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HD404418 Series

Description

The HD404418 Series of 4-bit single-chip micro-
computers are basically equivalent to the HMCS400
series providing high programming productivity
and high-speed operation. The devices incorporate
ROM, RAM, I/O, four timer/counters, and two
serial interfaces.

The HD404418 Series includes three chips. All
pins for the HD404418 and HD4074418 are CMOS
standard, and the HD4074408 includes 8 intermediate-
voltage pins (+12 V).

The HDA4074408 and HD4074418 are PROM
versions (ZTAT™ 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 ZTAT™ version is 27256-
compatible.)

Features

+ 8,192-word x 10-bit ROM (HD404418)
¢ 8,192-word x 10-bit PROM (HD4074418,
HD4074408)
¢ 512-digit x 4-bit RAM
« 58 1/O pins including 4 input-only pins, 16 high
current pins (100 mA max.), and 2 NMOS open-
drain pins
—HD404418 and HD4074418: All CMOS
standard pins
— HD4074408: Includes 8 NMOS open-drain
intermediate-voltage pins (+12.8 V)
» Four timer/counters
» Four analog inputs

* Two-channel 8-bit
interfaces

* 12 interrupt sources
-— Six by external sources
— Six by internal sources

* Subroutine stack up to 16 levels, including inter-
rupts

* Two low-power dissipation modes
— Standby mode
— Stop mode

* On-chip oscillator: Crystal or ceramic oscillator
(an external clock is also possible)

* Instruction cycle time: 0.89 ps (fosc = 9 MHz)

+ Package
— 64-pin shrink-type ceramic DIP with window
— 64-pin shrink-type plastic DIP
— 64-pin flat plastic package

clock-synchronous serial

Ordering Information

Product
Name

HD404418

Type
Mask
ROM

Model Name
HD404418S (01)*
HD404418F (01)*
HD404418H (01)*
HD4074408S (01)*
HD4074408C (01)*
HD4074408F (01)*
HD4074408H (01)*
HD4074418S (01)*
HD4074418C (01)*
HD4074418F (01)*
HD4074418H (01)*
Note: * Watchdog timer version

Package
DP-84S
FP-64
FP-64A
DP-64S
DC-84S
FP-64
FP-64A
DP-64S
DC-64S
FP-64
FP-64A

ZTAT™  HD4074408

HD4074418
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HD404418 Series

Differences between HD404418 and HD4074418/HD4074408

HD4074418 (ZTAT™™)
item HD4074408 (ZTAT™) HD404418 (Mask ROM)
Input/output leakage RA/Vpp: 10 pA max. All standard pins: 1 pA max.
current Other standard pins: 1 pA max.
Input pin capacitance RAy/Vpp: 70 pF max. All pins: 15 pF max.
Other pins: 15 pF max.
170 option None: All pins are without pull-up With pull-up MOS can be specified
MOS (Do to D;5 and RO to R6)
Timer option None: One of two options provided Free-running timer, watchdog timer
for each product can be selected
Intermediate-voltage port  HD4074408 None

version (R8 and R9)

Precaution: The HD404418 differs from the HD4074418 (HD4074408) in chip design and manufacturing
process. Therefore, care must be taken when using the HD4074418 or HD4074408 version in
place of the HD404418 since their characteristic values are not exactly the same though their
guaranteed values are identical.

B 4495204 0048055 u07? BN 1132 Hitachi

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



HD404418 Series

Pin Arrangement
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HD404418 Series

Block Diagram
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HD404418 Series

Pin Description

Pin No. Pin No.
DC-64S DC-64S
DP-64S FP-64 FP-64A Symbol 10 DP-64S FP-64 FP-64A Symbol o
1 59 57 D11 76} 33 27 25 R4,/SCK, Vo
2 60 58 Do 1o} 34 28 26 R4,/Sl, Vo]
3 61 59 Dy3 7e) 35 29 27 R4,/S0O, Vo]
4 62 60 D14 0 36 30 28 Rda/V ot o
5 63 61 Dis o) 37 <3| 29 R7, |
6 64 62 ROy Vo 38 32 30 R7, |
7 1 63 RO, 110 39 33 3 R7 |
8 2 64 RO, o) 40 34 32 R73 |
9 3 1 ROz 110 41 35 33 RS, Vo
10 4 2 Rig Te) 42 36 34 RS, Te]
11 5 3 Rt, o) 43 37 35 R8, Vo]
12 6 4 R1, 0 44 38 36 R83 Vo
13 7 5 Ri, 0 45 39 37 R9, Te]
14 8 6 R2, o 46 40 38 R9, 7o)
15 9 7 R2, 110 47 41 39 R9, 10
16 10 8 R2, Vo 48 42 40 R93 Vo
17 1 9 R25 10 49 43 41 RESET |
18 12 10 RAg 1e) 50 44 42 TEST l
19 13 1 RA; 7o) 51 45 43 0S¢, |
20 14 12 R3y/INT, 1O 52 46 44 0SC, o]
21 15 13 R3,/INT, 110 53 47 45 GND
22 16 14 R3,/INT, o 54 48 46 Do Vo
23 17 15 R34/INT, 7o) 55 49 a7 D4 vo
24 18 16 R5y/INT,/Tl; 1O 56 50 48 D, Vo
25 19 17 R54/INT5/Tl, VO 57 51 49 Dy o]
26 20 18 R5,/TO, 7o) 58 52 50 D4 ¥o
27 21 19 R54/TO, /(o] 59 53 51 Ds Vo
28 22 20 R64/TO5 7o} 60 54 52 De Vo
29 23 21 R64/S0, T} 61 55 53 Dy Vo
30 24 22 R6,/Sly 7o) 62 56 54 Dg l/o]
31 25 23 R63/SCK, 1O 63 57 55 Dy 110
32 26 24 Vee 64 58 56 Dyq Vo]

Notes: I/0: Input/output pins
I Input pins
O: Output pins

M 449L204 0048058 11lbL M 1135 Hitachi
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HD404418 Series

Pin Function

Power Supply

Vet Apply 5 V £10% to this pin.

GND: Connect to ground.

TEST: For test purposes only. Connect it to Vcc.

RESET: Resets the MCU, For details, see the
Reset section.

Oscillators

OSC,, OSC;: Internal oscillator circuit pins. These
can be connected to a crystal resonator, ceramic
resonator, or external oscillator circuit.

Ports

Dy to Dy5 (D Port): 1-bit /O port. Dg to Dy5 are
all high current pins. For details, see the
Input/Output section.

RO to RA (R Ports): 4-bit I/O ports. Only RA is a
2-bit port, RO to R2 and RA are common 1/O ports.
R3 to R6 are I/O ports multiplexed with other func-
tions. R3 is multiplexed with the input of the exter-
nal interrupts (INT; to INT3), R4y to R4, are
multiplexed with the I/O pins of serial interface 1,
R4; is multiplexed with V¢ of the analog input
pins, RS, and RS, are multiplexed with INT, and
INT; or with timer 1 and timer 2, RS, and R5, are
multiplexed with the output of timers 1 and 2, R6;
to R63 are multiplexed with the I/O pins of serial
interface 2, and R6 is multiplexed with the output
of timer 3.

B 449L204 0D4A059 052 WM

R7 is an input port available as an analog input
port. R8 and R9 are 1/O ports used as standard ports
for the HD404418 and HD4074418, and as inter-
mediate voltage ports for the HD4074408.

Interrupts

INT;, INT}, INT;, INT,, INT;, INTs: Extemal
interrupt pins. INTy, INT;, INT,, INT;, INT,4, and
INTs are multiplexed with R3, R3;, R3,, R3,,
RS5y/TI;, and R5,/TI,, respectively. Refer to the
Interrupt section for details.

Serial Interface

SCKI, SCKz, Sll, Slz, SOI, SOZ: The transmit
clock 1/O pin (SCK;, SCKy), serial data input pins
(81, S1,), and serial data output pin (804, SO,) are
multiplexed with R4;, R6;, R4;, R6,, R4,, and
R6,, respectively. Refer to the Serial Interface
section for details.

Timers

Tl—l, leg TOl, TOz, T033 T_Il and TI2 are the
external input pins for timers 1 and 2, and TO; to
TO; are the output pins of timers 1 to 3. TI;, TI,,
TO;, TO,, and TO; are multiplexed with R5y/
INT,, R5,/INTs, R5,, R53, and R6, respectively.

Analog Reference Inputs

Vier» R7: The reference voltage input pin Vi
inputs the threshold voltage of the analog input
pins and is multiplexed with R4;. The analog input
pins are multiplexed with port R7.

1136 Hitachi
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HD404418 Series

Memory Map
ROM Memory Map

The MCU contains a 8,192-word x 10-bit ROM. It
is described in the following paragraphs with the
ROM memory map in figure 1.

Vector Address Area ($0000 to $000F):
Locations $0000 through $000F are reserved for
JMPL instructions to branch to the starting address
of the initialization program and of the interrupt
programs. Afier reset or an interrupt, the program
is executed from the vector address.

Zero-Page Subroutine Area ($0000 to $003F):
Locations $0000 through $003F are reserved for
subroutines. The CAL instruction executes the
branching to subroutines.

Pattern Area ($0000 to $0FFF): Locations $0000
through $0FFF are reserved for ROM data. The P
instruction can reference the ROM data as a
pattern.

Program Area ($0000 to $1FFF): Locations from
$0000 to $1FFF can be used for program code.

°m Vector address $0000 o] JMPL instruction $0000

15 $000F 1 (jump to reset routine) $0001
16 Zero-page subroutine §0010 2 JMPL instruction _| %0002
63 (64 words) $003F 3 (jump to INT, routine) $0003
64 $0o40 4 JMPL instruction _| o004

| Pattern 5 (jump to INT; routine) $0005

(4,096 words) 6 JMPL instruction _|sooos

4005 $OFFF 7] (ump to INTtimer 1 routine) | $0007
4096 $1000 81 JMPL instruction _|$o008
9| (jump to serial 1/timer 2 routine) {$0009

r Program 100 JMPL instruction | $000A
(8,192 words) 11| (ump to serial 2fimer 3 routine) | $0008

12§ JMPL instruction | $000C

8191 $1FFF 13} (jump to INT3/timer 4 routine) | $000D
8192 Not usod $2000 14 JMPL instruction | 000E
16383 $3FFF 15 (jump to INT4/INT5 routine) $000F

Figurel ROM Memory Map

1137 Hitachi
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HD404418 Series

RAM Memory Map

The MCU also contains a 512-digit x 4-bit RAM as
the data and stack area. In addition to these areas,
interrupt control bits and special function registers
are mapped on the RAM memory space. The RAM
memory map (figure 2) is described in the follow-
ing paragraphs.

Interrupt Control Bits Area ($000 to $005): The
interrupt control bits area (figure 3) is used for
interrupt control. It is accessible only by RAM bit
manipulation instructions. However, the interrupt
request flag cannot be set by software. The RSP bit
is used only to reset the stack pointer.

Special Function Registers Area ($006 to $027):
The special function registers are the mode or data
registers for the external interrupt, the serial inter-
face, and the timer/counters. These registers are
classified into three types: write-only, read-only,
and read/write as shown in figure 2. The
SEM/SEMD instruction or REM/REMD instruc-
tion is available for the mode register (SMR) and
clock register (SCR) of the serial interface, the

mode register (TMR) and output register (TOR) of
the timer, the analog mode register (AMR) and the
port mode register (PMR), and each data direction
register (DDR). The TM/TMD instruction is avail-
able for the read register. RAM bit manipulation
instructions are unavailable to other registers.

Data Area ($040 to $1FF): The 16 digits of $040
through $04F are called memory registers (MR)
and are accessible by the LAMR and XMRA
instructions (figure 4).

Stack Area ($3C0 to $3FF): Locations $3CO
through $3FF are reserved for LIFO stacks to save
the contents of the program counter (PC), status
flag (ST), and carry flag (CA) when subroutine
calls (CAL or CALL instruction) and interrupts are
processed. This area can be used as a 16-level nest-
ing stack in which one level requires 4 digits.
Figure 4 shows the save condition. The program
counter is restored by the RTN and RTNI instruc-
tions, The status and carry flags are restored only
by the RTNI instruction. This area, when not used
for a stack, is available as a data area.

1138 Hitachi

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



HD404418 Series

] $000
Interrupt control bits area
5 $005
0 $000 &[Port D DDRO (DDRO) | W |$006°2
RAM-mapped registers 7| Port D DDR1 (ODR1): W [$007°2
s $03F 8|Port D DDR2 (DDR2) | W |$008*2
64 040 9| Port D DDR3 (DDR3) : W |$009"2
79 Memory registers (MR) Sodr 10| Port R3 DDR (R3DR} | W |$00A*2
gof """t $050 11| Port R4 DDR (R4DR) | W |$00B"2
Port A5 DDR (RSDR): W |s00C*2
Port Ré DDR (R6DR): W |$00D"2
(44222“:) Port R8 DDR (RBDR) | W |$00E"2
Port R9 DDR (RODR): W | s00F*2
Serial mode register 1 (SMR1) |R/W/|$010"2.3
511 Serial clock register 1 (SCA1)' W |s011°2
512 Serial data register 1 lower (SR1L) IR/W|$012*3
056 Not used Serial data register 1 upper(SR1U) |R/W|$013"3
960 Serial mode register 2 (SMR2) 'RW|$014°2.3
Stack Serial clock register 2 (SCR2) | W |$015°2
(84 digits) Serial data register 2 lower (SR2L) !{R/W]$016*3
1023 Serial data register 2 upper(SR2U) (RW|$017°3
Timer mode register 1 (TMR1):1 W [$018*2
Timer output register 1 (TOR1) A/W/|$019*2.3
Timer 141 (TCIUTLRIL) (AW (30143
(TC1U/TLRIU) |RW|$01B°3
Timer mode register 2 (TMA2) | W [$01C*2
Timer output registor 2 (TOR2) IRW|$010°2.3
Timer 2°1 (TC2UTLR2L) \RW/|$01E*2
(TC2U/TLR2U) 'RW|$01F°3
Timer made register 3 (TMR3) | W |$020*2
Timer output register 3 (TOR3) |RW|$021°2.3
Timer " (TC3L/TLR3L) ‘FVW $022"3
{TC3U/TLR3U) AW | $023*3
Timer mode register 4 (TMR4) | W [$024°2
Analog mode register __(AMR) | W |$025*2
Port R DDR (RDR): W |$026"2
Port mode register (PMR), W [$027*2
Not used $028
$03F
26 Timer 0?1':'8:_') 1 lower E R Timer Ioag_ mﬁﬁ)ar 1 lower § w | so1A
27 Timer c(o_'t_xg:sl;)t upper i R Timer Ioa:iT&g:slﬁr‘ upper g w | so18
R Readonly 30 Timer cougtﬁr)z lower ; R Tﬁmerloagr rfg‘ésLt;erIower g w | so1
W:  Write only 0 T
RW: Read/write 31 Timer counter 2 upper 'R Timer load register 2 upper v w | sotF
(TC2U) : (TLR2V) H
34 Timer cz)_ll_lggsrua fower E R Timer Ioa(qrrl-og:i;s:)er 3 lower 1§ w | s022
35 Timer c(o;g:ur)a upper i R Timer Ioa[dTreug:iisSr 3 upper ; w | so23
Notes: 1. Two registers are mapped on the same address.
2. SEM/SEMD instruction or REWREMD i ion is available to these reg
3. TM/TMD instruction is available to these registers.

Figure 2 RAM Memory Map
M 4495204 0048062 LYU? NN 1139 Hitachi
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HD404418 Series

$000
$001
$002
$003
$004

$005

Bit 3 Bit2 Bit 1 Bit 0
0 IMO IFO RSP IE
(IM of INTp) (IF of INT) (Reset SP bit)  |(Interrupt enable flag)
1 IM2 iIF2 IM1 IF1
(IM of INT,) (IF of INT5) (IM of INT,) (IF of INT;)
2 IMS1 IFS1 IMT1 IFT1
(IM of serial 1) (IF of serial 1) (IM of timer 1) (IF of timer 1)
3 IMS2 IFS2 IMT2 IFT2
(IM of serial 2) (IF of serial 2) (IM of timer 2) (IF of timer 2)
4 IM3 IF3 IMT3 IFT3
(IM of INT3) (IF of INT3) (IM of timer 3) (IF of timer 3)
5 IM4 IF4 IMT4 IFT4
(iM of INT4/INT5) (IF of INT,/INTs) (IM of timer 4) (IF of timer 4)
IF: Interrupt request flag
IM: Interrupt mask
|IE: Interrupt enable flag
SP: Stack pointer
Note: Each bit of the interrupt control bits area is set by the SEM/SEMD instruction, reset by the
REM/REMD instruction, and tested by the TM/TMD instruction. It is not affected by other
instructions. Furthermore, the interrupt request flag is not affected by the SEM/SEMD
instruction. The value of the status flag becomes invalid when the RSP bit is tested.

Figure 3 Configuration of Interrupt Control Bits Area

Memory registers

64

MR (0) |$040 960

65

MR (1) |$041

66

MR (2) |$042

67

MR (3) |$043

68

MR (4) |$044

69

MR (5) |$045

70

MR (6) [$046

71

MR (7) |$047

72

MR (8) |$048

73

MR (9) |$049

74

MR (10) |$04A

75

MR (11) |$04B

76

MR (12) |$04C

- 77

MR (13) |$04D

78

MR (14) |$04E

79

MR (15) |$04F 1023

Status flag
Carry flag

Stack area
Level 16
Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 8
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1

$3C0

$3FF

Bit3 Bit2 Bit1  BitO
1020| ST | PCy3 | PCyz | PCyy | $3FC
1021 PCy, | PCq | PCg | PC; |$3FD
1022 CA PCs PCs PC, | $3FE
1023 PC3; | PC, | PC; | PCy |$3FF

PC,3to PCy: Program counter
ST:
CA:

Figure 4 Configuration of Memory Registers, Stack Area, and Stack Position
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HD404418 Series

Functional Description
Registers and Flags

The MCU has nine registers and two flags for CPU
operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results from
the arithmetic logic unit (ALU), and transfer data
to/from memory, I/O, and other registers.

W Register (W), X Register (X), Y Register (Y):
The 2-bit W register and the 4-bit X and Y registers
address RAM indirectly. The Y register is also used
for D-port addressing.

SPX Register (SPX), SPY Register (SPY): The 4-
bit SPX and SPY registers assist registers X and Y,
respectively.

Carry Flag (CA): The carry flag (CA) stores the
overflow from the ALU generated by an arithmetic
operation. It is also affected by the SEC, REC,

ROTL, and ROTR instructions.

During an interrupt, the carry flag is pushed onto
the stack. It is restored by the RTNI instruction, but
not by the RTN instruction.

Status Flag (ST): The status flag (ST) holds the
ALU overflow, ALU non-zero, and the results of a
bit test instruction for the arithmetic or compare
instruction. It is a branch condition of the BR,
BRL, CAL, or CALL instruction. The value for the
status flag remains unchanged until the next arith-
metic, compare, or bit test instruction is executed.
The status flag becomes a 1 after the BR, BRL,
CAL, or CALL instruction is executed or skipped.
During an interrupt, the status flag is pushed onto
the stack. It is restored back from the stack by the
RTNI instruction, but not by the RTN instruction.

Program Counter (PC): The program counter is a
14-bit binary counter to hold the ROM address.

13

()
(=

Accumulator

I

(o]
(=]

B register

-
(=)

W register

&
o

(4]

I

X register

(&)
(=]

I

Y register

)
o

w
R
x

SPX register

w
(e

SPY register

>

Carry flag

172}
0
<
Hﬂ
_‘

Status flag

PC

Program counter

EIEAENEAD

Lo _‘O

2]
o

Stack pointer

Figure 5 Registers and Flags
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HD404418 Series

Stack Pointer (SP): The stack pointer (SP) points
to the address of the next stack area for up to 16
levels. .

The stack pointer is initialized to RAM address
$3FF. It is decremented by 4 when data is pushed
onto the stack, and incremented by 4 when data is
restored from it. The stack can only be used up to
16 levels deep because the top four bits of the stack
pointer are fixed at 1111.

The stack pointer is initiatized to $3FF either by
MCU reset or by the RSP bit reset through the

REM/REMD instruction.
Reset

Setting the RESET pin high resets the MCU. At
power-on, or when cancelling the stop mode, the
reset period must satisfy tpe to stabilize the oscilla-
tor. In all other cases, at least three instruction
cycles are required to reset the MCU.

Tables 1 and 2 show the names and the statuses of
each component initialized by MCU reset.

Table 1 Initial Values after MCU Reset

items Initial Value Contents
Program counter (PC) $0000 Execute the program from the top of
ROM address
Status flag (ST) 1 Enable branching with conditional
branching instructions

Stack pointer (SP) $3FF Stack level is 0

I/Q pins, Standard pins CMOS 1 Enable input

‘r’;’;g’s‘;; s NMOS open drain 1 Enable input
Intermediate- NMOS open drain 1 Enable input
voltage pins

Interrupt Interrupt enable flag (!E) 0 Inhibit all interrupts

::?gsskand Interrupt request flag (IF) 0 No interrupt request
Interrupt mask (IM) 1 Mask interrupt request

Mode Serial mode registers (SMR1 to 2) 0000 Refer to Serial Mode Register section

Tegisters  sorial ciock registers (SCR1 1o 2) 000 Refer to Serial Clock Register saction
Timer mode registers 1to 3 0000 Refer to Timer Mode Registers 1 to 3
(TMR1 to 3) section
Timer output registers 1 to 3 0000 Refer to Timer Output Register section
(TOR1to 3)
Timer mode register 4 (TMR4) 0000 Refer to Timer Mode Register 4 section
Analog mode register (AMR) 0000 Refer to Analog Mode Register section
Port mode register (PMR) 0000 Refer to Port Mode Register section
Data direction registers 0000 Refer to Data Direction Register
(DDRO to 3, R3DR to R9DR, RDR) section

Timer/ Prescaler $000

:2:;:}9'8' Timer counter 4 (TC4) $00

interface  Timer counters 1 to 3 (TC1 to 3) $00
Timer load registers 1 to 3 (TLR1to 3) $00
Octal counter 000
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Table 2 Initial Values after Mode Cancellation by MCU Reset

After MCU Reset to Recover After MCU Reset to Recover

Item Abbr from Stop Mode from Other Modes

Carry flag (CA) The contents of the items just  The contents of the items just

Accumulator (A) before MCU reset are not before MCU reset are not

- assured. assured.

B register (B) It is necessary to initialize It is necessary to initialize

W register (W) them by software again. them by software again.

X/SPX register (X/SPX)

Y/SPX register (Y/SPY)

Serial data registers 1 to 2 (SR1 to SR2)

RAM The contents of RAM before The contents of RAM just
MCU reset (just STOP before MCU reset are not
instruction) are retained. assured. It is necessary to

initialize them by software
again.
M 4495204 O0O480bLL 292 W 1143 Hitachi
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Interrupts

The MCU can be interrupted by 12 different
sources: external signals (INTg, INT,, INT,, INT;,
INT,, and INT5), timers (timers 1, 2, 3, and 4), and
serial interfaces (serial 1 and serial 2).

Each interrupt source provides an interrupt request
flag and interrupt mask (INT, and INT5 provide a
common interrupt request flag and interrupt mask)
to hold or control interrupt requests. An interrupt
enable flag is available for controlling the total
interrupt operation. Note that INT, and timer 1,
serial 1 and timer 2, serial 2 and timer 3, INT4 and
timer 4 use common vector addresses, respectively.
Therefore, the interrupt requests must be checked
by software initially in the interrupt processing
routine.

Interrupt Control Bits Area and Interrupt
Servicing: The interrupt control bits area is
mapped on $000 through $005 of the RAM space.
They are accessible by RAM bit manipulation
instructions. The interrupt request flag (IF) cannot
be set by software. The interrupt enable flag (IE)
and IF are cleared to 0, and the interrupt mask (IM)
is set to 1 after MCU reset.

Figure 6 is a block diagram of the interrupt control
circuit. Table 3 shows the interrupt priority and
vector addresses, and table 4 shows the interrupt
conditions corresponding to each interrupt source.

An interrupt request is generated when the IF is set
to 1 and IM is 0. If the IE is 1 at this time, the inter-
rupt will be activated and vector addresses will be
generated from the priority PLA corresponding to
the interrupt sources.

Figure 7 shows the interrupt sequence, and figure 8
shows the interrupt processing flowchart. If an
interrupt is requested, the instruction being execut-
ed finishes in the first cycle. The IE is reset in the
second cycle. In the second and third cycles, the
carry flag, status flag, and program counter are
pushed onto the stack. In the third cycle, the execu-
tion of an instruction starts after jumping to the
vector address.

At each vector address, program the JMPL instruc-
tion to branch to the starting address of the inter-
rupt program. The IF, which caused the interrupt,
must be reset by software in the interrupt program.

Table 3 Vector Addresses and Interrupt Priority

Reset/Interrupt Priority Vector Addresses
RESET —_ $0000
INT, 1 $0002
INT, 2 $0004
INT/timer 1 3 $0006
Serial t/timer 2 4 $0008
Serial 2/timer 3 5 $000A
INT3/timer 4 6 $000C
INT/INT 7 $000E

1144 Hitachi
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$000.0 Sequence control
Interrupt ) * Push PC/CA/ST
enable EIL D_ * Reset IE
E « Jump 1o vector address
AN ~
E—
| . Vector
Priority control | . address
logic
INT, Serial 2
Timer 1
Serial 1
Timer 2
Figure 6 Interrupt Control Circuit Block Diagram
B 449L204 00480LA 0OL5 HN 1145 Hitachi
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Table 4 Interrupt Conditions

INT,/ Serial 1/  Serial 2/  INTy/ INTy/
Interrupt Control Bit INTp INT, Timer 1 Timer 2 Timer3 Timerd4 INTs
IE 1 1 1 1 1 1 1
IFO - TMO 1 0 0 0 0 0 0
IFt - TMT * 1 0 0 0 0 0
IF2 - iM2 * * 1/% 0 0 0 0
IFT1 - IMT1 * * */1 0 0 0 0
IFS1 - IMS1 * * * 17% 0 0 0
IFT2 - TMT2 * * * *1 0 0 0
IFS2 - IMS2 * * * * 17+ 0 0
IFT3 - IMT3 * * * * *N 0 0
IF3 - M3 * * * * * 1/ 0
IFT4 - MT4 * * ® * * */1 0
IF4 - M3 * * * * * * 1
Note: * Don't care
Instruction 1 2 3 4 5 6
cycles
] 1 1 1 ]
J 1 I ) I
Instruction
execution
Interrupt Stacking; vegg:o:é%?;ess
accepted reset of IE is generated
JMPL instruction execution
on the vector address
Instruction
execution at
starting address
of the interrupt
routine
Figure 7 Interrupt Processing Sequence
B 4495204 0048069 TT, 1146 Hitachi
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Power on

RESET = 1?
Yes
Interrupt Yes
request?
No N
o IE = 17
Yes
Reset MCU Execute instruction Accept interrupt
PC « (PC) + 1 IEeo0
Stack « (PC)
Stack « (CA)
Stack « (ST)

Yes INT,

ret—| PC « $0002 interrupt?

No

Yes T

1
PC « $0004 interrupt?

No

Yes INT/
PC « $0006 timer 1
interrupt?

No

Yes Serial 1/
e PC « $0008 timer 2
interrupt?

No

Yeos Serial 2/
| PC « $000A timer 3
interrupt?

No

Yes INTy/
ret—| PC « $000C timer 4

interrupt?
No

-] PC « $000E

(INT/INT; interrupt)

Figure 8 Interrupt Processing Flowchart
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Interrupt Enable Flag (IE: $000, Bit 0): The
interrupt enable flag enables/disables interrupt
requests as shown in table 5. It is reset by an inter-
rupt and set by the RTNI instruction.

External Interrupts (INTg, INT, INT,, INTj,
INT,, INTs): External interrupt request flags are
set at the falling edge of INT,, INT;, and INT,
inputs or the rising edge of INT,, INT;, and INT5
inputs.

When using INT, to INT;, select the external inter-
rupt input by setting the appropriate bit of the port
mode register (PMR: $027). When the port mode
register has been reset, external interrupt input
signals are masked to ignore external interrupt
requests.

When using INT, and INTs, set the external inter-
rupt enable bit of the timer output register (TOR1:
$019, TOR2: $01D). Then the data direction regis-
ters of the corresponding pins are automatically
reset to receive the external interrupt input signals.
When the interrupt enable bit has been reset, the
external interrupt input signal and external interrupt
request will be ignored.

Note that INT, and INT5 use a common external
interrupt request flag. Therefore, when using these
pins, use one external interrupt input pin, or check
the interrupt by software before starting the
processing.

External Interrupt Request Flags (IF0: $000, Bit
2; IF1: $001, Bit 0; IF2: $001, Bit 2; IF3: $004,
Bit 2; IF4: $005, Bit 2): IF0 and IF1 are set at the
falling edge of INT, and INT, inputs, respectively
(table 6).

IF2 and IF3 are set at the rising edge of INT, and
INTj, respectively.

IF4 is set at the falling edge of INT, or at the rising
edge of INTs.

External Interrupt Masks (IMO: $000, Bit 3;
IM1: $001, Bit 1; IM2: $001, Bit 3; IM3: $004,
Bit 3; IM4: $005, Bit 3): These bits mask the
interrupt request generated by the external interrupt
request flags (table 7).

Timer Interrupt Request Flags (IFT1: $002,
Bit 0; IFT2: $003, Bit 0; IFT3: $004, Bit 0;
IFT4: $005, Bit 0): The timer interrupt request
flags are set by the overflow output of timers 1 to
4. When timers 1 to 3 select the PWM operation,
the overflow output does not set the interrupt
request flag. When timer 4 is selected as the watch-
dog timer, the overflow output resets the MCU.
Therefore, the timer interrupt request flag is not set
by the overflow output (table 8).

Timer Interrupt Masks (IMT1: $002, Bit 1;
IMT2: $003, Bit 1; IMT3: $004, Bit 1; IMT4:
$005, Bit 1): The timer interrupt masks mask the
occurrence of an interrupt request generated by
timers 1 to 4 interrupt request flags (table 9).

Serial Interrupt Request Flags (IFS1: $002, Bit
2; IFS2: $003, Bit 2): The serial interrupt request
flags are set when the octal counter counts eight
transmit clocks, or when the data transfer is sus-
pended, then the octal counter is reset (table 10).

Serial Interrupt Masks (IMS1: $002, Bit 3;
IMS2: $003, Bit 3): The serial interrupt masks
mask the interrupt request which the serial interrupt
request flag generates (table 11).
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Table 5 Interrupt Enable Flag Table 9 Timer Interrupt Masks
iIE Interrupt Enable/Disable IMT1, IMT2,
0 Disable IMT3, IMT4 Interrupt Request
1 Enable 0 Enabled
1 Disabled (masked)

Table 6 External Interrupt Request Flags
Table 10 Serial Interrupt Request Flags

IFO, IF1, IF2,

IF3, IF4 Interrupt Request IFS1, IFS2 Interrupt Request
0 No 0 No

1 Yes 1 Yes

Table 7 External Interrupt Masks Table 11 Serial Interrupt Masks
IMO, IM1, IM2, IMS1, IMS2 Interrupt Request
IM3, IM4 Interrupt Request 0 Enabled

0 Enabled 1 Disabled (masked)
1 Disabled (masked)

Table 8 Timer Interrupt Request Flags

IFT1, IFT2,

IFT3, IFT4 Interrupt Request
0 No

1 Yes

B 4495204 004A072 59 N 1149 Hitachi
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Operation Modes

The MCU has two low-power dissipation modes:
standby mode and stop mode (table 12). Figure 9is
a mode transition diagram of these modes.

Standby Mode: Executing the SBY instruction
places the MCU into standby mode. In standby
mode, the oscillator circuit is active, and interrupts,

timer/counters, and serial interfaces remain work-
ing. On the other hand, the CPU stops since the
clock related to the instruction execution stops.
Registers, RAM, and I/O pins retain the states they
were in just before the MCU went into standby
mode.

Table 12 Low-Power Dissipation Mode Functions

Condition
Timer/

Low-Power Input/ Counters,
Dissipation Oscillator Instruction Registers, Interrupt Output Serial Cancellation
Mode instruction Circuit Execution Flags Function RAM Pins interfaces Method
Standby SBY Active Stop Retained  Active Retained Retained*2 Active RESET
mode instruction input,

interrupt

request
Stopmode  STOP Stop Stop Reset*! Stop Retained High Stop RESET

instruction impedance input

Notes: 1. The MCU recovers from the stop mode by RESET input. Refer to tables 1 and 2 for the contents of the flags and

registers.

2. If an I/O circuit is active, an /O current may flow, depending on the state of the I/O pin in standby mede. This is the
additional current to the current dissipation in standby mode.

SBY
instruction

interrupt
request

Standby

mode RESET = 1

RESET =1

STOP
instruction

RESET =0

RESET =1

Figure 9 MCU Operation Mode Transition
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The standby mode may be cancelled by inputting
RESET or by asserting an interrupt request. In the
former case the MCU is reset. In the latter case, the
MCU becomes active and executes the next
instruction following the SBY instruction. If the
interrupt enable flag is 1 when an interrupt request
is asserted, the interrupt is executed; if it is 0, the
interrupt request is put on hold and normal instruc-
tion execution continues.

Figure 10 shows the flowchart of the standby
mode.

Stop Mode: Executing the STOP instruction brings
the MCU into stop mode, in which the oscillator
circuit and every function of the MCU stop.

The stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 11, the reset
input must be applied for at least tpc to stabilize
oscillation, (Refer to the AC Characteristics table.)
After stop mode is cancelled, the RAM retains the
state it was in just before the MCU went into stop
mode, but the accumulator, registers B, W, X/SPX,
and Y/SPY, carry flag, and serial data register do
not retain their contents.

Standby

+ Oscillator: Active
* Peripheral clocks: Active
= All other clocks: Stop

Reset
processor docks

Execute
LR"“MCU I [ instruction

Execute

next instruction

Yes
Accept interrupt

Figure 10 MCU Operating Flowchart in Standby Mode

B 4496204 0048074 369 WM
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L Stop mode |
= -1

Oscillator Tm‘ H l ”” H‘ [“ Hl”
£C

7

£

/I
Internal clockM " KUJM”_U“ ﬂ H ﬂ__ﬂ ﬂ
7

RESET « |
) ‘
tres I
STOP instruction tres = trc (stabilization time)
execution

Figure 11 Timing of Stop Mode Cancellation
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The low-power mode operation sequence is shown the following instruction is executed. Before exe-
in figure 12. With the IE flag cleared and an inter- cuting a STOP/SBY instruction, make sure all
rupt flag set together with its interrupt mask interrupt flags are cleared or all interrupts are
cleared, if a STOP/SBY instruction is executed, the masked.

instruction is cancelled (regarded as an NOP) and

Low-power mode
operation cycle

Yes
Standby mode Stop mode
Hardware NOP Hardware NOP
execution execution
PC « Next PC « Next
location location
Instruction
execution

MCU operation
cycle

Figure 12 MCU Operating Sequence (Low-Power Mode Operation)
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Internal Oscillator Circuit

Figure 13 outlines the internal oscillator circuit. A select the type. In addition, see figure 14 for the
crystal oscillator or ceramic oscillator can be  layoutof the crystal or ceramic oscillator.
selected as the oscillator type. Refer to table 13 to

Table 13 Examples of Oscillator Circuits

Circuit Configuration Circuit Constants

External clock Oscillator
ration
ope 0SCy
Open — OSC>

Ceramic C: — Ceramic oscillator
oscillator Nl OSCy CSAB8.00MT (Murata)

Ceramic

oscillator ; SR Ry 1MQ +20%

‘1’ T C,: 30 pF +20%
; 0SC. C,: 30 pF £20%
Cz L
GND

Crystal Oscillator (o — R¢ 1MQ +20%

Crveta } L OSC1 C4: 10 pF to 22 pF + 20%

rystal Ssa Cp: 10 pF to 22 pF + 20%
T7 Crystal: Equivalent circuit shown
} 0SC, at bottom left
Cz R Cp: 7 pF max.
GND Rg: 100 max.
AT-cut paralel f: 1.0 MHz to 9.0 MHz

resenance crystal

osc,«{ L C; Rs }-—osc2

Co

Notes: 1. Since the circuit constant changes according to the crystal or ceramic resonator and stray
capacitance of the board, consult with the crystal or ceramic oscillator manufacturer to determine
the circuit parameters.

2. Wiring among OSC,, OSC,, and elements should be as short as possible, and never cross other
wiring. Refer to figure 14.

0s¢: & 1/8
0sC, &)

Timing
Oscillator divider generator —— gﬁfm
circuit circuit

Figure 13 Internal Oscillator Circuit

B 4y9L204 0044077 078 HE 1154 Hitachi
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TEST
=er = MR

Figure 14 Typical Layout of Crystal and Ceramic Oscillator
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Input/Output

The MCU provides 58 1/O pins. Each port provides
a data direction register (DDR). Each bit of ports
D, R3, R4, RS, R6, R8, and R9 can be individually
programmed as input or as output. Ports RO, R1,
R2, and RA can be individually programmed as
input or as output. Port R7 is a 4-bit input-only
port.

D Port: The D port consists of 16 high-current I/O
pins. Each bit of port D can be individually pro-
grammed as input or output by the D-port data
direction registers (DDRO to DDR3) (0 = input, 1 =
output). Port D becomes an input port at MCU
reset. Port D can be set/reset by the SED/RED and
SEDD/REDD instructions, and tested by the
TD/TDD instruction. The data direction register
can be set or reset either by the SEM/REM instruc-
tion or SEMD/REMD instruction.

R Port: Ports RO to R9 are 4-bit I/O ports. Port RA
is a 2-bit 1/O port.

Ports RO, R1, and R2: 4-bit I/O ports. Each port can
be individually programmed as input or output by
the R-port data direction registers (RDR) (0 =
input, 1 = output). Ports RO, R1, and R2 become
input ports at MCU reset. These ports receive data
by the LAR/LBR instruction and transmit data by
the LRA/LRB instruction. A data direction register
can be set/reset either by the SEM/REM instruction
or SEMD/REMD instruction.

Port R3: A 4-bit I/O port. Each bit of port R3 can
be individually programmed as input or output by
the R3-port data direction register (R3DR) (0 =
input, 1 = output). Port R3 becomes an input port at
MCU reset.

Note that port R3 is multiplexed with the external
interrupt input pins (INTy, INT;, INT,, and INT3).
These pins can be used as interrupt input pins when
the data direction register of the appropriate bit is
automatically reset with an interrupt enable bit of
the port mode register (PMR) being set.

Port R3 receives data by the LAR/LBR instruction,
and transmits data by the LRA/LRB instruction.
The data direction register can be set/reset either
by the SEM/REM instruction or SEMD/REMD
instruction.

Port R4: A 4-bit 1/O port. Each bit of port R4 can
be individually programmed as input or output by
the R4-port data direction register (R4DR) (0 =
input, 1 = output). Port R4 becomes an input port at
MCU reset.

Note that pins R4g, R4;, and R4, of port R4 are
multiplexed with SCK;, SI;, and SO; of serial
interface 1, respectively. R4; is multiplexed with
the reference voltage input (Vo) for comparator
input.

Port R4 receives data by the LAR/LBR instruction,
and transmits data by the LRA/LRB instruction.
The data direction register can be set/reset either
by the SEM/REM instruction or SEMD/REMD
instruction.

Port R5: A 4-bit 1/O port. Each bit of port RS can
be individually programmed as input or output by
the R5-port data direction register (RSDR) (0 =
input, 1 = output). Port RS becomes an input port at
MCU reset.

Note that port R5 is multiplexed with the external
interrupts (INT,, INT5), timer inputs (TT;, Tl,), and
timer outputs (TO,, TO,). TI; and TI, become
clock input pins when a timer is used as an event
counter. TO; and TO, become clock output pins of
timers 1 and 2, respectively. These pins output
clocks (with appropriate cycles) and PWM output
signals through the use of the reload function.

Port R5 receives data by the LAR/LBR instruction,
and transmits data by the LRA/LRB instruction.
The data direction register can be set/reset by the
SEM/REM instruction or SEMD/REMD instruc-
tion.

Port R6: A 4-bit 1/O port. Each bit of port R6 can
be individually programmed as input or output by
programming the R6-port data direction register
(R6DR) (0 = input, 1 = output). Port R6 becomes
an input port at MCU reset.

R6; is multiplexed with TO3. R6;, R6,, and R63
are multiplexed with SCKj, SI,, and SO, of serial
interface 2, respectively.

Port R6 receives data by the LAR/LBR instruction,
and transmits data by the LRA/LRB instruction.

1156 Hitachi
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The data direction register can be setfreset by the
SEM/REM instruction or SEMD/REMD instruc-
tion,

Port R7 (analog input port): A 4-bit port which
provides the digital input and analog input opera-
tion modes. These modes are available to each bit
by programming the analog mode register (AMR).

In the digital input mode, port R7 is available as an
input-only port with characteristics equivalent to
other 1/O ports. In the analog input mode, port R7
reads the comparison result between the reference
voltage which is input by R43/V ¢ and the input
voltage of the port, as input data.

In the analog input mode, direct current constantly
flows in the analog comparator to assure its charac-
teristics. Thus the MCU consumes power in the
analog input mode. The power consumption cannot
be reduced even with the reduction of the operation
cycle. Therefore, you should not use port R7 in the
analog input mode, except when an analog compar-
ison is required. In this case, 2 instruction cycles
are required after R7 goes into the analog input
mode until the analog comparator is stabilized to
read the precise data. Therefore, read the data at
least 2 instruction cycles after placing R7 into the
analog input mode. The analog comparator holds
its state in the standby mode, but stops operating in
the stop mode.

Ports R8 and R9: 4-bit I/O ports. These ports are
standard 1/O ports for the HD404418 and
HD4074418, and intermediate-voltage ports, which
can apply 128-V maximum voltage for the
HD4074408.

I/O direction is specified by the R8-port data direc-
tion register (R8DR) and R9-port data direction
register (RO9DR) on a bit basis (0 = input, 1 =
output). Ports 8 and 9 become inputs at reset since
the registers are cleared by reset input.

Ports R8 and R9 receive data by the LAR/LBR
instruction, and transmit data by the LRA/LRB
instruction. The data direction register can be
setreset by the SEM/REM instruction or
SEMD/REMD instruction.

Port RA: A 2-bit I/O port. Port RA can be pro-
grammed as input or output by the R-port data
direction register (RDR)(0 = input, 1 = output). The

RDR is cleared at MCU reset, then becomes an
input port.

Port RA receives data by the LAR/LBR instruction,
and transmits data by the LRA/LRB instruction.
The data direction register can be set/reset by the
SEM/REM instruction or SEMD/REMD instruc-
tion.

Data Direction Register ($006 to $00F, $026):
The 4-bit write-only data direction registers (DDRO
to DDR3, RDR, R3DR to R9DRY) (table 14) control
the input/output selection of the I/O port. Each bit
of ports D, R3 to R6, R8, and R9 can be individual-
ly programmed as input or output by the DDR for
each bit.

Ports RO to R2 and RA can be individually pro-
grammed as input or output by the DDR for each
port.

When functioning as an input port, each port reads
data from the pins. When functioning as an output
port, each port reads data from the data register.
Thus, the MCU reads the transmitted data precisely
even when the output is changing.

Each DDR is reset to 0 at MCU reset. Then each
port becomes an input port immediately after MCU
reset. To use as an output port, set the DDR to 1 in
the initialization routine of the program.

D Port Data Direction Registers (DDRO: $006,
DDR1: $007, DDR2: $008, DDR3: $009): Each
bit of the D port can be individually programmed
as an input or output port. The D port becomes an
input port at MCU reset (figure 15).

R Port Direction Register (RDR: $026): Ports
RO, RI, R2, and RA can be individually pro-
grammed as input or output. When reset, each port
becomes an input port (figure 16).

R3 to R9 Ports Data Direction Registers (R3DR:
$00A, R4DR: $00B, R5DR: $00C, R6DR: $00D,
R8DR: $00E, R9DR: $00F): Each bit of ports R3
to RY can be individually programmed as an input
port. Each port becomes an input at MCU reset
(figure 17).

/O Circuit Configuration: The basic port I/O cir-
cuit type is CMOS. (R7 is an input circuit, and RA
is an NMOS open-drain I/O circuit.) See table 15.
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Ports 8 and ‘9 are CMOS /O circuits for the
HD404418 and HD4074418, and NMOS open-
drain I/O circuits for the HD4074408.

The direction of any type of 1/O pin can be con-
trolled by the data direction register.

To prevent floating input pins on the HD404418, a
pull-up MOS can be attached to the 1/O circuits
(DO to D15 and RO to R6) via the mask option. It
can be selected for any pin. For the HD4074418
and HD4074408, all circuits are specified as with-
out pull-up MOS. See figures 18 to 20 for the
circuit configurations.

Table 14 Data Direction Register (DDR)

DDR Port Condition
0 Input port (output buffer off}
1 Output port (output buffer on)
3 2 1 0 3 2 1 0

DDRO | Dy Dz Dy Do
($006)

DDR1 | D, Dg Ds D4

($007) | DDR | DDR | DDR | DDR
DDR2 | Dy, Dio Dg Dg
($008) | ODR | DDR | DDR | DDR

DDR3 [ D45 | Dyg | D1z | D2
($009) DDR | DDR | DDR

Figure 15 D Port Data Direction Registers

3 2 1 0

RDR [ RA R2 R1 RO
($026) | DDR | DDR | DDR | DDR

R3DR [ R3; | R3, | R3, R3,
($00A) | DDR | DDR | DDR | DDR

R4DR [ R4; | R4y | R4y | Rdg
($00B) | DDR | DDR | DDR | DDR

R5DR | RS5; R5, | R5, R5q
($00C)| DDR | DDR | DDR | DDR

RE6DR | R63 | R6; | R6y | R6g
($00D) | DDR | DDR | DDR | DDR

R8DR | R8; | R8, | R8; | R8g
($00E) | DDR | DDR | DDR | DDR

ReDR [ R9; | R9, | Roy R9g
($00F) | DDR | DDR | DDR | DDR

Figure 16 R Port Data Direction Register

B 4u9L204 0048081 579 |

Figure 17 R3 to R9 Port Data Direction
Registers
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HD404418 Series

Table 15 1/O Pin Circuit Types

Applied Pins
VO Pins Clreuit HDA404418  HD4074418 HDA4074408
Standard VO pins \ ianal Dg to Dy5* Do to Dyg Dy to D45
pins - high- PR utdaa ROgto RO3* ROgto ROz RO, to ROy
current > mputdata | R1ot0 R13"  RigtoR1;  Ripto i,

pins R2,to R23* R2,t0R2; A2, to R2,
R3; to R3;* R34 to R3; R3, to R3;
R4, to R4,* Rd4gtoR4; R4gto R45
R5,to R5;* RSotoRS; RS to RS,
R6ot0 R63* RE,to R6;  R6, to RB,
R8j to R8; R8y to R8,

Rgo to R93 RQO to Hga

Input signal Do to Dys*

d:) Input data RO to R0,*
Vee v R1qto R15
ce A2, to R2;*
R3;, to R3,*
Rdg to R4g*
R5, to R5,*
Output data R6, to R63*
(with pull-up MOS)
Input signal RAg, RA, RAq, RA, RAq, RA,

Input data

I
o)
o]
re
o
4
X

5CK.* 5CK,
]'/M SCK; (external) Kz Kz SCKz
Vee SCK; (external)
HLT
SCK; internal clock enable
SCK; internal clock enable
SCK, (internal)
SCK; (internal)
SCK;*
SCKZ‘
SCK, (external)

SCK; (external)

N
Veo Lt
cc
}J s gl
SCK; internal clock enable

SCK; internal clock enable
SCK, (internal)
SCK; (internal)

{with pull-up MOS)

M 449,204 0048082 435 WA 1159 Hitachi
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HD404418 Series

Table 15 I/O Pin Circuit Types (cont)

Applied Pins
VO Pins Circuit HD404418  HDA4074418 HD4074408
Standard  Input Input signal R74t0 R73 R7,t0R73 R7gtoR7;
pins pins F Digital input data
+ Analog input data
me -
INTg, INT,*  INT,, INT;  INT, INT
o INT,, INT3*  INT,, INTz  INT,, INTy
INT,, INT,, INT, INT,, INTs*  INT,, INTs  INT,, INTs
C—D———— N N, Th, Tip* Th, Tl Thy, Thy
Th, Tly, Sk, Sl Sy, Slp* Sly, Sy Sly, Shp
v INT,, INT,*
cc o INT,, INT3:
|—o<- HL iNTg, INT;. INT, INT,. INTs
INTy, iNT,, INTS, T Tho?
Th, Tly, Sy, Sl Sly, Slg
{with pull-up MOS)
Output Vee S0,, SO, SO, SO, S0, SO,
pins HLT TO1 » T02, TO1 N TOZ' TO1 ’ TOZ'
8Cl,, SCK; transmit TO3 TO3 TO;
Enable, timers 1 to 3
output enable
Soh Soz
TO,, TO,, TOg
Inter- /O pins Input signal R8, to R83
mediate- "I putcata RY, to RY;
voltage U
pins o<}— HLT

Output data

Notes: 1. Either without pull-up MOS or with pull-up MOS can be specified for each pin via the mask option. (Circuit with

pull-up MOS is provided only for the HD404418.)

2, ALT becomes 0 in stop mode, the /O pins and output pins go to in high impedance, and all pull-up MOSs turn

off.

3. When bit 2 of both serial clock registers are 1, pins R4o/SCK, and R63/SCK;, become SCK; and SCK; outputs,

respectively, when SCK; and SCK; internal ¢l
registers in transmit clock output mode. The pins become SCK; and SCK; outputs when SCK; and SCK;
internal clock signals are set to 1 by placing the serial clock registers in transmit clock input mode.

jock enable signals are set to 0 by placing the serial clock

—_— 4. When serial 1 and 2 are set to transmit or transmit/receive mode, the serial 1 and 2 transmit enable signal

B yu9L20u4 0O4a083 371 WM

becomes 1, then SO; and SO, pins become outputs. Pins TO, to TO; become output if the timer output
registers 1 to 3 are set to timer output state or PWM active state.

1160 Hitachi
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HD404418 Series

Nt
Input buffer Vee
MPX
~—q__ P Fig“Pull-up MOS
§ 4\’ /O circuit ted
S PDR @ri
B (1 bit) ' & Pin
©
£
Q
£ DDB A {7777 indicates mask option
(1 bit) i-..c.d (for HD404418 only)
HLT
N/
Figure 18 Ports D, R3 to R6, R8, and R9 Configuration
e input buffer
<
J
N MPX Vee
<] (4 bits) i _Pull-up MOS
£ "] o B e
E-1 KO circuit Pins
8 N
>
g PDR u -
D
£ (4 bits) . ®
T— —®
DDB A Femmey » indicates mask option
1 bit) i--...i (for HD404418 only)
N HLT
Figure 19 Ports RO to R2 and RA Configuration
M
Input buffer
] MPX —Q) Pin
al <] (1 bit
§ Analog
= comparator
§
E AR - Vit (cOMmMon)
(1 bit)
N
Figure 20 Port R7 Configuration
M u449L204 0OOus0ayY =204 WH 1161 Hitachi
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HD404418 Series

Pin Function Control: Several pins are multi-
plexed with the timer or serial interface 1/O pins.
The functions of these pins are controlled by the
corresponding mode registers.

Port Mode Register (PMR: $027): The port mode
register is a 4-bit write-only register which controls
pins R30/IN—T0, R31/H_\I—T,, R32/INT2, and R3/INT3,
as shown in table 16. The port mode register is
initialized to $0 by MCU reset. These pins are
therefore initially used as ports.

IFQ or IF1 is set if R3¢/INTg or R3,/INT; is low
when bit 0 or bit 1 of the port mode register is set.
IF2 or IF3 is set if R3;/INT, or R3,/INT; is high
when bit 2 or bit 3 of the port mode register is set.

Keep these points in mind when using external
interrupts.

Analog Mode Register (AMR: $025): The analog
mode register is a 4-bit write-only register, Each bit
controls the operation modes of pin R7; to R7;
inputs (table 16). The data direction register of the
R4; pin is automatically reset when the analog
input mode is selected by setting a bit of the analog
mode register. The analog comparator then receives
the reference voltage (V p) of the analog input.

Note that all bits of the analog mode register are
initialized to 0 at MCU reset. Thus, pins R7g to R73
go into the digital input mode at MCU reset.

Table 16 Pin Function Control

PMR (Port Mode Register: $027)

SMR1 (Serial Mode Register 1: $010)

Bit 3 Bit 2 Bit 1 Bit 0 Bit 2 Bit 1 Bit0
Pin R34/INT; R3,/INT, R3yiINT; R3yiNT,  Pin R4¢/SCK;  R4,/Sl R4,/S0;4
Bit=0 R3; R3, R34 R3, Bit=0 R4, R4, Rd»
Bit=1 INT3 INT, INT, INT, Bit=1 §CK, sl S0,
AMR (Analog Mode Register: $025) SMR2 (Serial Mode Register 2: $014)

Bit3 Bit 2 Bit 1 Bit0 Bit 2 Bit 1 Bit0
Pin R73 R7, R7, R7g Pin R6ySCK, R6ySl;  R64/SO,
Bit=0 Digital Digital Digital  Digital Bit=0 R64 R6, R86,
Bit=1 Analog Analog Analog Analog Bit = 1 SCK, S, SO,
AMR (Analog Mode Register: $025)
Bit3t0 0 R43/V et
0000 R4
not0 000 VCies
I u449L204 0048085 L4y WN 1162 Hitachi
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HD404418 Series

Serial Mode Registers (SMR1: $010, SMR2:
$014): The serial mode registers are 4-bit
read/write registers which control pins R4¢/SCK;,
R63/SCKy, R4,/SI;, R6,/Sl,, R4,/SO,, and
R6,/SO;, as shown in table 16. For details, refer to
the Serial Interface section.

Timer Mode Registers (TMR1: $018, TMR2:
$01C): The timer mode registers are 4-bit write-
only registers which control pins R5¢/INT,/TT; and
R5,/INTs/TI, as shown in table 16. For details,
refer to the Timer section.

Timer Output Registers (TOR1: $019, TOR2:
$01D, TOR3: $021): The timer output registers are
4-bit _read/write registers which control pins
R5¢INT,/TT;, RS5;/INTs/Tly, RS,/TO;, R53/TO,,

and R6y/TO;, as shown in table 16. For details
refer to the Timer section.

1

Unused 1/0 Pins: If unused 1/O pins are left float-
ing, the LSI may malfunction because of noise. To
prevent this, the unused pins should be dealt with
as follows:
Standard I/O pins:  Pull up to V¢ through a
resistor of about 100 kQ.
Standard input pins: Connect to V.
Intermediate-voltage
pins: Connect to GND.

Unused pins must retain the state of reset in the

program. The program should not change DDR and
register values.

Table 16 Pin Function Control (cont)

TMR1 (Timer Mode Register 1: $018)
Bits2to 0

TOR2 (Timer Output Register 2: $01D)

R5y/INT /T, Bit3 R5,/INT5/Tl,
not111 R54/INT, ] R54/Tl,
111 Th 1 INT;
TMR2 (Timer Mode Register 2: $01C) Bit
Bits 2t0 0 R5,/INT5/Tl, 2 1 0 R53/TO,
not111 R5,/INT5 0 0 0 R5,4
111 T 0 0 1 TO,
0 1 0
TOR1 (Timer Output Register 1: $019) 0 9 q
Bit3 R5y/INTy/TI, 1 % %
0 R5,/Tly
1 iNT, TORS3 (Timer Output Register 3: $021)
Bit
Bit 2 1 0 R6o/TO;
2 1 0 R5,/TO, 0 0 0 R6,
0 0 0 R5, 0 0 1 TO;5
0 0 1 TO, 0 1 0
0 1 0 0 1 1
0 1 1 1 x X
1 X X

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght
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HD404418 Series

Timers

The MCU contains a prescaler and 4 timer/counters
(timers 1 to 4). Figures 21 and 22 show their block
diagrams.

Timers 1 to 3 are versatile timer/counters providing
the following functions: free-running timers, reload
timer/counters, and a pulse width modulation
(PWM) circuit. These functions are controllable by
software. Each timer provides a timer output pin
which permits the MCU to transmit the clock sig-
nal with an appropriate cycle in combination with
the reload function and the PWM output. Timer 4
is a free-running timer which is also available as a
watchdog timer (WDT) provided with a hardware
reset function selectable by the mask option.

Prescaler: The input clock to the prescaler is the
system clock signal. The prescaler is initialized to
$000 at MCU reset, then it starts to count up by the
system clock. The prescaler keeps counting up
except at MCU reset and stop mode, Prescaler
outputs provide timer input clocks and serial inter-
face transmit clocks. Their divide ratios can be
selected by the timer mode registers (TMRI,
TMR4), and the serial clock registers (SCRI,
SCR?2), respectively.

Timers 1, 2, and 3 Operation: Timers 1 to 3 are
versatile timers provided with the following func-
tions: free-running timers, event counters, reload
timers, and a PWM circuit. The functions are
controllable by software and selectable by the timer
mode registers (TMR1, TMR2, TMR3) and the
timer output registers (TOR1, TOR2, TOR3) for
each timer.

The timer counters (TC1 to TC3) count up with
every input clock after they have been initialized at
MCU reset. When used as timer counters, the clock
divided by the prescaler is available as an input
clock. When used as an event counter, an external
clock is available. When selecting an external clock
input, an interrupt enable bit in the timer output
register must be reset in order to disable the exter-
nal interrupt (timer 3 does not have an external
clock input).

The timer interrupt request flags (IFT1, IFT2,
IFT3) are set with the input clock after the timer
counter has become $FF. When the auto-reload

function is not selected, timers 1 to 3 become free-
running timer/event counters, and restart counting
up after they have been reinitialized to $00. When
the auto-reload function is selected, timers 1 to 3
become reload timers, and the data in the timer
load registers (TLIR, TL2R, TL3R) are reloaded
into the timer counter with the input clock after the
timer counter reaches $FF. Then timers 1 to 3 start
counting up.

Timers 1 to 3 also provide a timer output circuit,
which affects the output level when the input clock
is applied after the timer counter has become $FF.
This circuit can transmit a clock signal (with an
appropriate cycle) in combination with the reload
timer. If the PWM function is selected by the timer
output register, PWM output is available. The
PWM output transmits high during the clock cycle
specified in the timer load register (1 cycle = 1
timer input clock x 256), and transmits low other-
wise. To obtain a voltage level in proportion to the
timer load register value, combine the PWM output
with a low-pass filter.

Timer 4 Operation: Timer 4 is an 8-bit free-
running/watchdog timer. When timer 4 is used as a
free-running timer, 8 clocks divided by the
prescaler can be selected as input clocks. Timer 4 is
initialized to $00 at MCU reset, then counts up
every input clock signal. If a clock signal is applied
after the timer becomes $FF, the timer returns to
$00, then continues counting. At the same time the
timer interrupt request flag is set.

When timer 4 is used as a watchdog timer, the
input clock is specified as the 1/2048 output
divided by the prescaler. The watchdog timer is
initialized to $00 at MCU reset, then counts up
every input clock signal. If a clock signal is applied
after the timer becomes $FF, an overflow is
generated and the hardware reset function is
enabled for the MCU.

After reset, the MCU re-executes the program from
the beginning. Therefore, to operate the system
normally, the program should set the watchdog
timer reset bit in a cycle shorter than 219. The pro-
gram resets the MCU at overflow generation if the
MCU malfunctions because of noise. This function
is effective for improving system reliability.

1164 Hitachi
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HD404418 Series

The timer 4 function of the HD404418 is selected
via the mask option. For the HD4074418 and
HD4074408, watchdog timer versions are provided
in addition to free-running timer versions.

Note that the type names of the watchdog timer
versions differ from that of the free-running timer
versions.

Timer Mode Registers 1 to 3 (TMR1: $018,
TMR2: $01C, TMR3: $020): 4-bit write only
timer mode registers 1 to 3 select the auto-reload
function, the prescaler divide ratio, and the source
of the input clock signal (table 17). Timer mode
registers 1 to 3 are initialized to $0 at MCU reset.

Writing to this register is valid from the second

instruction execution cycle after the execution of
the previous timer mode registers 1 to 3. Initialize
timers 1 to 3 by programming the timer load regis-
ter after the data of the TMR are changed.

Note that timer 3 does not provide an event input
pin. Therefore, timer 3 is unavailable as an event
counter.

Timer Mode Register 4 (TMR4: $024): Timer
mode register 4 is a write only register. The func-
tion differs depending on the timer 4 function.
When timer 4 functions as a free-running timer,
bits O to 2 affect the operation of timer 4 (table 18).
When users select the watchdog timer by the mask
option, bit 3 affects the timer 4 (watchdog timer)
operation.

Table 17 Timer Mode Registers 1 to 3

Table 18 Timer Mode Register 4

TMR1, TMR2, TMR3 TMR4
Bit3 Auto-Reload Function Bit 3 Function
0 No 0 Does not affect the watchdog timer
1 Yes operation
1 Watchdog timer is reset, then restarts

TMR1, TMR2, TMR3

Prescaler Divide Ratio,

counting up from $00

Note: Bit 3 is available when timer 4 is functioning

Bit2 Bit1 Bit0 Clock Input Source as a watchdog timer. When timer 4 is
0 0 0 + 2048 functioning as a free-running timer, bit 3 is
0 0 1 512 unavailable.
0 1 0 +128 TMR4
¢] 1 1 +32 Bit2 Bit1 Bit0 Prescaler Divide Ratio
1 0 0 +8 0 0 0 + 2048
1 0 1 +4 0 0 1 + 1024
1 1 0 +2 0 1 0 +512
1 1 1 TI,, Tl, (external event 0 1 1 128
inputs) 1 0 0 +32

Note: External event input is unavailable for timer 1 0 1 +8

3, since timer 3 does not provide an event i

input pin. 1 1 0 +4

If external event input is selected at timers 1 1 1 1 £2

and 2, ports R5; and R5, data direction
registers are automatically reset before
becoming inputs.

953 M

Note: Bits 0 to 2 are available when timer 4 is
functioning as a free-running timer. When
timer 4 is functioning as a watchdog timer,
these bits become independent of timer 4's
operation.

1165 Hitachi
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HD404418 Series

Timer Output Registers (TOR1: $019, TOR2:
$01D, TOR3: $021): The timer output registers are
4-bit read/write registers which control timers 1 to
3 output modes, PWM output selection, and exter-
nal interrupts multiplexed with the timer input pin
(table 19).

When bits 0 and 1 of the timer output registers go
into any mode other than the timer output inhibit
mode, the pins become timer output pins automati-
cally. These modes are available for transmitting
clock signals (with appropriate cycles and duties)
in combination with each mode of timers 1 to 3.
When the PWM output is selected, the timer output
pin becomes PWM output independent of the timer
output mode.

The data of the timer output register changes after
the second instruction cycle of writing into the
timer output register. Timer output register 3
becomes a 3-bit register without bit 3, since timer 3
does not provide an event input pin.

Timers 1 to 3 (TC1L: $01A, TC1U: $01B,
TLI1L: $01A, TL1U: $01B, TC2L: $01E, TC2U:
$01F, TL2L: $01E, TL2U: $01F, TC3L: $022,
TC3U: $023, TL3L: $022, TL3U: $023): Timers
1 to 3 consist of an 8-bit write-only timer load
register and an 8-bit read-only timer counter. Each
of them provides low order digits (TCIL: $01A,
TC2L: $01E, TC3L: $022) and high-order digits
(TC1U: $01B, TC2U: $01F, TC3U: $023). Refer to
figure 20.

The timer counter can be initialized by program-
ming the timer load register. In this case, write the
low-order digits first, then the high-order digits.
The timer counter is initialized according to the
timer load register value when the high-order digit
is written. The timer load register is initialized to
$00 at MCU reset.

The counter value of timers 1 to 3 can be obtained
by reading the timer counter. In this case, read the
high-order digit first, then the low-order digit. The
count value of the low-order digit is latched when
the high-order digit is read.

Table 19 Timer Output Registers

TOR1, TOR2

Bit3 INT,, INT;5 External Interrupts

0 Inhibits the INT4 and INT5 external interrupts
1 Enables the INT, and INT; external interrupts

Note: Port R5; and R5, data direction registers are automatically reset when bit 3 of TOR1 and TOR2 are

set, then become inputs.
TOR1, TOR2, TOR3

Bit 2 PWM Function
0 Normal timer operation
1 PWM operation, transmits data from TO4, TO,, and TO3

Note: The data direction register for ports R5,, R53, and R6; are automatically set when bit 2 of TOR1,

TOR2, and TORS3 are set, then become outputs.

TOR1, TOR2, TOR3

Bit1 Bit0 Timer Output Mode

0 0 inhibits timer output

0 1 Transmits 1 synchronously with timer overflow output {toggle output mode)
1 0 Transmits the inverse level synchronously with timer ouiput (1 output mode)
1 1 Transmits 0 synchronously with timer overflow output (0 output mode)

Note: The data direction registers for ports R5,, R53, and R6, are automatically set when bits 0 and 1 for

TOR1, TOR2, and TOR3 are not 00.

1166 Hitachi
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HD404418 Series

Operation Mode of Timers 1, 2, and 3: Timers 1
to 3 provide the following three timer functions:
free-running, reload, and PWM. Internal/external
clock input and the absence/presence of the timer

output are also selectable. The combination of
these functions are available for selecting a variety
of operation modes.

Internal data bus (S1)

4 4
TLI/TL2/TL3
(4 bits)
(timer latch register))

j .IFT1
IFT2
» IFT3

Internal data bus (S2) ] [
i i
[ T™MR1 T
TMR2 g bits]
TMR3
¥
Reload

control circuit

il

!

System i
Slock ——l; Prescaler (11 bits) |

+ 512

+ 2048

Timers 1 to 3 MPX | | l

TC1/TG2/TG3 (8 bits) Output ;8;
(timer counter) control circuit TO
3

TLIR/TL2R/TL3R {8 bits)
(timer load register)

o

| Internal data bus (82)

Figure 21 Timers 1, 2, and 3 Block Diagram

Internal data bus (S2) _]
4
TMR4 System From RESET
(4 bits) reset pin IFT4
Horao
—-0B 0+ —
3 IPYY
ABiAB]
9299
TC4 (8 bits) l | |
Timer 4 MPX L——o A O (timer counter) |
-0 B o
o8 8 2mE 0 | U
4 Ks 'T v
{7777 indicates
[— 4 mask option
Lséztgk’" H Prescaler (11 bits) I
Intermediate-
Type Option Voitage Port ZTAT™ Type Name
A Free-running timer Yes HD4074408
No HD4074418
B Watchdog timer (WDT) Yes HD407440801
No HD407441801

Figure 22 Timer 4 Block Diagram
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HD404418 Series

Table 20 describes the combinations of timers 1 to timer output register. Figure 23 illustrates an exam-
3 operation mode selection. Select the operation  ple of a timer output waveform. Note that the
mode according to table 20 in order to set the output waveform differs depending on operation
appropriate data to the timer mode register and the ~ modes.

Table 20 Combinations of Timers 1, 2, and 3 Operation Modes

TMR1, TMR2, TMR3 TOR1, TOR2, TOR3 Timers 1 to 3
Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 TimerinputPin Timer OutputPin  Function
0 *3 *3 *3 0 0 0 0 RSy, RS, R5,, R53, R6p Free-running timer
0 *3 *3 *3 0 ] *2  *2 RSy, R5, TO4, TO,, TOg
0 *3  *3 3 1 0 0 0 INT,, INTs RS5,, R53, R6g
o *3 3 3 1 0 *2 %2 INT,, INTs TO4, TOp, TO,
0 1 1 1 0 0 0 0 Th, Tlp R5,, R5,, Ry Event counter
) 1 1 1 0 0 2 %2 Ty, Tl TO,, TO,, TO;
1 *3 *3 *3 0 0 0 0 R5q, RS, R5,, R53, R6p Reload timer
1 *3 *3  *3 0 ] *2  #2 RS, R5, TO,, TO,, TO3
1 *3  «3  *3 1 0 0 0 iNT,, INTs R5,, RS3, R6p
1 *3 3 *3 1 0 2 2 INT, INT TO4, TO,, TOg
1 1 1 1 0 0 ] 0 Ty, Tlp R5,, R53, R6y Event counter (with
1 1 1 1 0 0 *2  *2 T, Th TO,, TO,, TO3 reload function)
*  *3  *x3  *3 0 1 o~ R5, R5, TO,, TO,, TOg PWM *4
* *3  x3  *3 1 1 *1 *1 INT4 INTs T0;, TO,, TO4
* 1 1 1 0 i 0 *1 T, Tl TO4, TO,, TOg PWM (external clock)
*4
Notes: 1. Don't care.
2. One or both of bits 0 and 1 of TOR is 1.
3. Bits 0, 1, and 2 of TMR are not 111.
4. When PWM output is sefected, the timer functions the same way as the free-running timer by initializing the
timer load register to $00.
B 449L204 0048091 u4a 1168 Hitachi
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HD404418 Series

Reload timer output mode — Toggle output
Data of timer load register —» N

Free-running timer

256 clocks ! 256 clocks

Reload timer

|

(256 — N) clocks | (256 — N) clocks |

- N1

(256 — N) clocks N clocks
- |

lee -

i

256 ciocks

Note: The input clock source and its dividing ratio are controlled by the timer mode register.

Figure 23 Timer Qutput Waveform Examples
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HD404418 Series

Serial Interface

The MCU provides two serial interfaces to trans-
mit/receive 8-bit data serially. The serial interfaces
consist of the serial data registers (SR1, SR2), the
serial mode registers (SMR1, SMR2), the serial
clock registers (SCR1, SCR2), the octal counter,
and the multiplexer (figure 24).

The serial mode register controls pins R4/SCKj,
R65/SCK,, R4,/S1;, R6,/SI,, R4,/50,, and R6,/
SO,, and the enable/disable of the STS instruction.
The serial clock register controls the transmit
clock. Writing/reading the contents of the serial
data register can be done by software. The data in
the serial data register shifts synchronously with
the transmit clock signal.

The octal counter is reset to $0 by the STS instruc-
tion. It starts to count at the falling edge of the
transmit clock signal (SCK;, SCKj) and incre-

ments by one at the rising edge of the transmit
clock. The serial interrupt request flag is set when
the octal counter is reset by eight transmit clock
signals or by discontinued data transfer.

Each serial mode register has an enable bit (bit 3)
which controls a serial interface with a single STS
instruction. To activate a serial interface, set the
enable bit of that interface, then execute the STS
instruction. The serial interface in which an enable
bit is set then starts functioning. When both enable
bits are reset, neither serial interface functions with
the STS instruction. When both enable bits are set,
the two serial interfaces both start functioning with
a single STS instruction. Enable bits are automati-
cally reset by the STS instruction. Therefore, an
enable bit must be set to activate a serial interface
before executing the STS instruction.

System ) | oc{abits)y |SRIOF| |FS1
clock [ Prescaler (11 bits) Octal counter |gRr2oF | IFS2
[ Interrupt
ol R request flag
NI of serial
PRI R 4 interface
| Internal bus line (S1) |
Serial MPX +2 MPX 1
ok 14 14
’ SR1, SR2 (8 bits)
3 Serial data register
SCR1, SCR2 (3 bits) SMR1, SMR2 (4 bits) }a 14
+_3‘ Serial clock register 4 Serial mode register F Internal bus line (S2) J
_ SCK
| Internal bus line (S2) | 3
1 Y )
SCK;/R4g SI;/R4,4 S0O,/R4y
SCKQ/H63 SIQ/R42 — SOQIRS1 [~
port port port

Sly SO,
Sly S0,

Figure 24 Serial Interface Block Diagram
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Serial Mode Register (SMRI: $010, SMR2;
$014): The serial mode register is a 4-bit read/write
register, which controls the serial interface
operation, SCK|, SCK;, SI;, SI,, SO,, and SO,
(table 21).

The write signal to the serial mode register initial-
izes the internal state of the serial interface. The
write signal stops the transmit clock supplied to the
serial data register and the octal counter, and resets
the octal counter to $0 simultaneously. Thus, the
write signal to the serial mode register causes the
data transfer to quit and the serial interrupt request
flag to be set while the serial interface is operating.

Data in the serial mode register can be changed in
the second instruction cycle after writing into the
serial mode register. Therefore, program the serial
interface to execute the STS instruction after the
data in the serial mode register has been changed
completely. The serial mode register is initialized
to $0 at MCU reset.

Bit 3 of the serial mode register is an enable bit of
the serial interface. Set the enable bit before
executing the STS instruction. To activate both
serial interfaces, set the enable bits of both serial
interfaces, then execute a single STS instruction.
An enable bit is automatically reset by the STS
instruction execution.

Table 21 Serial Mode Register

SMR1, SMR2 SMR1, SMR2

Bit3 STS Instruction Bit 1 R4,/Sly, R6/Sl,

0 Disabled 0 Used as R4, and R6, /O pins
1 Enabled 1 Used as Sy and Sl, input pins

Note: Bit 3 of the SMR1 and SMR2 are auto-
matically reset by the STS instruction.

SMR1, SMR2

Bit 2 R4y/SCK;, R64/5CK,

0 Used as R4, and R6; I/O pins

1 Used as SCK; and SCK; /O pins

Note: When the internal clocks are selected, ports
R4, and R6; data direction registers are
automatically set by bit 2 of both the SMR1
and SMR2, then become outputs. When the
external clocks are selected, ports Rég
and R63 data direction registers are auto-
matically reset by bit 2 of both the SMR1 and
SMR2, then become inputs.

B 4y9L204 0048094 157 WM

Note: Ports R4, and R6, data direction registers
are automatically reset by bit 1 of both the
SMR1 and SMR2, then become inputs.

SMR1, SMR2

Bit 0 R4,/S0,, R6,/S0,

0 Used as R4, and R6, I/0 pins

1 Used as SO, and SO, output pins

Note: R4, and R6, ports data direction registers
are automatically set by bit O of both the
SMR1 and SMR2, then become outputs.

1171 Hitachi
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Serial Clock Register (SCR1: $011, SCR2:
$015): The serial clock register is a 3-bit write-only
register which controls the transmit clock source
and the prescaler divide ratio (table 22).

The write signal to the serial clock register initial-
izes the internal state of the serial interface. The
ransmit clock signal to the serial data register and
the octal counter is stopped by programming the
serial clock register, which resets the octal counter.
Thus, data transfer is stopped and the interrupt
request flag is set by programming the serial clock
register during serial interface operation.

Serial Data Register (SR1L: $012, SR2L: $016,
SR1U: $013, SR2U: $017): The serial data register
is an 8-bit read/write register consisting of low-

order digits (SR1L, SR2L) and high-order digits
(SR1U, SR2U).

The data in the serial data register is transmitted
LSB first at SO; and SO, synchronously with the
falling edge of the transmit clock signal. At the
same time, the serial data register receives external
data LSB first at SI; and SI, synchronously with
the rising edge of the transmit clock. Figure 25
shows the I/O timing chart for the transmit clock
signal and the data.

The validity of the data contents cannot be assured
when writing/reading the serial data register during
data transfer. Therefore, writefread the serial data
register after completing the data transfer.

Table 22 Serial Clock Register

SCR1, SCR2
R4¢/SCK; Prescaler System Clock

Bit2 Bit1 Bit0 R63SCK; Clock Source Divide Ratio Divide Ratio
0 0 0 §CK,, SCK; output Prescaler 2048 4096
0 0 1 SCK,, SCK; output Prescaler 512 1024
0 1 0 SCK,, SCK; output Prescaler 128 256
0 1 1 SCK,, SCK; output Prescaler 32 64
1 0 0 SCK;, SCK; output Prescaler 8 16
1 0 1 SCKj,, SCK; output Prescaler 2 4
1 1 0 §CK;, SCK; output System clock 1
1 1 1 SCK;, SCK; input External clock

Transmit clock

1 2 3 4 5 6 7 8
Serial output data I LSB I X ' N X " NMSB
Serial input data
latch timing ‘
Figure 25 Serial Interface I/O Timing
B 4496204 0048095 093 W
1172 Hitachi
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Selection of the Operation Modes: Table 23
shows the operation modes of the serial interface.
Set the serial mode register according to this table.

Operating State of the Serial Interface: The
serial interfaces provide four operation states (fig-
ure 26).

When the serial interface has been initialized, the
MCU is in transfer inhibit state in which the STS
instruction and the transmit clocks are both
ignored.

Set the enable bit of the serial interface to place the
serial interface into the STS waiting state in which
serial data transfer is available by executing the
STS instruction. Two serial interfaces operate
simultaneously with a single STS instruction when
the enable bits of serial interfaces 1 and 2 are both
set.

In the transmit clock wait state, the falling edge of
the first transmit clock places the serial interface
into the transfer state, while the octal counter
counts up and the serial data register shifts simulta-
neously. If the clock continuous output mode is
selected, the serial interface stays in the transmit
clock wait state while continuously outputting
transmit clocks.

The octal counter is initialized to 000 by 8 transmit
clocks in the transfer state, and the serial interrupt
request flag is set. When the internal transmit clock
is selected, the MCU goes into the transfer inhibit
state. When the external clock is selected, the MCU
goes into the transmit clock wait state. The octal
counter is initialized to $000, transfer is suspended,
and the interrupt request flag is set simultaneously
by programming the serial mode register or serial
clock register in the transfer state or the transfer
inhibit state.

An Example of Transmit Clock Error Detec-
tion: The serial interface malfunctions when the
transmit clock is disturbed by external noise. In this
case, the transmit clock error can be detected by the
procedure shown in figure 27.

If more than eight transmit clocks are applied by
external noise in the transmit clock wait state, the
state of the serial interface shifts in the following
sequence: transfer state (for 1 to 7 transmit clocks),
transmit clock wait state (at 8th transmit clock),
and back to transfer state. To set the serial interrupt
flag again after resetting it, program the serial
mode register to place the MCU into the STS
waiting state.

Table 23 Serial Interface Operation Modes

SMR1, SMR2 Serial Interface
Bit2 Bit1 Bit0 Operation Mode
1 0 0 Clock continuous output
mode
1 0 Transmit mode
1 1 0 Receive mode
1 1 1 Transmit/receive mode

B 449L204 004809k T2T HE

1173 Hitachi

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght

2003



HD404418 Series

Serial transmit inhibiting

state

STS instruction disable
(Octal counter = 000 )

Transmit clock disable

Write to SMR,
(bit 3 is reset)

8 transmit clocks
(internai clock)

Write to SMR
(bit 3 is reset)
Write to SCR

Write to SMR Write to SMR
(bit 3 is reset) (bit 3 is reset)

Wirite to SCR

STS waiting state

STS instruction enable
<Octal counter = 000 )

Transmit clock disable

Write to SMR
(bit 3 is reset) Wirite to SMR

STS instruction (bit 3 set)

Transmit clock wait Transmit clock -

state Transfer state

SMR bit 3 is reset 8 transmit clocks (STS instruction disable
( STS instruction disab!e) (external clock) Octal counter = 000

Octal counter = 000 -

Figure 26 Serial Interface Operation State

Transmit/receive
(IFS « 1)

!

Interrupt
disable

!

IFS«0

i

SMR write

Yes Transmit clock
error processing

No

Normal end

Figure 27 Transmit Clock Error Detection
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PROM Mode Pin Description

Table 24 describes the pin functions in PROM
mode.

Table 24 PROM Mode Signals

Pin No. MCU Mode PROM Mode Pin No.

MCU Mode PROM Mode
DC-64S DC-64S
DP-64S FP-64 FP-64A Symbol KO Symbol VO DP-64S FP-64 FP-64A Symbol VO Symbol IO
1 58 &7 Dyy VO  Vce 33 27 25 R4y/SCK, 1O
2 60 58 Dy o 34 28 26 R44/Sl; 11O
3 61 59 D13 [Te] 35 29 27 R4,/SO, VO
4 62 60 Dy, 10 Ay I 36 30 28 Rdy/V,es VO
5 63 61 Dis o A I 37 31 29 R7, | CE I
6 64 62 ROg Vo A, I 38 32 30 R7, | OE I
7 1 63 RO, VO A, I 39 33 31 R7, I My ]
8 2 64 RO, Vo Ay ! 40 3¢ 32 R73 I M, |
9 3 1 RO5 Vo A4 I 4 35 33 R8o e}
10 4 2 R1, 10 As I 42 36 34 R8, o)
1 5 3 R1, O Ag ! 43 37 35 RS, Vo
12 6 4 R1, o A, | 44 38 36 R8; o
13 7 5 A1, VO Ag i 45 3 a7 RY, e}
14 8 6 R2, Vo Ay I 46 40 38 RY, o
15 9 7 R2, O Aqg ! 47 41 39 R9, 110
16 10 8 R2, 1o Ay I 48 42 40 R9; Vo
17 1 9 R2, VO Ay, I 49 43 41 RESET | RESET |
18 12 10 RAg 110 Vpp 50 44 42 TEST I TEST |
19 13 1 RA, VO A I 51 45 43 0sc, I
20 14 12 R3y/INT, 1O 52 46 44 0SC, o
21 15 13 R3,/NT; 1O 53 47 45 GND O GND
22 16 14 R3./INT, 11O 54 48 46 D Vo O Vo
23 177 15 R33/INT; /O 55 49 47 D, Vo 0, o
24 18 16 RS(/INT/Tl, YO 56 50 48 D, o o, Vo
25 19 17 R5,/INT5/Tl, VO 57 51 49 D3 VO O 10
26 20 18 R5,/TO; /O 58 52 50 D, 1O O, Vo
27 21 19 R53/TO, KO 59 53 51 Ds VO Og Vo]
28 22 20 R6¢/TO3 /O 60 54 52 De 10 O Vo
29 23 21 R6,/50, 1O 61 55 53 D; 1o o, o
30 24 22 R6,/Sl, 11O 62 56 54 Dg 1o
31 25 23 R63/SCK, 11O 63 57 55 Dy e}
32 26 24 Vee Vee 64 58 56 Dig 110 Vee
Notes: 1/O: Input/output pins

. Inputpins

O:  Output pins

M 44965204 0048098 4Tc W 1175 Hitachi
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Programming the Built-In PROM

The MCU’s on-chip PROM is programmed in
PROM mode. This PROM mode is set by pulling
TEST. My, and M| low, and RESET high as shown
in figure 28. In PROM mode, the MCU does not
operate. It can be programmed like a standard
27256 EPROM using a standard PROM program-
mer and a 64-t0-28-pin socket adapter. Table 26
lists the recommended PROM programmers and
socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series MCU
incorporates a conversion circuit to enable the use
of a general-purpose PROM programmer. By this
circuit, an instruction is read or programmed using
2 addresses, the lower S bits and upper 5 bits. For
example, if 8 kwords of on-chip PROM are
programmed by a general-purpose PROM pro-
grammer, 16 kbytes of addresses ($0000 to $3FFF)
should be specified.

Programming and Verification: The MCU can be
high-speed programmed without causing voltage
stress or affecting data reliability. Table 25 shows
how programming and verification modes are
selected.

Erasing: The PROMs with ceramic window pack-
ages can be erased by ultraviolet light. All erased
bits become 1s.

The conditions for erasure are to use an ultraviolet
light with a wavelength of 2537 A with a minimum
irradiation of 15 W-s/cm2 exposing the LSI to a
12,000-pW/cm2 UV source for 15 to 20 minutes at
a distance of 1 inch.

Precautions

1. Addresses $0000 to $3FFF must be specified if
the PROM is programmed by a PROM pro-
grammer. If addresses of $4000 or higher are
accessed, the PROM may not be programmed or
verified. The plastic package type LSIs cannot
be erased and reprogrammed. Only the ceramic
window packages can be erased and repro-
grammed. Data in unused addresses must be set
to $FF.

2. Be sure that the PROM programmer, socket
adapter, and LSI line up (pin 1 positions match).
Using the wrong programmer or socket adapter
may cause an overvoltage and damage the LSI
(table 26). Make sure that the LSI is firmly fixed
in the socket adapter, and that the socket adapter
is firmly fixed onto the programmer.

3. The PROM should be programmed with Vpp =
12.5 V. Other PROMs use 21 V. If 21 V is
applied to the MCU, the LSI may be perma-
nently damaged. A voltage of 12.5 V is Intel’s
27256 Vpp.

Table 25 PROM Modes Selection

Pin
Mode CE ©OE Vpp OgtoOy
Programming Low High Vpp Datainput
Verify High Low Vpp Dataoutput

Programming  High High Vpp High
inhibited impedance

m 4u9bL20y oouso0ss 739 -
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HD404418 Series

Table 26 PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Manufacturer Type Name Manufacturer Type Name Package
DATA I/10 228 Hitachi HS448ESS11H DP-64S
29B DC-64S
HS440ESFO1H FP-64
HS440ESFO3H FP-64A
AVAL Corp. PKW-1000 Hitachi HS448ESS21H DP-64S
DC-64S
HS440ESFO1H FP-64
HS440ESFO3H FP-64A
Vee
Vee 7
[ RESET °°
TEST
Mo
My
Ver 77 Opto Oy | C—=> 8‘:‘1% o,

GND

!

Address
< Ag 10 Ars

— OE

l.

Figure 28 Connections for PROM Mode
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Addressing Modes
RAM Addressing Modes

As shown in figure 29, the MCU has three RAM
addressing modes: register indirect addressing,
direct addressing, and memory register addressing.

Register Indirect Addressing Mode: The contents
of the W, X, and Y registers (10 bits in total) are
used as the RAM address.

Direct Addressing Mode: A direct addressing
instruction consists of two words, with the word
(10 bits) following the opcode used as the RAM
address.

Memory Register Addressing Mode: The
memory registers (16 digits from $040 to $04F) are
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes as
shown in figure 30.

Direct Addressing Mode: The program can
branch to any address in ROM memory space by
executing the JMPL, BRL, or CALL instruction.
These instructions replace the 14 program counter
bits (PC,3 to PCp) with 14-bit immediate data.

Current Page Addressing Mode: The MCU has
32 pages of ROM with 256 words per page. By
executing the BR instruction, the program can
branch to an address on the current page. This
instruction replaces the low-order eight bits of the
program counter (PC; to PCy) with 8-bit immediate
data.

MR 4y9L20y poual0l 17 WA

When the BR instruction is on a page boundary
(256n + 255) (figure 31), executing the BR instruc-
tion transfers the PC contents to the next
page according to the hardware architecture.
Consequently, the program branches to the next
page when the BR instruction is used on a page
boundary. The HMCS400-series cross macroassem-
bler has an automatic paging facility for ROM

pages.

Zero-Page Addressing Mode: By executing the
CAL instruction, the program can branch to the
zero-page subroutine area, which is located at
$0000 to $003F. When the CAL instruction is exe-
cuted, 6 bits of immediate data are placed in the
low-order 6 bits of the program counter (PCs to
PCy) and Os are placed in the high-order 8 bits
(PC]:}, to PCG)

Table Data Addressing Mode: By executing the
TBR instruction, the program can branch to the
address determined by the contents of the 4-bit
immediate data, accumulator, and B register.

P Instruction: ROM data addressed by table data
addressing can be referenced by the P instruction
(figure 32). When bit 8 in the referred ROM data is
1, 8 bits of ROM data are written into the accumu-
lator and B register. When bit 9 is 1, 8 bits of ROM
data are written into the R1 and R2 port data regis-
ters. When both bits 8 and 9 are 1, ROM data are
written into the accumulator and B register, and
also to the R1 and R2 port data registers at the
same time.

The P instruction has no effect on the program
counter.

1178 Hitachi
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Register W Register X Register Y

[T x5 [ Dxc e[ v v [ v [

A A Y
RAM address IﬁpngF’a‘AP7;AP5|AP5[AP4‘AP3IAP2[AP1 iAPO

Register Indirect Addressing

Instruction 1st word Instruction 2nd word
/

N\
||d9|de|d7lds|dsld4‘d3 Idzlch do

Opcode

RAM address AP9|AP9'AP7’AP6 APs AP4lAP3 AP, |AP, ‘Apo

Direct Addressing

Instruction

s T\
e Tnlnlnln)

0 0 0 t 0 o

/
RAM address lAPgiAP8|AP7IAP6|AP5IAP4|AP3IAP2’AP1 IAPD

Memory Register Addressing

Figure 29 RAM Addressing Modes

M 4496204 DO4BL02 053 | )
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[UMPL]
[BRL]
[CALL)

Instruction 1st word Instruction 2nd word

. Y

Y

"Opcode

Ps P2 Py Po|dy dg d7 dg ds dy dy dp dy do

[TBR]

Program counter [PC,; PC,, PC,,PC,, PCq PCq PC, PC4.PC4 PC, PC4 PC, PC, PC,

Program counter

Program counter

' !
A [

Direct Addressing

Instruction

T T

[BR]{ Opcode | b, bg bs by by by by by

PGy PCyp PC,,PC4 PCy PGy PC, PCq PC5 PC,4 PC, PC, PC, PC,

Current Page Addressing

Instruction

£ Y
T

[CAL] :Opc:ode: la5:a4:a3:azla1:aol
0 O 0 0 0 0 [¢] 0
RN TR AN AR A Y

PC,5 PCy5 PC;,PCyo PCq PCg PC; PC¢ PC5 PC, PC3 PC, PC, PC,

Zero Page Addressing

Instruction

Y

T

Program counter

Register B Accumulator

Y Y

,
‘Bs B, B, By|A; A, A, A

o o
P 3 1

PC,3PC,,PC,,PC,, PC4 PC4 PC; PC¢ PC45 PC, PC3 PC, PC, PC,

Tabie Data Addressing

Figure 30 ROM Addressing Modes

B 4495204 0O48L03 74T HA 1180 Hitachi
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Accumulator

T T vﬁ T T T
||33 By By Bo|As Ap A, A,,]

256(n - 1) + 255
BR AAA 256n

AAA NOP
L BR AAA 256n + 254
- BR BBB 256n + 255

[: 256(n + 1)
BBB NOP

Figure 31 BR Instruction Branch Destination on a Page Boundary
Instruction
u T T T T T T T T
[P) ) ) OPC‘Ode ) ) l P3 ) P2 ) P1 ) Po | Register B
i 1)

Referred ROM address |RA,3 RA;2 RA;; RA;RA g RAg RA; RAg RA5 RA  RA; RA, RA, F!A0|

Address Designation

ROM data HOQ ROB R07 ROG ROS RO4 R03 R02 RO1 R00|

L4

IS

Accumulator,registerBlBs B, By By|A; A; A, AullfR08=1

ROMdata  |ROs RO RO; RO, RO5 RO, RO, RO, RO, RFOI

I

Output registers R1, R2 |R2; R2, R2, Rzulma Ri, R, mq If ROg = 1

Pattern

Figure 32 P Instruction

M 4496204 0048104 Sc2b IR
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Absolute Maximum Ratings

ltem Symbol Value Unit Notes
Supply voltage Vee -0.310 +7.0 \
Programming voltage Vep -0.3t0 +14.0 \ 2
Pin voltage Vy -0.3t0 Ve +0.3 \Y
-0.3to0 +15.0 Vv 3
Total permissible input current 2o 100 mA 4
Total permissible output current -2l 50 mA 5
Maximum input current ly mA 6,7
6 mA 6,8
30 mA 6,9
Maximum output current —lo 4 mA 10, 11
Operating temperature Topr -20to +75 °C
Storage temperature Tstg —551t0 +125 °C

Notes: 1. Permanent damage may occur if these absolute maximum ratings are exceeded. Normal
operation should be under the conditions of the electrical characteristics tables. If these
conditions are exceeded, it may cause the LS| to malfunction or affect the reliability of the LSI.

Eal ol

GND simultaneously.

o

Applies to RO to R6.
Applies to R8 to RA.
Applies to Dg to Dy5.

“2oEN®

R6 of the HD4074408.

M 449L204 goual0s AbL2 WM
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Applies to RAq (Vpp) of HD4074418 and HD4074408.
Applies to the intermediate-voltage pins (R8 and R9) of HD4074408.
Total permissible input current is the total sum of input currents which flow in from all IO pins to

1182 Hitachi

Total permissible output current is the total sum of the output currents which flow out from V¢ to
all VO pins simuitaneously.
Maximum input current is the maximum amount of input current from each I/O pin to GND.

0. Maximum output current is the maximum amount of output current from V¢ to each O pin.
1. Applies to Dy to D45, RO to R6, R8, and R9 of HD404418 and HD4074418, or D, to D45, RO to



HD404418 Series

Electrical Characteristics

DC Characteristics (Vo =4.5 V t0 5.5 V, GND = 0 V, T, = =20°C to +75°C, unless otherwise

specified)
item Symbol  Pin Min Typ Max Unit Test Condition Notes
Input high voltage V4 RESET 0.85V¢c Vee+03 VvV
INTy, INTy, 0.8V Vec+03 Vv
INT,, INT3,
INT4, INTg,
SCK;, SCK,
T, Tl, 0.8Vec Vec+03 vV
S|1, Slz O-SVCC Vcc +0.3 \'
08C, Ve~ 0.5 Voo +0.3 Vv External clock
operation
Input low voltage  V_ RESET -0.3 0.15V¢e v
INTo, INT,, -03 0.2Vee v
INT,, INT3,
INT,, INTs,
SCK;, SCK,
T, T -0.3 0.2Vee v
Sly, Sl -0.3 0.2Vee Vv
0OSCy -0.3 0.5 \ External clock
operation
Output high Von SCK;, SOy, Vee—1.0 v —lop=1.0mA
voltage SCKz, SOQ.
TO1, TOz, Vcc -03 \' _IOH =0.01 mA
TOs
Output low VOL SCK1 N 801 N 0.4 \" IOL = 1.6 mA
voltage SCKa, SO,,
TOy, TO,,
Input/output el RESET, OSC;,, 1 HA Vi =0Vto Vee 1
leakage current INT,, INT,,
INT,, INT,,
INT,, INTS,
Tly, Tho,
SCK;y, Sly,
SCK;, Si,
Current dissipation ¢ Voo 4 8 mA  Vee=5V 2,5
in active mode R7 digital input mode
fosc =8 MHz
lCMP 7 12 mA VCC =5V 3
R7 analog input mode
fosc =8 MHz
Current dissipation Iggy Vee 2 4 mA  Vee=5V, 4,5
in standby mode fosc =8 MHz
Current dissipation IgTop Voo 10 MA  ViqTEST) = Vecto
in stop mode Vec—-03V

Vin(RESET) =0t0 03V

M 4496204 0O4810L 7T9 WM 1183 Hitachi
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DC Characteristics (Voc =4.5 V10 5.5V, GND =0V, T, = -20°C to +75°C, unless otherwise
specified) (cont)

Item Symbol  Pin Min Typ Max Unit Test Condition Notes
Stop mode Vstop Vee 2 \'

retaining voltage

Comparator VC,et Viet 0 Vee—1.2 v

input reference

voltage scope

Notes: 1. Pull-up MOS current and output buffer current are excluded.
2. The MCU is in the reset state. The input/output current does not flow.

Test conditions: MCU state:
+ Reset state in operation mode

Pin state:
4 RESET. TEST: Vcc

3. The current source when I/O current does not flow with all pins of R7 in the analog input mode.
Test condition: Vg, R7g to R73: GND
4. The timer operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state:
« Standby mode
» Input/output: Reset state
» Timer: Divide-by-2 prescaler divide ratio
+ Serial interface: Stop

Pin state:

+ RESET: GND

+ TEST: Vcc

. Do to D15, RO to RA: Vcc

5. When fogc = x MHz, the current dissipation in operation mode and standby mode is estimated as
follows:

Maximum value (fosc = X MHz) =% x maximum value (fosc = 8 MHz)

When fog is less than 1 MHz, the current dissipation occasionally becomes greater than the
estimate.

B 4496204 0Qual07 L35 M 1184 Hitachi
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Input/Output Characteristics for Standard Pins (Vec=45t055V,GND =0 V, T, = -20°C to
+75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Notes
Input high ViH ROto RA  0.7Vge Veg+03 V 1
voltage
Input low Vi ROtoRA -0.3 0.3V \ 1
voltage
Output high VOH RO to R6, VCC -1.0 \"2 -IOH =1.0mA 1
voltage R8, R9
RO to R6 Vee - 0.3 \ —lon=001mA 1
R8, R9
Output low VoL RO to R6 04 \ lop =1.6 MA 1
voltage R8 to RA
Input/output [yl 1 MA  V,=0VtoVee 2,3
leakage current 10 WA Vin=0VtoVgs 2,4
Pull-up MOS —lpy RO to R6 15 120 MA  Vee=5V, 5
current Vip=0V
Input high ViHA R7 (analog VC g + 0.1 Vee—1.2 A
voitage compare
mode)
input low ViLa R7 (analog 0 VCret—01 V
voltage compare
mode)
Notes: 1. Does not apply to R8 and R9 of the HD4074408.
2. Pull-up MOS current and output buffer current are excluded.
3. Applies to RO to RA of the HD404418, RO to R9 and RA, of the HD4074418, and R0 to R7 and
RA, of the HD4074408.
4. Applies to RAg of the HD4074418 and HD4074408.
S. Applies to HD404418 pins which are specified as with pull-up MOS via the mask option.
M 449L204 0QO48108 571 WM
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Input/Output Characteristics for High-Current Pins (Voc =4.5t0 5.5 V,GND =0 V, T, =-20°C to

+75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Input high ViH DotoDys 0.7Vgc Vee + 0.3 Vv
voltage
Input low V"_ Do to D15 -0.3 0'3VCC \'
voltage
Output high VoH Dgto D45 Vee - 1.0 v —lon=1.0 mA
voltage Dn t _

b 10 D15 Vcc -03 v —IOH =0.01 mA
Output low VoL Dgto Dys 1.5 \ lop =10 mA
voltage
Input/output |IIL| Du to D15 1 ],!A Vin =0V- VCC 1
leakage current
Pult up MOS ~lpy DgtoD4ys 15 120 MWA  Vgo=5YV, 2
current Vin=0V

Notes: 1. Pull-up MOS and output buffer current are excluded.
2. Applies to HD404418 pins which are specified as with pull-up MOS via mask option.

Input/Output Characteristics for Intermediate-Voltage Pins (Ve =4.5t05.5V,GND =0V,

T, = -20°C to +75°C, unless otherwise specified)

tem Symbol Pin Min Typ Max Unit Test Condition Note
Input high ViH R8, R9 0.7Vee 12.8 \ 1
volitage
Input low Vi R8, R9 -0.3 0.3Vee \ 1
voltage
Output high VoH R8, R9 11 \' 7.5kQat12V 1
voltage
Output low Vou R8, RS 0.4 A lop =1.6 mA 1
voltage
Input/output el R8, R9 10 MA V=0V -128V 1
leakage current
Note: 1. Applies to the HD4074408.

B 4496204 0048109 408 WM 1186 Hitachi
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HD404418 Series

AC Characteristics (Vec=451055V,GND =0V, T, =-20°C to +75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Crystal or  Oscillation fosc 0SC,, 0.4 8 9.0 MHz
ceramic  frequency 0SC,
OSClator nstruction  teye 08 1 20 pus
cycle time
Oscillator tre 0SsC,, 20 ms 1
stabilization 0SC,
time
External  External clock fcp 0SsC, 04 9.0 MHz 2
clock frequency
External clock tcpy 0OSsC, 41 ns 2
high width
External clock tgp OSC, 41 ns 2
low width
External clock tcp, 0OSsC, 20 ns 2
rise time
External clock tgpy 0SC, 20 ns 2
fall time
Instruction teye 0.89 20 us 2
cycle time
External interrupt signal tin INT,, INT,, 2 teye 3
high width INT,, INT3,
INT,, INT5
External interrupt signal ty INTy, INT,, 2 teye 3
low width INT,, INT3,
INT,, INT
Timer input high width tTh TI,, Thp 2 teye 3
Timer input low width t1L Tiy, Tly teye 3
RESET high width trsty  RESET 3 teye 4
Input capacitance Cin 70 pF  f=1MHz, 5
Vin=0V
15 pF =1 MHz, 6
Vin=0V
RESET fali time trsTt 20 ms
Analog comparator tesTe R7 (in analog 2 teye
stabilization time input mode)

Notes: 1. The oscillator stabilization time is the period after V¢ reaches 4.5 V at power-on until the oscillator

stabilizes, or after the RESET input goes high to cancel the stop mode. When using a crystal or

ceramic oscillator, consult with the manufacturer to determine what stabilization time is required, since

it will depend on the circuit constants and stray capacitance.

See figure 33.

See figure 34.

. See figure 35.

. Applies to RA of HD4074418 and HD4074408.

. Applies to all input pins of HD404418 and input pins except for RAg of HD4074418 and HD4074408.

. Analog comparator stabilization time is the period after R7 goes into the analog input mode until the
analog comparator stabilizes to read valid data. )

NOO A WN

B 4496204 0048110 12T ER 1187 Hitachi
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HD404418 Series

Serial Interface Timing Characteristics (Voc =5 V £10%, GND =0 V, T, = -20°C to +75°C, unless

otherwise specified)

During Transmit Clock Output

Item Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseyc SCK;, 1 teye Refer to figure 37 1
cycle time SCK,

Transmit clock tsckH SCK;, 0.5 tseye  Refertofigure 37 1
high width SCK,

Transmit clock tsekL SCKj, 0.5 tseye  Refertofigure 37 1
low width SCK;p

Transmit clock tsckr SCK;, 100 ns Refer to figure 37 1
rise time SCK,

Transmit clock tsckt SCKj, 100 ns Refer to figure 37 1
fall time SCK,

Serial output toso S04, 250 ns Refer to figure 37 1
data delay time SO,

Serial input tssi Sl4,Sl, 300 ns 1
data setup time

Serial input thsi Si;, Sl, 150 ns 1
data hold time

During Transmit Clock Input

item Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK,, 1 teye 1
cycle time SCK»

Transmit clock tscKH SCKj, 0.5 tseye 1
high width SCK»

Transmit clock tsckL SCKjy, 0.5 tseyc 1
low width SCK,

Transmit clock tsckr SCKq, 100 ns 1
rise time SCK,

Transmit clock tsckt SCK;y, 100 ns 1
fall time SCKy

Serial output data  tpgo SO+, 250 ns Refer to figure 37 1
delay time SO,

Serialinputdata  tgg Sl,, Sl 300 ns 1
setup time

Serial input data ths Sl4, Sl 150 ns 1
hold time

Note: 1. See figure 36.

B 4495204 0048111 Obb HE 1188 Hitachi
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HD404418 Series

0SC4

Vee -

0

.

05V

tcpL

tepr

tops

Figure 33 Oscillator Timing

INT,, INT;, O‘BVCC* t, tTH k
0.2Vce ],—) R

INT,, INT,,
INT4, INTS,

T, Tz

ot f
S

Figure 34 Interrupt and Timer Input Timing

RESET > ol y R
0.15V¢ee j[» u
— (*tRsTt

Figure 35 Reset Timing

B 4495204 0O0O48Lle TTe WM
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HD404418 Series

Sk
Sl

tseye

— e tpso

]
tsckt ha— e tscir
Voo - 2.0 V(0.8V0) LSy SIS /| L_\_
0.8 V (0.2Vce)*

XL Vec—2.0V X
- 0.8V
tss) s
LO.BVCC E
( > <r0-2Vcc 7

Note: * Vgc —2.0 V and 0.8 V are the threshold voltages for transmit clock output.

0.8Vcc and 0.2V¢c are the threshold voltages for transmit clock input.

:

Figure 36 Timing of Serial Interface

Vee
RL=26kQ
Test point
c R 152074@)
or equivalent
12 kQ
30 pF

Figure 37 Timing Load Circuit
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HD404418 Series

HD404418 Option List

Please check off the appropriate applications and

enter the necessary information. Date of order
Customer
Department
Name
ROM code name

LS1 type number
(Hitachi’s entry)

1. /O Options
Note: Shaded options are not available
Pin name e} A Vo ontlo]n c Pin name Vo A Vo ontlon C
DO 110 R3 | R30 110
D1 11O R31 110
D2 IZe) R32 11O
D3 VO R33 7o)
D4 170 R4 | R40 )
D5 e VO R41 11O
D6 = | Vo R42 Vo
D7 e 110 R43 7o)
D8 3 110 R5 | R50 110
D9 % 7o) R51 )
D10 1o R52 110
D11 11O R53 1e)
D12 o) R6 | R60 | o /O
D13 /O R&1 | & | IO
D14 s Re2 | § | wO
D15 110 R63 g 110
RO | ROO 110 R7 |R70 | & | o
RO1 110 R71 [ O
RO2 110 R72 I O
RO3 110 R73 | O
R1 | R10 é ) R8 | R8O o | O
Ri1 | © 1le} R81 IO O
R12 § 7o) R82 o | ©
R13 | 8 110 R83 ) [
R2 | R20 e R9 | R90 176} O
R21 ) R91 110 [
R22 Vo R92 IO [
R23 /O R93 I10 O
RA | RAO 110 O
RA1 110 O

A: Without pull-up MOS (CMOS), B: With pull-up MOS (CMOS),
C: NMOS open drain

B 4496204 OO4ALLY 875 EE 1191 Hitachi
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HD404418 Series

2. Timer4

O Free-running timer
O3 Watchdog timer

3. ROM Code Media
Please specify the first type listed below (the upper bits and lower bits are mixed together) when using
the EPROM on-package microcomputer type (including ZTAT™ version).

[0 EPROM: The upper bits and lower bits are mixed together. The upper five bits and lower five bits are
programmed to the same EPROM in alternating order (i.e., LULULU...).

(O EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are pro-
grammed to different EPROMS.

4. System Oscillator (OSC1 and OSC2) 5. Stop Mode 6. Package
O Ceramic oscillator f= MHz 3 Used [J bP-64s
{0 Crystal oscillator f= MHz [ Not used [ FP-64
[ External clock f= MHz O FP-s4A
M 4496204 DO448115 701 W 1192 Hitachi
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HD404418 Series

HD4074418/HD4074408 Type Name and Marking

Timer Option
Package Free-Running Timer Watchdog Timer
DC-64S Type HD4074418C HD4074418C01
name HD4074408C HD4074408C01
Marking
@ J;EAN @ JAEAN
1 7G1
HD4074418C HD4074418C01
@ J;EAN J‘;PGAN
1 1
HD4074408C HD4074408C01
DP-64S Type HD4074418S HD4074418S01
name HD4074408S HD4074408S01
Marking
® 7G1
HD4074418S HD4074418S
JAPAN 01 JAPAN
® 6t ® a6t
HD4074408S HD4074408S
JAPAN 01 JAPAN
FP-64 Type HD4074418F HD4074418F01
name HD4074408F HD4074408F01
Marking
® 61 ®@ G
HD4074418F HD4074418F
JAPAN 01 JAPAN
® 761 ® 761
HD4074408F HD4074408F
JAPAN 01 JAPAN
GP-64A Type HD4074418H HD4074418H01
name HD4074408H HD4074408H01
Marking
® 761 ® 61 ® 761 ® 761

HD HD HD HD
4074418H| 4074408H 4074418H| 14074408H

JAPAN JAPAN 01 sapan| 101 JAPAN

Note: The markings are of standard specification.

B 449L204 004811k bLus NN 1193 Hitachi
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