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 1O 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 ps

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

(top view)

FP-80B
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HD404710 Series

Pin Description

Pin Number Inpuu Pin Number Input/
FP-80B FP-80A Pin Name Output FP-80B FP-80A Pin Name Output
1 79 RD{/ANg | 34 32 R1, vo
2 80 RD./ANg 1 35 33 R, Vo
3 1 RDy/AN; | 36 34 Rig 7o)
4 2 AGND 37 35 R2, Vo
5 3 RESET 1 38 36 R2, o
6 4 0SC,4 1 39 37 R2, Vo
7 5 0SC, o 40 38 R23 l/e}
8 6 GND 41 39 R3, Vo
9 7 CL, 1 42 40 R3, Vo
10 8 ClLp o) 43 41 R3, vo
" 9 TEST 1 44 42 R3; vo
12 10 Vee 45 43 R4, o
13 1 Do 7o) 486 44 R4, Vo
14 12 D, 7o) 47 45 R4, vo
15 13 D, 7o} 48 46 Rdg o
16 14 D, 7o) 49 47 R50/Visp |
17 16 D, o 50 48 RS, |
18 16 Ds Vo 51 49 R5; |
19 17 D o 52 50 R53 |
20 18 D, Vo 53 51 R6//COMP 1O
21 19 Ds Vo 54 52 R6.1/V i Vo
22 20 D 7o) 55 53 R6,/TOE, vo
23 21 Dio o 56 54 R63/TOE, 1O
24 22 Dy o 57 55 R7,/INT, 0
25 23 D2 /o] 58 56 R7,/INT, [Te]
26 24 D13 Vo 59 57 R7,/INT, Vo
27 25 Dya 1o 60 58 R7,/INT5 Vo
28 26 Dis I/e] 61 59 R8,/INT, Vo
29 27 RO, o 62 60 R8,/INT o
30 28 RO, Vo 63 61 R8,/SO, Vo
31 29 RO, e} 64 62 R84/Sk I/o]
32 30 RO3 Ie} 65 63 R9y/SCK; o
33 31 R, 7o 66 64 R9,/SCK, 1O

B 4496204 0049074 256 E 583 Hitachi
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HD404710 Series

Pin Description (cont)

B 4496204 0049075 192 mm

Pin Number Inpuv Pin Number Input/
FP-80B FP-80A Pin Name Output FP-80B FP-80A Pin Name Output
67 65 R9y/SI, lle} 74 72 RB,/TOD 0
68 66 R9y/SO, e} 75 73 AVce
69 67 RAY/ICT, o] 76 74 RCy/AN, |
70 68 RA/ICT, 7o) 77 75 RC,/AN, [

7 69 RAL/TOG o] 78 76 RCo/AN, I
72 70 RAS/BUZZ 10 79 77 RCa/ANg I
73 Al RBy/TOC o 80 78 RDy/AN, |
|
584 Hitachi
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HD404710 Series

Pin Functions

Power Supply

Vce: 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

OSCy, 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.

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

Ports

D¢-Dys (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 R5 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 R6g to
R6; are multiplexed with peripheral pins.

Interrupts

INTy-INT;: Input external interrupts to the MCU.
INT,, to INT5 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.

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

SOy, SO,: Serial interface 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
R64, 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 RA3.

A/D Converter

AVcc: Ve power supply for the A/D converter.
AGND: GND ground for the A/D converter.
ANg-AN;: Analog data input pins for A/D conver-
sion that are multiplexed with pins RCy to RC; and
RDg to RD3, respectively.

Comparator

COMP: Input pin for the comparator. It is multi-
plexed with pin R6,.

Vrert 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):

. . « 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.

« HD404710, HD4074710: Reserved for ROM

Vector Address Area (30000-$001F): Reserved data that can be referenced as a pattern by the P

for JMPL instructions that branch to the Astart 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 is 0
starts from the vector address. )

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

. gram code.
Reserved for subroutines. The program branches
. to the subroutine in this area in response to the
CAL instruction.
v $0000 0 JMPL instruction $0000
Vector address 1 {(jump to reset routine) $0001
2 JMPL instruction $0002
31 :gg;s 3 (jump to INT, routine) $0003
32 ) 4 JMPL instruction $0004
Zem-m:vzl:g:;utme 5]  (jumptoINT, routine) $0005
63 $003F 6 JMPL instruction $0006
84| $0040 7 (jump to TNT routine) $0007
8 JMPL instruction $0008
Pattern " . .
(4096 words) g | (jump to input capture routine) | $0009
10 JMPL instruction $000A
4095/ $OFFF 1 (jump to timer A routine) $000B
4096 $1000 12 JMPL instruction $000C
13| (jump to timer B routine) $000D
Program 14 JMPL instruction $000E
(16384 words) 15|  (jump to timer C routine) | $000F
16 "JMPL instruction $0010
16383 $3FFF 17} (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
31 $001F
Figure1 Program ROM Memory Map
I 449L204 0049079 834 EE 588 Hitachi

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



BN 449204 0049080 557 EE

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 PBNK1 = 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)

(1] $0000
4095 $OFFF
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

—

Pattern

PBNK1 PBNKO

(RW)

Pattern selection

*

0 Pattern 1

1 0 Pattern 2

1 1 Pattern 3

Note: *Atreset, PBNK1 =0 and PBNKO = 0.

Figure 3 Pattern ROM Bank Register

589 Hitachi
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HD404710 Series

Instruction N
~
P ' Opcode '
”I it Ipa Pz  P1 pol B register V Accumulator
[Be, B B Bo As Az A Ao
0
+ Y A \

Referred ROM address IRA“. RA12RA11 RAjp RAq RAg RA; RAg RAg RA, RA3 RA; RA; RA"I

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

W
PBNK: $035

Addressing

ROM data [RO, 1 RO, RO RO5 RO, ROy RO, RO, ROy|
HEREERE

Accumuiator, B register [ Bs B, B, B, As A, A, Ag|IfROg=1

ROMdata | 1 RO, RO; RO; RO; RO, RO; RO, RO, RO|

Output registers R1, R2 |923] a22| R2, [ H20| F\13[ H12| R1, l H1°| if ROg= 1

Pattern Output

Figure 4 P (Pattern) Instruction

M 4496204 0049081 49 W 590 Hitachi
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HD404710 Series

Notes for Pattern ROM Bank Control:

Case 1: When changing PBNK data during an  Case 2:
interrupt routine or subroutine, the previ-
ous PBNK data must be stored in RAM
and retrieved just before the RTN or

In some cases, the PBNK set operation
must be programmed just before the BR,
TBR, BRL, or JMPL instruction (figure
5).

RTNI instruction (figure 5).
Case 1 Case 2
Pattern @ set Pattern @ set
- - BR, TBR, BRL, JMPL
Interrupt
CAL, CAL P instruction ©
instruction
S N
? Pattern @ set
Interrupt P instruction @ Pattern @ set
routine,
subroutine Pattern @ set \
7 . .
‘ RTN, RTNI instruction P instruction @

Figure § Pattern ROM Bank Control

B 449L204 0049082 322 MR 591 Hitachi
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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

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.

B u4u9kL204 0049083 269 [ | 592 Hitachi
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HD404710 Series

HD404719, HD4074719

0 $000

RAM-mapped registers

64 $040
Memory registers (MR)
(16 digits)

80 $050

Data
(880 digits)

960 $3Co

Stack
(64 digits)

1023 $3FF

Note: * Two registers are mapped on
the same address

R: Read only

W: Write only

R/W: Read/write
B: Bit manipulation

CONOOTOBDWO

32
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
53
54
55
56
57
58
59
60,
61

62|

63

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)

Timer B+ (TCBL/TLRL)

(TCBU/TLRUY)

Miscellaneous register (MIS)

Timer mode register C (TMC)

Timer C* {TOCL/TORL)

%%sggisggss ®

(TCCU/TCRU)

i RW

Timer mode register D_(TMD)

Timer D* {(TCDL/TDRL)

(TCDU/TDRU)

Port mode register B (PMRB)

Serial mode register 2 (SMR2)

Serial data register 2 lower (SR2L)

Serial data register 2 upper (SR2U)

input capture control register (ICC)

Input capture status register (ICSR)

Input capture 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)

Timer buffer register E upper (TBEU)

Not used

Buzzer control register (BCR)

Output compare control register (OCC)

Output compare status register (OCSR)

Timer load register G1 lower (TLG1L)

Timer load register G1 upper (TLG1U)

Timer load register G2 lower (TLG2L)

Timer load register G2 upper (TLG2U)

Port mode register C (PMRC)

Interrupt mode register A (IMRA)

Interrupt mode register B (IMRB)

sls|s|s|sis /555l ssg ® gmmssmmg

Not used

Port R6 DCR_(DCR6)

Port R7 DCR (DCR?7)

Port R8 DCR (DCRS8)

Port R DCR (DCRS9)

Port RA DCR (DCRA)

Port RB DCR (DCRB)

SEEEiEE

Not used

Compare control register (CCR)

g

Not used

$000
$003
$004
$005
$006
$007
$008
$009
$00A
$00B
$00C
$00D
$00E
$00F
$010
$011-
$012
$013
$014
$015
$016
$017
$018
$019
$01A
$01B
$01C
$01D
$01E
$01F
$020
$024
$025
$026
$027
$028
$029
$02A
$028
$02C
$02D
$02E
$02F
$030
$031

$032
$033
$035
$036
$037
$038
$039
$03A
$03B
$03C
$03D
$03E
$03F

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

HD404710, HD4074710
T
0 $o00 g Interrupt control bits area (1) | B :ggg
RAM-mapped registers 4| Port mode register A (PMRA) . W_|$004
5] Serial mode register 1 (SMR1) . W |$005
6{ Serial data register 1 lower (SR1L) | R'W | $006
64 $040 7[ Serial data register 1 upper (SR1U) ___| R/W | $007
Memory registars (MR) 8| Timer mode register A (TMA) | W |$008
(16 digits) 9| Timer mode register B (TMB) | W |$009
10 Timer B* (TCBUTLRL) T R/W | $00A
80 $050 11 (TCBU/TLRU) TR/W | $008
12 { Miscellaneous register (MIS) T W [s00C
Data :i Timer mode register C (T Mg) I W :OOD
iai " {TCCUTCRL) | R'W | $00E
(880 digits) 15 | Timer C* (TCCUTTCRU) | R/W | $00F
16 | Timer mode register D (TMD) L W |$010
17 - (TCDU/TDRL) | RW | $011
- 960 $3C0 1g | TimerD (TCDUZTDRU) 1 RW | $012
19| Port mode register 8 (PMRB) W [$013
Stack 20 [ Serial mode register 2 (SMR2) " W |so014
(64 digits) 21 | Serial data register 2 lower (SR2L) : R/W | $015
22 | Serial data register 2 upper (SR2U) L R/W | $016
23 | Input capture control register (ICC) |, W _|$017
1023 $3F 24 | Input capture status register (ICSR) | R/'W | $018
25 { Input capture register lower (ICRL) ) R |$019
26 | Input capture register upper (ICRU) IR _|$01A
27 | A/D control register (ADCR) | W _|$01B
28 | A/D mode register (AMR) I W _|so1C
29 | A/D data register lower (ADRL) " R _|$01D
30 | A/D data register upper (ADRU) T R _|$01E
311 A/D status register (ADSR) , R'W | $01F
Note: * Two registers are mapped on gg Interrupt control bits area (2) : B &22
the same address 37| Timer mode register E_(TME) | R'wW | $025
R: Read only 38 | Timer buffer register E lower (TBEL) | W |$026
W: Write only 39 | Timer buffer register E upper (TBEU) | W |$027
R/W: Read/write 40 Not used ! $028
B8: Bit manipulation 41| Buzzer control register (BCR) " w |$029
42| Output compare control register (OCC) ' W | $02A
43| Output compare status register (OCSR), W | $028B
44| Timer load register G1 lower (TLG1L) |, 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 {$030
49/ Interrupt mode register A_(IMRA) I W |$031
50| Interrupt mode register B_(IMRB) "W |$032
51 ! $033
52 | Notused ! $034
53 | Pattern bank register (PBNK) . R’W | $035
54| Port R6 DCR (DCR6) | W |$036
55 [ Port R7 DCR_(DCR7) W ]1$037
56 | Port R8 DCR {DCR8) I W |$038
57 [ Pot R3 DCR_(DCR9) I W_|$039
68 [ Port RA DCR_(DCRA) T"W | $03A
59 Port RB DCR_(DCRB) T w_|$03B
60 T $03C
61 Not used ! $03D
62 Compare control register (CCR) . W | $03E
63| Not used | $O3F
Figure 6-2 RAM Memory Map (HD404710, HD4074710)
B 4495204 0049085 031 EE 594 Hitachi
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HD404710 Series

Bit 3 Bit 2 Bit 1 Bit 0
’ IMO IFO RSP IE
o (IM of INT) (IF of INT,) (Reset SP bit) (Interrupt enable flag)
Mg F2__ M1 F1_
1 (IM of INT5) (IF of INTp) (IM of INT,) (IF of INT;)
IMTA IFTA IMIC IFIC
2 (IM of timer A) (IF of timer A) (IM of input capture) | (IF of input capture)
IMTC IFTC IMTB IFTB
3 (IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
DTON WDON LSON
32 (Direct transfer on flag) Not used (Watchdog on flag (Low speed on flag
og
33 IMS1 IFS1 IMTD IFTD
{IM of serial 1) (IF of serial 1) (IM of timer D) (IF of timer D)
34 iM3 IF3 IMAD IFAD
{(IM of INT3) (IF of INT3) (IM of A/D) {IF of A/D)
35 IM5 IF5 IM4 IF4
{(IM of INT5) (IF of INT5) (IM of INT) {IF of INT,)
IMS2 IFS2
36 Not used Not used (IM of serial 2) (IF of serial 2)
IF: Interrupt request flag
IM: Interrupt mask
IE: iInterrupt enable flag
SP: Stack pointer

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. If 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).

$000
$001
$002
$003

$020
$021
$022
$023

$024

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
681 MR (4) | $044
69| MR (5) | $045
70 [ MR (6) | $046
71 MR (7) | $047
72| MR (8) | $048
73 MR (9) | $049
74| MR (10) | $04A
75 |MR(11)| $04B
76 |MR (12) | $04C
77 MR (13)| $04D
78 [MR (14)| $04E
79 [MR (15) | $04F

1023

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

Bit3 Bit2 Bit1 BitO
1020 | ST | PCis | PCr2 | PCn
1021 | PCyo | PCo | PCs | PC;
1022 | CA | PCs | PCs | PCa
1023 | PC; | PC, | PCy | PCo

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
B 449L204 DO4908L T74 N
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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/O, 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, R/'W (8)
1 0
W register Initial value: Undefined, R/W
3 0
X register initial value: Undefined, R/'W {X)
3 0
Y register Initial value: Undefined, RAW
3 0
SPX register Initial value: Undefined, RW (SPX)
3 0
SPYregister Initial value: Undefined, RW
0
Carry Initial value: Undefined, R/W
0
Status Initial value: 1, no RIW
Program counter 13 0
Initial value: 0, (PC) |
no R'W
9 5 0
Stack pointer l 1 | 1 l 1 | 9 l SP) |

Initial vaiue: $3FF, no R/'W

Figure 9 Registers and Flags

M 4496204 0049087 904 NN
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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

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

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.

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 tgc to enable
the oscillator to stabilize. In other cases, a RESET

Program Counter (PC): A 14-bit counter that ; . .
input for two instruction cycles resets the MCU. .

points to the ROM address of the instruction being

ted. - .
execu Initial values of the registers and counters after

Stack Pointer (SP): Ten-bit pointer that contains  MCU reset are listed in table 1.

the address of the stack area to be used next. The
SP is initialized to $3FF by MCU reset. It is decre-

Table 1 Initial Values after MCU Reset

Initial
tem Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from
start address of ROM area
Status flag (ST 1 Enables conditional branching
Stack pointer ) (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
::?ag:l: Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (M) 1 Prevents (masks) interrupt requests
Vo Open-drain PMOS (PDR) All bits 0  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 iefer 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
isnetnrafl Timer mode register B (TMB) 0000 Refer to description of timer mode
eriace 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 register 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 Refter to description of input capture
register control register
Input capture data (ICSR) 0000 Refer to description of input capture
register data register
Buzzer control register (BCR) 0000 Refer to description of buzzer control
register
598 Hitachi
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HD404710 Series

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
:-\etgzlace 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) © ~ Refer to description of operating modes
Watchdog timer on flag (WDON) 0 Refer to description of timer C
Direct transfer on flag (DTON) 0O 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
Pooumaor () [veted vees st etaned: wlues must oo
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

- 4496204 0049090 479 599 Hitachi
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HD404710 Series

Interrupts

The MCU has 14 interrupt sources: six external
signals (INT;-INTs), 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 9 $0012
A/D 10 $0014
INT3 1 $0016
iNT, 12 $0018
INT; 13 $001A
Serial 2 14 $001C
600 Hitachi
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HD404710 Series

Sequence control

& - Push PC/CA/ST
D— *» Reset IE

Jump to vector
address
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Priority control logic [——» Vector
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HD404710 Series

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 - IMO 1 0 0 0 0 0 0
IF1 « IMT * 1 0 0 0 0 ]
IF2 « IM2 * * 1 0 0 0 0
IFIC « MIC * * * 1 0 0 0
IFTA « IMTA * * * * 1 0 0
IFTB+IMTB * * * * * 1 0
- IFTC « IMTC * * * * * * 1
IFTD « IMTD * * * * * * *
IFS1 « IMST * * * * * * *
IFAD « IMAD * * * * * * *
IF3+TM3 * * * * * * *
IF4 « M4 * * * * * * *
IF5 « IM5 * * * * * * *
IFS2 -« IMS2 * * * * * * *

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

602 Hitachi
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HD404710 Series

Table 3 Interrupt Conditions (cont)

Interrupt Source
interrupt Control Bit TimerD Serial1 A/D INT; INT, INT; Serial 2
IE 1 1 1 1 1 1 1
IFO « IMO 0 0 0 0 0 0 0
IF1 « M7 0 0 0 0 0 0 0
IF2 - IM2 0 0 0 ] 0 0 0
IFIC « IMIC 0 0 0 0 0 0 0
IFTA « IMTA 0 0 0 0 0 0 0
IFTB - IMTB 0 0 0 0 0 0 0
IFTC « IMTC 0 ] 0 0 0 0 0
IFTD + IMTD 1 0 0 0 0 0 0
IFS1 « IMST * 1 0 ] 0 0 0
IFAD « IMAD * * 1 ] 0 0 0
IF3 - M3 * * * 1 0 0 0
IF4 - M4 * * * * 1 0 0
IF5+ M5 * * * * * 1 0
IFS2 - IMS2 * * * * * * 1

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

B 449,204 0049094 Ou4y WA 603 Hitachi
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HD404710 Series

Instruction cycles

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

| 1 2 3 l 4 | 5 6 |
r ! ' o
Instruction
execution
. Stacking;
Interrupt Stacking; || 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 u4yy3L204 0048095 TA0 WA
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HD404710 Series

——— (_momn )
Interrupt
~ PC « $0004 acceptance
IEe0
- Stack(PC)
PC « $0006 Stack«(CA)
Stack«(ST)
- PC « $0008 4’
- PC « $000A
- PC < $000C
- PC « $000E
- PC « $0010
PC « $0012
- PC « $0014
PC « $0016
- PC « $0018
PC « $001A
“‘ PC « $001C
{ Active }

Figure 12 Interrupt Processing Flowchart
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HD404710 Series

Interrupt Enable Flag (IE: $0090, 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 INT inputs (table 5).

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

External Interrupt Masks (IMO: $000, Bit 3;
IM1: $001, Bit 1; IM2: $001, Bit 3; IM3: $022,
Bit 3; IM4: $023, Bit 1; IM5: $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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HD404710 Series

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: $003, 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
o Disabled ® 0 Disabled
1 Enabled 1 ~ Enabled

Table 10 Timer A Interrupt Mask

Table 14 Timer C Interrupt Mask

IMTA Interrupt Request IMTC Iinterrupt 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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HD404710 Series

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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HD404710 Series

IMRA: $031
IMRA3 | IMRA2 Initial value: 0000
L INT 1 detection edge selection
IMRB: $032

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

I l . [ ] INT, detection edge selection
INT 3 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 Bit2 INT, Detection Edge Bit1 Bit0 INT, Detection Edge
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection 1 Double-edge detection

Figure 13 Interrupt Mode Register

B 4495204 0049100 178 mm O0° MM
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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/O
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)
::nct“;n Clock Stopped Subactive mode (optional) Watch mode (TMA3 = 1)
PER (LSON = 1)

Stop mode (TMA3 = 0)

M 4496204 0049101 OOy mm
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HD404710 Series

Reset
Standby mode Active mode Stop mode
T R T (TMA3 = 0)
; | sey : |
i| fosc: Operating i (Standby) i| fosc: Operating ! STOP fosc: Stopped
\| fcL: Operating [T T fou: Operating [T fcr:  Operating
i| #cpy: Stopped : | #geput =foye #cpy: Stopped
| okt =foe ; o] fouc =foye ; geLk:  Stopped
i| erer: =foe i interrupt il opent =foye ; pper:  Stopped
[TMA3 =0 |
| | s |
E ; Watch mode
TMA3 =1 [(TMA3 =1,LSON=0)
: . ' i SBY ; ] ' ostOP | '
i| fosc: Operaling | (giangby) | fosc: Operating L | fosc: Stopped |
i| foi: Operating e N fo: Operating | | fo: Operating |
i| oceu: Stopped i | scpur =fove ' iNTy i| oceu: Stopped |
H oo =fsue ol gok: =fsus jermebase*lil g6 =fsup
i| orenl =foo Dointerrupt il gper = foye ': | open: Stopped i
-------------------------------- =y
fosc: Main oscillation :
foL: Suboscillation E
for ime base Subactive mode _ N
fope fotd | (TMA3_1,LSON_1)E
fsus: fcL/8 . h . pped :
gcpu System clock :osc Stop:)id H :osc 2to rating |
BoLK: Clock for time base oL Operating INT, I perating |,
gper:  Clock for other zopu'- j:SUB Time base*! ! ZCPU: f‘f"ﬂp@d ;
peripheral functions Olk- ~ 'SuB S| Pok- ~'SuB i
LSON:  Low speed on flag srer: Stopped sToP/ ;| #pen: Stopped [
LSON = 0: gcpy = Main oscillator sBY _ '
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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HD404710 Series

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

cPU Instruction Stopped
operation execution

Stopped Stopped

(oceu) RAM Retained Retained Retained
Registers, Reset Retained Retained
flags
ro*2 Reset Retained Retained

Peripheral  INTo—INT; Reset Retained

. functions,  fimer 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
Output Reset Retained
compare

Serial 1, Reset Retained
serial 2

AD Reset Retained . Retained
Time-base INT, Reset >
functions,
interrupts Time base Reset
(Pork)

Notes: ndicates operating.

0 reduce Igc, stop oscillation in external circuits.

. Refer to table 23.

. Subactive mode is an optional function.

. Refer to the Interrupt Frame section.

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

NP WD =E

Table 23 Input/Output in Low-Power Dissipation Modes

Output Input
Stop/Watch/ All Modes
Standby Mode Subactive Mode (input State)
Dg-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.

612 Hitachi
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|

Restart
Processor clocks

Execute
next instruction

Peripheral clocks: Stopped
All ther clocks: Stopped

Cn )
Stopped
Suboscillator: Active

Qscil .

Standby
T
Oscillator: Active
Peripheral clocks: Active
Al other ciocks: Stopped

Restant
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
TMA3 = 0. In this mode, the system oscillator
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 tzc to stabilize oscillation (refer to the
AC Characteristics section). In stop mode, all
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
TMAS3 = 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).

Oscillator

MMMHM I
7

-l
-

L

Internal clock “ H I v

mmnnnnn

RESET « $ .
4 ! ||
T ! e i
g;gﬁig:h'ucﬁon tres 2 tre (Stabilization time)
Figure 16 Timing of Stop Mode Cancellation
Osclllation
Watch mode mlr:\‘; Active mode
s s '
Interrupt : ; :
strobe E E ;
5 : : A
Interrupt H : : :
request (only : i ; i
during 1 ; ; i
transition to H ! : :
active mode) . T - T tre ;

T=2x1gec: Interrupt frame period

tre: Oscillation stabilization time

Figure 17 Interrupt Frame

B 4495204 0D491L05 757 I
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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 tge < tp < T + txe.

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

Internal execution

Subactive mode I_ time (< T)

Oscillation

stabilization time | Active mode

(LSON = 0, DTON = 1)

Interrupt 1
strobe ; ;
Interrupt i :
request j v '
; T : tre 5
' Transition ' '
t
RC < yime < 3tre

T=2xtRrc: Interrupt frame period

trc: Oscillation stabilization time

Figure 18 Timing of Subactive Mode Direct Transition

M 4496204 0049106 L9L EE 815 Hitach!
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MIS: $00C

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

I

} trc selection
MIS
Bit1 Bit0 T/2,tge
0 0 0.12207 ms
0 1 7.8125 ms
. 1 0 62.5 ms
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 ’
RESE% No

Yes

cycle

Reset MCU

»

Figure 20 MCU Operation Flowchart (Power On)

616 Hitachi
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MCU operation
cycle

)

IF=1?

i

Instruction Yes
execution

IE«~0
Stack « (PC),
(CA), (ST)
! Low-power mode | )
§ 3:95’;}";,, cyg'ee - 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 modse
operation cycle

No

|F=1.w

Yes
\
Standby/watch Stop mode
mode
*
No
Yes
\
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 figu

re 15.

Figure 22 MCU Operation Flowchart

B uu9L204 0049109 375 N

(Low-Power Dissipation Mode Operation)
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Internal Oscillation Circuit

A block diagram of the internal oscillation circuit
is shown in figure 23. As shown in table 24, a
crystal or a ceramic oscillator can be connected to

can be connected to CL; and CL,. An external
clock operation of the system oscillator is also
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.

CLy

& @

0OSCy

0SC»

©Q @

Subsystem oscillator

System oscillator

l feL l fosc
Divider (1/8) Divider (1/4)
tsubcye l fsus toye l feye

Timing generator

Timing generator

!

Time-base clock System clock
TMAS —- selection selection <+~ LSON
BCLK PPER gcPu
CPU
Time-base/ Peripheral : ng
interrupt functions/interrupts - /O
* Registers, flags

Figure 23 Internal Oscillator Circuit

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

Circuit Configuration Circuit Constants
External clock operation
(0OSC4, OSCy) External
oscillator
—OSC,

0pen - 0302

Ceramic oscillator Ceramic oscillator:
(OSC4, OSCy) c CSA4.00MG (Murata)
1 Ri=1MQ + 20%
- 08 Cq=Co =33 pF £20%
ceciliator = 3P
—| 0SC,
7ir C2
GND
Crystal oscillator Rf=1MQ +20%
(OSC4, OSCy) Cy C1=Cy=22pF +20%
|OSC4 Crystal: Equivalent to circuit
Crystal S SR, shown at bottom left
0SC, Co =7 pF, max.
C, L Rg = 100 Q, max.
GND f=1.6t04.5MHz
Co
Crystal oscillator C1=Co=15pF 5%
(CL4,CLp) G, P Crystal: MX38T
CLy (Nihon Dempa Kogyo)
Crystal &3 Co=1.5pF, typ.
Rg = 14 kQ, typ.
CL S
Cs 2 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 OSC4/OSC;, pins and other elements must be as short as possible, and
must not cross other wiring. Refer to the recommended layout of the oscillation circuit in figure
24,

3. If not using a 32.768-kHz crystal oscillator, fix the CL 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¢/Visp 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 R6 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 82 EN

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 1/O Pins: I/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 Ve 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
V¢ voltage of the user system.

622 Hitachi
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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
VO pins g:)%[:ct'ol | - = CPU input R6o~R63
R7,-R7,
Veg v R8,—R8;
ec R9,-R9,
RAg-RA3
: RBy—RB;
Note: * Applies to R8, and R9».
Input

oo%trol I P = CPU input
Input pins R5,-R53
RCo—RC3
RD¢-RD3

HLT
CPU input

®WD>—' CPU input

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

@

Output
data

n;:
;

Note: * Applies to SO, and SO,.

Input .
control » CPU input

o

Note: * Applies to SO, and SO,.

:

Standard Pins
Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
Peripheral Input ) SCK;
110 pins control | Yo + CPU input 56K,
) = SCK (output)N°'°1
VCC Vcc
HLT
Input
control )c » CPU input
Do » SCK
Vee
Peripheral ::rc‘)%l#ol Dr = CPU input $0,, SO,
output pins TOC
V * TOD
oc | Veg L TOE,, TOE,
TOG
BUZZ

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

Standard Pins
Pin Type With Pull-Up MOS (B)YWithout Pull-Up MOS (C) Pin Name
Peripheral SCK;, SCK;
input pins Ve (input)Note 1
— Sly, Sly
o<} HLT T,
» Peripheral INT,
input W
Input control CPU input ME
INT4
ICT,, ICT,
5O Peripheral
input
Input control .' CPU input
V
cc ANg-AN,
Vref (R61 )

A%XJ&

HLT

A/D input or Vs

input control

A/D input or V(e

5

Input control

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

Standard Pins

—» CPU i
Input (:ontro[j:)c CPU input

Pin Type With Pull-Up MOS (B)/Without Puli-Up MOS (C) Pin Name
O pins Comparator R6,/COMP
CPU
4 input
Input
control Mode_ i prm—
Vec Jvcc selection HLT
Comparator
CPU
input
Input
control Ve Mode selection
cC signal
High-Voltage Pins
Pin Type Without Pull-Down MOS (D)/With Pull-Down MOS (E) Pin Name
/O pins Veg Dg-Di5
o ] Rig-R1,
O | POR | R2q-R2,
R3,—R3,
R4,—-R4,

B 4496204 0049117 471 WM

Vee _
. - HLT
Oxw [ PR |
Vaisp
Input 0.':orm[)> = 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 R5q

Input

@_c.mtrL—_D>_*> CPU input

Notes: 1. If external clock mode is selected when the serial interface is used, SCK4 and SCK; are used

as input pins.

2. In stop mode, the MCU is intemally 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 VO 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
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HLT
PMOS MIS™

DCR

°< _r‘ PDR
_ D
input

Input control

Mask Option With Pull-Up MOS (B) Without Pull-Up MOS (C)
DCR 0 1 0 1
PDR 0 1 0 1 0 1 0 1
CMOS PMOS — — — On —_ — — On
buter  nMOs  — — on - - On —

Pull-up MOS (C) On On On On — _ - —

Notes: 1. —: Off
2. Forthe R8,/S0O, and R93/SO;, pins, the PMOSs are off when bits 2 and 3 of the miscella-
neous register are setto 1.

MIS RE,/SO, MIS R9,/SO,
Bit2 PMOS Mode Bit3 PMOS Mode
0 On 0 On

1 Off 1 Off

Figure 25 Input/Output Buffer

628 Hitachi
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MIS (Miscellaneous register): $00C

3 2 1 0 Initial value: 0000

I R85/S0 4 pin PMOS mode selection
R923/SO5 pin PMOS mode selsction

SMR1 (Serial mode register 1): $005

3 2 1 (¢} Initial value: 0000

! R90/SCK pin mode selection

PMRA (Port mode register A): $004

3 2 1 0 Initial value: 0000

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

R70/INTq pin mode selection
R74/INT; pin mode selection

SMR2 (Serial mode register 2): $014

3 2 1 0 Initial value: 0000

L R94/SCK 2 pin mode selection

Figure 26 Pin Mode Selection Registers

B 4u49L204 0049120 Thh BN 629 Hitachi
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PMRB (Port mode register B): $013

3 2 1 0 Initial value: 0000

- R93/SO 5 pin mode selection
R92/S1 2 pin mode selection

RBo/TOC pin mode selection
RB 1/TOD pin mode selection

. PMRC (Port mode register C): $030

3 2 1 0 Initial value: 0000

L R7,/INT2 pin mode selection
R73/INT3 pin mode selection
R8¢/INT4 pin mode selection
R84/INTs 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 M timer
TMA3 =1 Clock time-base TMB2-TMBO = Event counter
111 and (Pin R7,/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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12

tsubcyc | Prescaler W

(5 bits)
DEIRK:
r
TimerA
4 MPX2
. 3 On: TMA3 =1
32-kHz
crystal
oscillator Timer mode —
register A t FTA
(TMA, 4 bits) (TCA, 8 bits)
Timer A
3 interrupt
On: TMA3 =0 request flag
Timer A MPX,
)
ol o &R
NN —IOIO
SR AR AR B
Séf,t;:n foye Prescaler S (11 bits)
Figure 27 Block Diagram of Timer A
632 Hitachi
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| Internal data bus (S1) |
Tlmeir mo%e 4
ster
(1B, 4 e Tmeriaih | |
__ 3 (TLB, 4 bits) 4
INT: ERR;
@—— Timer B MPX “('f'rgsf%ug}fsr)a IFTB
! EEEEEENE! Timer B
interrupt
Timer load register B request flag
(TLR, 8 bits)
1] 3 4 4
Y3252 §
I Internal data bus (S2) ]
System i
Slock Prescaler S (11 bits)
- L Internal data bus (S1) I
olve/815(E (3
DA A R R e s el B &£
TOC
Timer latch 4
register C Timer C variable-duty
(TLC, 4 bits) pulse output
f ,Tlr:ertoumerc IFTe
Timer C
interry
3 I EEEEERR! requost flag
Timer load register C
Tlmalr moge (TCR, 8 bits)
register
, 4 bits) 1 4 4 (watchdog
|
| Internal data bus (S2) |
£
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 controlled 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 548 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 RBo/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.

634 Hitachi
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Tx(TCR+1)
TMC3=0
T x 256
p——s T o
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 Bit 2 Bit 1 Bit0 Operating Mode
v} 0 0 0 PSS, 20481, Timer A mode
1 PSS, 1024t
1 0 PSS, 512ty
1 PSS, 128ty
1 0 0 PSS, 321,
1 PSS, 8tcyc
1 0 PSS, 4ty
1 PSS, 2tgyc
1 0 0 0 PSW, 32t beye Time-base mode
1 PSW, 16t,0cyc
1 0 PSW, 8ts,beyc
1 PSW, 2tsypeye
1 o 0 PSW, TCA reset
1
1 0
1

Notes: 1. tgupeyc = 244.14 pus (when a 32.768-kHz crystal oscillator is used)

. teyc = 0.9536 us (when a 4.1943-MHz crystal oscillator is used)

. Timer counter overflow output period(s) = Input clock period(s) x 256

. The division ratio must not be modified during time-base mode operation, otherwise an overflow
cycle error will occur.

~WN
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Timer Mode Register B (TMB: $009): Four-bit
write-only register which selects the automatic
reloading function, input clock source, and the
prescaler division ratio for timer B as shown in
table 28. It is initialized to $0 by MCU reset.

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

Table 28 Timer Mode Register B

T™MB

Bit3 Automatic Reloading
0 Disabled

1 Enabled

_ -

Bit 2 Bit 1 Bit0 Input Clock Perlod and Input Clock Source

0 0 0 2048ty
0 0 1 5124y,

0 1 0 128ty

0 1 1 32ty

1 0 0 8loye

1 0 1 Aoye

1 1 0 2oyc

1 1 1 INT, (external event input)

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

M 4496204 0049127 310 W

636 Hitachi
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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™C
Bit3 Automatic Reloading
o Disabled
1 Enabled

TMC
Bit 2 Bit1 Bit0 Input Clock Period
0 0 0 20481y,
0 0 1 1024tey,
0 1 0 512tyc
0 1 1 1281gyc
1 0 (1] 32teye
1 0 1 Bloye
1 1 0 Aoye
1 1 1 2tye

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

B 4496204 0049128 257 M

637 Hitachi
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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 | .
clock Prescaler S (11 bits)
ol | N[ F
a8 MBI2
.|. .|. .|. .l. .|. .l. .|. .'.
L 1 |

Timer D MPX

| Internal data bus I

i

Timer latch register D
(TLD, 4 bits)

TOD

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

ﬁ ﬁ IFTD

Timer mode register D
(TMD, 4 bits)

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

ft

interrupt
ﬁ ﬁ request flag

Internal data bus

Figure 30 Block Diagram of Timer D
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Tx(TDR +1)
TMD3 =0
M 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 Output Waveform
TMD: $010

Bit 3 Bit 2 Bit 1 Bit0 | Initial vatue: 0000

t Timer D input clock selection

Automatic reloading selection

Bit2 Bit1 Bit0  Input Clock Period

0 0 0 20481y,

0 0 1 1024ty

0 1 0 512ty

0 1 1 128ty

1 0 0 32y

1 0 1 8ty

1 1 0 dtgy,

1 1 1 2y

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 Puise Output
. Free Timer write Timer write
running register register
updatedto  Interrupt updated to Interrupt
value N request value N request

| B

Tx(255-N)| Tx (N +1)| Tx(N'+1)
! o ! | Tx(255-N) {Tx(N+1)
[
Reload Timer write Timer write
register register
updatedto  Interrupt updated to interrupt
value N request value N request

!

! !

‘ T ITx(zss-

Eipn iy

N)| T! T ]
T

| Tx(255-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)

i

Decodes $FF @

Compare circuit (2)

—

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

S R(R

i

Timer load register (2)

m—

(TME bit 2)

(TLE ,, 8 bits)

fr

Timer buffer register E
(TBE, 8 bits)

»| R64/TOE, TOE,

A

(TME bit 3) ‘FS‘ Q

R6, /TOE,

_@
—@ TOE,

/4 Y 4

.

L Internal data bus I

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

TOE,, TOE,

2561 cyc

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

Figure 34 Variable-Duty Pulse Output Waveform

TME: $025

Bit3 | Bit2 Bit 1 Bit0 Initial value: 0000

L Re,/TOE, pin mode selection

R64/TOE; pin mode selaction
Buffer register load destination selection
Buffer register status

Bit0  R6,/TOE; Pin Mode Selection

0 R6, port

1 TOE, output

Bit 1 R65/TOE; Pin Mode Selection

0 R63 port
1 TOE; output

Buffer Register Load
Bit2 Destination Selection
0 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

Figure 35 Timer Mode Register E
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HDA404710 Series

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 trigger edge input of
ICTy 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 ICT, or ICT;.

Internal data bus J

U son

ICRL: ICRU:
$019 $01A $018

Input capture control
register (ICC)  [] Input capture Input capture status
Py Lo register register (ICSR)
1 S
Edge detector \
R
ICT1 @ > 8-bit counter OVF
Input Free
PX
M capture ° running
[ )
Input capture timer
Szlzt:? 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
S RA/ICT; pin mode selection

RA/ICT, pin mode selection
Prescaler division ratio selection

Bit0  RAyICT, Pin Mode Selection Bit 1 RA4/ICT, Pin Mode Selection
0 RAq port 0 RA, port
1 ICT, input 1 ICT, input

Bit 3 Bit 2 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 Input capture enable (EIC)
Detection edge selection
Input capture status flag

Error flag
Bit0  Input Capture Enable (EIC) Bit 1 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 4435204 0OY91L35 497 WA 644 Hitachi
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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 INTy, 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 INT, 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

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

Output compare
control register

Timer load register G (TLG)
(TLG1L) (TLG1U) (TLG2L) (TLG2U)

Output compare
status register

|
8
System A i
clock 1 ppx Timer counter G (TCG) [OVF
+2 —
Y TOG
L | Reload =1 Output
control control
e
T Edge IF4 | INT
4 detector request

INT, interrupt
request flag

Figure 39 Block Diagram of Output Compare Timer
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OCC: $02A
Bit3 Bit 2 Bit 1 Bit0 Initial value: 0000
| I — RAo/TOG pin mode selection
Timer counter G clock source selection
Software trigger
Output change trigger source/
interrupt request flag set
BitO 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 Bit 2 Bit 1 BitO | Initial value: 0000
[ J
Output level selection
Not used
Bit1 Bit0 Output Level Selection
0 0 0
0 1 1
0 Toggle (inverting at every
triggering)
1 1 Inhibited
Figure 41 Output Compare Status Register
EE 449b204 oou49137 26T 1N 646 Hitachi
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Buzzer

Buzzer Output Function: Outputs 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

@O N § g

o9 3|8 85 S &

.I. .'. ' .|. ~|- -|. | .l.

1 Y R

MPX +2 RA,/BUZZ —@ BUZZ
|
T3
Buzzer control register
(BCR, 4 bits)
Internal data bus
Figure 42 Block Diagram of Buzzer Output
M 4496204 0049138 1ThL N 647 Hitachi
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BCR: $029

Bit3 Bit 2 Bit 1 Bit 0

I I

Initial value: 0000

RA3/BUZZ pin mode selection

Bit0 RA3/BUZZ Pin Mode Selection

Output wave period

0 RA; port
1 BUZZ output
. Bit3 Bit2 Bit1 Output Wave Period
0 0 0 4096t
0 0 1 20481,
) 1 0 10241y,
0 1 1 5121y,
1 0 0 256tcyc
1 0 1 128t
1 1 0 YT
1 1 1 32y,

Figure 43 Buzzer Control Register

B u449L204 0049139 03c 1N
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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 (SCK), 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 | spoF
Systeml___l prescaler S (11 bits) counter IFS1
clock (OC, 3 bits)
Interrupt
request flag
|| S of serial
T?%?@% interface 1
internal data bus (S1)
Serial MPX -l +2 e MPX
20 2
SCK,
> Serial data register (1) |
T4 (SR1, 8 bits)
Serial mode Port mode Ya s
register (1) register A
r (SMR1, 4 bits) )P (PMRA, 4 bits) Internal data bus (S2)
4 4 SCK,
Internal data bus (S2) A2
R94/SCK; R8a/Sly | | R8,/SO [
port port port
SCK, Sh SO,
Figure 44 Serial Interface 1 Block Diagram
W 4496204 0048140 a5u HH 649 Hitachi
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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

l____l,_l

SMR13 R9,/SCK, Pin

SMR13| SMR12| SMR11| SMR10| Initial value: 0000

Transmit clock selection
R9¢/SCK; pin mode selection

0 R9q port input/output pin
1 SCK; input/output pin
Transmit Clock

- Prescaler Transmit Clock
SMR12 SMR11 SMR10 R9,/SCK, Pin Clock Source Division Ratio Period
0 0 0 SCK; output  Prescaler +2048 40961,
0 0 1 SCK, output  Prescaler +512 1024t
0 1 0 SCK; output  Prescaler +128 256ty
0 1 1 SCK, output  Prescaler +32 64tyc
1 0 0 SCK, output  Prescaler +8 16ty
1 0 1 SCK, output  Prescaler +2 Aoy
1 1 0 SCK, output  System clock teye
1 1 1 SCKj input External clock

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. If 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 Bit 0 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 |’l||||l||||||||

Serial output data

Serial input data
latch timing

Figure 46 Serial Interface 1 Timing

651 Hitachi
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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)

STS
instruction

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

SMRt1 write
(IFS1 &« 1)

Transmit clock wait state
(octal counter = 000)

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

(external 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 detected 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

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 SMR2, it starts counting at the
falling edge of the transmit clock (SCK), 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 SMR2 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
Systeml__1 prescaler S (11 bit counter IFS2
clock (11 bits) (OC, 3 bits)
Interrupt
request flag
o[ R| of serial
ol ?'3 % ? @ interface 2
Internal data bus (S1)
Serial MPX el +2 = MPX
22
§CK;

J Serial data register (2)

TVa (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 SCK;| ‘
Internal data bus (S2) A2

R94/SCKy R92/Slk> || R93/SO3 ||

port port port
SCK; S 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 wansmit clock to serial data
register 2 (SR2) 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 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___[___l

Initial value: 0000

Transmit clock selection
R91/SCKp pin mode selection

SMR23 R9,/5CK,

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

R Prescaler Transmit Clock
SMR22 SMR21 SMR20 R9,/SCK, Pin Clock Source Division Ratio Period
0 0 0 SCKpoutput  Prescaler + 2048 40961y,
0 0 1 SCKyoutput  Prescaler +512 102410y,
0 1 0 SCK;output  Prescaler +128 2561y,
0 1 1 SCKyoutput  Prescaler +32 6410y
1 0 0 SCKzoutput  Prescaler +8 1615y,
1 0 1 SCKp output  Prescaler +2 Meye
1 1 0 SCKyoutput  System clock toye
1 1 1 SCK input External clock

Figure 50 Serial Mode Register 2
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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
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 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 l|||||||l|l|||||

Serial output data

Serial input data

latch timing l | | | l | l |

Figure 51 Serial Interface 2 Timing
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HD404710 Series

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,
SMR2 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
(serial 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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HD404710 Series

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 4y9L204 0049149 TOL WM

Transmit/receive
(IFS2 « 1)

Interrupts inhibited

IFS2 «- 0

Write SMR2

Yes

No

Normal end

Transmit clock
error processing

Figure 53 Transmit Clock Error Detection
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HD404710 Series

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/ANy-RC3/ANg,
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

]

il U

| i

A/D control register
(ADCR)

A/D mode register
{AMR)

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

A3

(portselect) y y (channelselect) |
AN O—
ANy O—
AN O—
AN3 O—

MPX
AN, O——
ANgO—

AN

IFAD

A/D interrupt
request flag

AN7O— +
COMP

Control logic Counter

AVgc O—

AGND O—
D/A

Figure 54 Block Diagram of A/D Converter
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HD404710 Series

ADCR: $01B
Bit3 | Bit2 Bit 1 Bit 0 Initial value: 0000
I Analog input pin selection
Digital/analog port selection
Analog Input
Bit2 Bit 1 Bit 0 Pin Selection
0 0 0 ANg
0 0 1 AN,
. 0 1 0 AN,
0 1 1 AN3
1 0 0 AN,
1 0 1 ANg
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~AN7)

Figure 55 A/D Control Register

ADSR: $01F
Bit3 | Bit2 | Bit1 | Bito
I

Initial vaiue: 0000

I— AJD 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

BB 4495204 0049151 L3T WA
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HD404710 Series

AMR: $01C

Bit3 | Bit2 Bit 1 Bit 0

[ ] [ I
L Conversion cycles

Not used

Bit 1 Bit0 Conversion Cycles

0 0 341y,
0 1 88tcy.
Figure 57 A/D Mode Register
ADRU ($01 E) ADRL $01 D)

\\\\////
MSB | Lss |

Bit7 Bit0

Figure 58 A/D Data Register
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HD404710 Series

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).

- &
R64/V
\ g 1/ Vref
3RS
——o +

= swez

R 3 Comparator
MPX

RS .

S R6,/COMP
2R l l

\
LU | - | SW3
Compare control
register (CCR)
Ed 4 1
[ internal data bus J
SW1: Turned on when comparator operation is selected.
Turned off when comparator operation is not selected.

SW2: Selects external Vo when bits 0-2 of CCR are 000.
SWa3: Connected to comparator output when comparator operation is selected.

Figure 59 Block Diagram of Comparator

B 4495204 0049153 402 |
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HD404710 Series

CCR: $03E

Bit3 | Bit2 Bit 1 Bit 0 Initial value: 0000

I Reference voltage selection

Comparator operation selection

Reference Voltage
Bit2 Bit1 Bit O Selection

0 0 0 External Vo
0 0 1 2111 Ve
0 1 0 3/11 Vee
] 1 1 411 Ve
1 0 0 5/11 Veo
1 0 1 6/11 Ve
1 1 0 7/11 Voo
1 1 1 8/11 Ve

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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HD404710 Series

Programmable ROM (HD4074710)

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

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

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

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

2 80 RDy/ANg | 32 30 RO3 VO A, I
. 3 1 RDyAN, | 33 3 Riq o As 1

4 2 AGND GND 34 32 R1, VO  Ag |

5 3 RESET {  RESET | 35 33 R1, o A, I

6 4 0SC;4 i GND 36 34 Riz 10 Ag 1

7 5 0SC, o 37 35 R2, VO A 1

8 6 GND GND 38 36 R2, O Ay ]

9 7 cL, I GND 39 37 R2, 0 Aq ]

10 8 ClLy 0 40 38 R2; V0 A |

1" 9 TEST | TEST | 4 39 R3, 10 Aqa |

12 10 Vee Vee 42 40 R3, VO Ay ]

13 1 Dg 776) 43 4 R3, [T7e)

14 12 D4 /o] 44 42 R3y [Te)

15 13 D, 10 45 43 R4q o)

16 14 D, o 46 44 R4, Vo

17 15 D, o 47 45 R4, o)

18 16 Ds o 48 46 Rds Vo

19 17 Dg 1o 49 47 R5¢/Vaisp |

20 18 D; 1”0 50 48 R5, | Vee

21 19 Dg T7e) 51 49 R5, [ Vep

22 20 Do 110 52 50 R53 [ Ay l

23 21 D1o i0 53 51 R6/COMP /O CE ]

24 22 Dy, [Is) 54 52 R6,V,, VO OE ]

25 23 Dy2 o 55 53 R6,TOE; VO V¢¢

26 24 Dia Vo 56 54 R65/TOE; 1O Ve

27 25 D14 1s) 57 55 R7¢INT, VO Qg Te)

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

29 27 RO, 0 A | 59 57 R7,/INT, 1O Op o

30 28 RO, Vo A, i 60 58 R73/INT; 1O O 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.

B 449L204 0049155 245 MW
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HD404710 Series

Pin Number MCUMode PROM Mode Pin Number MCUMode  PROM Mode
Pin Pin

FP-80B FP-80A PinName IO Name IO FP-80B FP-80A PinName VO Name VO

61 59 R8yINT, 1O O, o 7 69 RA,/TOG /O O, I/e)

62 60 R8INTs 11O O, w 72 70 RA;/BUZZ /O PSEL* I*

63 61 R84S0y 1O Oy v 73 71 RByTOC 1O M, |

64 62 R84/SI, O 0, W 74 72 RB{/TOD KO M, I

65 63 R9ySCK, 11O O, w 75 73 AVee Vee

66 64 R9,/SCK; 11O O, o 76 74 RCyAN, |

67 65 R9./Sl, Te] 77 75 RC,/AN; |

68 66 R95/SO, 11O 78 76 RCy/AN, |

69 67 RAY/ICT, 110 Os v 79 77 RCy/ANg |

70 68 RA/ICT, 1O Og 1o 8o 78 RDyAN, |

Notes: 1/O: Input/output pin, I: Input pin, O: Output pin
0Oo—-04 each have 2 pins; connect each pair together for use.

* Applies to HD4074710.
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HD404710 Series

PROM Mode Pin Functions
VH,; Applies the prograjnming voltage (125 v+ PSEL (HD4074710): Inputs a signal which selects

0.3 V) to the built-in PROM. the program ROM (16,384 words) or pattern ROM
—_ ‘ (8,192 words).
CE: Inputs a control signal to enable PROM pro-
gramming and verification. PSEL  EPROM Select
0 Program ROM (16,384 words)

OE: Inputs a data output control signal for verifi-

cation. 1 Pattern ROM (8,192 words)

The pin arrangement in PROM mode is shown in

~A;4: Address input pins of the built-in PROM.
Ag-Ayy ess input pins of the built-in figure 61.

0y~05: Data bus input pins of the built-in PROM.
- My, M;: Used to set PROM mode. The MCU is

set to the PROM mode by pulling My, M, and
TEST low, and RESET high.

HD4074719FS

HD4074719H
HD4074710FS

FP-80A
(top view)

FP-80B
(top view)

Note: * Applies to HD4074710.

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.

Programming and verification modes are selected
as shown in table 33, and the memory map in

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 LS. 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):
12.5 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
the Intel’s 27256 setting.

Table 33 PROM Mode Selection

Pin
Mode CE OE Vpp 0g~0y
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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HD404710 Series

Table 34 Recommended PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Product Name  Manufacturer Model Name Package Model Name Manufacturer
HD4074719 DATA I/O Corp.  29B FP-80A  HS471ESHOTH  Hitachi
Unisite FP-80B  HS471ESFO1H
AVAL Data Corp.  PKW1100 FP-80A  HS471ESHO1H
PKW3100 FP-80B  HSA471ESFOTH
HD4074710 DATA O Corp.  29B FP-80B  HS4710ESFOTH  Hitachi
Unisite
AVAL Data Corp.  PKW1100 FP-80B  HS4710ESFO1H
PKW3100
(a) HD4074719 (b) HDAO74710
Vee Vee
Vee ? Vee ?
Vee
RESET RESET psEL e PsEL
TEST TEST
Mo M,
Vv, ™ 0007 [K—> 33—%7 V W 0007 C—> 8:%7
PP - PP 77
Ver Ao~y [ ades Ve Ro-rg [ pd0se
OF—©°F OE|~— OF
CEf—FCE S
GND GND

Figure 62 Connections for PROM Mode
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HD404710 Series

$0000 1, 1, 1 _,Bit 4,Bi it 2,Bit 1,Bi Lower5bits} i i
82,91 3, Ot £,511 1,Br S | $0000 JMPL instruction $0000
$0001 1. 1 . 1 ,Bit9 Bit 8 Bit 7,8it 6,8it 5] Upper 5 bits {jump to reset routine) $0001
Vector address JMPL instruction $0002
iggig [ :%;: (iump to INT, routing) $0003
’ . JMPL instruction $0004
Zero ’:gg?”il:g:; utine {jump to INT; routine) $0005
$007F $003F JMPL instruction $0006
$0080 $0040 (jump to INTZ routine) $0007
Pattern JMPL instruction $0008
(4096 words) {jump to input capture routine) $0009
JMPL instruction $000A
$1FFF $OFFF| (iump to timer A routine) $000B
$2000 $1000 JMPL instruction $000C
(jump to timer B routine) $000D
Program JMPL instruction $000E
( (16384 words) (jump 1o timer C routine) | $000F
JMPL instruction $0010
$7FFF ey $3FFF | (iump to timer D routine) | $0011

—_— . .
Upper 3 bits are not to be _JMPL instruction $0012
used (fill them with 111). (jump to serial 1 routine) | 50013
16-kword Program ROM JMPL instruction $0014
(jump to A/D routine) $0015

$0000 1,1, ,Bit 4,Bit 3, Bit 2,Bit 1,Bit 0| Lower5bits} i :
-1 DA B3, 0l 2, BIL 1, O O "S5 1 $0000 JMPL instruction $0016
$0001 1, 1 ., 1 ,Bit9,Bit8,Bit 7,Bit 6,8it 5| Upper 5 bits (iump to INT3 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 . A L L L . $1FFF (jump to serial 2 routine) $001D
Upper 3 bits are not to be $001E
used (fill them with 111}, $001E

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.

RAM address

W register X register
[ Yl

Y register

N
[w, Wo Xs Xo Xi Xo Ys Yz Yy Yo

LI I | \
[Apg AP AP, AP; AP; AP, AP, AP, AP, AP°|

Register Indirect Addressing

2nd word of instruction

1st word of instruction

N

~opioda

N

I

[do de d; de ds d4 da dp dy dg

RAM address |AP9 APy AP, AP, AP; AP, AP, AP, AP APO]
Direct Addressing
Instruction
F d— . . . r . . . Y
f L Opcode |m3‘m2.m1lm0|

R

\ Y

RAM address IAPS APy AP; APg APs AP, AP; AP, AP, APol

Memory Register Addressing

Figure 64 RAM Addressing Modes

B 4496204 0049161 589 W
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HD404710 Series

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 JMPL, BRL, or CALL instruction. Each
of these instructions replaces the 14 program
counter bits (PC;3-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 (PC7—PC,) 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.

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 (PCs—PCp), and Os are
placed in the eight high-order bits (PC;3~PCy).

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 9 is 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.

B 4495204 0049162 415 EN 671 Hitachi
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1st word of instruction 2nd word of instruction

WMPL]

~

[BRL) |

Y
. Opcode IPa_Pz P1‘Po|d9 dg dvldslds,da‘ds,dz_dpdo]

[CALL]

\ L
Program counter IPC",‘PC,% PCy;PC1g PCy PCg PC; PCg PCs PC4 PCy PC, PCy Pcol

Direct Addressing

Instruction
il o

[BR] | Opcode| b; bg bs by by by by bo|

r \
Program counter |PC,3PCy,PCy(PCyo PCo PCg PC; PCg PC5 PC, PC5 PC, PC, Pco]

Current Page Addressing

Instruction

£ . Y
[CAL]| ~ Opcode |a5La4 azg a, aj aol

o 0 0 0 0 0 0 O
IR R TR 2N T TR N N N I N N B

Program counter |PCysPCyzPCy;PC1o PCo PCg PC7 PCg PCs PC4 PC3 PC, PCy PC
og 13PC12 ] )  PC7 PCs

Zero Page Addressing

Instruction

—

-+ T T r r ' r r A
(TeRy | " Opcode b3 P2 Pr_Po|
g

B register Accumulator
L I

[Bs B, B, By, A3 A, A, A

0o o
‘{ A Yy ¥ v \

Program counter [PCys PGy, PCy(PCyg PCy PCy PC7 PCq PC5 PC4 PCs PC, PG, PCY

Table Data Addressing

Figure 6§ ROM Addressing Modes
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HD404710 Series

HD404719, HD4074719

Instruction

[P]| Opcode I Ps P, Py P°] B register Accumulator
R ] ] !

Referred ROM address IE\,,,‘RAQIRA".RA,DJRAQIRAB.RA7.RAGJHA5IRA4 RAs RA; RA, :RAol

Address Specification

ROM data IR°° 1 RO, no6 'RO5 RO, RO; RO, RO, RO,

i&%##&&(

Accumulator, B register [ B, B, B, B, A; A, A, A, | IfROg =1

ROM data | 1 :nosjno7:n06:n05 RO, RO, RO, RO, RO, |
! v v ¥ ¥
Output registers R1, R2 Rz, | Rz, |R2, [R2, [R1, [ A1 [RY, [R1,] RO =1
Pattern Output

Figure 66-1 P Instruction (HD404719, HD4074719)

HD404710, HD4074710

Instruction
Y — . v r . . Y
[Pll Opcode, | Ip’ P2 P1 p°—| B register Accumulator
— —Y —
[B:s 8. By, B, A, A, A, Ao |
0
3 ]

Referred ROM address RA,RAy, RAy RAy, RA AAg RA; RAg RAs RA, RA; RA, RA, RA

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

PBNK: $035

Addressing

ROM data IRO, 1 R07 ROg RO5 RO, RO; RO, ROy RO,

I I I

Accumulator, Breglster[B:, By By By A A, A A°| If ROg= 1

ROM data b ﬁo,J RO, ROg RO; RO, RO; RO, RO, ROoI

i ¥ 1 4

Output registers R1, R2 | Rz, | Re,[ R2, [ Re,| A1,] R, R1,| R1,| i ROg=1

Pattern Output

Figure 66-2 P Instruction (HD404710, HD4074710)
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HD404710 Series

/'-\_/
— BR AAA
>l AAA NOP
- ~—te BR  AAA
—e BR BBB
—» BBB NOP

256(n — 1) + 255
256n

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

Figure 67 Branching when BR Instruction is on a Page Boundary
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HD404710 Series

Absolute Maximum Ratings

item Symbol Value Unit Notes

Supply voltage Vee -0.3t0 +7.0 \

Programming voltage Vpp -0.310 +14.0 \ 12

Pin voltage V1 -0.3t0 Vg +0.3 \ 3
Vee — 4510 Veg +0.3 \Y 4

Total permissible 2o 50 mA 5

input current

Total permissible =2l 150 mA 6

output current

Maximum input [ 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 Tstg ~551t0 +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 LSI 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 I/O pins to GND.

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

The maximum input current is the maximum current flowing from any 110 pin to GND.
Applies to R5—RD.

- The maximum output current is the maximum current flowing from Vg to any /O pin.

10. Applies to R6—-RB.

11. Applies to Dy—D,5 and RO-R4.

12. Applies to HD4074719 and HD4074710.

o osep

© o~
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HD404710 Series

HD404710 Series Electrical Characteristics
DC Characteristics

HD404710, HD404719: Vo =3.0 V10 6.0 V, GND = 0.0 V, Vi, = Voo —40 V to Vo, Ty =-20°C to
+75°C; HD4074710, HD4074719: Vo =30 V0 5.5 V,GND =00 V, V45, = Ve =40 V to Ve,
T, =-20°C to +75°C, unless otherwise specified

em Symbol Pins Min Typ Max Unit  Test Condition Notes
lnput hlgh Vm RESET, SCK1, 0.85 Vcc —_— Vcc +03 V
Vo'tage SCKZ,
INT,—INTg
Sly, Sl 0.7 Vge —_ Vee+03 V
0SC; Vec—05 —  Vgc+03 Vv Vec=35Vio HD404710,
60V HD404719
- Vec=35Vto HD4074710,
55V HD4074719
Vcc -03 — Vcc +03 V
Inputiow Vi RESET, 5CK,, -0.3 — 02V V
voltage SCK,,
INTo—-INTg
Sly, Sy -03 —  03Vge V
0scC, -0.3 — 05 v Voc=35Vio HD404710,
6.0V HD404719
Voc=35Vio HD4074710,
55V HD4074719
-0.3 — 0.3 \'
Outputhigh Von 8CK;, 5CK;, Veg—-10 —  — v ~lon =1.0mA, HD404710,
voltage $0,, SO,, Voc=35Vio HD404719
TOC, TOD, 60V
Ich-.‘."BTUOZEZz‘ Vee-05 — — V. —lou=05mA, HD404710,
' Vee=35Vio HD404719
6.0V
Vee—10 —  — v ~loy =1.0mA, HD4074710,
Vec=35Vie HD4074719
55V
Vec-05 — —_ \ =loy =0.5mA, HD4074710,
Vec=35Vio HD4074719
55V
ch -05 —_ —_ v -|0H =0.3mA
Outputiow Vg SCK;,5CK;, — — 04 v lo,=1.6mA,  HD404710,
voltage S04, SO,, Vec=3.5Vtio HD404719
TOC, TOD, 60V
TOE,, TOE, 0.4 \' loL=16
, - _ . oL=16mA,  HD4074710,
TOG, BUZZ Vec=35Vto HD4074719
55V
— —_— 0.4 v IOL =04 mA
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HD404710 Series

DC Characteristics (cont)

HD404710, HD404719: Vcc =3.0 V 10 6.0 V, GND = 0.0 V, Vg, = Vo —40 V to Ve, Ty = -20°C to
+75°C; HD4074710, HD4074719: Ve =3.0 V0 5.5 V,GND = 0.0V, Ve, = Ve =40 V to Vg,
Ty =-20°C to +75°C, unless otherwise specified

item Symbol Pins Min Typ Max Unit Test Condition Notes
/(0] P RESET, SCK,, — — 1 HA Vin=0Vto Vee 2
loakage SCK,, Sy,
current SOy, Sly, SO,
TOC, TOD,
TOE,4, TOE,,
TOG, BUZZ,
0S¢,
Current lec Veo - — 110 mMA  Vec=50V,  HD404710, 3,6
dissipation foec =4 MHz,  HD4074710
in active digital input
— — 80 mA HD404719, 3,6
mode mode HD4074719
— — 80 MA  Vec=3.0V,  HD404710, 3,6
fogc =2MHz,  HD4074710
- — 4§ mA "‘g‘;a' input  ypaga71e, 3,6
. mode HD4074719
lowp — — 150 MA  Vec=50V.  HD404710, 4,6
fosc =4 MHz,  HD4074710
— — 120 ma  analogcompare n4q4719, 4,6
mode HD4074719
— — 100 MA  Ves=3.0V, HD404710, 4,6
fosc=2MHz,  HD4074710
— — 70 ma  analogcompare ng64719, 4,6
mode HD4074719
Current lsgy Vee - - 3.0 mA Vee=5.0V, 5,6
dissipation fosc =4 MHz
i'.’éi"""’y — — 15 mA  Vec=3.0V, 5,8
fosc = 2 MHz
Current lsug Vee - — 100 WAV, (TEST)= HD404710 7,8
dissipation Vee~0.3Vito
in subactive _ _ Veer
mode 200 pA VRESET) - HD4074710 7
0Vto03V, —-v—
— — 70 MA v =3V, HD404719 7,8
32.768-kHz
— — 150 MA crystal oscillator HD4074719 7
Current wre  Vec — — 20 pA v, (TEST)= HD404710 7,8,9
dissipation Vec—03Vio
in watch — — 20 pa  Veo HD4074710 7
mode Vi, (RESET) =
1 SuiodsV  Toware 7,88
_ — 5 MA  yo-3V, 404719 7,8,
32.768kHz
— — 15 pA  crystal oscillator HD4074719 7
B 4496204 004918 933 IR 677 Hitachi
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HD404710 Series

DC Characteristics (cont)

HD404710, HD404719: Ve = 3.0 V 10 6.0 V, GND = 0.0 V, Vg = Ve — 40 V to Vg, Ty =-20°C to
+75°C; HD4074710, HD4074719: Ve =3.0 Vto 5.5V, GND = 0.0 V, Vg, = Voo —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 HA Vi, (TEST) = HD404710, 7
dissipation Vee~03Vto HD404719
in StOp mode Vcc,
Vin (RESET) =
— — 15 pA  OVW0O3V.  yns74710, 7

no32.768-kHz  n4074719
crystal oscillator

Watch mode Vwic Vee 35 —_ 6.0 v Vec=35Vto HD404710, 8,9
- retaining 60V HD404719
voltage 3.0 — 80 v
35 — 55 \ Vec=35Vio HD4074710,
55V HD4074719
3.0 — 55 v
Stop mode  Vgrop Vee 2 — —_ \" No 32.768-kHz crystal
retaining oscillator
voitage
Inputhigh  Viya R6,/COMP VCpg+ 0.1 — — v Analog compare mode
voltage
Input low Via R6,/COMP — — VCprt—0.1 V Analog compare mode
voltage
Range of VCiyt A6/Viet ] — Vege-12 V
comparator
input
reference
voltage
Allowable  Vorg -100 — 100 mV Ve = reference 1 |
arror of voltage — VC,g¢ |
internal
reference |
voltage ;
|
s
|
|
!
1
|
4
|
678 Hitachi |
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HD404710 Series

A/D Converter

HD404710, HD404719: Ve = 3.0 V t0 6.0 V, AGND = GND, T, = -20°C to +75°C;
HD4074710, HD4074719: V¢ = 3.0 V to 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 Vec—03 Ve Vec+03 V
supply
voltage
Analog AV, ANg—ANy AGND - AVee v HD404710, 10
input HD404719
voltage AGND  —  Avge v © HD4074710
HD4074719,
Current Iap AVee — —_ 150 nA AVgc =50V,
between Vi, (TEST) =
AVec and Vec—-03V
AGND to Vge.
Vin (RESET) =
0VtoO3V
— —_ 10 pA Vi, (TEST) = HD404710,
Vec-03Vio HD404719
Ve
Vin (RESET) =
— — 15 A gtt‘)’p“r’n ?;ﬁev}\ , HDdo7a710,
. HD4074719
32.768-kHz
crystal oscillator
Analog input CA;, ANy—AN; - — 30 pF
capacitance
Resolution — —_ 8 Bit
Number of 0 —_ 8 Channel
input
channels
Absolute — — +2.5 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 voitage is 2/11 x V¢c.
2. Excluding output buffer current.
3. lgc is the source current when no VO current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins: RESET, TEST at V¢c, R5,—RD; at V¢, Dg—-Dys, RO-R4, RS, at Viisp
4. Icmp is the source current when no /O current is flowing while the R6,/COMP pin is in analog input mode.
Test condition: Pins: R6y/COMP, R64/V,e; at GND.
5. lggy is the source current when no I/O current is flowing while the MCU timer is in operation.
Test conditions: MCU: /O same as at reset, standby mode
Pins: RESET at GND, TEST at Vo, R5—RD; at Vg, Dg-Dys, RO-R4, R5, at Vaisp
6. Power dissipation, while the MCU is operating or in standby mode, is in proportion to fogc.
The value of the dissipation current when fogc = X MHz is given by the following equation:
Maximum value (fosc = X MHz) = %/4 x maximum value (fosc = 4 MHz2)
7. Source current when no I/O current is flowing.
Test condition:  Pins: R5,~RDj at Vg, Do—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.
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HD404710 Series

Input/Output Characteristics for Standard Pins

HD404710, HD404719: Voc =30V 10 6.0 V,GND = 0.0 V, Viisp= Voc - 40 Vto Vi, Ty =-20°C to
+75°C; HD4074710, HD4074719: Vcc=3.0 V1o 5.5V, GND = 0.0 V, V45, = Ve —40 Vo Ve,
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; 07Vee — Vec+03 V
voitage
input low Vi R5,-RD; ~0.3 — 03V v
voltage
Outputhigh  Voy Re-RB Vee—-10 — — V  —loy=1.0mA, HD404710,
voltage Vec=35Vto HD404719
8.0V
Vcc -1.0 —_ —_— \' —'OH =1.0mA, HD4074710,
- Vec=35Vto HD4074719
55V
Vec-05 — — V  —-loy=05mA, HD404710,
Vec=35Vto HD404719
60V
Vee—-05 — — v —low = 0.5mA, HD4074710,
Vec=3.5Vto HD4074719
55V
Vcc -05 —_ —_ v _IOH = 0.3 mA
Output low VoL R6-RB —_ - 0.4 v loo=1.6mA,  HD404710,
voltage Vec=35Vto HD404719
60V
— — 0.4 v lop = 1.6 MA HD4074710,

Voo =35Vio HD4074719

55V
- — 04 V I =04mA
Inputoutput |y | R6-RD, — — 1 BA  V,=00Vto HD404710, 1
leakage R5,~A5, Vee HD404719
current R6—RD, — — 1 pA HD4074710, 1
RS, RS, HD4074719
RS, - — 20 nA
Pull-up ~lpy R5,-RD; 30 80 160 HA  Vee =50V, HD4074710, 2
MOS Vin=0.0V HD4074719
current 10 30 60 WA Voo =30V,
Vin=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/Output Characteristics for High-Voltage Pins

HD404710, HD404719: Ve =3.0 V10 6.0 V,
to +75°C; HD4074710, HD4074719:;

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

GND = 0.0 V, Vdisp = VCC
VCC =30Vtoss V,

-40Vto Vcc, Ta =-20°C
GND = 0.0 v, Vdisp = VCC ~40V to Vcc,

tem Symbol  Pins Min Typ Max Unit Test Condition Note
Input high Vin Do~D;ys, 0.7 Ve —_— Vec+03 V
voltage RO-R4, RS,
Input low Vi Dy~Dys, Vec—-40 — 0.3Vge v
voitage RO-R4, R5,
Output high VOH 00—015, Vcc -3.0 —_— —_— v —IOH =15 mA, HD404710,
voltage RO-R4 Vec=4.0Vio HD404719
gov
Vee~30 — — \ —lon=15mA, HD4074710,
Vec=40Vio HD4074719
55V
Vee—-20 — - v —lon=10mA, HD404710,
Vec=4.0Vtio HD404719
60V
Vec—-20 — —_ \% —lon=10mA, HD4074710,
Vec=40Vio HD4074719
55V
Vcc -1.0 —_— _— v —IOH =4 mA
Output low VoL Dp-Dy5, — —_— Voo~ 37 A Vdisp = HD404710, 1
voltage RO-R4 Vec—40V HD404719
— — Veg—-37 V 150 kQ at 2
Vec—-40V
— — Vec—-37 vV 150 kQ at HD4074710,
Veg—-40V HD4074719
Input/output | | Do-D;s, - — 20 MA Vi =Veo—40V 3
leakage RO-R4, RS, to Voo
current
Pull-down Ipp Dg—Djys, 200 400 800 pA Vdsp = HD404710, 1
MOs RO-R4 Vec—-35V, HD404719
current Vin= Ve
Notes: 1. Applies to I/O pins selected as with pull-down MOS by mask option.
2. Applies to 1/O pins selected as without pull-down MOS {PMOS open drain) by mask option.
3. For HD404710 and HD404719, excluding pull-down MOS current and output buffer current.
4. For HD4074710 and HD4074719, excluding output buffer current.
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HD404710 Series

AC Characteristics

HD404710, HD404719: Ve = 3.0 V 10 6.0 V, GND = 0.0 V, Vg = Ve =40 V to Vi, Ta =-20°C to
+75°C, HD4074710, HD4074719: Ve = 3.0 V 10 5.5 V, GND = 0.0 V, Vdisp = Ve —40 V to Ve,
T, = —20°C to +75°C, unless otherwise specified
tem Symbol Pins Min Typ Max Unit Test Condition Notes
Osciliation  fosc 0SC,,08C, 16 4 45 MHz Vgc=35V HD404710,
frequency t06.0V HD404719
(/4 division) 16 4 45 MHz Vgo=35V  HD4074710,
to5.5V HD4074719
16 2 2.25 MHz
Oscillation oL CL,, CLp — 32768  — kHz
frequency
(1/8 division)
- Instruction  teye 0.89 1 25 us  Vec=35V HD404710,
cycle time to6.0V HD404719
0.89 1 25 ps  Veg=35V HD4074710,
1055V HD4074719
1.78 2 25 us
Instruction  tsupeye — 244 .14 — ps 6
cycle time
Oscillation g 0SC,;, 0SC, — — 40 ms Vec=35V HD404710, 1
stabilization 060V HD404719
time (crystal — — 40 ms Vgo=35V  HD4074710, 1
osciliator) 1055V HD4074719
— — 60 ms 1
Oscillation  tae 0SC;,0SC, — — 20 ms Vec=35Vto HD404710, 1 |
stabilization 6.0V HD404719 |
" o 1
time (ceramic — — 20 ms Vec=35Vto HD4074710, 1 |
oscillator) 55V HD4074719 |
—_ — 60 ms
Oscillation tre CL,, CLp —_ —_ 2 s 2
stabilization
time
External tcpH 0SC4 92 - - ns Vec=35Vto HD404710, 3
clock high 6.0V HD404719
width
92 - — ns Vec=35Vto HDA4074710, 3
55V HD4074719
203 —_ — ns 3
External tepL 0SC, 92 — — ns Voc=3.5Vio HD404710, 3
clock low 80V HD404719
width 92 — — ns  Voec-35Vto HDA074710, 3
55V HD4074719
203 - — ns
External tepr 0SC, — - 20 ns Vec=35Vio HD404710,
clock rise 6.0V HD404719
time — — 20 ns Vec=35Vte HD4074710, 3
55V HD4074719
—_ —_ 20 ns 3
682 Hitachi
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HD404710 Series

AC Characteristics (cont)

HD404710, HD404719: Vo =3.0 V1o 6.0 V,GND = 0.0 V, Vaisp = Ve —40 V to Ve, T, = -20°C to
+75°C, HD4074710, HD4074719: Ve = 3.0 V t0 5.5 V, GND = 0.0 V, Vdisp = Vec-40Vto Vg,
T, ==20°C to +75°C, unless otherwise specified

ftem Symbol Pins Min Typ Max Unit Test Condition Notes
External teet 0OSC; - — 20 ns Vgc=35Vto HD404710, 3
clock fall 80V HD404719
time — — 20 ns Veo=35Vio HDA074710, 3
55V HD4074719
— — 20 ns 3
iNTohigh  ty INTo 2 — - toye 4,6
width Lubeye
INT, low tie INT, 2 — — toye 4,8
i b B
INT high tim INT~INTg 2 — — toye 4
width
INT low tw INT,~INT; 2 — —_— toye 4
width
RESET high trgty RESET 2 — — toye 5
width
Input Cin All pins — — 30 pF  f=1MHz, HD404710,
capacitance Vin=0V HD404719
Other than RS, — — 30 pF HD4074710,
R52 —_— — 180 pF HD4074719
Analog tcste HSQ/COMP - - 2 'cyc 7
comparator
stabilization
time

Notes: 1. The oscillation stabilization time is the period required for the oscillator to stabilize after Vg reaches 3.0 V
(8.5 Vif Vo = 3.5 V 10 6.0 V [applies to HD404710/HD404719), Ve = 3.5 V t0 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 tac 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 €9). 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 typeye 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.

[$ N
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HD404710 Series

Serial Interface Timing Characteristics

HD404710, HD404719: Vo =3.0 V10 6.0 V,GND =0.0 V, Vg, = Voo =40 Vto Voo, Ty = -20°C to
+75°C, HD4074710, HD4074719: VCC =30Vto5.5 V, GND =0.0 V, Vdisp = VCC -40V to Vcc,
T, = —20°C to +75°C, unless otherwise specified

item Symbol Pins Min Typ Max Unit Test Condition  Note
Output transmit tseye SCK;, 1 — _ teye Load shown in 1
clock cycle time SCKp figure 74.

Output transmit = tgcxn SCKj, 0.4 — —_ tscyc Load shown in 1
clock high width SCKy figure 74.

Output transmit tsexL SCKj, 0.4 — — tseye Load shown in 1
clock low width SCK;, figure 74.

Output transmit tsckr SCK;, — — 80 ns Load shown in 1
clock rise time SCKp figure 74.

Output transmit tscks SCKjy, — — 80 ns Load shown in 1
clock fall time SCK, figure 74.

Input transmit tseye SCK,, 2 — — teye 1
clock cycle time SCK,

Input transmit tsckH SCK1 , 0.4 —_ _— tScyc 1
clock high width SCK;

Input transmit tsckL SCK,, 0.4 —_ _ tseye 1
clock low width SCKyp

Input transmit tsckr SCKj, — — 80 ns 1
clock rise time SCKy

Input transmit tsckt SCK;, _ — 80 ns 1
clock fall time SCK»

Serial output toso SO, —_ - 600 ns Load shown in 1
data delay time SO, figure 74.

Serial input data tss) Si,, 200 — —_ ns 1
setup time Slp

Serial input data tusi Sl 400 - — ns 1
hold time Si,

Note: 1. Refer to figure 73.

B 4495204 0049175 073 WA
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HD404710 Series

Serial Interface Timing Characteristics {cont)

HD404710, HD404719: Vo =3.5V t0 6.0 V
HD4074710, HD4074719: Vo =35V t0 5.5V

item Symbol Pins Min Typ Max Unit Test Condition Note
Output transmit tscye SCK;, 1 — —_ teye Load shown in 1
clock cycle time SCK, figure 74.

Output transmit tsckH SCKj, 0.4 —_ —_ tseye Load shown in 1
clock high width SCK, figure 74.

Output transmit tsckL SCKy, 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 tscki SCK,, — — 40 ns Load shown in 1
clock fall time SCK» figure 74.

Input transmit tseye SCKj, 2 — — teye 1
clock cycle time SCK;

Input transmit tscKH SCK;y, 0.4 —_ — tseye 1
clock high width SCK»

Intput transmit tsckL SCK;, 0.4 — — tseye 1
clock low width SCK,

Input transmit tsckr SCK;, — — 40 ns 1
clock rise time SCK;,

Input transmit tscks SCK,, —_ —_ 40 ns 1
clock fall time SCKz .

Serial output toso SO,, — —_ 300 ns Load shown in 1
data delay time SO, figure 74.

Serial input data tss Sl 100 — —_ ns 1
setup time Sl

Serial input data ths) Sk, 200 — - ns 1
hold time Sl

Note: 1. Refer to figure 73.

W 4495204 0049176 TOT mW O0° Hieh
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HD404710 Series

Crystal oscillator Ceramic oscillator
C1 —— Gy —
0SCy 0OSC4
Crystal Z3 SRy St =3 S Ry
ano G, 0SCe eno ¢ OSCe
Crystal: Equivalent to the circuit below Ceramic oscillator: CSA4.00MG (Murata)
Rr: 1 MQ+20% Re: 1 MQ+20%
Cq: 22 pF £20% Cq: 33 pF +£20%
- Ca: 22 pF +20% Co: 33 pF £ 20%
—00
L7"Cs Rs
OSCy=—e¢ c 0SCy
_°|
Co = 7 pF, max.

Rs = 100 Q, max.
f=1.61t04.5 MHz

Figure 68 Oscillation Circuits (1)

Cy
CL T
L Cs Rs
Crystal .2 CLi-y c CLe
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: 15 pF £ 5%

Figure 69 Oscillation Circuits (2)

M 4496204 0049177 Sub EH 686 Hitachi
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HD404710 Series

Vee = 3.510 6.0 V (HD404719/HD404710)
Vce = 3510 5.5 V (HD4074719/HD4074710)
1/fcp |
Vec-05V tcpH k tcpL
0sc 05V - -
(- - [
tcer teps
Vec=3.01t035V
1ffcp
Vec-03V top tepL
08¢ 0.3V - Z
[_— [
tepe tcpt

Figure 70 Oscillator Waveforms

N

0.85Vcc
0.2Vee f‘ JF 7L

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

INTo-INTS

Figure 71 Interrupt Timing

RESET  0.85Vec L R

r
0.2Vcc j_ ‘RSTH \

Figure 72 Reset Timing

B 4496204 0049178 452 mm 687 Hitachi
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HD404710 Series

S04, SO2

. Sk, Sz

tScyc

- = ipso

tscki = — |etsckr
5CK;, ' Voo - 20V (0.85Veo)* tSCKL tecre \ ZL__—\__
SCK> 0.8V (0.2Vce)* 4

~Vec—-20V
08V
tssi

tHsi

- 0.7Vcc
0.3Vee

R

w

2

Note: * Vee —2.0 V and 0.8 V are applied when transmit clock is output.
0.85Vcc and 0.2V are applied when transmit clock is input.
tpso, tssi, and tys; are determined by the voltage at transmit clock input.

Figure 73 Serial Interface Timing

Vee
Ry = 2.6 kQ
Test
point
c R 182074 @)
or equivalent
30 pF 12kQ

Figure 74 Load Circuit for Timing Measurement

B 4496204 0049179 719 H 688 Hitachi
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HD404710 Series

HD404719 Option List
Please check off the appropriate applications and Date of order
enter the necessary information.
Customer
1 sonal Puncti Department
“: O\fl:lt'l:n32 k:lncCu(:S i ith ti for clock Name
CIwit z CPU operation, with time-base for cloc FOM code name
* f | i i (1 -
[J Without 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. 1/0 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 o [ Vo optugl E Pin name o B 'éo olptlc::t; E
g? RS | RS0 ;?g.g ' Checklist 3
D2 R51 |
D3 R52 |
D4 R53 I
DS R6 | R60 /0
D6 * R61 110
D7 R62 110
D8 RE3 )
D9 R7 | R70 110
D10 R71 1o
D11 R72 [/{e]
D12 R73 i8]
D13 R8 | R80 170
D14 2 R81 /O
Di5_| & re2 | £ o
RO[ ROO | @ R83 T O
RO1 3 R9 [ R90 o
Roz | 2 RO1 | & [0
RO3 | 2 R92 | & /10
R1 | R10 R93 /o]
R11 RA | RAO o
R12 RA1 o
R13 RA2 /(8]
R2 | R20 RA3 1o
R21 RB | RBO 1o
R22 RB1 110
R23 RC | RCO |
R3 | R30 *2 | RC1 1
R31 RC2 |
R32 RC3 i
R33 RD | RDO |
R4 | R40 *2 RD1 1
R41 RD2 |
R42 RD3 |
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 (/O option C).

B 449L204 0049180 430 mm

689 Hitachi
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HD404710 Series

3. R50/Vdisp
[J R50: 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 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
[ Ceramic osciltator f= MHz
[ Crystal oscillator f= MHz
[] External clock f= MHz

6. Stop Mode
[J Used
[ Not used

7. Package
[J FP-80A
(O FP-goB

B 4495204 0049181 377 EE 690 Hitachi
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HD404710 Series

HD404710 Option List

Please check off the appropriate applications and Order date
enter the necessary information.

Customer name

) onal Functi Department
. tional Functions
Op Name

*[C] With 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. 1/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 o IL = |‘/:o °p"‘g' = Pin name Vo = 'éo "lp"‘g‘ =
DO R & .
D1 :58 RS 50 .gg £ ) Checklist 3
D2 ro R51 ]
D3 [1[e) R52 i
D4 s} R53 1
D5 o R6 | R60 Te)
D6 [Te) *1 | R61 /0
D7 [e) R62 Is)
D8 /0 R63 Ie)
D9 e} R7 | R70 s}
D10 [7s) R71 [Is)
D11 [Ie) R72 1’0
Di2 Ie) R73 7o)
D13 vo R8 | R8O e}
D14 2 o R81 ® e
D15 a "o Re2 | £ [ 10
RO RO | § [0 RE3 | o | IO
ROt | 5 [ VO RO| RO | & [ 10
rRoz | Z [wo Ro1 5 I
RS | £ | 1O RO2 o)
R1 |_Ri0 Ie) R93 Is)
R11 o RA [ RAO 110
R12 o) RA1 Te)
R13 Vo RAZ | 10
R2 | R20 e} RA3 o)
R21 Vo RB | RBO Te)
R22 s) RB1 /O
R23 [7s) RC | RCO !
R3 | R30 Vo *2 | RCI 1
R31 Vo RC2 I
R32 Fs) RC3 ]
R33 /0. RD [ RDO i
R4 | R4D Vo *2 | RD1 i
R41 7] RD2 I
R42 s} RD3 ]
R43 [17s)

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

M 4496204 0049182 203 WA 691 Hitachi
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HD404710 Series

3. RSO/Vdisp

1 Rs0: Without pull-down MOS (D)

(1 vdisp

Note: If even

one high-voltage pin is selected with /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 microcomputet type (including ZTAT™ version).

[0 EPROM:

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

] 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

{7 Ceramic oscillator f= MHz

] Crystal oscillator f= MHz

[ External clock f= MHz

6. Stop Mode

[ Used

(1 Not used

7. Package

[ W Fp-80B

i

M 4u45bL20H
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