): Two-bit read/write register that selects the timer B output
mode as shown in figure 45. It isreset to $0 by MCU reset.
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Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘
Read/Write — — R/W R/W
Bit name Not used Notused TMB21 TMB20

L

TMB21 | TMB20 R3y/TOB mode selection
0 0 R3p R3p port
1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

Figure45 Timer Mode Register B2 (TMB2)

Timer writeregister B (TWBL: $00A, TWBU: $00B): Write-only register consisting of the lower digit
(TWBL) and the upper digit (TWBU) as shown in figures 46 and 47. The lower digit isreset to $0 by
MCU reset, but the upper digit valueisinvalid.

Timer B isinitialized by writing to timer write register B (TWBL: $00A, TWBU: $00B). In this case,
the lower digit (TWBL) must be written to first, but writing only to the lower digit does not change the
timer B value. Timer B isinitialized to the value in timer write register B at the same time the upper
digit (TWBU) iswritten to. When timer write register B iswritten to again and if the lower digit value
needs no change, writing only to the upper digit initializes timer B.

Timer write register B (lower digit) (TWBL: $00A)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w W w w

Bit name TWBL3 TWBL2 TWBL1 TWBLO

Figure46 Timer Write Register B Lower Digit (TWBL)

Timer write register B (upper digit) (TWBU: $00B)

Bit 3 2 1 0
Initial value ‘Undefined ‘ Undefined‘ Undefined ‘ Undefined‘
Read/Write w w w w

Bit name TWBU3 TwBU2 TwWBUl1 TwWBUO

Figure47 Timer Write Register B Upper Digit (TWBU)
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o Timer read register B (TRBL: $00A, TRBU: $00B): Read-only register consisting of the lower digit
(TRBL) and the upper digit (TRBU) that holds the count of the timer B upper digit (figures 48 and 49).
The upper digit (TRBU) must beread first. At thistime, the count of the timer B upper digitis
obtained, and the count of the timer B lower digit islatched to the lower digit (TRBL). After this, by
reading TRBL, the count of timer B when TRBU isread can be obtained.

Timer read register B (lower digit) (TRBL: $00A)

Bit 3 2 1 0
Initial value ‘Undefined ‘ Undefined‘ Undefined ‘ Undefined‘
Read/Write R R R R

Bit name TRBL3 TRBL2 TRBL1 TRBLO

Figure48 Timer Read Register B Lower Digit (TRBL)

Timer read register B (upper digit) (TRBU: $00B)

Bit 3 2 1 0
Initial value ‘Undefined ‘ Undefined‘ Undefined ‘ Undefined‘
Read/Write R R R R

Bit name TRBU3 TRBU2 TRBU1l TRBUO

Figure49 Timer Read Register B Upper Digit (TRBU)

» Port mode register C (PMRC: $025): Write-only register that selects R3,/EVNB pin function as shown
infigure 50. Itisreset to $0 by MCU reset.
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Port mode register C (PMRC: $025)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w

Bit name PMRC3 PMRC2 PMRC1 PMRCO

A A T
PMRCO | R33/EVNB mode selection
0 R33

1 EVNB

PMRC1 | R4¢/EVND mode selection
0 R4g
1 EVND

PMRC2 | Dj12/STOPC mode selection
0 D12
1 STOPC

PMRC3 | D;13/INTo mode selection

0 D]_3
1 INT,

Figure50 Port Mode Register C (PMRC)

Timer C
Timer C Functions. Timer C hasthe following functions.

* Free-running/reload timer
» Watchdog timer
» Timer output operation (toggle, 0, 1, and PWM outputs)

The block diagram of timer C is shown in figure 51.
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System Timer C interrupt
reset signal request flag
Aj (IFTC)
Watchdog on | , | Watchdog timer A
flag (WDON) control logic

1

( :) Timer output | _
TOC control logic

Timer output
control

Timer read register CU (TRCU)

Timer read
register CL
(TRCL)

Clock m
™ Timer counter C
(TCC)

Selector . Timer write ‘ ‘
W EEEN! register CU

(TWCU) —
Timer write

register CL
(TwcClL)

Overflow

Internal data bus

+1024 _
+2048

+128
+512

AN
[Q\AASg[eellep] .
0 Nl vl Free-running

PpER
System Prescaler S (PSS) | /Reload control

clock
3 111

Timer mode
register C1
(TMC1)

3 11

Timer mode
register C2 )
(TMC2)

Figure51 Timer C Block Diagram
Timer C Operations:

» Free-running/reload timer operation: The free-running/reload operation, input clock source, and
prescaler division ratio are selected by timer mode register C1 (TMCL1: $00D).
Timer Cisinitialized to the value set in timer write register C (TWCL: $00E, TWCU: $00F) by
software and incremented by one at each clock input. If aninput clock is applied to timer C after it has
reached $FF, an overflow is generated. In this case, if the reload timer function is enabled, timer Cis
initialized to itsinitial value set in timer write register C; if the free-running timer function is enabled,
the timer isinitialized to $00 and then incremented again.

RENESAS

66



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

HD404449 Series

The overflow sets the timer C interrupt request flag (IFTC: $002, bit 2). IFTC isres