HD404710 Series

Description

The HD404710 Series 4-bit single-chip microcom-
puters incorporate five timers, two serial interfaces,
an A/D converter, an input capture timer, and an
output compare timer. They also include a 32.768-
kHz oscillator and low-power dissipation modes.
The HD404710 and HD4074710 are modifications
of the HD404719 and HD4074719, respectively,
by the addition of pattern ROM.

The HD404710 is a mask ROM version. The
HD4074710 is a PROM version (ZTAT™ micro-
computer with 27256 compatibility).

Features

* 16,384-word x 10-bit program ROM
(HD404719, HD404710)
16,384-word x 10-bit program PROM
(HD4074719, HD4074710)

+  8,192-word x 10-bit pattern ROM
(HD404710)
8,192-word x 10-bit pattern PROM
(HD4074710)

960-digit x 4-bit RAM

70 1/O pins including 36 high-voltage, high-

current pins (15 mA, max.)

Five timer/counters

Two 8-bit clock-synchronous serial interfaces

8-channel x 8-bit A/D converter

Voltage comparator (with one input channel)

2-channel x 8-bit input capture timer

16-bit output compare timer

Eight-level buzzer output line

14 interrupt sources

— Six by external sources, including three
edge-programmable type sources

— Eight by internal sources

Subroutine stack up to 16 levels, including

interrupts

Four low-power dissipation modes

— Subactive mode

— Standby mode

~— Watch mode

— Stop mode

Built-in oscillator

— Crystal or ceramic oscillator (an external
clock also possible) as main clock

— 32.768-kHz crystal subclock

Instruction cycle time: 0.89 us to 1.78 pis

Ordering Information

Program Pattern
Type Product Name Model Name ROM (Words) ROM (Words)  Package
Mask ROM HD404719 HD404719FS 16,384 - FP-80B
HD404719H — FP-80A
HD404710 HD404710FS 8,192 FP-80B
ZTAT™ HD4074719 HD4074719FS 16,384 - FP-80B
HD4074719H -_— FP-80A
HD4074710 HD4074710FS 8,192 FP-80B
ZTAT™ is a registered trademark of Hitachi, Ltd.
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HD404710 Series

Pin Arrangement
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HD404710 Series

Pin Description

Pin Number Input/ Pin Number Input/
FP-80B FP-80A  Pin Name Output FP-80B FP-80A Pin Name Output
1 79 RD,/ANy | 34 32 R14 lle}
2 80 RD/ANg | 35 33 R1, Vo]
3 1 RDy/AN, | 36 34 Ris 1o}
4 2 AGND 37 35 A2, lle}
5 3 RESET i 38 36 R2, o
6 4 0SC; i 39 37 R2, lle]
7 5 0sC, 0 40 38 R2, lle}
8 6 GND 4 39 R3, lle}
9 7 CL, | 42 40 R3, Tle}
10 8 CL, 0 43 41 R3, Vo
1 9 TEST ] 44 42 R3, lle]
12 10 Vee 45 43 R4, e}
13 1 Do lle} 45 44 R4, Te}
14 12 D, lle} 47 45 R4, 1o}
15 13 D, lle} 48 46 Rdg lle}
16 14 D3 I/o] 49 47 R50/Vaisp |
17 15 D, Vo 50 48 RS, |
18 16 Ds lle} 51 49 RS, |
19 17 Dg o 52 50 R53 |
20 18 D, lle} 53 51 R6,/COMP 1O
2 19 Ds lle} 54 52 R, /Vef lle]
22 20 Dy Vo 55 53 R6,/TOE, o
23 21 Dio 0 56 54 R6yTOE, 1O
24 22 Dy e} 57 55 R7,/INTg 110
25 23 Dy2 Vo 58 56 R7:/INT, [Te]
26 24 D13 o 59 57 R75/INT, o
27 25 Dy4 Vo 60 58 R75/INT; Vo
28 26 Dis Vo 61 59 R8y/INT, Vo
29 27 RO, Vo 62 60 R8,/NTg Vo
30 28 RO, Ile} 63 61 R8,/S0, o
31 29 RO, e} 64 62 R8,/Sl, o
32 30 RO3 Vo 65 63 R9,/SCK; Vo
33 31 R1, o 66 64 R9,/SCK, 1O
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HD404710 Series

Pin Description (cont)

Pin Number Input Pin Number Input/
FP-80B FP-80A Pin Name Output FP-80B FP-80A Pin Name Output
67 65 R9/Sl, o) 74 72 RB,/TOD o]

68 66 R94/SO, Vo 75 73 AVge

69 67 RAYICT, Vo 76 74 RCo/AN, i

70 68 RA,/ICT, o) 77 75 RC4/AN, |

71 69 RA,/TOG o 78 76 RCo/AN, ]

72 70 RA,/BUZZ 1o 79 77 RCa/ANg |

73 71 RBy/TOC o 80 78 RDy/AN, |
584 Hitachi
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HD404710 Series

Pin Functions

Power Supply

Yce: Apply power voltage to this pin.
GND: Connect to ground.

TEST: Used for test purposes only. Connect it to
VCC-

RESET: Resets the MCU.
Oscillators

OSC,y, OSC,: Used as pins for the internal oscil-
lator circuit. They can be connected to a crystal
resonator or a ceramic resonator, or OSC; can be
connected to an external oscillator circuit.

CLy, CLy: Used for a 32.768-kHz crystal oscilla-
tor that acts as a clock.

Ports

Dy-Dy5 (D Port): Input/output port addressable
by individual bits. Each port output consists of an
open-drain PMOS which enables high-voltage,
high-current drive ability for its pin.

RO-RD (R Ports): Input/output ports addressable
in 4-bit units. RS, RC, and RD are input-only
ports. The RS to RD port pins are standard pins,
but the RO to R4 pins are high-voltage pins. Each
of the RO to R4 output pins consists of an open-
drain PMOS which enables high-voltage drive
ability for its pin. Port pins R7 to R7; and R6, to
R6; are multiplexed with peripheral pins.

Interrupts

INT,-INT;: Input external interrupts to the MCU.
INT; to INT; are multiplexed with R7; to R75 and
R8, to R8,, respectively.

Serial Interface

SCKj, SCK;: Input/output serial interface clock
pins that are multiplexed with pins R9; and R9;,
respectively.

B 4496204 004907b 029 WA

SIy, SIy: Serial interface receiving data input pins
that are multiplexed with pins R8; and R9,,
respectively.

80y, 8O,: Serial intetface transmission data out-
put pins that are multiplexed with pins R8, and
R9;, respectively.

Timers

TOC, TOD: Output variable-duty square waves.
They are multiplexed with pins RBy and RB;,
respectively.

TOE;, TOE,: Output square waves from the
PWM. They are multiplexed with pins R6, and
R6;, respectively.

TOG: Outputs a square wave specified by the out-
put compare function. It is multiplexed with pin
RA,.

Buzzer

Buzz: Outputs a variable-duty square wave. It is
multiplexed with RA5.

A/D Converter
AVcc: Ve power supply for the A/D converter.
AGND: GND ground for the A/D converter.

ANj~ANy: Analog data input pins for A/D conver-
sion that are multiplexed with pins RCy to RC; and
RDy to RD3, respectively,

Comparator

COMP: Input pin for the comparator. It is multi-
plexed with pin R6y.

Vst Inputs reference voltage for the analog com-
parator. It is multiplexed with pin R6;.
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HD404710 Series
Block Diagram
1. HD404719, HD4074719
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HD404710 Series

2, HD404710, HD4074710
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HD404710 Series

Memory Map
Program ROM Memory Map Pattern Area ($0000-$0FFF):

) i + HD404719, HD4074719: Reserved for ROM
The program ROM memory map is shown in fig- data that is referenced as a pattern by the P
ure 1, and the ROM is described in detail below. instruction.

o HD404710, HD4074710; Reserved for ROM

Vector Address Area (§0000-$001F): Reserved data that can be referenced as a pattern by the P

for JMPL instructions dfat branch “_’ the start instruction. The data in this area is available
addresses of the re.set and mterrup.t routines, After when bit 1 of the pattern bank register (PBNK)
MCU reset or an interrupt execution, the program is0
starts from the vector address. )

P A $0000-$3FFF): Used f
Zero-Page Subroutine Area ($0000-$003F): rogram Area ( sed for pro-

Reserved for subroutines. The program branches gram code.
. to the subroutine in this area in response to the
CAL instruction.
0 $0000 0 JMPL instruction $0000
Vector address 1 {jump to reset routine) $0001
2 JMPL instruction $0002
31 :gg;g 3 {jump to TNT, routine) $0003
32 _ 4 JMPL instruction $0004
’ Zero-m:vzl::gutme 5]  (umptoTNT, routine) $0005
63 $003F 6 JMPL instruction $0006
84 $0040 7 (jump to TNT routine) $0007
8 JMPL instruction $0008
Pattern . . .
(4098 words) 9 | (jump to input capture routine) | $0009
10 JMPL instruction $000A
4095 $OFFF 1 (jump to timer A routine) $0008
4096 $1000 12 JMPL instruction $000C
13|  (jump ta timer B routine) $000D
Program 14 JMPL instruction $000€
(16384 words) 15|  (ump to timer C routine) | $000F
16 "JMPL instruction $0010
16383 $3FFF 171 (jump to timer D routine) | $0011
18 JMPL instruction $0012
19| (jump to serial 1 routine) $0013
20 JMPL instruction $0014
21 (jump to A/D routine) $0015
22 JMPL instruction $0016
23 (jump to TNT, routine) $0017
24 JMPL. instruction $0018
25 (jump to INT, routine) $0019
26 JMPL instruction $001A
27 (jump to TNT; routine) $001B
28 JMPL instruction $001C
29|  (jump to serial 2 routine) $0010
30 $001E
3t $001F

Figure1 Program ROM Memory Map
I 4496204 0049079 838 HN 588 Hitachi
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HD404710 Series

Pattern ROM Memory Map
(HD404710, HD4074710)

The pattern ROM memory map is shown in figure
2. The access conditions are shown in figures 3 to
S and described below.

8-kword Pattern Area ($0000-$1FFF): Data in
this area is accessed as the pattern data of the P

instruction when bit 1 of the pattern ROM bank
register (PBNK) is 1. When bit 0 of PBNK
(PBNKO) is 0, area $0000-$0FFF is accessed, and
when PBNKO = 1, area $1000-$1FFF is accessed.

When PBNK! = 0, data in the area limited to
$0000-$0FFF in the 16-kword program area is
accessed as the pattern data of the P instruction.

16-kword ROM
{program area)

409

8191 $1FFF
12287 $2FFF
16383 $3FFF

(PBNK1=0)

8-kword ROM
(pattern area)

PBNKO =0

PBNKO = 1

(PBNK1=1)

Figure 2 Pattern Reference Area of the P Instruction

Pattern ROM bank register (PBNK): $035

PBNK1 | PBNKO
PBNK1 PBNKO Pattern
0 * Pattern 1
1 0 Pattern 2
1 1 Pattern 3

(RW)

Pattern selection

Note: *At reset, PBNK1 = 0 and PBNKO = 0.

Figure 3 Pattern ROM Bank Register

55T M
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HD404710 Series

Instruction

~

[P1|ri Opcode | Ps Pz Pi Po
;

B register Accumulator
O Y

[Bs. B2, 81 B0 As A2 A Aol

0

Y \ \
Referred ROM address lRA13RA12HA“ RA;o RAg RAg RA; RAg RA; RA, RA; RA, RA, RAOI

Program ROM (16 k)/
pattern ROM (8 k)

select

PBNKO| PBNK: $035
Addressing

ROM data [RO, 1 RO, RO; RO; RO, RO, RO, RO, ROy

I

Accumulator, B register | B, B, By By Ag A, A Ag|IfROg=1

ROMdata | 1 RO, RO; RO; RO5 RO, RO; RO, RO, ROy

Qutput registers R1, R2 |R23| n22| R2, [ H2o| R13[ R12| R1, l R1°| f ROg=1

Pattern Output

Figure 4 P (Pattern) Instruction
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HD404710 Series

Notes for Pattern ROM Bank Control:

Case 1: When changing PBNK data during an  Case 2: In some cases, the PBNK set operation

interrupt routine or subroutine, the previ- must be programmed just before the BR,
ous PBNK data must be stored in RAM TBR, BRL, or JMPL instruction (figure
and retrieved just before the RTN or 5).
RTNI instruction (figure 5).
Case 1 Case 2
Pattern @ set Pattern @ set
bl - BR, TBR, BRL, JMPL
Interrupt
CAL, CAL P instruction ©®
instruction
w \.\//—\—\
? Pattern @ set
Interrupt P instruction @ Pattern @ set
routine,
subroutine Pattern @ set \
/ . .
‘ RTN, RTNI instruction P instruction @

Figure 5 Pattern ROM Bank Control
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HD404710 Series

RAM Memory Map

The MCU contains a 960-digit x 4-bit RAM area
for data and stack areas. In addition, interrupt con-
trol bits and special function registers are mapped
onto the same RAM memory space outside this
area. The RAM memory map is shown in figures
6-1 and 6-2, and the RAM area is described in
detail below.

Interrupt Control Bits Area ($000-$003, $020-$024);
Used for interrupt control (figure 7). It can be
accessed only by RAM bit manipulation instruc-
tions. However, note that the interrupt request flag
cannot be set by software, the RSP bit is used only
to reset the stack pointer, the DTON, LSON, and
WDON flags are accessed only by RAM bit
manipulation instructions, and the WDON flag can
only be set to 1 by the SEM and SEMD instruc-
tions.

Special Function Registers Area ($004-$01F,
$025-$03F): Used as mode registers for external
interrupts, the serial interface, the timer/counters,
and as data control registers and data registers for

m uu9L204 0049083 269 HN

I/O ports. As shown in figure 6, there are three
types of registers: read-only, write-only, and
read/write. These registers cannot be accessed by
RAM bit manipulation instructions.

Data Area ($040-$04F, $050-$3BF): The memory
registers (MRs), which are in 16 digits ($040-
$04F), can also be accessed by the LAMR and
XMRA instructions (figure 8).

Stack Area ($3C0-$3FF): Used for saving the
contents of the program counter (PC), status flag
(ST), and carry flag (CA) at subroutine call (CAL
or CALL instruction) and interrupt processing.
This area can be used as a 16-level nesting subrou-*
tine stack in which one level requires four digits.
The stack area and data to be saved in it are shown
in figure 8.

The program counter is popped from the stack by
the RTN and RTNI instructions, but the status and
carry flags can only be popped from the stack by
the RTNI instruction. Any unused area is available
for data storage.
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HD404710 Series

HD404719, HD4074719

0 T

$000 g Interrupt controf bits area (1) | B :ggg

RAM-mapped registers 4 | Port mode register A_(PMRA) , W 13004

5 | Serial mode register 1 (SMR1) L W |$005

6 | Serial data register 1 lower (SR1L) L R'W | $006

64 $040 7 | Serial data register 1 upper (SR1U) | RAW | $007
Memory registers (MR} 8 | Timer mode register A (TMA) I W |$008

(16 digits) 9 | Timer mode register B (TMB) | W [$009
10 Timer B* (TCBUTLRL) | R/W | $00A
80 $050 " {TCBU/TLRU) "R/W] $00B
12 | Miscellaneous register (MIS) T W _lso0c
Data 13 | Timer mode registe(;_ gc(mgzm N \?IW &02

. 14 . R 0
(880 digits) 15 | Timer C* (TCCU/TCRU] | RAW| $00F

16 | Timer mode register D (TMD) i W |$010
17| * {TCDL/TDRL) t AW | $011-

960 $3C0 18 TP (TCDUTTDRU] T RW] $012
19 | Port mode register B (PMRB) I W |$013

Stack 20 | Serial mode register 2 (SMR2) W |so14

(64 digits) 21 | Serial data register 2 lower (SR2L) L BW] $015

22 | Serial data register 2 upper (SR2U)  RIW | $016

23 | Input capture control register (ICC) . W |s017

1023 $3FF 24 | Input capture status register (ICSR) {RIW | $018
25 | Input capture register lower (ICRL) | R |%019
26 | Input capture register upper (ICRL) ! R _|$01A
27 | A/D control register (ADCR) | W |$01B
28 | A/D mode register (AMR) I W |$01C
29 | A/D data register lower (ADRL) ' R |$01D
30 | A/D data register upper (ADRU) " R |$01E
Note: * Two registers are mapped on 31 | A/D status register (ADSR) : R/W | $01F
the same address gg Interrupt control bits area (2) : 8 :ggg

R: Read only 37 | Timer mode register E_(TME) | R'W | $025

W: Write only 38 | Timer buffer register E lower (TBEL) | W i$026
R/W: Read/write 39 | Timer buffer register E upper (TBEU) | W |$027

B: Bit manipulation 40 | Not used ' $028

41 | Buzzer control register (BCR) " W |so020
42 | Output compare control register (OCC) | W | $02A
43 | Output compare status register (OCSR), W | $028
44 | Timer load register G1 lower (TLGIL) | W |$02C
45 | Timer load register G1 upper (TLG1U) | W |$02D
46 | Timer load register G2 lower (TLG2L) | W |$02E
47 | Timer load register G2 upper (TLG2U) | W | $02F

48 | Port mode register C (PMRC) | W 1%030

49 | Interrupt mode register A (IMRA) W 18031

50 | Interrupt mode register B_(IMRB) : W ]$032

g; Not used ! g‘gg

54 | Port R6 DCR (DCRS6) L W _|1$036

55 | Port R7 DCR (DCR7) | W |$037

56 | Port R8 DCR (DCR8) | W |$038

57 | Port RS DCR (DCR9) | W |$039
58 | Port RA DCR (DCRA) I W [$03A
59 | Port RB DCR (DCRB) : W | 03B
463(1) Not used I :ggg
62|l Compare control register (CCR) . W |s03€E

63 1 Not used I $03F

Figure 6-1 RAM Memory Map (HD404719, HD4074719)
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HD404710 Series

HD404710, HD4074710

0 $000
RAM-mapped registers

$040
Memory registers (MR)
(16 digits)

80 $050

Data
(880 digits)

960 $3C0

Stack
(64 digits)

1023 $3F

Note: * Two registers are mapped on
the same address

R: Read only

W: Write only

R/W: Read/write
B: Bit manipulation

Interrupt control bits area (1)

Port mode register A (PMRA)

Serial mode register 1 (SMR1)

Serial data register 1 lower (SR1L)

Serial data register 1 upper (SR1U)

Timer mode register A (TMA)

Timer mode register B (TMB)

) (TCBLTLAL)
Timer B~ (TCBUTLRY)

Miscellaneous register (MIS)

Timer mode register C_ (TMC)

. (TCCLTCRL)
Timer C* (TCCUITCRU)

Timer mode register D (TMD)

Timer D* (TCDL/TDRL)

(TCDU/TDRU)

Port mode register B (PMRB)

Serial data register 2 lower (SR2L)

Serial data register 2 upper (SR2U))

Input capture control register (ICC)

Input capture status register (ICSR)

Input caplure register lower (ICRL)

Input capture register upper (ICRU})

A/D control register (ADCR})

A/D mode register (AMR)

A/D data register lower (ADRL)

A/D data register upper (ADRU)

A/D status register (ADSR)

Interrupt control bits area (2)

Timer mode register E (TME)

Timer buffer register E lower (TBEL)

T
|
t
)
|
1
I
!
[
|
T
T
|
1
|
i
[
T

Serial mode register 2 (SMR2) !
T
|
1
!
|
|
i
T
T
}
I
1
|
|

Timer buffer register E upper (TBEU) |

T

Not used

Buzzer control register (BCR) |

Output compare control register (OCC) |
Qutput compare status register {OCSR),

Timer load register G1 lower (TLGIL)

Timer load register G1 upper (TLG1U) |

Timer load register G2 lower (TLG2L) |

Timer load register G2 upper (TLG2U) 1

Port mode register C (PMRC)

Interrupt mode register A (IMRA)

Interrupt mode register B_(IMRB)

R S R e R e e e e e B B B e e e R e B e E R e R

Not used

Pattern bank register (PBNK)

Port Ré DCR (DCR6)

Port R7 DCR_(DCR7?)

Port RS DCR_(DCRS)

Port RADCR (DCRA)

Port RB DCR_(DCRB)

s|5|5|5j553

Not used

Compare control register (CCR)

s

{
|
T
1
|
!
|
)
Port R8 DCR (DCRS8) !
|
I
T
1
|
{
|

Not used

$000
$003
$004
$005
$006
$007
$008
$009
$00A
$00B
$00C
$00D
$00E
$00F
$010
$011
$012
$013
$014
$015
$016

B 4496204 0OO49085 031 M

Figure 6-2 RAM Memory Map (HD404710, HD4074710)

594 Hitachi




HD404710 Series

Note: Bits in the interrupt control bits area and register flag area are set by the SEM or SEMD
instruction, reset by the REM or REMD instruction, and tested by the TM or TMD instruction.
Other instructions have no effect..
However, note that the IF cannot be set by the SEM or SEMD instruction. |f the RSP bit or an
unusable bit is tested by the TM or TMD instruction, its status is undefined.
The WDON flag can only be used by the SEM or SEMD instruction (it is reset only by MCU reset).

Bit 3 Bit 2 Bit 1 Bit 0
- MO IFO_ RSP IE
0 (IM of INT,) (IF of INTg) (Reset SP bit) | (Interrupt enable flag) | $000
M2 F2__ M1 IF1_
1 (IM of INT>) (IF of INT,) (IM of INT;) (IF of INT;) $001
IMTA IFTA IMIC IFIC
2[ (M oftimer A) (IF of timer A) | (IM of input capture) | (IF of input capture) | $002
IMTC IFTC IMTB IFTB
3| (IMoftimer C) {IF of timer C) {IM of timer B) (IF of timer B) $003
DTON WDON LSON
32 (Direct transfer on flag) Not used (Watchdog on flag) | (Low speed on flag) $020
33 IMS1 IFS1 IMTD IFTD 21
{IM of serial 1) (IF of serial 1) (IM of timer D) (IF of timer D) $0
% M3 IF3 IMAD IFAD $022
(IM of INTS) (IF of INT3) (IM of A/D) (IF of AD)
IM5 IF5__ M4 IF4
85| (MofINTs) (IF of INTz) (IM of INT5) (IF of INTy) $023
IMS2 IFS2
36 Not used Not used (IM of serial 2) (IF of serial 2) | $024
IF: Interrupt request flag
IM:  Interrupt mask
IE: Interrupt enabie flag
SP: Stack pointer

Figure 7 Configuration of Interrupt Control Bits and Register Flag Areas

Memory registers

64| MR (0) | $040
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) | $048
74 | MR (10)| $04A
75| MR (11)| $04B
76 |[MR (12)| $04C
771 MR (13)| $04D
78 | MR (14)| $O4E
79 |[MR (15) | $04F

1023

Stack area
Level 16
Level 15
level 14
Level 13
Level 12
Level 11
Level 10
Level 9
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1

960 $3C0

$3FF

Bit1 Bito

1020

PCy

1021

PCe

1022

PCs

1023

PCy

PC13-PCo: Program counter

ST: Status flag
CA: Carry flag

$3FC
$3FD
$3FE

$3FF

Figure 8 Configuration of Memory Register and Stack Areas, and Stack Position
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HD404710 Series

Functional Description
Registers and Flags

The MCU has nine registers and two flags for CPU
operations. They are shown in figure 9 and
described below.

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

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

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

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

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

3 0
Accumulator initial value: Undefined, RW A
3 0
B register Initial value: Undefined, RW
1 0
W register Initial value: Undefined, R'W
3 0
X register Initial value: Undefined, RIW (X)
3 0
Y register Initial value: Undefined, RAW
3 0
SPX register Initial value: Undefined, R'W (SPX)
3 0
SPY register  Initial value: Undefined, RW
0
Carry initial value: Undefined, RW
0
Status Initial value: 1, no RW
Program counter 13 0
Initial value: 0, (PC) |
no RW
9 5 0
Stack pointer l 1 | 1 l 1 | 1 l (SP) I

Initial vaiue: $3FF, no RW

Figure 9 Registers and Flags

M 4u49L204 0043087 904 N
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HD404710 Series

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

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

Stack Pointer (SP): Ten-bit pointer that contains
the address of the stack area to be used next. The
SP is initialized to $3FF by MCU reset. It is decre-

mented by 4 when data is pushed onto the stack,
and is incremented by 4 when data is popped from
the stack. Since the top 4 bits of the SP are fixed to
1111, a stack of up to 16 levels can be used.

The SP is initialized to $3FF in two ways: by
MCU reset or by resetting the RSP bit with the
REM or REMD instruction.

Reset

The MCU is reset by setting the RESET pin high.
At power-on or when stop mode is cancelled,
RESET must be high for at least one tpc to enable
the oscillator to stabilize. In other cases, a RESET

input for two instruction cycles resets the MCU.

Initial values of the registers and counters after

MCU reset are listed in table 1.

Table 1 Initial Values after MCU Reset

Initial
tem Abbr. Value Contents
Program counter (PC) $0000 Indicates brogram execution point from
start address of ROM area
Status flag (8T 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
&aagss': Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (IM) 1 Prevents (masks) interrupt requests
o Open-drain PMOS (PDR)  Allbits0 Enables output at level 0
port data register
Standard port data register (PDR)  Allbits 1 Enables output at level 1
Data control register (DCR)  Alibits 0 Turns output buffer off (to high impedance)
Port mode register A (PMRA) 0000 2efer to description of port mode register
Port mode register B (PMRB) 0000 Refer to description of port mode register
B
Port mode register C (PMRC) 0000 gefer to description of port mode register
Interrupt mode registers A, B (IMRA, 0000 Refer to description of interrupt mode
IMRB) registers A and B
597 Hitachi
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HD404710 Series

Table 1 Initial Values after MCU Reset (cont)

Initial
item Abbr. Value Contents
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode
counters, register A
§etn?fl Timer mode register B (TMB) 0000 Refer to description of timer mode
interiace register B
Timer mode register C (TMC) 0000 Refer to description of timer mode
register C
Timer mode register D (TMD) 0000 Refer to description of timer mode
register D
Timer mode register E (TME) 0000 Refer to description of timer mode
register E
. Serial mode register 1 (SMR1) 0000 Refer to description of serial mode
register 1
Serial mode ragister 2 (SMR2) 0000 Refer to description of serial mode
register 2
Prescaler S $000 —
Prescaler W $00 -
Timer counter A (TCA)  $00 —_—
Timer counter B (TCB)  $00 —
Timer counter C (TCC) $00 —
Timer counter D (TCD)  $00 -
Timer buffer register € (TBE) $00 Refer to description of timer buffer
register E
Timer load register B (TLR) $00 Refer to description of timer load
register B
Timer load register C (TCR)  $00 Refer to description of timer load
register C
Timer load register D (TDR) $00 Refer to description of timer load
register D
Octal counter (x 2) 000 -
Timer load register G (TLG)  $0000 Refer to description of timer load
register G
A/D control register (ADCR) 0000 Refer to description of A/D control
register
Input capture control (ICC) 0000 Refer to description of input capture
register control register
Input capture data (ICSR) 0000 Refer to description of input capture
register data register
Buzzer contro! register (BCR) 0000 Refer to description of buzzer control
register
598 Hitachi
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Table 1 Initial Values after MCU Reset (cont)

Initial
item Abbr. Value Contents
Timer/ Output compare control (OCC) 0000 Refer to description of output compare
counters, register control register
:1912?f|ace Output compare status (OCSR) 0000 Refer to description of output compare
{cont) register _ status register
A/D status register (ADSR) 0000 Refer to description of A/D status
register
A/D data register (ADR)  $80 Refer to description of A/D data
register
16-bit counter (timer (TCG)  $0000 —
counter G)
8-bit counter (timer (TCF) $00 —_
counter F)
Compare control (CCR) 0000 Refer to description of output compare
register control register
Bit register Low speed on flag (LSON) 0 Refer to description of operating modes
Watchdog timer on flag (WDON) 0 Refer to description of timer C
Direct transfer on flag (DTON) 0 Refer to description of operating modes
Miscellaneous register (MIS) 0000 Refer to description of miscellaneous
register
Pattern ROM bank register (PBNK)* 00 Refer to description of 8-kword
pattem ROM

Notes: The status of other registers and flags after MCU reset are shown below.
* Applies to HD404710 and HD4074710.

Status after Cancellation of

item Abbr. Stop Mode by MCU Reset In Other Cases at MCU Reset
Carry flag (CA) Pre-MCU-reset values are not Pre-MCU-reset values are not
onmiaor (8 [t bemrustte  fated vekes mustoe
B register (B)

W register w)

X/SPX register (X/SPX)

Y/SPY register (Y/SPY)

Serial 1 data register (SR1)
Serial 2 data register  (SR2)

RAM Pre-MCU-reset (pre-STOP-
instruction) values are retained
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Interrupts

The MCU has 14 interrupt sources: six external
signals (INT,-INT5), four timer/counters (timers
A, B, C, and D), two serial interfaces (serial 1 and
serial 2), an A/D converter, and an input capture.
An interrupt request flag (IF), interrupt mask (IM),
and vector address are provided for each interrupt
source, and an interrupt enable flag (IE) controls
the entire interrupt process.

Interrupt Control Bits and Interrupt Processing:
Locations $000 through $003 and $020 through
$024 in RAM are reserved for the interrupt control
bits which can only be accessed by RAM bit
manipulation instructions. The interrupt request
flags (IFs) can only be set by signals from interrupt
sources. MCU reset initializes the interrupt enable
flag (IE) and interrupt request flags (IFs) to 0 and
the interrupt masks (IMs) to 1.

A block diagram of the interrupt control circuit is
shown in figure 10, interrupt priorities and vector

processing conditions for the 14 interrupt sources
are listed in table 3. An interrupt request occurs
when the IF is set to 1 and the IM is set to 0. If the
IE is 1 at that point, interrupt processing begins. A
priority programmable logic array generates the
vector address assigned to that interrupt source.

The interrupt processing sequence is shown in
figure 11, and an interrupt processing flowchart is
shown in figure 12. After an interrupt is acknowl-
edged, the previous instruction is completed in the
first cycle. The IE is reset in the second cycle, the
carry flag, status flag, and program counter values
are pushed onto the stack during the second and
third cycles, and the program jumps to the vector
address to execute the instruction in the third cycle.

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

Note: The interrupt mask bit will not be set by

addresses are listed in table 2, and the interrupt interrupt processing.
Table 2 Vector Addresses and Interrupt Priorities
Reset/interrupt Priority Vector Address
RESET — $0000
INT, 1 $0002
INT, 2 $0004
INT, 3 $0006
Input capture 4 $0008
Timer A 5 $000A
Timer B 6 $000C
Timer C 7 $000E
Timer D 8 $0010
Serial 1 ] $0012
AD 10 $0014
INT, 1 $0016
iNT, 12 $0018
INT; 13 $001A
Serial 2 14 $001C
600 Hitachi
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Sequence control

* Push PC/CA/ST

» Reset IE

* Jump to vector
address

|~ Vector
Priority control logic >
v 9 [ address

FS2

IF§

IF4

IF3

=
>

Figure 10 Block Diagram of Interrupt Control Circuit

6 Hitachi
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Table 3 Interrupt Conditions

Interrupt Source
o o o Input
Interrupt Control Bit INT, INT, INT, Capture TimerA TimerB TimerC
IE 1 1 1 1 1 1 1
IFO » TMO 1 0 0 0 0 0 0
IF1 + IMT * 1 0 0 0 0 0
IF2 « IM2 * * 1 0 0 0 0
IFIC « IMIC * * * 1 0 0 0
IFTA « IMTA * * * * 1 0 0
IFTB+IMTB * * * * * 1 0
- IFTC « IMTC * * * * * * 1
IFTD « IMTD * * * * * * *
IFS1 « IMST * * * * * * *
IFAD + IMAD * * * * * * *
IF3+«1M3 * * * * » * *
IF4 « M4 * * * * * * *
IF5 « M5 * * * * . * *
IFS2 - IMS2 * * * * * * *

Note: Bits marked by * can be either 0 or 1. Their values have no effect on operation.
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Table 3 Interrupt Conditions (cont)

Interrupt Source
interrupt Control Bit TimerD Serial1 A/D INT, INT,
IE
IFO « IMO
IF1+ M7
IF2 « M2
IFIC « IM]

IFTA « IMTA

Zz
o

Serial 2

Ol |CO|lO|0|O|—~

|0 |0o|l0(O|O|OC|(lo]jO| =

?.I
@
|8
*

—~|lolOo(Oo|l0oji0ojO0|QlO|O| =

>
o
g
b=
o
*
*

-~ 1O Q|0 | OO0 |0O|lQC|C|OC |~

=
w
*
=
(5
*
*
*

*
*
*

IF4 + IM4 *
IF5 » IM5 * *
IFS2 « IMS2 * * * * *
Note: Bits marked by * can be either 0 or 1. Their values have no effect on operation.

1
0
0
0
0
0
0
0
0
0
0
0
1
*

*
*

*1=lO|lO(OjO|O|O|OC|OjO|C(O0jO |~
— OO0 |QIO|C|O|0O|Q0|Q@|lO|OC|]O|—
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The stack is accessed and the IE reset after the instruction
is executed, even if it is a two-cycle instruction.

Instruction cycles
| 1 2 3 4 | 5 6 |
| ] | -
Instruction
execution
. Stacking;
Interrupt Stacking; | o ctor agddress
acceptance |E reset generation
Execution of JMPL
instruction at vector address

Execution of
instruction at
start address
of interrupt
routine

Figure 11 Interrupt Processing Sequence

M 4435204 0049095 T4O WA
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PC « $0002

PC « $0004

PC « $0006

PC « $0008

PC « $000A

PC < $000C

PC « $000E

PC « $0010

PC « $0012

PC « $0014

PC « $0016

PG « $0018

PC « $001A

PC « $001C

Yes

&

No
Yes

G

No
Yes @

No
Yes Input

i

capture?

No
Yes

¥

No
Yes
Timer B?

v

No
Yes

v

No
Yes

v

No
Yes
Serial 1?

¢

No
Yes

¢

z
o

Yes

Yes

i

pd
o

Yes

¢

P4
o

Serial 2

Interrupt
acceptance

IEe0
Stack(PC)
Stack«(CA)
Stacke(ST)

M 4496204 0049096

Figure 12 Interrupt Processing Flowchart
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HD404710 Series

Interrupt Enable Flag (IE: $000, Bit 0): Controls
all interrupts (table 4). IE is reset to 0 by the inter-
rupt processing and set to 1 by the RTNI instruc-
tion.

External Interrupts (INT¢-INTs): The MCU
has six external interrupt pins.

The INT input can be used as a clock input for
timer B in which case timer B increments at each
edge selected by the interrupt mode register
(IMRA) (figufe 13). In this case, the external inter-
rupt request flag (IM1) must be set to inhibit the
INT; interrupt request. The INT, input can be used
as an external trigger for the output compare timer.

External Interrupt Request Flags (IF0: $000,
Bit 2; IF1: $001, Bit 0; IF2: $001, Bit 2; IF3:
$022, Bit 2; IF4: $023, Bit 0; IF5: $023, Bit 2):
Set at the rising or falling edges of the correspond-
ing INT to INTs inputs (table 5).

IF0, IF4, and IF5 are set at the falling edges of
INT,, INT,, and INT;, respectively, and IF1, IF2,
and IF3 are set at either the rising or falling edges
of INTy, INT,, and INT3, respectively. The active
edge is selected by the interrupt mode register
(IMRA, IMRB),

External Interrupt Masks (IMO: $000, Bit 3;
IM1: $001, Bit 1; IM2: $001, Bit 3; IM3: $022,
Bit 3; IM4: $023, Bit 1; IMS5: $023, Bit 3): Mask
interrupt requests caused by the corresponding
external interrupt request flags (table 6).

Input Capture Interrupt Request Flag (IFIC:
$002, Bit 0); Set by an overflow from timer/
counter F if bit 0 of the input capture status register
(ICSR) is 0, and an input capture input if bit 0 of
ICSR is 1 (table 7).

Input Capture Interrupt Mask (IMIC: $002, Bit
1): Masks an interrupt request caused by the input
capture interrupt request flag (table 8).

Table 4 Interrupt Enable Flag

Table 7 Input Capture Interrupt Request Flag

IE interrupt Enabled/Disabled IFIC Interrupt Request
0 Disabled 0 Disabled
Enabled 1 Enabled

Table 5 External Interrupt Request Flags

Table 8 Input Capture Interrupt Mask

IFO-IF5 Interrupt Request IMIC Interrupt Request
0 Disabled 0 Enabled
1 Enabled 1 Disabled (Masked)
Table 6 External Interrupt Masks
IMO-IM5 Interrupt Request
0 Enabled
1 Disabled (Masked)
606 Hitachi
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Timer A Interrupt Request Flag (IFTA: $002,
Bit 2): Set by an overflow from timer A (table 9).

Timer A Interrupt Mask (IMTA: $002, Bit 3):
Masks an interrupt request caused by the timer A
interrupt request flag (table 10).

Timer B Interrupt Request Flag (IFTB: $003,
Bit 0): Set by an overflow from timer B (table 11).

Timer B Interrupt Mask (IMTB: $003, Bit 1):
Masks an interrupt request caused by the timer B
interrupt request flag (table 12).

Timer C Interrupt Request Flag (IFTC: $003,
Bit 2): Set by an overflow from timer C (table 13).

Timer C Interrupt Mask (IMTC: $603, Bit 3):
Masks an interrupt request caused by the timer C
interrupt request flag (table 14).

Timer D Interrupt Request Flag (IFTD: $021,
Bit 0): Set by an overflow from timer D (table 15).

Timer D Interrupt Mask (IMTD: $021, Bit 1):
Masks an interrupt request caused by the timer D
interrupt request flag (table 16).

Table 9 Timer A Interrupt Request Flag

Table 13 Timer C Interrupt Request Flag

IFTA Interrupt Request IFTC Interrupt Request
0 Disabled ? 0 Disabled
1 Enabled 1 ~ Enabled

Table 10 Timer A Interrupt Mask

Table 14 Timer C Interrupt Mask

IMTA Interrupt Request IMTC Interrupt Request
0 Enabled 0 Enabled
1 Disabled (Masked) 1 Disabled (Masked)

Table 11 Timer B Interrupt Request Flag

Table 15 Timer D Interrupt Request Flag

IFTB interrupt Request IFTD Interrupt Request
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table 12 Timer B Interrupt Mask

Table 16 Timer D Interrupt Mask

IMTB Interrupt Request IMTD Interrupt Request

0 Enabled 0 Enabled

1 Disabled (Masked) 1 Disabled (Masked)
607 Hitachi
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Serial Interrupt Request Flags (IFS1: $021, Bit
2; IFS2: $024, Bit 0): Set when the octal counter
counts the eighth clock signal or when data trans-
mission stops, resetting the octal counter (table
17).

Serial Interrupt Masks (IMS1: $021, Bit 3;
IMS2: $024, Bit 1): Mask an interrupt request
caused by the serial 1 and serial 2 interrupt request
flags (table 18).

A/D Interrupt Request Flag (IFAD: $022, Bit
0): Set by the completion of an A/D conversion
(table 19).

A/D Interrupt Mask (IMAD: $022, Bit 1):
Masks an interrupt request caused by the A/D
interrupt request flag (table 20).

Table 17 Serial Interrupt Request Flags

Table 19 A/D Interrupt Request Flag

IFS1, IFS2 Interrupt Request IFAD Interrupt Request
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table 18 Serial Interrupt Masks

Table 20 A/D Interrupt Mask

IMS1, IMS2 interrupt Request IMAD interrupt Request

0 Enabled 0 Enabled

1 Disabled (Masked) 1 Disabled (Masked)
608 Hitachi
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IMRA: $031
IMRA3 | IMRA2 Initial value: 0000
L W‘H detection edge selection
IMRB: $032

IMRB3 | IMRB2 | IMRB1 | IMRBO | Initial value: 0000

T [ INT, detection edge selection
INT3 detection edge selection
IMRA
Bit3 Bit2 INT, Detection Edge
0 0 No detection
1 Falling-edge detection
1 0 Rising-edge detection
1 Double-edge detection
IMRB IMRB
Bit3 Btz INT, Detection Edge Bit1 Bit0 INT, Detection Edge
0 0 No detection 0 No detection

1 Falling-edge detection
1 0 Rising-edge detection 1
1 Double-edge detection

Falling-edge detection

Rising-edge detection

w|lo|l=jO

Double-edge detection

Figure 13 Interrupt Mode Register

B 4496204 0049100 178 mm 509 Hiach



HD404710 Series

Operating Modes

Five operating modes are available, specified by
how the clock is used, as shown in table 21. The
functions available in each mode are listed in table
22, operations are listed in table 23, and transitions
between operating modes are listed in figure 14.

Active Mode: The MCU operates according to
the clock generated by the system oscillator.

Standby Mode: The MCU enters standby mode if
the SBY instruction is executed in active mode.

In this mode, the oscillator remains active and the
peripheral functions such as interrupts, timer/coun-
ters, and the serial interface are enabled, although

all instruction-control clocks stop. The stopping of
these clocks stops the CPU, retaining all RAM and
register contents and maintaining the current 1/0
pin status.

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

Table 21 Low-Power Dissipation Modes

System Clock (ocpy)
Operating Stopped
Non-time-base Operating Active mode Standby mode
peripheral (LSON =0)
I:nctu;n clock Stopped Subactive mode (optional) Watch mode (TMA3 = 1)
PER (LSON =1)

Stop mode (TMA3 = 0)

R 4496204 0049101 0Oy mm
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Reset
Standby mode Active mode Stop mode
- :" (TMA3 = 0)
: | sBy : ]
i| fosc: Operating J_ (Standby) 1] fosc: Operating  sTOP fosc: Stopped
| fcu:  Operating [T M fou: Operating [T fer:  Operating
!| ocpu: Stopped i | gepu: =foye : pcpy:  Stopped
| sok: =foe o gouc =Toye ' ek Stopped
i| #rert =foe i Interrupt il gpen: =foye E gren:  Stopped
[ TMAS =0 |
i E i : Watch mode
TMA3 = 1 TMA3=1LSON=0)
i . . i SBY : I stop :
| fosc: Operating ! (giandhy) || fosc: Operating : | fosc: Stopped  |:
i| foi: Operating | M fo: Operating | | fo: Operating |i
| gcpu: Stopped | | gopui =fore L INT, )| ocpu: Stopped |
H gouk: =fsus _1 do = fsu ;;Tlme base*'; dok. = fsus |
| orenr =foe Dointerrupt i gpen: =fope ': i| gpen: Stopped |
-------------------------------- & -2_---__-- / E
fosc: Main oscillation ‘
foL: Suboscillation 3
for ime base Subactive mode _ _q
o foso/d | (TMA3_1,LSON_1)E
fsus: foL/8 ; h . pped '
#cPU: System clock :°S° Stoprp?d : :°s° gto rating |
PoLK Clock for time base L Operating iNT, j| fou oo
#pER Clock for other chu: j:sus Time base*! | :cpu: ?tfopped :
peripheral functions CLk- = SUB o = suB 5
LSON:  Low speed on flag peen:  Stopy STOP/ open: Stopped :
LSON = 0: ggpy = Main oscillator sgy :
LSON = 1: gcpy = Suboscillator
Notes: 1. Interrupt source.
2. The mode changes shown above are the result of the STOP or SBY instruction while DTON
(direct transfer on flag) is 1 and LSON is 0.

Figure 14 MCU Status Transitions
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Table 22 Operations in Low-Power Dissipation Modes

Standby Subactive
Function Stop Mode  Watch Mode Mode Active Mode Mode*3
System oscillator Stopped Stopped
Subsystem oscillator u

CPU Instruction  Stopped Stopped Stopped
operation execution
(cpu) RAM Retained Retained Retained
Registers, Reset Retained Retained
flags
10*2 Reset Retained Retained
Peripheral INT—INT;  Reset Retained
functions,  yimer A Reset Retained
interrupts
(®PeR) Timer B Reset Retained
Timer C Reset Retained
Timer D Reset Retained
Timer E Reset Retained
(PWM)
Input capture Reset Retained
Qutput Reset Retained
compare
Serial 1, Reset Retained
serial 2
AD Reset Retaired
Time-base INT, Reset 23
functions,
interrupts Time base Reset
(Bork)
Notes: ndicates operating.
. To reduce I, stop oscillation in external circuits.
. Refer to table 23.

. Subactive mode is an optional function.
. Refer to the Interrupt Frame section.

1
2
3
4
5

respactively.

Table 23 Input/Output in Low-Power Dissipation Modes

. 1 TMA3 is set to 1, timer A and INT,, are switched to time-base function and interrupt,

Output Input
Stop/Watch/ All Modes
Standby Mode Subactive Mode (Input State)
Dy-Dys Retained/peripheral function output High impedance Input enabled
RO-RD Retained/peripheral function output High impedance Input enabled

Note: Applying a voltage between (Vg — 0.3) and (GND + 0.3 V) to input-state pins increases the current

between Vg and GND.
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|

Restart
processor docks

Exoecute
next instruction
0

C e )
Suboscillator: Active
Peripheral clocks: Stopped
All other clocks: Stopped

Oscil . pped

Peripheral clocks: Active
Al other clocks: Stopped

( Standby ,
1
Oscillator: Active

Restart
processor clocks
Resat MCU

Figure 15 Flowchart of Watch and Standby Modes
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Stop Mode: The MCU enters stop mode” if the
STOP instruction is executed in active mode while
In this mode, the system oscillator

TMAS3 = 0.

stops, causing all MCU functions to stop as well,

Stop mode is terminated by a RESET input as
shown in figure 16. RESET must be high for at
least one tgc to stabilize oscillation (refer to the
In stop mode, all

AC Characteristics section).
RAM contents are retained.

After stop mode is cancelled, the contents of the
accumulator, B register, W register, X/SPX regis-
ter, Y/SPY register, carry flag, and serial data reg-

ister are not retained.

Watch Mode: The MCU enters watch mode if the
STOP instruction is executed in active mode while
TMA3 = 1, or if the STOP/SBY instruction is exe-
cuted in subactive mode.

Watch mode is terminated by a RESET input or a
timer-A/INT, interrupt request. For details of
RESET input, refer to the Stop Mode section.

" When terminated by a timer-A/INT, interrupt
request, the MCU enters active mode if LSON is 0
or subactive mode if LSON is 1. Any interrupt
request generated for the transition to active mode
is delayed for half the interrupt frame period (tgc)
to give the oscillation time to stabilize (figure 17).
Operation during mode transition is the same as
that at standby mode cancellation (figure 15).

N

a
r

I Stop mode
[

4

T

-

Internal clock “ H I "

|

RESET « ? ' I—
" | i
? I tres )
glggg:"“m" tres 2 the (Stabilization time)
Figure 16 Timing of Stop Mode Cancellation
Osclllation
Watch mode m‘:“; Active mode
4 4 4
interrupt : : :
strobe v : A
: E : i
Interrupt : : : ;
request (only ! : : '
during : ' ' :
transition to ! : : ;
active mode) . T - T ' the -l
T=2x1tgg: Interrupt frame period tre: Oscillation stabilization time

Figure 17 Interrupt Frame
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Subactive Mode: The CPU operates with a clock
generated by the CL.; and CL, oscillation circuits.
Functions that can operate in subactive mode are
listed in table 22. When the STOP or SBY instruc-
tion is executed in subactive mode, the MCU
enters either watch or active mode, depending on
the statuses of LSON and DTON. The DTON flag
can only be set in subactive mode; it is automati-
cally reset after a transition to active mode.

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

Interrupt Frame: In watch and subactive modes,
timer A and INT, interrupts are generated in syn-
chronism with the interrupt frame. The interrupt
frame is repeated at the timing shown in figure 17.
Three interrupt frame cycles can be selected by the
settings of the miscellaneous register (figure 19).

The period from the interrupt strobe to the inter-
rupt request generation is used as the oscillation
time to stabilize during the transition from watch
mode to active mode. Operation during the transi-
tion from watch mode to active mode is the same
as a standby mode cancellation. The overflow tim-
ing during the transition to active mode by the

timer A interrupt request is the same as the inter-
rupt strobe shown in figure 17.

Direct Transfer: By controlling the DTON, the
MCU is placed directly from subactive to active
mode. The detailed procedure is as follows
(figure 18):

Set the DTON flag in subactive mode while
LSON =0.

Execute the STOP or SBY instruction.

After the oscillation stabilization time (a fixed
value), the MCU will move automatically from
subactive to active mode.

Note that DTON ($020, bit 3) is valid only in sub-
active mode. When the MCU is in active mode,
this flag is always at reset.

The transition time (tp) from subactive to active
mode is tre<tp< T+ tre-

MCU Operation Sequence: The MCU operates
in the sequence shown in figures 20 to 22. It is
reset by a RESET input, regardless of its state.

STOP/SBY execution

Subactive mode | time (< T)

Internal execution

Oscillation
stabilization time

l Active mode

(LSON =0, DTON = 1)

!

Interrupt
strobe : :
Interrupt i E T
request ] : :
E T i te
' Transition ' ‘
tRe < time < 3tre

T=2xtre: Interrupt frame period

trc: Oscillation stabilization time

Figure 18 Timing of Subactive Mode Direct Transition
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MIS: $00C

MIS3 | MIS2 | MIS1 | MISO | Initial value: 0000

I

} trc selection
MIS
Bit1 Bit0 T/2,tye
0 0 0.12207 ms
0 1 7.8125ms
1 0 62.5ms
1 1 Not used

Note: Only when 32.768-kHz oscillation is used.
T: Interrupt frame length
tre: Oscillation stabilization time

Figure 19 Miscellaneous Register

( Power on ’

RESET =127 >0 l
Yes rmmmmmesdescmcoaons !
i MCU operation !
; cycle H
Reset MCU

A

Figure 20 MCU Operation Flowchart (Power On)
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MCU operation
cycle

Instruction Yes
execution

IE«0
Stack « (PC),
(CA), (ST)
; Lg;ve-?;:r;?‘rc?;:e PC « Next location PC « Vector address

IF:  Interrupt request flag
IM: Interrupt mask

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

ST: Status flag

Figure 21 MCU Operation Flowchart (MCU Operation Cycle)
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The low-power mode operation sequence is shown
in figure 22. With the IE flag cleared and an
interrupt flag set together with its interrupt mask
cleared, if a STOP/SBY instruction is executed, the
instruction is cancelled (regarded as an NOP) and

the following instruction is executed. Before exe-
cuting a STOP/SBY instruction, make sure all
interrupt flags are cleared or all interrupts are
masked.

Low-power mode
operation cycle

No

IF:LW

v

Yes
\
Standby/watch Stop mode
mode
*
No
Yes
Y
Hardware NOP Hardware NOP
execution execution

!

)

PC « Next location

PC « Next location

\

Instruction
execution

MCU operation
cycle

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

Figure 22 MCU Operation Flowchart
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(Low-Power Dissipation Mode Operation)
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Internal Oscillation Circuit

A block diagram of the internal oscillation circuit ~ can be connected to CL; and CL,. An external
is shown in figure 23. As shown in table 24, a  clock operation of the system oscillator is also
crystal or a ceramic oscillator can be connected to  available. If not using a subsystem oscillator, fix
OSC; and OSC,, and a 32.768-kHz crystal oscillator ~ the CL; pin to V¢ or GND.

ClLa CL4 0S8C;4 0SCz

Subsystem oscillator System oscillator

feL fosc

Divider (1/8) Divider (1/4)

tsubeye ¢ fsue teye ¢ foye
Timing generator Timing generator

Time-base clock System clock
TMAS — selection selection < LSON
SCLK PPER dcPu
CPU
Time-base/ Peripheral ng
interrupt functionsfinterrupts T
« Registers, flags

Figure 23 Internal Oscillator Circuit
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TEST CLp CLy GND O0SC; 0SC; RESET

Figure 24 Typical Pattern Layout Example of Oscillation Circuit
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Table 24 Oscillator Circuit Examples

Circuit Configuration Clrcuit Constants
External clock operation
(0sC4, 0SCy) External
oscillator
—OSC;
Open - OSCz
Ceramic oscillator Ceramic oscillator:
(0SC4, OSCy) c CSA4.00MG (Murata)
1 Ri=1 MQ +20%
- 0SC Cy=Cp =33 pF £ 20%
ceclator =3 3P
—| 0S¢,
7r G2
GND
Crystal oscillator Ri=1 MQ +20%
(0OSCq4, OSCg) Cy c Ci= Co =22 pF + 20%
|0SCy Crystal: Equivalent to circuit
Crystal S5 2R, shown at bottom left
11 Josc, Co =7 pF, max.
C, I Rg = 100 Q, max.
GND f=1.6t04.5MHz
A
OSC1"§CS RS \ B OSCZ
|__
Co
Crystal oscillator C1=Co=15pF £5%
(CL4, CLo) Gy — Crystal: MX38T
Cly {Nihon Dempa Kogyo)
Crystal &5 Co=1.5 pF, typ.
oL, Rg =14 kQ, typ.
C, T f=32.768-kHz
GND
Co

Notes: 1. The circuit constants given above are recommended values provided by the oscillator
manufacturer. Since they may be affected by stray capacitances from the oscillator or board,
consult the crystal oscillator or ceramic oscillator manufacturer to determine the actual circuit
parameters required.

2. Wiring between the OSC/0OSC;, pins and other elements must be as short as possible, and
must not cross other wiring. Refer to the recommended layout of the oscillation circult in figure
24,

3. If not using a 32.768-kHz crystal oscillator, fix the CL4 pin to GND and leave the CL, pin open.

Hitachi
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Input/Output

The MCU (mask ROM version) has 70 input/out-
put pins, 33 of the input/output pins being standard
pins whose circuits can be selected as with pull-up
MOS (B) or without pull-up MOS (C) option.

The HD404719 and HD404710 have 37 other
high-voltage pins whose circuits can be selected as
with pull-down MOS (E) or without pull-down
MOS (D) option. If the former option is selected,
the R5¢/V gisp Pin must be set as Vg, by the mask
option because the source of a pull-down MOS
is connected to Vi, The HD4074719 and
HD4074710 have only pins without pull-up
MOS (C) and without pull-down MOS (D).

D Port: The 16 out of 70 discrete 1/O pins (D
port) that are accessed individually. These pins are
set by the SED and SEDD instructions, reset by the
RED and REDD instructions, and tested by the TD
and TDD instructions. Circuits of the D port are
shown in table 25.

R Ports: Accessed in 4-bit units. Data is input to
the ports by the LAR and LBR instructions and
output from them by the LRA and LRB instruc-
tions. The R6é to RB output buffers are turned
on and off by R-port data control registers
(DCR6-DCRB). Circuits of the R ports are shown

B 4496204 0049113 42 W

in table 25. The input/output buffer is shown in fig-
ure 25 and pin mode selection registers are shown
in figure 26.

Mask Options: The circuits of the HD4074719
and HD4074710 are either without pull-up MOS
(C) or without pull-down MOS (D), as shown in
table 25 and figure 25. Options either with pull-up
MOS (B) or with pull-down MOS (E) can be
selected for the HD404719 and HD404710.
However, note that these MCUs are not compatible
with the HD4074719 and HD4074710.

How to Deal with Unused I/O Pins: 1/O pins that
are not needed by the user system must be fixed as
follows to prevent LSI malfunctions due to noise.
Note the following precautions:

* For high-voltage pins, the without pull-down
MOS option must be selected. The pins are
connected to the Voo voltage of the user
system.

+ For standard pins, the without pull-down MOS
option must be selected. The pins are connect-
ed to the GND voltage of the user system.

» Open-drain PMOS pins are connected to the
Ve voltage of the user system.
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Table 25 Input/Output Pin Types

Standard Pins

Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name

. Input

VO pins co%trol | Jo- -» CPU input 230‘233
o—h/3

R8,—R8,

R9,-R3,

RAg~RA;

RBy—RB;

@__

Input pins 221 ";563
0—RC3
RDy—RD,

HLT

CPU input

Input control CPU input

623 Hitachi
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Table 25 Input/Output Pin Types (cont)

Standard Pins
Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
Peripheral Input ) SCK;
1O pins control | Yo = CPU input CK,
L e = SCK (output)N°'°1
Vee Vee
% g HLT
Input
control )c » CPU input
o » SCK
Vee
Peripheral gm#ol r » CPU input $0y, SO,
output pins TOC
Ve * TOD
o | Ve L TOE,, TOE,
S ALT Buzz
Output
data
Note: * Applies to SO, and SO,.
Input
oopr'ﬂrol | o » CPU input

Veg

@_

e

Note: * Applies to SO, and SO».
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Table 25 Input/Output Pin Types (cont)

Standard Pins
Pin Type With Pull-Up MOS (BYWithout Pull-Up MOS (C) Pin Name
Peripheral SCK;, SCK»
input pins Veo (input)Note 1
Sl,, Sl
1 — 1 D12
[ o] HLT m
o » Peripheral INT,
input W
Input control —_—D CPU input I_rﬂ-ﬁ
INT,
ICT,, ICT,
Do » Peripheral
input
Input control :D CPU input
Vog ANg—-AN;
1 Vref (R61)

| o (ALt

A/D input or V(g

Input control

\_@4 A/D input of Vg

Input control

625 Hitachi
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Table 25 Input/Output Pin Types (cont)

Standard Pins
Pin Type With Puli-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
O pins Comparator R6,/COMP
CPU
1 input
Input
control Mode e
Voo 'Jvcc selection HLT
signal
@_ DCR
PDR
Comparator
CPU
! input
Input |
contro . —
Veo glilgggl selection MaiT
@ DCR
PDR
High-Voltage Pins
Pin Type Without Pull-Down MOS (D)/With Pull-Down MOS (E) Pin Name
/O pins Vee Dy-Dis
o] R1g-R1,
@- m R2,-R2,3
R3,-R33
R4,-R44
tnput control——~DD —= CPUinput
Vee
(] HLT
Vee
Vaisp
Input control —L° > CPU input
626 Hitachi
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Table 25 Input/Output Pin Types (cont)

High-Voltage Pins
Pin Type Without Pull-Down MOS (D)/With Pull-Down MOS (E) Pin Name
Input pins RS0

Input

)—2me [ CPUinpu

Notes: 1. If external clock mode is selected when the serial interface is used, SCK, and SCK;, are used

as input pins.

2. In stop mode, the MCU is internally reset and peripheral functions are cancelled. The HLT
signal goes high and the output pins are at high impedance.

3. In watch/subactive mode, the HLT signal goes high and the output pins are at high impedance.
The input level of YO pins selected for peripheral functions must be fixed since these pins are in
input state.

4. Select the circuit type for a mask ROM MCU as shown below. A mask ROM MCU is compatible
with a ZTAT™ MCU only when C- and D-type circuits are selected for the mask ROM MCU.

Circuit Type
Product Type B C D E
Mask ROM Optional
(HD404719, HD404710)
ZTAT™ Fixed
(HD4074719, HD4074710)
627 Hitachi

B 4y9L204 0049118 308 EM




HD404710 Series

Vee 0<|l

Pull-up HLT
MOS PMOS MIS*2
£-F-s Mask DCR
3 EOéationI
1~ (B)o
@ (B) only
NMOS
| :< _r\ PDR
input
Input control
Mask Option With Pull-Up MOS (B) Without Puli-Up MOS (C)
DCR 0 1 0 1
PDR 0 1 0 1 0 1 0 1
CMOS PMOS — — — On —_ — _ On
bufer smos — —  on — —  —  on —

Pull-up MOS (C) On On On On — —_ -_ -

Notes: 1. —: Off
2. For the R8,/S0, and R93/SO, pins, the PMOSs are off when bits 2 and 3 of the miscella-
neous register are set to 1.

MIS R8,/SO, MIS R94/SO,
Bit2 PMOS Mode Bit 3 PMOS Mode
0 On 0 On

1 Off 1 Off

Figure 25 Input/Output Buffer
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MIS (Miscellaneous register): $00C

3 2 1 0 Initial value: 0000

I R825/S0 4 pin PMOS mode selection
R93/S05 pin PMOS mode selsction

SMR1 (Serial mode register 1): $005

3 2 1 0 Initial value: 0000

! Ro/SCK 1 pin mode selection

PMRA (Port mode register A): $004

3 2 1 0 Initial value: 0000

- R82/S0 1 pin mode selection
R83/SI 4 pin mode selection

R7/INTg pin mode selection
R74/INT; pin mode selection

SMR2 (Serial mode register 2): $014

3 2 1 0 Initial value: 0000

L R91/SCK 2 pin mode selection

Figure 26 Pin Mode Selection Registers
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PMRB (Port mode register B): $013

3 2 1 0 Initial value: 0000

— R93/S05 pin mode selection
R92/S1 2 pin mode selection

RBo/TOC pin mode selection
RB{/TOD pin mode selection
PMRC (Port mode register C): $030
3 2 1 0 Initial value: 0000

L R7,INT pin mode selection
R73/iNT3 pin mode selection
R8¢/INT4 pin mode selection
R84/INTg pin mode selection

Figure 26 Pin Mode Selection Registers (cont)
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Timers

The MCU has two prescalers (S and W) and five
timer/counters (A, B, C, D, and E). Block dia-
grams of the timers are shown in figures 27, 28,
30, and 33.

Prescaler S: Eleven-bit counter that inputs a sys-
tem clock signal. After being initialized to $000
by MCU reset, prescaler S divides the system
clock frequency. Only at MCU reset or during
watch and stop modes does prescaler S stop count-
ing. Of the prescaler S outputs, the timer A input

clock, timer B input clock, timer C input clock,
and serial interface transmit clock are selected by
timer mode register A (TMA), timer mode register
B (TMB), timer mode register C (TMC), and serial
mode register (SMR), respectively.

Prescaler W: Five-bit counter that inputs the CL,
input clock signal divided by 8. Prescaler W out-
put can be selected as a timer A input clock by
timer mode register A.

Table 26 Timers A, B, and C Function Selection

Timer A Timer B
Condition Function Condition Function
TMA3 =0 System clock-base TMB2-TMBO =  Automatic reloading
interval timer 11 timer
TMAS =1 Clock time-base TMB2-TMBO = Event counter
111 and (Pin R74/INT, is specified as
PMRA3 = 1 INT,)
Timer C
Condition Function
WDON =0 Automatic reloading
(PMRB2 = 1) timer
(Pin RBy/TOC is specified
as TOC)
WDON =1 Watchdog timer
631 Hitachi
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32-kHz
crystal
oscillator

1/2

tsubt:yc

Prescaler W

(5 bits)

+2
+8
+16

+32

/

Timer A
MPX2

On: TMA3 =1

Timer mode
register A
(TMA, 4 bits)

Timer counter A

(TCA, 8 bits)

IFTA

Timer A MPX,

On: TMA3 =0

+2

1%

+32

+128

+512
+1024

+2048

System
clock

teye

Prescaler S (11 bits)

Timer A
interrupt
request flag

Figure 27 Block Diagram of Timer A
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| Internal data bus (S1) |
Timer mo%e 4
register
(T, i rmeaen ||
__ &) (TLB, 4 bits)
INT: ERE,
@— TimerB MPX T'(?g'f;g}ga FTB
EEEREER Timer B
interrupt
Timer load register B request flag
(TLR, 8 bits)
~l Sy 2 4 4
7255 §
| Internal data bus (82) I
System i
Slock Prescaler S (11 bits)
- [ Internal data bus (S1) |
YTIR2FeF (S &£ T00
Timer latch 4
register C Timer C variable-duty
{TLC, 4 bits) pulse output
’ ,'nr:erfmunterc IFTC
Timer C
EEERRER, mermgt
3 request flag
Timer load register C
Tlmelr moge (TCR, 8 bits)
register
(Tlsl%,:tbits) ] 4 4 (watchdog
| Internal data bus (S2) |
s’ 1
WDON
Watchdog
on flag
(set only)

Figure 28 Block Diagram of Timers B and C
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Timer A: Eight-bit timer which can be used as a
clock time-base. Timer A is initialized to $00 by
reset, then incremented by each input clock. If an
input clock is applied to timer A after it has
reached $FF, an overflow that sets the timer A
interrupt request flag (IFTA: $002, bit 2) is gener-
ated, and timer A restarts from $00. Timer A is an
interval timer which overflows every 256 clock
inputs.

Timer A can also be used as a clock time-base
when the TMA3 bit of timer mode register A
(TMA) is set to 1. The timer is driven by the
32.768-kHz oscillator clock frequency divided by
prescaler W. In this case, prescaler W and timer A
can be initialized by software. The input clock of
timer A is ¢ontrolled by TMA.

Timer B (TCBL: $00A, TCBU: $00B, TLRL:
$00A, TLRU: $00B): Eight-bit write-only timer
load register (TLRL and TLRU) and read-only
timer counter (TCBL and TCBU) located at the
same address. The eight-bit configuration consists
of lower and upper digits located at sequential
addresses.

Timer counter B is initialized by writing data to
timer load register B (TLR). In this case, the lower
digit must be written first. Both the upper and
lower digits of TLR are loaded into the timer
counter at the same time the upper digit is written
to TLR. TLR is initialized to $00 by MCU reset.

The count of timer B is obtained by reading timer
counter B. In this case, the upper digit must be
read first; the count is latched at the same time the
upper digit is read.

An automatic reloading function, input clock
source, and prescaler division ratio of timer B are
selected by timer mode register B (TMB). When
an external event input is used as the input clock
source of timer B, the R7,/INT; pin must be speci-
fied as INT; by port mode register A (PMRA:
$004) and the external interrupt mask (IM1) must
be set to inhibit any INT; interrupt request.

Timer B is initialized to the value set in timer load
register B (TLR) by software, and is then incre-
mented by one every clock input. If an input clock
is applied to timer B after it has reached $FF, an

M 4496204 0049125 543 EE

overflow is generated. In this case, if the automat-
ic reloading function is enabled, timer B is initial-
ized to its initial value; if reloading is disabled, the
timer is initialized to $00. The overflow sets the
timer B interrupt request flag (IFTB: $003, bit 0).

Timer C (TCCL: $00E, TCCU: $00F, TCRL:
$00E, TCRU: $00F): Eight-bit write-only timer
load register (TCRL and TCRU) and read-only
timer counter (TCCL and TCCU) located at the
same address. The eight-bit configuration consists
of lower and upper digits located at sequential
addresses. The operation of timer C is basically
the same as that of timer B.

An automatic reloading function and prescaler
division ratio of timer C depend on the state of
timer mode register C (TMC). Timer C is initial-
ized to the value set in the TMC by software, and
is then incremented by one every clock input. If an
input clock is applied to timer C after it has
reached $FF, an overflow is generated. In this
case, if the automatic reloading function is
enabled, timer C is initialized to its initial value; if
the function is disabled, the timer is initialized to
$00. The overflow sets the timer C interrupt
request flag (IFTC: $003, bit 2).

Timer C also functions as a watchdog timer. The
watchdog timer functions while the watchdog on
flag (WDON) is set, and the MCU is reset by an
overflow from timer C. If a program routine goes
out of control, it can be detected by controlling the
timer C reset before the count has reached $FF.
Only a 1 can be written to the watchdog on flag. It
can be cleared to 0 only by an MCU reset; it can-
not be cleared by writing 0.

Timer C has a variable-duty pulse output (TOC)
whose output waveform depends on the status of
timer mode register C (TMC) and timer load regis-
ter C (TCR) as shown in figure 29. For pulse out-
put, the RBy/TOC pins must be specified as TOC
by port mode register B (PMRB).

Timer Mode Register A (TMA: $008): Four-bit
write-only register which controls timer A as
shown in table 27. It is initialized to $0 by MCU
reset.
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Tx(TCR+1)
TMC3=0
— T x 256
LI
TMC3=1
T x (256 -~ TCR)

T: Period of clock input to the counter
TCR: Value of timer load register C (0-255)

Figure 29 Variable-Duty Pulse Output Waveform

Table 27 Timer Mode Register A

TMA Source Prescaler, Input Clock Period,
Bit3 Bit2 Bit 1 BitO Operating Mode

0 0 0 0 PSS, 2048t Timer A modse
1 PSS, 1024ty
1 0 PSS, 512t
1 PSS, 128t
1 0 0 PSS, 32ty
1 PSS, 8tyye
1 0 PSS, dtey,
1 PSS, 2teyc
1 0 0 0 PSW, 32t 0cyc Time-base mode
1 PSW, 16t5pyc
1 0 PSW, 8tsboyc
1 PSW, 2tgpeyc
1 o 0 PSW, TCA reset
1
1 0
1

Notes: 1. tsupeyc = 244.14 s (when a 32.768-kHz crystal oscillator is used)
2. teye = 0.9536 ps (when a 4.1943-MHz crystal oscillator is used)
3. Timer counter overflow output period(s) = Input clock period(s) x 256
4. The division ratio must not be modified during time-base mode operation, otherwise an overflow
cycle error will oceur.
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Timer Mode Register B (TMB: $009): Four-bit  Changes made to TMB are valid from the second
write-only register which selects the automatic  instruction cycle after the write instruction is exe-
reloading function, input clock source, and the  cuted. Timer B must be programmed so that it is
prescaler division ratio for timer B as shown in initialized by a write instruction to timer load reg-
table 28. It is initialized to $0 by MCU reset. ister B (TLR) after a mode change becomes valid.

Table 28 Timer Mode Register B

T™B

Bit3 Automatic Reloading
0 Disabled

1 Enabled

_ e

Bit 2 Bit t Bit0 Input Clock Perlod and input Clock Source

0 0 0 2048t
0 0 1 512tye

0 1 0 128,

0 1 1 32tye

1 0 0 8leye

1 0 1 4tcyc

1 1 0 2tcyc

1 1 1 INT; (external svent input)

Note: ty. = 0.9536 us (when a 4.1943-MHz crystal oscillator with 1/4 division is used)
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Timer Mode Register C (TMC: $00D): Four-bit
write-only register which selects the automatic
reloading function and the prescaler division ratio
for timer C as shown in table 29. It is initialized to
$0 by MCU reset.

Changes made to TMC are valid from the second
instruction cycle after the write instruction is exe-
cuted. Timer C must be programmed so that it is
initialized by a write instruction to timer load reg-
ister C (TCR) after a mode change becomes valid.

Table 29 Timer Mode Register C

T™MC
Bit3 Automatic Reloading
o Disabled
1 Enabled

TMC
Bit 2 Bit1 Bit0 Input Clock Perliod
0 0 0 2048t.yc
0 0 1 1024ty
0 1 0 512tyc
0 1 1 1281eyc
1 0 0 32teye
1 0 1 Bleye
1 1 0 Meye
1 1 1 Aeye

Note: ey = 0.9536 us (when a 4.1943-MHz crystal oscillator with 1/4 division is used)

B 4496204 0049128 257 M
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Timer D (TCDL: $011, TCDU: $012, TDRL:
$011, TDRU: $012): Eight-bit write-only timer
load register (TDRL and TDRU) and read-only
timer counter (TCDL and TCDU) located at the
same address. The eight-bit configuration consists
of lower and upper digits located at sequential
addresses.

An automatic reloading function and prescaler
division ratio of timer D are selected by timer
mode register D (TMD). Timer D is initialized to
the value set in timer load register D (TDR) by
software, and is then incremented by one every
clock input. If an input clock is applied to timer D
after it has reached $FF, an overflow is generated.
In this case, if the automatic reloading function is
enabled, timer D is initialized to its initial value; if
reloading is disabled, the timer is initialized to $00.
The overflow sets the timer D interrupt request
flag (IFTD: $021, bit 0).

Timer D has a variable-duty pulse output (TOD),
whose output waveform depends on the states of
timer mode register D (TMD) and timer load regis-
ter D (TDR) as shown in figure 31. For pulse out-
put, the RB;/TOD pin must be specified as TOD
by port mode register B (PMRB).

Timer Mode Register D (TMD: $010): Four-bit
write-only register which selects the automatic
reloading function and the prescaler division ratio
for timer D as shown in figure 32. It is initialized
to $0 by MCU reset.

Changes made to TMD are valid from the second
instruction cycle after the write instruction is exe-
cuted. Timer D must be programmed so that it is
initialized by a write instruction to timer load reg-
ister D (TDR) after a mode change becomes valid.

System > Prescaler S (11 bits)
clock
o | N[ R
ol SN 5|2
.|. .|. .|. .|. .|. .|. .|. .l.
\ 1 |
Timer D MPX

| Internal data bus |

i

Timer latch register D
(TLD, 4 bits)

Timer mode register D
(TMD, 4 bits)

i

TOD

ﬁ Timer D
Timer counter D variable-duty
(TCD, 8 bits) 1 pulse output

£

Timer load register D
(TDR, 8 bits) Timer D

interrupt
ﬁ ﬁ request flag

Internal data bus

Figure 30 Block Diagram of Timer D
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Tx(TDR +1)
TMD3 =0
- T x 256
T
TMD3 =1
T x (256 ~ TDR)
T: Period of clock input to the counter
TDR: Value of timer load register D (0-255)
Figure 31 Variable-Duty Pulse QOutput Waveform
TMD: $010

Bit3 | Bit2 Bit 1 Bit0 | Initial value: 0000

k Timer D input clock selection

Automatic reloading selection

Bit2 Bit1 Bit0 Input Clock Period

0 0 0 2048ty
0 0 1 10241y,
0 1 0 512ty
0 1 1 128ty
1 0 0 32y,

1 0 1 Bloyc

1 1 0 T

1 1 1 Ztcyc
Bit3 Automatic Reloading Function
0 Disabled

1 Enabled

Figure 32 Timer Mode Register D
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Notes on Use shown in table 30. The variable-duty pulse output
should therefore not be used until after the over-

When using the timer output as variable-duty pulse  flow interrupt following the update of the timer

output, note the following point. From the update  write register. After the overflow, the variable-duty

of the timer write register until the occurrence of  pulse output will have the set period and duty

the overflow interrupt, the variable-duty pulse out-  cycle.

put differs from the period and duty settings, as

Table 30 Variable-Duty Pulse Output Following Update of Timer Write Register

Variable-Duty Pulse Output
Timer Write Register is Updated during Timer Write Register is Updated during

Mode High Variable-Duty Puise Output Low Variable-Duty Pulse Output
. Free Timer write Timer write
. 1 wi
funning register register
updatedto  Interrupt updated to Interrupt
value N request value N request

_ . . _
Tx (255-N)| Tx (N +1) Tx(N+1)_
| !‘ ! T2 D]

| Tx@55-N) |Tx(N+1)
|

Reload Timer write Timer write
register register
updatedto  Interrupt updated to interrupt
valug N request value N request

I S e S
L

l T Tx(255—N) T - T,
| Tx(@56-N) T
f
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Timer E: Outputs two variable-duty pulses (PWM).
The block diagram is shown in figure 33, The duty
ratio can be selected by the setting of the load reg-
ister (figure 34). To write data into the load regis-
ter, timer buffer register E must be written to first.
Data written to the buffer register is transferred to
the load register by an overflow from the prescaler.
Since the two channels use the same buffer regis-
ter, the destination load register is selected by the
bit 2 setting of the timer mode register (TME).
The completion of data transfer from the buffer
register to the load register can be checked by
reading bit 3 of TME.

Timer Mode Register E (TME: $025): Four-bit
register including three write-only bits and one
read-only bit which selects the port and the load
register and indicates the buffer register status
(figure 35).

Timer Buffer Register E (TBEL: $026, TBEU:
$027): Eight-bit write-only register. The lower
digit must be written first. When the upper digit is
written, bit 3 of timer mode register E is automati-
cally set to 1. When the data in timer mode regis-
ter E is loaded to the load register, bit 3 of timer
mode register E is automatically reset to 0.

I Prescaler output

&

Compare circuit (1)

Decodes $FF @

Compare circuit (2)

i ]
S R|R S

Timer load register (1)
(TLE, , 8 bits) Q

i

Timer load register (2)

i

(TME bit 2) |

(TLE ,, 8 bits)

f

Timer buffer register E
(TBE, 8 bits)

=  R6,/TOE,

A

(TME bit 3) ‘2 Q

/4 Y 4

:

R6 /TOE, TOE,

e
_@

L Internal data bus l

Figure 33 Block Diagram of Timer E
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(TLE + 1) toye

d

TOE,, TOE,

256t cyc

TLE: Value of timer load register
teyc: System clock period

Figure 34 Variable-Duty Pulse Output Waveform

TME: $025
Bit3 | Bit2 | Bit1 Bit0 | Initial value: 0000
I R6,/TOE, pin mode selection
R64/TOE> pin mode selection
Buffer register load destination selection
Buffer register status
Bit0 R6,/TOE; Pin Mode Selection
0 R6, port
1 TOE; output
Bit1  R6,/TOE; Pin Mode Selection
0 R63 port
1 TOE; output
Buffer Register Load
Bit2 Destination Selection
o TLE,
1 TLE;
Bit3  Buffer Register Status
Set When the upper 4 bits are written
Reset  After the data has been loaded to the load register

M 4496204 0049133 bl4 BN

Figure 35 Timer Mode Register E
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Input Capture Timer: Eight-bit counter and 8-bit
input capture register. The block diagram is shown
in figure 36. Free-running counter operation or
input capture operation can be selected by setting
the input capture status register.

When the free-running counter operation is select-
ed, the counter is incremented by one every
prescaler clock input, whose division ratio is speci-
fied by the input capture control register. If an
overflow is generated from the counter, the input
capture interrupt request flag is set, and the counter
is initialized to $00. It is then incremented.

When the input capture operation is selected, the
count of the 8-bit counter is loaded into the input
capture register by every frigger edge input of
ICT; or ICT,. At this point, the input capture
interrupt request flag and input capture status flag
are set and the counter is initialized to $00, and is

then incremented. An external trigger input while
the status flag is 1 or an overflow from the counter
(when the counter continues to increment without
receiving trigger input) sets bit 3 of the status
register.

Input Capture Control Register (ICC: $017):
Four-bit write-only register which selects the pin
function and the prescaler division ratio (figure
37).

Input Capture Status Register (ICSR: $018):
Four-bit register which selects the input capture
operation and the trigger input edge, and holds the
operation status (figure 38).

Input Capture Register (ICRL: $019, ICRU:
$01A): Eight-bit read-only register which loads
the contents of the counter by a trigger edge input
of ICTy or ICT;.

L Internal data bus

u $017

Input capture control

ICRL: ICRU:
$019 $01A $018

register (ICC) Input capture Input capture status
T2 4o register register (ICSR)
| [
ICT, { ::}— ﬁ ﬁ
Edge detector 1
R
T @ 8bitcounter |2
Input Free
PX
. capture ° / running
[ N
Input capture timer
Sglzt:? Prescaler S interrupt request flag
(IFIC)

Figure 36 Block Diagram of Input Capture Timer
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ICC: $017

Bit3 | Bit2 Bit 1 Bit0 | Initial value: 0000

. .
RAy/ICT pin mode selection
RA/ICT, pin mode selection

Prescaler division ratio selection

Bit0  RAyICT, Pin Mode Selection Bit1  RA4/ICT, Pin Mode Selection
0 RA, port 0 RA, port
1 ICTy input 1 ICT, input

Bit3 Bit2 Prescaler Division Ratio

. 0 0 +128

0 1 +32
1 0 +8
1 1 +2

Note: Setting both bits 0 and 1 to 1 is inhibited.

Figure 37 Input Capture Control Register

ICSR: $018

Bit 3 Bit 2 Bit 1 Bit0 Initial value: 0000

L inputcapture enable (EIC)
Detection edge selection
Input capture status flag
Error flag

Bit0  Input Capture Enable (EIC) Bit1  Detection Edge Selection
0 Free-running counter operation enabled 0 Rising edge

1 Input capture operation enabled 1 Falling edge

Bit2 Input Capture Status Flag

Set When executing the input capture
operation by external trigger input

Note: Read enabled. Only zero write enabled.

Bit3 Error Flag

Set By an external trigger input while the
status flag is 1, or by an overflow from
the counter.

Note: Read enabled. Only zero write enabled.

Figure 38 Input Capture Status Register

M 4495204 0Q0Oy91L35 49?7 A 644 Hitachi




HD404710 Series

Output Compare Timer: Sixteen-bit counter and
16-bit register. The output compare timer outputs a
wave whose form changes at a specified timing,
This timing to change the waveform can be select-
ed as an overflow from the 16-bit counter, an input
edge of TNT, or a trigger by software. An output
of 1, an output of 0, or a toggle (inversion of the
previous output value) can be selected as the out-
put of pin TOG. The block diagram is shown in
figure 39.

Timer counter G, the counter for output compare,
is a 16-bit counter. The system clock or the system
clock divided by 2 can be selected as the clock

source. Timer counter G is a reloading counter. At
the time of a counter overflow, an INT, edge input
or a software trigger, and the contents of timer load
register G are loaded into timer counter G. An out-
put compare interrupt is generated at the falling
edge of INTy or a counter overflow, depending on
the selection set with bit 3 of the output compare
control register.

When selecting a software trigger, set both bits 2
and 3 of the output compare control register to 1
(figure 40). At the same time the bits are set, pin
TOG outputs a specified value and the contents of
the load register are loaded into the counter.

Internal data bus

44 14
OCC: $02A u u u U OCSR: $02B

Output compare
control register

Timer load register G (TLG)
(TLG1L) (TLG1U) (TLG2L) (TLG2UV)

Output compare
status register

408

clock ~™  \ipx Timer counter G (TCG)  |2VF
+2 —»
Y TOG
L Reload »  QOutput
control |- control
—_— Edge " IF4 . INT
INT, detector request

INT, interrupt
request flag

Figure 39 Block Diagram of Qutput Compare Timer
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OCC: $02A

Bit3 | Bit2 | Bit1 Bit0 | Initial value: 0000

| L RAYTOG pin mode selection

Timer counter G clock source selection
Software trigger

Output change trigger source/
interrupt request flag set

Bit0 RA,/TOG Pin Mode Selection Bit1  Timer Counter G Clock Source Selection
0 RA, port 0 System clock
1 TOG (output compare) output 1 System clock + 2
Bit2 Bit3 SoftwareTrigger
1 1 TOG output value changes

as specified by software
Bit3  Output Change Trigger Source/interrupt Request Flag Set
0 INT, input is valid
1 Overflow from the counter is valid

Figure 40 Output Compare Control Register
OCSR: $02B
Bit 3 Bit2 | Bit1 Bit0 | Initial value: 0000
[ l_l_l
Output level selection
Not used

Bit1 Bit0 Output Level Selection
0 0 0
0 1 1
1 0 Toggle (inverting at every

triggering)
1 1 Inhibited

Figure 41 Output Compare Status Register
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Buzzer

Buzzer OQutput Function: Qutputs a wave which  Buzzer Control Register (BCR: $029): Four-bit
has a duty ratio of 50% of the clock rate specified  write-only register which selects the port and the
by the buzzer control register (BCR). To output a  output wave frequency (figure 43).

buzzer, the RA3/BUZZ pin must be fixed as BUZZ

by setting bit 3 of the buzzer control register. The

block diagram of buzzer output is shown in figure

42,
System | _| Prescaler S
clock
© <
ol als| R RS
M O|v~|N|WO| —~|
-I. .'. ' -I. v'- -I- ‘ .lu
| R Y 1
MPX - 2 RA,/BUZZ —@ BUZZ
\
rd 3

Buzzer control register
(BCR, 4 bits)

i

Internal data bus

Figure 42 Block Diagram of Buzzer Output
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BCR: $029
Bit3 | Bit2 | Bit1 | Bito
I N

Initial value: 0000

RA3/BUZZ pin mode selection

Bit0 RA3/BUZZ Pin Mode Selection

Output wave period

B 44965204 0049139 032 ER

0 RA; port
1 BUZZ output
Bit3 Bit2 Bit1 Output Wave Period
0 0 0 4096t
0 0 1 2048t
0 1 0 10241y,
0 1 1 5121y,
1 0 0 2561y,
1 0 1 128ty
1 1 0 641ty
1 1 1 32ty
Figure 43 Buzzer Control Register
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Serial Interface

The MCU has two clock-synchronous 8-bit serial
interfaces (serial interfaces 1 and 2). The clock
source is a prescaler, which is also used by the
timers. :

Serial Interface 1: Used to serially transmit and
receive 8-bit data. It consists of serial data register
1 (SR1), serial mode register 1 (SMR1), port mode
register A (PMRA), an octal counter, and a multi-
plexer as shown in figure 44. The R9y/SCK, pin
and the transmit clock are controlled by writing
data to SMR1. The transmit clock shifts the con-

tents of SR1, which can be read and written to by
software. In this way, 8-bit data is transferred.

Serial interface 1 is activated by the STS instruc-
tion. The octal counter is reset to $0 by the STS
instruction, it starts counting at the falling edge of
the transmit clock (SCK7), and it increments at the
rising edge of the clock. When the eighth transmit
clock signal is input (serial interface 1 is reset) or
when serial transmission is discontinued (octal
counter is reset), the serial 1 interrupt request flag
(IFS1) is set.

Octal | sROF
System|__| prescaler S (11 bits) counter IFS1
clock (OC, 3 bits)
Interrupt
request flag
|| R of serial
Q.u??‘?%@?r interface 1
Internal data bus (S1)
Serial MPX ol +2 1 MPX
_ Y4 J 7
SCK;

> Serial data register (1) |

Ve (SR1, 8 bits)

Serial mode Port mode }a Y4

register (1) register A
F (SMR1, 4 bits) ﬁ (PMRA, 4 bits) Internal data bus (S2)
4 4 SCK,
Internal data bus (S2) 2
R9¢/SCK; R8y/Sly | ] R82/S0O1 ]
port port port

SCK, é} sh SO,

Figure 44 Serial Interface 1 Block Diagram
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Serial Mode Register 1 (SMR1: $005): Four-bit
write-only register which controls the R9¢/SCK;
pin, transmit clock, and prescaler division ratio for
serial interface 1 as shown in figure 45. Writing to
SMR1 initializes serial interface 1.

A write signal input to SMR1 discontinues the
input of the transmit clock to serial data register 1
(SR1) and the octal counter. Therefore, if a write
occurs during data transmission, the octal counter

is reset to $0 to stop transmission, and, at the same
time, the serial 1 interrupt request flag (IFS1) is
set.

The contents of the serial mode register are not
valid until the second instruction cycle after the
write instruction execution. The user must pro-
gram the STS instruction to be executed after this
instruction cycle. The serial mode register is ini-
tialized to $0 by the MCU reset.

SMR1: $005

SMR13| SMR12| SMR11| SMR10

L____|,_l

SMR13 R9y/SCK, Pin

Initial value: 0000

Transmit clock selection
R9o/SCK pin mode selection

0 R9, port input/output pin
1 SCK; input/output pin
Transmit Clock

- Prescaler Transmit Clock
SMR12 SMR11 SMR10 R9y/SCK, Pin Clock Source Division Ratio Period
0 0 0 SCKj output  Prescaler +2048 40961,
0 0 1 SCK; output  Prescaler +512 1024ty
0 1 0 SCK; output  Prescaler +128 256ty
0 1 1 SCK, output  Prescaler +32 64t
1 0 0 SCK, output  Prescaler +8 16teyc
1 0 1 SCK, output  Prescaler +2 oy
1 1 0 SCK,; output  System clock toye
1 1 1 SCK; input  External clock

- Il 4496204

Figure 45 Serial Mode Register 1
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Serial Data Register 1 (SR1L: $006, SR1U:
$007): Eight-bit read/write register separated into
lower and upper digits located at sequential
addresses. Data in this register is output from the
SO; pin LSB first, synchronously with the falling
edge of the transmit clock, and data is input LSB
first to the SI; pin at the rising edge of the transmit
clock. Input/output timing is shown in figure 46.

Data cannot be read or written during serial data
transmission. [f data is read or written during
transmission, it cannot be guaranteed.

Selecting and Changing Operating Modes: The
operating modes of serial interface 1 are shown in
table 31. The combination of port mode register A
(PMRA) and serial mode register 1 (SMR1) must
be specified as shown in the table. To change the
operating mode of serial interface 1, internally ini-
tialize serial interface 1 by writing to SMR1.

Table 31 Operating Modes of Serial Interface 1

SMR1 PMRA

Bit3 Bit1 BitO Operating Mode

1 0 0 Continuous clock output mode
1 0 1 Transmit mode

1 1 0 Receive mode

1 1 1 Transmit/receive mode

Transmit clock |’|’|||iHH|l||

Serial output data

Serial input data
latch timing

Figure 46 Serial Interface 1 Timing

. Hl 449b204 0049142 27 W
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Serial Interface 1 Operation: Three operating
modes are provided for serial interface 1; transi-
tions between them are shown in figure 47.

In STS wait state, serial interface 1 is initialized
and the transmit clock is ignored. If the STS
instruction is then executed, serial interface 1
enters transmit clock wait state.

In transmit clock wait state, input of the transmit
clock increments the octal counter, shifts serial
data register 1 (SR1), and starts serial transmission.
However, note that if continuous clock output
mode is selected, the transmit clock is continuously
output, but data is not transmitted.

During transmission, the input of eight clocks or
the execution of the STS instruction sets the octal
counter to 000, and serial interface 1 enters trans-
mit clock wait state. If an external transmit clock
is further applied, serial interface 1 enters the trans-
fer state. In this state, if the internal clock has been
selected, the serial 1 interrupt flag is set, serial
interface 1 enters STS instruction wait state, and
serial transmission is stopped after the eighth clock
is output.

If port mode register A (PMRA) is written to in
transmit clock wait state or during transmission,
serial mode register 1 (SMR1) must be written to,
to initialize serial interface 1, after which serial
interface 1 enters STS wait state.

STS instruction wait state
(octal counter = 000,
transmit clock disabled)

SMR1 write
(IFS1 « 1)

S§TS
instruction

8 transmit clocks
(internal clock)
(IFS1 « 1)

SMR1 write
(FS1 < 1)

Transmit clock wait state
(octal counter = 000)

Transmit clock
Transfer state
(octal counter = 000)
(IFS1 1)
8 transmit clocks

(extemal clock)
STS instruction

Figure 47 Serial Interface 1 Mode Transitions
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Transmit Clock Error Detection: Serial inter-
face 1 will malfunction if a spurious pulse caused
by external noise conflicts with a normal transmit
clock. Such errors can be detecied as shown in
figure 48.

If more than eight transmit clocks are input in
transmit clock wait state, serial interface 1’s state

changes to transfer state, transmit clock wait state,
then back to transfer state.

When serial interface 1 is set to STS wait state by
writing data to SMR1 during transmissjon after the
serial 1 interrupt request flag (IFS1) has been reset,
the flag is set again.

Transmit/receive
(IFS1 « 1)

Interrupts inhibited

IFS1 <0

Write SMR1

Yes
IFS1 =17

No

Normal end

Transmit clock
arror processing

Figure 48 Transmit Clock Error Detection
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Serial Interface 2: Used to serially transmit and
receive 8-bit data. It consists of serial data register
2 (SR2), serial mode register 2 (SMR2), port mode
register B (PMRB), an octal counter, and a multi-
plexer as shown in figure 49. The R9,/SCK; pin
and the transmit clock are controlled by writing
data to SMR2., The transmit clock shifts the con-
tents of the SR2, which can be read and written to
by software, and then transmission starts between
two MCUs.

read instruction for SMR?2, it starts counting at the
falling edge of the transmit clock (SCKj), and it
increments at the rising edge of the clock. When
the eighth transmit clock signal is input (serial
interface 2 is reset) or when serial transmission is
discontinued (octal counter is reset), the serial 2
interrupt request flag (IFS2) is set.

To start serial interface 2 by an SMR?2 read, exe-
cute a compare instruction on SMR2 and the accu-
mulator. Note that 0000 is read when write-only

Serial interface 2 is activated by a read instruction  register SMR2 is accessed.
for SMR2. The octal counter is reset to $0 by the
Octal | sROF
System| _| p, ler S (11 bit counter IFS2
clock rescaler S (11 bits) (OC, 3 bits)
Interrupt
request flag
N of serial
kR interface 2
Internal data bus (S1)
Serial MPX Lol +2 MPX
— Ya Ya
§CK,

Serial data register (2)

Ve (SR2, 8 bits) ]
Serial mode Port mode 4 4
register (2) register B } }
(SMR2, 4 bits) || |(PMRB, 4 bits) internal data bus (S2)
4 4 SCKy|
Internal data bus (S2) £2
R9:/SCK> R92/Skp | | R93/S02 [
port port port

SCK; Siy SO,

Figure 49 Serial Interface 2 Block Diagram
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Serial Mode Register 2 (SMR2: $014): Four-bit
write-only register which controls the R9,/SCK,
pin, transmit clock, and prescaler division ratio as
shown in figure 50. Writing to SMR2 initializes
serial interface 2.

A write signal input to SMR2 discontinues the
input of the transmit clock to serial data
register 2 (SR2) and the octal counter. Therefore,
if a write occurs during data transmission, the octal

countet is reset to $0 to stop transmission, and, at
the same time, the serial 2 interrupt request flag
(IFS2) is set.

The contents of the serial mode register are not
valid until the second instruction cycle after the

‘write instruction execution. The user must pro-

gram the SMR2 read instruction to be executed
after this instruction cycle. The serial mode regis-
ter is initialized to $0 by the MCU reset.

SMR2: $014

SMR23 | SMR22 | SMR21| SMR20

I_+_J

Initial value: 0000

Transmit clock selection
R91/SCKj5 pin mode selection

SMR23 R9,/SCK,

0 A9, port input/output pin
1 SCK; input/output pin
Transmit Clock

- Prescaler Transmit Clock
SMR22 SMR21 SMR20 R9,/SCK;Pin Clock Source Division Ratio Period
0 0 0 SCKzoutput  Prescaler +2048 409615,
0 0 1 SCKyoutput  Prescaler +512 10241,y
0 1 0 SCK; output  Prescaler +128 256ty
0 1 1 SCKzoutput  Prescaler +32 641cye
1 0 0 SCioutput  Prescaler +8 1615,
1 0 1 SCKyoutput  Prescaler +2 Aty
1 1 0 SCKoutput  System clock toye
1 1 1 SCK; input External clock

Figure 50 Serial Mode Register 2

655 Hitachi
M 4496204 0049L46 272 IR



HD404710 Series

Serial Data Register 2 (SR2L: $015, SR2U:
$016): Eight-bit read/write register separated into
lower and upper digits located at sequential
addresses. Data in this register is output from the
S0, pin LSB first, synchronously with the falling
edge of the transmit clock, and data is input LSB
first to the SI, pin at the rising edge of the transmit
clock. Input/output timing is shown in figure 51.

Data cannot be read or written during serial data
transmission. If data is read or written during

transmission, it cannot be guaranteed.

Selecting and Changing Operating Modes:
Table 32 lists the operating modes of serial inter-
face 2. The combination of port mode register B
(PMRB) and serial mode register 2 (SMR2) must
be specified as shown in the table. To change the
operating mode of serial interface 2, internally ini-
tialize serial interface 2 by writing to SMR2.

Table 32 Operating Modes of Serial Interface 2

SMR2 PMRB

Bit3 Bit 1 Bit0 Operating Mode

1 0 0 Continuous clock output mode
1 0 1 Transmit mode

1 1 0 Receive mode

1 1 1 Transmit/receive mode

Transmit clock I|l|‘|Hl|l|l|H

Serial output data

Serial input data
latch timing

Figure 51 Serial Interface 2 Timing
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Serial Interface 2 Operation: Three operating
modes are provided for serial interface 2; transi-
tions between them are shown in figure 52,

In SMR2 read wait state, serial interface 2 is ini-
tialized and the transmit clock is ignored. If an
SMR?2 read is executed, serial interface 2 enters
transmit clock wait state.

In transmit clock wait state, input of the transmit
clock increments the octal counter, shifts serial
data register 2 (SR2), and starts serial transmission.
However, note that if continuous clock output
mode is selected, the transmit clock is continuous-
ly output, but data is not transmitted.

During transmission, the input of 8 clocks or an
SMR2 read sets the octal counter to 000, and serial
interface 2 enters transmit clock wait state. If an
external transmit clock is further applied, serial
interface 2 enters transfer state. If the internal
clock has been selected, the serial 2 interrupt flag
is set, serial interface 2 enters SMR2 read wait
state, and serial transmisson is stopped after the
eighth clock is output.

If port mode register B (PMRB) is written to in
transmit clock wait state or during transmission,
SMR?2 must be written to, to initialize serial inter-
face 2, after which serial interface 2 enters SMR2
read (serial start) wait state.

SMR2 read wait state
(octal counter = 000,
transmit clock disabled)

SMR2 write
(IFS2 « 1)

8 transmit clocks
(internal clock)
(IFS2 « 1)

SMR2 write
(IFS2 « 1)

SMR2 dummy read
(seriai 2 start)

Transmit clock

Transfer state
(octal counter = 000)

Transmit clock wait state
(octal counter = 000)
(IFS2 « 1)

8 transmit clocks
(external clock)
SMR2 dummy read

Figure 52 Serial Interface 2 Mode Transitions
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Transmit Clock Error Detection: Serial inter-
face 2 will malfunction if a spurious pulse caused
by external noise conflicts with a normal transmit
clock. Such errors can be detected as shown in fig-
ure 53

If more than eight transmit clocks are input in
transmit clock wait state, serial interface 2's state

changes to transfer state, transmit clock wait state,
then back to transfer state.

When serial interface 2 is set to SMR2 read wait
state by writing data to SMR2 at transfer state after
the serial interface 2 interrupt request flag (IFS2)
has been reset, the flag is set again.

. M 4496204 0049149 T4l WH

Transmit/receive
(IFS2 1)

Interrupts inhibited

IFS2 «-0

Write SMR2

Yes
IFS2=17?

No

Normal end

Transmit clock
error processing

Figure 53 Transmit Clock Error Detection
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A/D Converter

The MCU has an 8-bit A/D converter of serial
comparison type. It has eight input channels, The
block diagram is shown in figure 54.

A/D Control Register (ADCR: $01B): Selects the
analog input pin or digital input port and selects
one of eight analog input channels (figure 55).
The eight input pins (RCy/ANG-RC3/AN;,
RDy/AN,—RD3/AN7) must not include analog
input mode pins and port input mode pins at the
same time; all the pins must be set to the same
mode. When selecting analog input mode for these
pins, select without pull-up MOS option for the
pins.

A/D Status Register (ADSR: $01F): A/D conver-
sion is started by setting 1 to the A/D start flag. At

conversion completion, the converted data is set to
the A/D data register and the A/D start flag is reset
(figure 56).

A/D Mode Register (AMR: $01C): Two-bit
write-only register which selects the A/D conver-
sion speed (figure 57).

A/D Data Register (ADRL: $01D, ADRU:
$01E): Eight-bit read-only register separated into
lower and upper digits (figure 58). Eight-bit A/D
converted data is set to the register at conversion
completion, and is held until the next conversion
starts. Data read during conversion is invalid. The
register cannot be cleared by MCU reset.

l Internal data bus

| U

N
‘ i

A/D control register
(ADCRY)

A/D mode register
(AMR)

A/D status register A/D data register
(ADSR) (ADR)

43

{port select) § ¥ (channel select) |
ANgO—
ANy O—
AN, O——
AN3O——

MPX
AN, O—
AN5O—
ANgO—

AN

= |[FAD

A/D interrupt
request flag

AN7O—— +
comp

Control logic Counter

AVge O—

AGND O—
D/A

Figure 54 Block Diagram of A/D Converter

- B 4496204 0049150 773 WA
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HD404710 Series

ADCR: $01B
Bit 3 Bit 2 Bit 1 Bit 0 Initial value: 0000
I Analog input pin selection
Digital/analog port selection
Analog Input
Bit2 Bit1 BIitO Pin Selection
0 0 0 ANg
0 0 1 AN,
. 0 1 0 AN,
0 1 1 AN,y
1 0 0 AN,
1 0 1 ANs
1 1 0 ANg
1 1 1 AN,
Bit3 Digital/Analog Selection
0 Digital input pins (RCy-RC3, RDy-RD3)
1 Analog input pins (ANg~AN37)

Figure 55 A/D Control Register

ADSR: $01F
Bit3 | Bit2 | Bit1 BitO
L 1

Initial vaiue: 0000

I— A/D start flag (ADSF)

Bit0 A/D Start Flag (ADSF)

Not used

0 A/D conversion completion

1 A/D conversion start

Figure 56 A/D Status Register

B 4y9b204 0049151 L3T M
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AMR: $01C

Bit3 | Bit2 | Bit1 | Bito
I I [ l
L

Conversion cycles
Not used

Bit 1 Bit0 Conversion Cycles

0 0 Ity
0 1 68ty
Figure 57 A/D Mode Register
ADRU ($01E) ADRL ($01D)

el 2] JTof] [sT2[1T0]
AN NN S
(we| | [ ] [ T Tuss]

Bit 7 Bit0

Figure 58 A/D Data Register
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Comparator

The block diagram of the comparator is shown in
figure 59. The comparator compares input voltage
with the reference voltage. Internal voltage or
external input voltage can be selected as the refer-
ence. Internal reference voltage is selected from
seven levels. When bits 0, 1, and 2 of the compare
control register are 0, external reference voltage is
input.

The LAR instruction executes a voltage compari-
son. When the COMP input voltage is higher than

the reference voltage, data 0 is read from port R6y,.

The power supply for the comparator is the digital
Vcc and GND. When using the comparator, select
with pull-up MOS option for pins R6y and R6;.

Compare Control Register (CCR: $03E): Four-
bit write-only register which enables comparator
operation and selects internal reference voltage
sources (figure 60).

Vee
swi
N [ & rove
3RS
—o +

= sw2

R3 Comparator
MPX

RS

- R6o/COMP
2RZ l l

1
mr A3 - SW3
|
Compare control
register (CCR)
A 4 1
[ Internal data bus J
SWi1: Turned on whaen comparator operation is selected.
Turned off when comparator operation is not selected.

SW2: Selects external V o when bits 0~2 of CCR are 000.
SW3: Connected to comparator output when comparator operation is selected.

Figure 59 Block Diagram of Comparator

© mE 4u9L204 0049153 H4Oc -
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CCR: $03E

Bit3 | Bit2 Bit 1 Bit0 | Initial value: 0000

I Reference voltage selection

Comparator operation selection

Reference Voltage
Bit 2 Bit 1 Bit0 Selection

0 0 0 External Vg
0 0 1 2111 Ve
0 1 0 311 Ve
0 1 1 4/11 Vge
1 0 0 5/11 Vg
1 0 1 6/11 Vge
1 1 0 7/11 Veo
1 1 1 8/11 Voo

Bit3 Comparator Operation Selection

1 Analog compare mode: comparator operation selected (comparator output is read by the read
instruction)
0 Digital input mode: comparator operation not selected (R6, port is read by the read instruction)

Figure 60 Compare Control Register
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Programmable ROM (HD4074710)

The HD4074719 and HD4074710 are ZTAT™
microcomputers with built-in PROM that can be

programmed in PROM mode.
PROM Maode Pin Description
Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode

Pin Pin

FP-80B FP-80A PinName VO Name /0 FP-80B FP-80A PinName VO Name VO

1 79 RD4/ANs | 31 29 RO, 10 Ag 1

2 80 RDy/ANg | 32 30 RO3 o A, |

3 1 RDy/AN; | 33 31 R1o 7O  As (

4 2 AGND GND 34 32 R14 VO Ag 1

5 3 RESET ! RESET | 35 33 R1, Vo A 1

6 4 0SC;4 1 GND 36 34 R1z WO Ag |

7 5 0SC, O 37 35 R2, o Ay 1

8 6 GND GND 38 36 R2, o Ay |

9 7 CL, | GND 39 37 R2, o Ay |

10 8 Clp o] 40 38 R2, 10 A |

1 9 TEST | TEST | 41 39 R3, WO Ay |

12 10 Vee Veo 42 40 R34 o Ay |

13 1 Dg O 43 41 R3, Ile]

14 12 D, 1o 44 42 R3, Ie]

15 13 D, 0 45 43 R4y Te)

16 14 Dy 1’0 46 44 R4, o

17 15 D, o 47 45 R4, 1{e]

18 16 Dy 1O 48 46 R4y /o]

19 17 De o 49 47 R5¢/Vgisp |

20 18 D, o 50 48 R5, | Vee

21 19 Ds o] 51 49 R5, ] Vpp

22 20 Do 1o 52 50 R53 ! Ag |

23 21 Do 1o 53 51 R6,/COMP /0 CE |

24 22 D44 o 54 52 R6,/V, 1O OF |

25 23 Dy2 o 55 53 R6,/TOE; 1O Vo

26 24 Dy3 o 56 54 R64/TOE, 1O Ve

27 25 Dy4 17O 57 55 R7¢INT, 1O Qg 1o

28 26 Dys 1o 58 56 R7,INT, VO O, Vo

29 27 RO, 1o A | 59 57 R7,INT, 1O Oy o]

30 28 RO, o A, I 60 58 R74INT; 110 Oy o)

Notes: 1. I/O: Input/output pin, I: Input pin, O: Output pin
2. 0y—0, each have 2 pins; connect each pair together for use.
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Pin Number MCUMode  PROM Mode Pin Number MCU Mode  PROM Mode
Pin Pin

FP-80B FP-80A PinName VO Name IO FP-80B FP-80A PinName VO Name 1/O

61 59 R8yINT, 1O O, o 71 69 RA,/TOG 11O O, Vo

62 60 R8/INT; 1O O, o 72 70 RAy/BUZZ /O PSEL* I+

63 61 R8xS0; 1O Q4 w 73 71 RByTOC 11O M, |

64 62 R8,4/S, o 0, o 74 72 RB/TOD WO M, I

65 63 R9ySCK, 110 0, o 75 73 AVee Vee

66 64 R9,/SCK; 1O O, W 76 74 RCyAN, |

67 65 R9,/Sly 0 77 75 RCy/AN; |

68 66 R93ySO, 1O 78 76 RC/AN, |

69 67 RAyICT, 11O Og 1w 79 77 RCa/AN; |

70 68 RA{/ICT, 11O Og o 80 78 RDyAN, |

Notes: 1/O: Input/output pin, I: Input pin, O: Output pin
0q—-0, each have 2 pins; connect each pair together for use.

* Applies to HD4074710.
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PROM Mode Pin Functions

Vpp: Applies the programming voltage (12.5 V &
0.3 V) to the built-in PROM.

CE: Inputs a control signal to enable PROM pro-
gramming and verification.

OE: Inputs a data output control signal for verifi-
cation.

Ag-A;4: Address input pins of the built-in PROM.
OO0 Data bus input pins of the built-in PROM.

Mg, Mj: Used to set PROM mode. The MCU is
set to the PROM mode by pulling My, M,, and
TEST low, and RESET high.

PSEL (HD4074710): Inputs a signal which selects
the program ROM (16,384 words) or pattern ROM
(8,192 words).

PSEL EPROM Select
0 Program ROM (16,384 words)
1 Pattern ROM (8,192 words)

The pin arrangement in PROM mode is shown in
figure 61.

HD4074719FS

HD4074710FS

FP-80B
(top view)

Note: * Applies to HD4074710.

HD4074719H

FP-80A
(top view)

Figure 61 Pin Arrangement in PROM Mode
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Programming the Built-in PROM

The MCU’s built-in PROM is programmed in
PROM mode which is set by pulling TEST, M,
and M, low, and RESET high, as shown in figure
62. In PROM mode, the MCU does not operate,
but the 16-kword PROM and 8-kword PROM
(HD4074710) can both be programmed in the
same way as any other commercial 27256 EPROM
using a standard PROM programmer and an 80-to-
28-pin socket adapter. Recommended PROM pro-
grammers and socket adapters are listed in table
34. For HD4074710, these socket adapters have
PSEL select switches, which select the 16-kword
PROM or 8-kword PROM by setting PSEL low or
high.

Since an HMCS400-series instruction is ten bits
long, the HMCS400-series MCU has a built-in
conversion circuit to enable use of a general-pur-
pose PROM programmer. This circuit splits each
instruction into a lower 5 bits and an upper 5 bits
that are read from or written to consecutive
addresses, as shown in figure 63. This means that
if, for example, a 16-kword built-in PROM is to be
programmed by a general-purpose PROM pro-
grammer, a 32-kbyte address space ($0000-$7FFF)
must be specified.

Programming and Verification: The built-in
PROM of the MCU can be programmed at high-
speed programming sequence without risk of volt-
age stress or damage to data reliability.

PROM mode is shown in figure 63.

For details of PROM programming, refer to the
Notes on PROM Programming section.

Warnings

1. Always specify addresses $0000 to $7FFF
when programming with a PROM programmer.
For 8-kword PROM (HD4074710), the data in
addresses $4000 to $7FFF must be $FF. If
address $8000 ($4000 in the 8-kword PROM)
or higher is accessed in the 16-kword PROM,
the PROM may not be programmed or verified
correctly. Set all data in unused addresses to
$FF.

Note that the plastic-package version cannot be
erased and reprogrammed.

2. Make sure that the PROM programmer, socket
adapter, and LSI are aligned correctly (their pin
1 positions match), otherwise overcurrents may
damage the LSI. Before starting programming,
make sure that the LSI is firmly fixed in the
socket adapter and the socket adapter is firmly
fixed onto the programmer.

3. PROM programmers have two voltages (Vpp):
125 V and 21 V. Remember that ZTAT™
devices require a Vpp of 12.5 V—the 21-V set-
ting will damage them. A voltage of 12.5 V is

Programming and verification modes are selected the Intel’s 27256 setting.
as shown in table 33, and the memory map in
Table 33 PROM Mode Selection
Pin
Mode CE OE Vpp Og—°1
Programming Low High Vpp Data input
Verification High Low Vep Data output
Programming inhibition High High Vpp High impedance
667 Hitachi
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Table 34 Recommended PROM Programmers and Socket Adapters

Bl 4496204

PROM Programmer Socket Adapter
Product Name Manufacturer Model Name  Package Model Name Manufacturer
HD4074719 DATA /0 Corp. 29B FP-80A HS471ESHO1H Hitachi
Unisite FP-80B  HS471ESFOTH
AVAL Data Corp. PKW1100 FP-80A HS471ESHO1H
PKW3100 FP-80B  HS471ESFOTH
HD4074710 DATA 1O Corp. 29B FP-80B HS4710ESFO1H  Hitachi
Unisite
AVAL Data Corp. PKW1100 FP-80B HS4710ESFO1H
PKW3100
(a) HD4074719 (b) HD4074710
Vee Vee
Vee ? Vee ?
Vee
RESET RESET PSEL PSEL
TEST TEST
M, My
L 007 == D W 05-0 | —> Data
Ve 7 Oo-0r Ve 77 0o-07
A Address Address
Vpp A-Arg <:| Ao-Ara Vpp Ag-Ayy <:| Ag-As
OE |«—— OF OEle—— BF
CeE—CE CEle—— ©E
GND GND

Figure 62 Connections for PROM Mode
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:%g? 1. 1, 1 .Bit4,8013,Bit 2,Bit 1,Bit 0 Lower 5 bits } $0000 JMPL instruction $0000
1, 1, 1 ,Bit9 B 7.Bi Bi Upper 5 bits (lump to reset rouﬁne) $0001
Vector address JMPL instruction $0002
:ggi: [ :%;: (iump to INT, routine) $0003
Zero-page subroutine ) JMPL iisguctiop $
(64 words) {(jump to INTy routine) $0005
$007F $003F JMPL instruction $0006
$0080 $0040 {jump to INT; routine) $0007
Pattern JMPL instruction $0008
(4098 words) {jump to input capture routine) $0009
JMPL instruction $000A
$1FFF $0FFF|  (jump totimer A routine) | goo0B
$2000 $1000 JMPL instruction $000C
(jump to timer B routine} | go00D
[ Program JMPL instruction $000E
(16384 words) (jump to timer C routine) | $000F
JMPL instruction $0010
$7FFF Ly $3FFF|  (iumpto timer D routine) | $0011
T . .

Upper 3 bits are not to be _ JMPL instruction $0012
used (fill them with 111). (jump to serial 1 routine) | §0013
16-kword Program ROM JMPL instruction $0014
{(jump to A/D routing) $0015

$0000 1, 1 , 1 ,Bit4,Bit3 Bit 2,Bit 1,Bit 0 Loweerits} ; ; 1
PP T ———— .~ 130000 JMPL instruction $0016
$0001 1.1 , 1 Bit9Bit8 Bit 7,Bit 6,8it 5| Upper 5 bits (iump to INT; routine) $0017
JMPL instruction $0018
Pattern {jump to INT, routine) $0019
(8192 words) JMPL instruction $001A
J (jump to INT; routine) $0018
JMPL instruction $001C
$3FFF L L A L : 4 L $1FFF (jump to serial 2 routine) $001D
Upper 3 bits are not to be $001E
used (fill them with 111). $001F

8-kword Pattern ROM (HD4074710)
Note: For HD4074710
16-kword program ROM: PSEL = Low
8-kword pattern ROM: PSEL = High

Figure 63 Memory Map in PROM Mode
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Addressing Modes
RAM Addressing Modes

The MCU has three RAM addressing modes, as
shown in figure 64 and described below.

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

Direct Addressing Mode: A direct addressing
instruction consists of two words. The first word
contains the opcode, and the contents of the second
word (10 bits) are used as a RAM address.

Memory Register Addressing Mode: The mem-
ory registers (MR), located in 16 digits from $040
to $04F, are accessed with the LAMR -and XMRA
instructions.

Y register

W register X register
[ Yl

Y4

.
[whw[,‘xa‘xg.x‘lx(,lvs_\(z‘\(1 Y, |

L S B 1
RAM address [AF'9 APy AP, AP; APs AP, AP; AP, AP, APDI

Register Indirect Addressing

2nd word of instruction

1st word of instruction
r RYsl

—n

.
“Opcode | |do ds d; dg ds dy ds dp dy dof

3 Y )
RAM address |AP9 APy AP, APg AP; AP, APy AP, AP APO]

Direct Addressing

Instruction

T T T A
lma my M mol

Pt it e ey

RAM address [ AP, APy APy AP, APs APy APy AP, APy AP|

ﬁ T T T T
| opoode

Memory Register Addressing

. I 4495204 00491k1 589 WM

Figure 64 RAM Addressing Modes
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ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes, as
shown in figure 65, and the P instruction shown in
figures 66-1 and 66-2.

Direct Addressing Mode: A program can branch
to any address in the ROM memory space by exe-
cuting the JIMPL, BRL, or CALL instruction. Each
of these instructions replaces the 14 program
counter bits (PCy3~PCg) with 14-bit immediate
data.

Current Page Addressing Mode: The MCU has
64 pages of ROM with 256 words per page. A
program can branch to any address in the current
page by executing the BR instruction, This
instruction replaces the eight low-order bits of the
program counter (PC;—PCy) with eight-bit imme-
diate data. If the BR instruction is on a page
boundary (address 256n + 255), executing that
instruction transfers the PC contents to the next
physical page, as shown in figure 67. This means
that the execution of the BR instruction on a page
boundary will make the program branch to the next

page.

Note that the HMCS400-series cross macroassem-
bler has an automatic paging feature for ROM
pages.

. HR 4495204 00491b2 415 EN

Zero-Page Addressing Mode: A program can
branch to thé zero-page subroutine area located at
$0000-$003F by executing the CAL instruction.
When the CAL instruction is executed, 6 bits of
immediate data are placed in the six low-order bits
of the program counter (PC5-PCp), and Os are
placed in the eight high-order bits (PC;3—PCg).

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

P Instruction: ROM data addressed in table data
addressing mode can be referenced by the P
instruction as shown in figure 65. If bit 8 of the
ROM data is 1, eight bits of ROM data are written
to the accumulator and the B register. If bit 9is 1,
eight bits of ROM data are written to the R1 and
R2 port output registers. If both bits 8 and 9 are 1,
ROM data is written to the accumulator and the B
register, and also to the R1 and R2 port output reg-
isters at the same time.

The P instruction has no effect on the program
counter.
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1st word of instruction 2nd word of instruction
[JMPL] —_—
[BRLll . Opcode IPa_PzAPpPo'ds dg d7,ds,ds,d4.da.dz_d1‘do]
[CALL]

Y \ v
Program counter IPC13IPC,€PC“‘ PCyg PCy PCy PC7 PCg PCs PC4 PCq PC, PCy Pc°|

Direct Addressing

Instruction
il I

[BR] | Opeode| b; b bs b, by by by by |

] \
Program counter |PCy3PCy,PCyyPCyo PCo PCg PC; PCg PC5 PC, PC4 PC, PC, PCOI

Current Page Addressing

Instruction

-~

[CAL] |r Opode | as a4 a5 a; a; ag

###%#%&# 1 v v v

Program counter |PC,3PC,2PC"PC10 PCy PCq PC7 PC PC5 PC,4 PCy PC, PC, PC

Zoro Page Addressing

Instruction

ey [~

T

A
Opcode
S, Ipa P P 'p°| B register Accumulator
I hYd N

IBa: Bzi 31: Bo: Aa: A, A AoI

“ | y v v

Program counter Ipc13 PC12PC14 Pc10 Pc9 PCa PC7 Pc6 P05 Pc. Pcs Pc2 PC, PCOI

Table Data Addressing

M 4496204 0049163 351 WA

Figure 65 ROM Addressing Modes
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HD404719, HD4074719

Instruction
Pl Opcode [P, P, P, P | r Accumulator
——Qgﬁr———-ﬂ
o o IB;, B, 51 Bo As Ay Al 0—|
P4 ] ] Y

Reforred ROM address ITW:HAQIRA".RA,DJRAQ:RAB:RA7:RA5‘RA5IRA,:RA;,‘RAz:RA, :RAol

Address Specification

ROM data [RO, 1 RO, RO RO RO, RO; RO, RO, ROy |

I O

Accumulator, BreglsterLB3 B; By By Ay A, A, Aol IfROg =1

ROM data L ROg RO; RO, “RO; RO, Ro3 RO, RO, »ﬁl

RN

Output registers R1, R2 Rz, | Rz, Rz, |R2y [R1 [ A1, [, [R1 | IfROg =1
Pattern Output

Figure 66-1 P Instruction (HD404719, HD4074719)

HD404710, HD4074710
Instruction

~

P ome e e )

ister Accumulator

; —\ —
[Bs Bo By By A, A, A Ao
0

s ,

Referred ROM address IEA,;,RAﬁRA": RA.q' RAg: HA5: RA7: RAs: RAs RA, RA;,: RAz: RA," RA

Program ROM (16 k)/
pattern ROM (8 k)
selaction

PBNK: $035

Addressing

ROM data |Ro,' 1 Ro7 RO, RO RO, RO, RO; RO, RoJ

TI 3141141

Accumulator, Breglster[B:, B, By By Ay A, A Ao|lfF|08_

ROM data b RO, RO; ROg RO; RO, RO; RO; RO, “RO,|

IR

Output registers R1, R2 | 2| R2,| R2, | Rz, | R1y] A A1, [R1,) It ROg= 1

Pattern Qutput

Figure 66-2 P Instruction (HD404710, HD4074710)
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—e BR  AAA
>—m{ AAA NOP

. . BR AAA
—e BR BBB
\—» BBB NOP

| ——

256(n — 1) + 255
256n

256n + 254
256n + 255
266(n + 1)

Figure 67 Branching when BR Instruction is on a Page Boundary

B yusgL204 0049165 124 M
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Absolute Maximum Ratings

ftem Symbol Value Unit Notes
Supply voltage Vee —0.3t0+7.0 \
Programming voltage Vpp -0.3t0 +14.0 \ 12
Pin voltage V1 -0.3t0 Vg +0.3 \'

Vec — 4510 Veg + 0.3 \
Total permissible 2lo 50 mA
input current
Total permissible =2l 150 mA 6
output current
Maximum input Iy 15 mA 7.8
current
Maximum output -1, 4 mA 9,10
current 30 mA 9,11
Operating temperature Toor -20to +75 °C
Storage temperature Teig -55t0 +125 °C

Notes: 1. Permanent damage may occur if these absolute maximum ratings are exceeded. Normal
operation must be under the conditions stated in the electrical characteristics tables. If these
conditions are exceeded, the LS| may malfunction or its reliability may be affected.

All voltages are with respect to GND.

Standard pins.

High-voltage pins.

The total permissible input current is the total of input currents simultaneously flowing in from
all /O pins to GND. .

The total permissible output current is the total of output currents simultaneously flowing out
from V¢ to all /O pins.

7. The maximum input current is the maximum current flowing from any /0 pin to GND.

8. Applies to R5-RD.

9. The maximum output current is the maximum current flowing from Ve to any 1/O pin.

10. Applies to R6—RB.

11. Applies to Dy-D4g and RO-R4.

12. Applies to HD4074719 and HD4074710.

O s

o
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HD404710 Series Electrical Characteristics
DC Characteristics

HD404710, HD404719: Ve =3.0 V10 6.0 V,GND = 0.0 V, V0, = Vo =40 V to Vo, Ty = -20°C to
+75°C; HD4074710, HD4074719: Vo =30 V0 5.5 V,GND = 0.0 V, Vi = Voo - 40 V to Ve,
T, =-20°C to +75°C, unless otherwise specified

Hem Symbo! Pins Min Typ Max Unit Test Condition Notes
Input high Vin RESET, SCK1, 0.85 Voo — Vec+03 V
voltage SCK,,___
INT,—INT;
SI‘. Slz 0.7 Vcc — Vcc +03 V
0SC; Voc—05 —  Vgg+03 V Vec=35Vio HDA404710,
60V HD404719
. Vec=35Vio HD4074710,
585V HD4074719
Vcc -03 — Vcc +03 V
Inputiow Vi RESET, 5CK;, -0.3 — 02V V
voltage SCKy,__
INTo—INTs
Sl;, Slp -03 — 03V V
0SC, -0.3 — 05 \ Veg=3.5Vio HD404710,
80V HD404719
Voc=35Vio HD4074710,
55V HD4074719
=03 —_ 0.3 \
Outputhigh  Vou 8CK,,5CK;, Vee—-10 — — v ~lou=1.0mA, HD404710,
vo’tage SO1, SOz, Vcc =3.5Vto HD404719
TOC, TOD, 60V
lgthSZEzz, Voc-05 — — V  —lon=05mA, HD404710,
' Voc=85Vio HD404719
60V
Vee-10 — — v ~lon=1.0mA, HD4074710,
Vec=35Vie HD4074719
55V
Vee-05 — — v —loy =0.5mA, HD4074710,
Voc=35Vio HD4074719
55V
Vcc -05 — —_ \ _IOH =0.3mA
Outputlow Vg §CK;,5CK;, — — 04 v lo,=1.6mA,  HD404710,
voltage $0,, SO,, Vec=3.5Vio HD404719
TOC, TOD, 8.0V
TOE,, TOE, 0.4 V. g =16
, - —_ . oL=1.6mA,  HD4074710,
TOG, BUzZ Voc=35Vio HD4074719
55V
— - 0.4 v |°|_ =04 mA
676 Hitachi
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HD404710 Series

DC Characteristics (cont)

HD404710, HD404719: Ve = 3.0 V0 6.0 V, GND = 0.0 V, Vi, = Ve — 40 V to Vg, Ty = -20°C to
+75°C; HD4074710, HD4074719: Ve =30 V10 5.5 V, GND = 0.0 V, V0, = Ve =40 Vto Vi,
Ty =-20°C to +75°C, unless otherwise specified

ftem Symbol Pins Min Typ Max Unit Test Condition Notes
7o) Il  RESET SCK, — — 1 WA Vi, =0VioVgg 2
leakage SCK,, Siy,
current S0;, Sl,, SO,
TOC, TOD,
TOE;, TOEy,
TOG, BUZZ,
0SC4
Current [ Ve — — 10 mA  Vgc=50V,  HD404710, 3,6
dissipation fooc= 4 MHz,  HD4074710
in active digital input
— — 80 mA HD404719, 3,8
mode mode HD4074719
— — 80 MA  Vec=30V,  HD404710, 3,6
fosc=2MHz,  HD4074710
- — 45 mA d'g';a' nput  Lp4oa719, 3,6
mode HD4074719
lemp — — 150 mA  Vec=50V,  HDAaD4710, 4,6
foo =4 MHz,  HD4074710
— — 120 ma  analogcompare nsa4719 4,6
mode HD4074719
— — 100 MA  Vee=30V,  HD4D4710, 4,6
fosc=2MHz,  HD4074710
— — 70 mA  analogcompare 404719 4,6
mode HD4074719
Current lsgy Veo - - 3.0 mA Vee=5.0V, 5,6
dissipation fosc =4 MHz
in standby - ~ 15 mA  Vee=30V, 56
mode fose = 2 MHZ
Current lsug Vee — — 100 pA  V,(TEST) = HD404710 7,8
dissipation Vee~03Vio
in subactive _ _ Vee
e 200 A ViResem) . HO4074TIO 7
OVto 03V, ———
— — 70 WA yvee=3V, HD404719 7,8
32.768kHz
- — 150 pA  crystal oscillator HD4074719 7
Current lwte Vee — — 20 MA Vi, (TEST) = HD404710 7,8,9
dissipation Veg—03Vio
in watch - - 20 pa  Veo HD4074710 7
mode Vi, (RESET) =
0Vt 03V, ————
= — 15 BA yeoa3V, HD404719  7,8,9
32768kHz
_ — 15 pA  crystal oscillator HD4074719 7
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HD404710 Series

DC Characteristics (cont)

HD404710, HD404719: Ve = 3.0 V10 6.0 V, GND = 0.0 V, Vgig = Vo =40 V to Vi, T, =-20°C to
+75°C; HD4074710, HD4074719: V=30 Vo 5.5 V,GND =00 V, Vi, = Vo 40 Vito Vg
T, = -20°C to +75°C, unless otherwise specified

item Symbol Pins Min Typ Max Unit  Test Condition Notes
Current IsTOP Vee — — 10 BA Vi (TEST) = HD404710, 7
dissipation Vec~03Vio HD404719
in stop mode Ve
Vi, (RESET) =
— — 15 pa  OVO3V.  yn4074710, 7

no 32.768-kHz 4674719
crystal oscillator

Watch mode Vwro Vee 35 — 8.0 v Vec=35Vio HD404710, 8,9
- retaining 6.0V HD404719
voltage 3.0 — 60 v
3.5 — 55 v Vec=35Vto HD4074710,
55V HD4074719
3.0 - 5.5 v
Stop mode  Vgrop Vee 2 - —_ \ No 32.768-kHz crystal
retaining oscillator
voitage
Inputhigh  Viya Réy/COMP VCpg+ 0.1 — — v Analog compare mode
voltage
Input low Vil R6y/COMP — — VCpt—0.1 V Analog compare mode
voltage
Range of  VCiy R6/V gt 0 — Vegc-12 V
comparator
input
reference
voltage
Allowable  Vorg -100 — 100 mV  Vpeg = reference 1
arror of voltage — VCig
internal
reference
voltage
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HD404710 Series

A/D Converter

HD404710, HD404719: Ve = 3.0 V to 6.0 V, AGND = GND, T, = -20°C to +75°C;
HD4074710, HD4074719: Ve = 3.0 V t0 5.5 V, AGND = GND, T, = -20°C to +75°C,
unless otherwise specified

ltem Symbo! Pins Min Typ Max Unit Test Condition Notes
Analog AVee AVee Vee—-03 Ve Vee+03 V
supply
voltage
Analog AV, ANg—AN; AGND — AVge v HD404710, 10
input HD404719
voitage AGND  — AV v * HD4074710
HD4074719,
Current 'AD AVcc — _ 150 H.A AVcc =50V,
between Vi, (TEST) =
AVgc and Vec-03V
AGND to Vge,
Vi (RESET) =
0Vto03V
— —_ 10 HA Vi, (TEST)=  HD404710,
Vec-03Vio HD404719
Vee
Vin (RESET) =
— - 15 pa  OVIO03V, 474710,
stop mode. 1o Hp4g74719
32.768-kHz
crystal oscillator
Analog input CA;, ANg-AN; - — 30 pF
capacitance
Resolution — —_ 8 Bit
Number of 0 —_ 8 Channel
input
channels
Absolute — — 425 LSB T,=25°C,AVgc=5V

error

Notes: 1. The reference voltage is the expected internal VCig voltage selected by the compare control register (CCR).
Example: When CCR = $9, reference voltage is 2/11 x Vg,
2. Excluding output buffer current.
3. lgc is the source current when no /O current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins: RESET, TEST at Vg, R5-RD; at Ve, Do-Dys, RO-R4, RS, at Viisp
4. lomp is the source current when no /O current is flowing while the RB/COMP pin Is in analog input mode.
Test condition: Pins: R6/COMP, R6/V e at GND.
5. lgay is the source current when no I/O current is flowing while the MCU timer is in operation.
Test conditions: MCU: 1/O same as at reset, standby mode
Pins: RESET at GND, TEST at V¢¢, R5,~RDj3 at Vg, Dg-D;5, RO-R4, R5, at Vaisp
6. Power dissipation, while the MCU is operating or in standby mode, is in proportion to fose-
The value of the dissipation current when fagc = X MHz is given by the following equation:
Maximum value (fogc = X MHz) = /4 x maximum value {fogc = 4 MHz)
7. Source current when no /O current is flowing.
Test condition:  Pins: R5,~RD; at Vgg, Dg-Dys, RO-R4, R5; at GND
8. Applies when 32-kHz CPU operation Is selected as an optional function.
9. Applies when no 32-kHz CPU operation with clock time base is selected as an optional function.
10. Select without pull-up MOS option for pins RC and RD when using these pins as analog input pins.

679 Hitachi
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HD404710 Series

Input/Output Characteristics for Standard Pins

HD404710, HD404719: Vo =3.0 V10 6.0 V,GND = 0.0 V, Vy;5, = Vo =40 V to Voo, Ty = -20°C to
+75°C; HD4074710, HD4074719: Vo =30V 10 5.5V, GND =00 V, Vg, = Ve - 40 V to Vi,
Ty = -20°C to +75°C, unless otherwise specified

item Symbol  Pin(s) Min Typ Max Unit Test Condition Note
Input high Vin R5;-RD; 07Vgg —  Vgc+03 V
voitage
input low Vi R5-RD; ~0.3 —  03Vee V
voltage
Outputhigh  Voy R6-RB Vee—10 — — V  —lgy=1.0mA, HD404710,
voltage Vec=35Vio HD404719
6.0V
Vcc -1.0 — _— v —IOH =1.0 mA, HD4074710,
. Vec=35Vio HD4074719
55V
Vec-05 —  — V  —oy=05mA, HD404710,
Ve =35Vto HD404719
60V
Vec-05 —  — V  —-loy=05mA, HD4074710, |
Vee=35Vto HD4074719
55V |
Vog—-05 — — V  —loy=03mA ;
Outputlow Voo R6-RB — — 04 V  lou=16mA,  HD404710, ‘
voltage Voc=35Vto HD404718
60V |
— — 04 V  lg=16mA  HD4074710,
Voo =35Vto HD4074719
55V
— — 04 V o =04mA
Input/output |l | Re-RD, — — 1 BA  V,=00Vto HD404710, 1
leakage R5,-R5, Vee HD404719
current R6-RD, — — 1 pA HD4074710, 1
RS, RS, HD4074719
RS, - — 20 pA
Pull-up gy R5-RD; 30 80 160 BA  Vgc=50V,  HD4A074710, 2
MOS V=00V HD4074719
current 10 30 60 PA Ve =30V,
V=00V

Notes: 1. Excluding output buffer current.
2. Applies to /O pins selected as with pull-up MOS by mask option.
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HD404710 Series

Input/Qutput Characteristics for High-Voitage Pins

HD404710, HD404719: Vo = 3.0 V to 6.0 V,
to +75°C; HD4074710, HD4074719; Vee =3

Ta ==20°C to +75°C, unless otherwise specified

GND=0.0V, Vdisp = Vee-40Vto Vees
0Vtos,

Ty =-20°C
SV,GND =0.0V, Vaisp=Vec-40Vto Veos

ltem Symbol  Pins Min Typ Max Unit Test Condition Note
input high Vik DO—D15, 0.7 Vee -_— Voo + 0.3 \
voltage RO-R4, RS,
Input low ViL DO—D|5, Ve -40 — 0'3VCC v
voitage RO-R4, R5,
Outputhigh Vg Do—Dis,  Vec-30 — — V. -lon=15mA, HD404710,
voltage RO-R4 Voc=40Vio HD404719
6.0V
Vee~30 — — v ~low =15mA, HD4074710,
Veo=4.0Vio  HD4074719 .
55V
Vee—-20 — — v —lon=10mA, HD404710,
Vec=40Vio HD404719
60V
Vgg-20 — — V. -loy=10mA, HD4074710,
Vec=40Vio HD4074719
55V
Vcc -10 - —_ v "IOH =4 mA
Output low VOL DO—D15, - _ Vo —37 v Vdisp = HD404710, 1
voltage RO-R4 Vec—40V HD404719
— — Vec—-37 V 150 kQ at 2
Veg-40V
— —_ Vec—-37 vV 150 kQ at HD4074710,
Vee~40V HD4074719
Inputioutput | I | Do~Dys, - — 20 BA V=V —40V 3
leakage RO-R4, RS, 1o Ve
current
Puli-down Ipp Dg—D;s, 200 400 800 HA Vg = HD404710, 1
MOS RO-R4 Vec—-35V, HD404719
current Vin = Vee

Notes: 1. Applies to I/O pins selected as with

pull-down MOS by mask option.

2. Appiies to /O pins selected as without pull-down MOS (PMOS open drain) by mask option.

3. For HD404710 and HD404719, excludi
4. For HD4074710 and HD4074719, excl
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HD404710 Series

AC Characteristics

HD404710, HD404719: Ve = 3.0 V10 6.0 V,GND = 0.0 V, Vi = Ve =40 V to Ve, Ta =-20°C to

+75°C, HD4074710, HD4074719: V¢ = 30Vto55V,GND=0.0V, Vdisp=Vcc-40 Vo Ve,
T, = -20°C to +75°C, unless otherwise specified
tem Symbol Pins Min Typ Max Unit Test Condition Notes
Osclllation  foge 0SC;,08C, 16 4 45 MHz V=35V  HD404710,
frequency to6.0V HD404719
(1/4 division) 16 4 45 MHz Vg=35V  HD4074710,
to55V HD4074719
16 2 2.25 MHz
Oscillation  foL CL,, CL, — 32768  — kHz
frequency
(1/8 division)
Instruction  toye 0.89 1 25 us Vee=35V HD404710,
cycle time to 6.0V HD404719
0.89 1 25 us  Vec=35V  HD4074710,
1055V HD4074718
178 2 25 us
Instruction  tsubeye — 244.14 —_ us 6
cycle time
Oscillation  tac 0SC,, 0SC, — — 40 ms Vec=35Y  HD404710, 1
stabilization to60V HD404719
tlmem(crystal —_ — 40 ms Vge=35V HD4074710, 1
oscillator) 1055V HD4074719
— — 60 ms 1
Oscillaion  tae 0SC,,08C, — — 20 ms Vec=35Vto HD404710, 1
stabilization 6.0V HD404719
time {ceramic — — 20 ms Vec=35Vto HD4074710, 1
oscillator) 55V HD4074719
—_ — 60 ms
Oscillation  tge CL,, CL, — — 2 s 2
stabilization
time
External tcpH 0SCy 92 —_— - ns Vee = 35Vto HD404710, 3
clock high 6.0V HD404719
width 92 — _ ns  Veo=35Vio HD4074710, 3
55V HD4074719
203 — — ns 3
External  tept 0SC;, 92 — — ns Voc=35Vie HD404710, 3
clock low 8.0V HD404719
width 92 — — ns  Vec=35Vto HD4074710, 3
55V HD4074719
203 —-_ — ns
External  topr 0SCy — — 20 ns  Vec=35Vio HD404710,
clock rise 60V HD404719
time — — 20 ns Vec=35Vto HD4074710, 3
55V HD4074719
—_ — 20 ns 3
682 Hitachi
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HD404710 Series

AC Characteristics (cont)

HD404710, HD404719: V= 3.0 Vto 6.0 V, GND = 0.0 V, Viisp= Ve —40 Vto Ve, T, =-20°C to
+75°C, HD4074710, HD4074719: Vc =3.0 Vo 5.5 V, GND = 0.0 V, Vdisp = Ve - 40 V to Veos
T, ==20°C to +75°C, unless otherwise specified

ftem Symbol Pins Min Typ Max Unit Test Condition Notes
External tept 0SC; — — 20 ns  Vgo=35Vto HD404710, 3
clock fall 8.0V HD404719
time — — 20 ns  Veo=35Vio HDA074710, 3
55V HD4074719
- — 20 ns

NTohigh INT, 2 — - toye 4,8
width tsuboyo
INT, low e m 2 — - tcyc 4,86
width taubeyc
INT high t INT-INT; 2 — — toyo 4
width
INT low tw INT,~INT 2 — - toye 4
width
RESET high tgsty  RESET 2 — - toye 5
width
Input Cin All pins — — 30 pF  f=1MHz, HD404710,
capacitance Vin=0V HD404719

Other than RS; — — 30 pF HD4074710,

RS, — — 180 pF HD4074719
Analog tcsT R6,/COMP -_— _— 2 'cyc 7
comparator
stabilization
time

Notes: 1. The oscillation stabilization time is the period required for the oscillator to stabilize after Vee reaches 3.0V
(3.5 Vif Vg = 3.5 V10 6.0 V [applies to HD404710/HD404719], Voc = 3.5 V1o 5.5 V [applies to
HD4074710/HD4074719]) at power-on or after RESET input goes high after stop mode in cancelled (figure
68).

At power-on and when stop mode is cancelled, RESET must remain high for at least tgc to ensure the
oscillation stabilization time.

If using an oscillator, contact the oscillator manufacturer to determine the circuit constants, since the
stabilization time depends on the circuit constants and stray capacitances.

2. The oscillation stabilization time is the period required for the oscillator to stabilize after V¢ reaches 3.0 V at
power-on (figure 69). If using a crystal oscillator, contact the manufacturer to determine the circuit constants,
since the stabilization time depends on the circuit constants and stray capacitances.

. Refer to figure 70.

. Refer to figure 71.

- Refer to figure 72. The MCU will malfunction if noise interferes with the falling edge of the RESET signal

when releasing from reset state. The reset circuit must be sufficiently evaluated in the application system.

6. The Loy unit applies when the MCU is in watch or subactive mode.

Lubeye = 244.14 us (32.768 kHz crystal)

7. The analog comparator stabilization time is the period required for the analog comparator to stabilize and to

read correct data after pin P6, switches to analog input mode.

o b w

M 4496204 0049174 137 A 683 Hitachi



HD404710 Series

Serial Interface Timing Characteristics

HD404710, HD404719: Ve = 3.0 V0 6.0 V,GND = 0.0 V, Vi, = Ve =40 V to Vo, Ty = -20°C to
+75°C, HD4074710, HD4074719: Vo =30 Vo 5.5 V,GND = 0.0 V, Vi, = Ve - 40 V to Vo
T, = -20°C to +75°C, unless otherwise specified

tem Symbol  Pins Min Typ Max Unit TestCondition Note

Output transmit tseye SCK;, 1 — - teye Load shown in 1

clock cycle time SCK» figure 74.

Output transmit =~ tgekn SCK,, 0.4 — —_ tseye  Load shownin 1

clock high width SCKo figure 74.

Output transmit tsci SCK,, 0.4 — —_ tseye  Load shownin 1

clock low width SCK; figure 74.

Qutput transmit tsekr SCK;j, - — 80 ns Load shown in 1
. clock rise time SCK, figure 74.

Output transmit tscks SCK;, - - 80 ns Load shown in 1

clock fall ime SCK, figure 74.

Input transmit tseye SCK;, 2 — — teye 1

clock cycle time SCK,

Input transmit tsckH SCK;, 0.4 — - tseye 1

clock high width SCK,

Input transmit tsckL SCK;, 0.4 - -_ tseye 1

clock low width SCK;

Input transmit tsoxr SCK;, —_ — 80 ns 1

clock rise time SCK,

Input transmit tsckt SCK;, —_ — 80 ns 1

clock fall time SCK,

Serial output toso S0, —_ — 600 ns Load shown in 1

data delay time SO, figure 74.

Serial input data tss) Sy, 200 — — ns 1

setup time Sly

Serial input data thsi Sly, 400 - —_ ns 1

hold time Sly

Note: 1. Refer to figure 73.
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HD404710 Series

Serial Interface Timing Characteristics (cont)

HD404710, HD404719: Ve =35V 0 6.0 V
HD4074710, HD4074719: Vo =35V 0 5.5V

item Symbol  Pins Min Typ Max Unit TestCondition Note
Output transmit tseye SCK;, 1 — —_ teye Load shown in 1
clock cycle time SCK, figure 74.
Output transmit tsckH SCK;, 0.4 — — tscye  Load shown in 1
clock high width SCK, figure 74,
Output transmit tseKL SCKj;, 0.4 - —_ tseye Load shown in 1
clock low width SCK; figure 74.
Output transmit tsckr SCK;, — - 40 ns Load shown in 1
clock rise time SCK, figure 74.
Output transmit tscks SCKj, —_ —_ 40 ns Load shown in 1
clock fall time SCK; figure 74.
Input transmit tscye SCKj, 2 — — toye 1
clock cycle time SCK,
Input transmit tsckH SCK;, 0.4 — — tseye 1
clock high width SCK;
Intput transmit tscki SCK;, 0.4 — —_ tscye 1
clock low width SCK»
Input transmit tsokr SCK,, — — 40 ns 1
clock rise time SCK,
Input transmit tsckt SCK;, — —_ 40 ns 1
clock fall time SCK, .
Saerial output toso S0, — —_ 300 ns Load shown in 1
data delay time SO, figure 74.
Serial input data tssi 8y, 100 — - ns 1
setup time Sl
Serial input data tHs| Sk, 200 — - ns 1
hold time Sl
Note: 1. Refer to figure 73.
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HD404710 Series

Crystal oscillator Ceramic oscillator
C — C —
0OSC; OSC4
Crystal £33 2Ry oC:cgi%mat'gr:’ Ry
0SC; 0S8C,
GND Ca GND Co
Crystal: Equivalent to the circuit below Ceramic oscillator: CSA4.00MG (Murata)
Re: 1 MQ+20% R 1 MQ*20%
Cy: 22 pF £20% Cy: 33pF £20%
. Ca: 22 pF £20% Co: 33pF £ 20%
L 00 o] I
S Rs
0SC{-=—é¢ e 0SCs,
_°|
Co = 7 pF, max.
Rs = 100 Q, max.

f=1.61t04.5MHz

Figure 68 Oscillation Circuits (1)

C
et W
L"7C R
Crystal 3 Cly--—y cs s CLp
CL )
GND_| ¢, 2
Crystal: MX38T (Nihon Dempa Kogyo) Co = 1.5 pF, max.
Equivalent to the circuit Rs = 14 kQ, max.
on the right f=32.768 kHz

Ci: 15pF +5%
Cz: 15pF £5%

Figure 69 Oscillation Circuits (2)
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HD404710 Series

Vee = 3.510 6.0 V (HD404719/HD404710)
Vee = 3.5 10 5.5 V (HD4074719/HD4074710)

1/fcp {

Vec-05V tcpH tcpL
0SC, 05V J

) - [

>t
N}

tcer tep

Vec=3.01t035V

1/cp

Vec =03V 7~ tepy topL
0SC1 03V ’l - Z

[ [

tepr tcpt

Figure 70 Oscillator Waveforms

N

0.85Vce ¥ tiH A i /
0.2Vee f‘ AF 7L

Note: tcyc is used while the MCU is in standby
mode or active mode.

INT~INT

Figure 71 Interrupt Timing

RESET  0.85Vec L Jr

0.2Vcc f‘ tRSTH \

Figure 72 Reset Timing
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HD404710 Series

tScyc
tsckt | (== > |=tsckr

SCK,, Vec—20V(0.85Vee)* sckL [ ﬁtscxH \ Z L__—\—
SCK> 0.8V (0.2Vce)* ~ 7

- = ipso

~Vee—-20V
SO1, SOz L 0.8V
tssi tHsi

:

I p
~0.7Vee
Sh, Sl —_— >—% 0.3Voo 1

Note: * Voo ~—2.0 V and 0.8 V are applied when transmit clock is output.
0.85V¢c and 0.2V are applied when transmit clock is input.
pso, tssi, and tuys are determined by the voltage at transmit clock input.

|
|
Figure 73 Serial Interface Timing

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

Figure 74 Load Circuit for Timing Measurement
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HD404710 Series

HD404719 Option List
Please check off the appropriate applications and Date of order
enter the necessary information.
Customer
ional Functi Department
I*.DOpt.lon unctions . __ Name
With 32-kHz CPU operation, with time-base for clock ROM code name
*[JWithout 32-kHz CPU operation, with time-base for clock
LS! number
[ without 32-kHz CPU operation, without time-base
Note: * Options marked with an asterisk require a subsystem
crystal oscillator (CL1, CL2).
2. T/O Options (shaded options are not available)
B: With pull-up MOS C: Without pull-up MOS
D: Without pull-down MOS E: With pull-down MOS
Pin name 1o Lopion Pin name Vo 5T 0 "Ip"‘l’;‘ -
00 RS | RS0 gg.g ! Checklist 3
D2 R51 I :
D3 R52 |
D4 R53 |
DS R6 | R60 /0
D6 *1 | Rel 110
D7 R62 110
D8 R63 110
D9 R7 | R70 o
D10 R71 (8]
D11 R72 1o
D12 R73 o
D13 R8 | R80 [[{e]
D14 2 rR&1 | [ 10
D15 o R82 | £ | 1O
RO[] ROO | @ R83 B 110
RO1 § R9 | R0 B 9]
Roz | 2 Ro1 | £ [ 1O
RO | 2 R2 | & [ 4O
Ri [ R10 R93 110
R11 RA | RAO /o
R12 RA1 i10
R13 RA2 10
R2 | R20 RA3 o]
R21 RB | RBO [/{e]
R22 RB1 110
R23 RC | RCO |
R3 | R30 *2 | RC1 1
R31 RC2 [
R32 RC3 1
R33 RD | RDO |
R4 | R40 *2 | RD1 1
R41 RD2 |
R42 RD3 1
R43

Notes: 1. When a comparator is used, select pins R60/COMP and R61/Vref without pull-up MOS (/O option C).
2. When pins RC and RD are used for analog input, select them without pull-up MOS (I/O option C).
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HD404710 Series

3. RS0/vdisp
0 RS50: Without pull-down MOS (D)
[ vdisp

Note: If even one high-voltage pin is selected with I/O option E,
pin R50/Vdisp must be selected to function as Vdisp.

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

[J 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 atternating order (i.e., LULULU...).
[] EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
. programmed to different EPROMS.
5. OSC1 and OSC2 Oscillator
[J Ceramic oscillator f= MHz
{1 Crystal oscillator f= MHz
[ External clock f= MHz
6. Stop Mode
[J Used
(] Not used
7. Package
[J FP-80A
[J FP-soB
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HD404710 Series

HD404710 Option List
Please check off the appropriate applications and Order date
enter the necessary information.
Customer name
I ional Funcei Department
. ti
Optional Functions Name

*[JWith 32-kHz CPU operation, with time-base for clock
ROM | 16-k program
*[] Without 32-kHz CPU operation, with time-base for ¢clock| | code | ROM

(] Without 32-kHz CPU operation, without time-base 8-k pattern

Note: * Options marked with an asterisk require a subsystem ROM
crystal oscillator (CL1, CL2). LSI number
(Hitachi's entry)

2. }/O Options (shaded options are not available)

B: With pull-up MOS C: Without puli-up MOS
D: Without pull-down MOS E: With pull-down MOS .
Pin name [l/e] B IéO OPtKg‘ E Pin name /0] B ] I(/:O olptltgi E
oo o R5 | RSO gg.g ! Checkiist 3
D2 Vo R51 |
D3 10 R52 ]
D4 s} R53 I
D5 o R6 | R60 7o)
D§ 1O *1 | R61 110
D7 7o) R62 18]
D8 ) R63 o)
D9 o R7 | R70 o)
D10 7o) R71 i10
D11 s} R72 10
D12 0 R73 110
D13 o R8 | R8O O
Di4 2 [ R8t1 | o)
D15 o o Re2 | £ | 10
RO| ROO | @[ 1O R83 | » | IO
ROl | 3 [ 110 RO| RO | & [0
Rz | Z [ o RO § I
RB3 | £ [ 10 R92 o)
R1 | _R10 Te) RO3 Te)
R11 o) RA|_RAO )
R12 o RAT s}
R13 Te) RAZ | o)
R2 | R20 le) RA3 1o
R21 o) RB | RBO Te)
R22 o) RB1 e
R23 Te) RC | RCO I
R3 | R30 1o *2 [ RCi |
R31 Vo RC2 I
R32 IO RC3 ]
R33 e} RD [ RDO i
R4 | R40 o *2 | RD1 ]
R41 7o) RD2 I
R42 o) RD3 |
R43 Vo

Notes: 1. When a comparator is used, select pins R60/COMP and R61/Vref without pull-up MOS (1/0 option C).
2. When pins RC and RD are used for analog input, select them without pull-up MOS (/O option C).
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3. R50/Vdisp

1 R50: Without pull-down MOS (D)

{0 vdisp

Note: If even one high-voltage pin is selected with 1/O option E,
pin R50/Vdisp must be selected to function as Vdisp.

4, ROM Code Media

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

] 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..).

] EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.

5. OSC1 and OSC2 Oscillator

{0 Ceramic oscillator

t=

MHz

] Crystal oscillator

f=

MHz

[ External clock

f=

MHz

6. Stop Mode
[ Used
1 Not used

7. Package
| o Fr-s0B |
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