HD404719/HD404439/

HD4074719

Description

The HD404719, HD404439, and HD4074719 are
4-bit single-chip microcomputers each incorporat-
ing five timers, two serial interfaces, an A/D con-
verter, an input capture timer, and an output
compare timer. Each also includes a 32.768-kHz
oscillator and low-power dissipation modes. The
HD404719 and HD404439 are mask ROM ver-
sions. The HD4074719 is a PROM version
(ZTAT™ microcomputer), which can be pro-
grammed by a PROM programmer. The HD404719
has high-voltage pins, and the HD404439 has only
standard pins.

Five timer/counters

Two 8-bit clock-synchronous serial interfaces

8-bit x 8-channel A/D converter

Voliage comparator (with one input channel)

Input capture timer/free-running counter

16-bit output compare timer

Eight-level output buzzer line

14 interrupt sources

— Six external sources, including three edge
programmable type sources

— Eight internal sources

Subroutine stack up to 16 levels, including

interrupts

Features Four low-power dissipation modes
— Subactive mode
» 16,384-word x 10-bit ROM (HD404719, — Standby mode
HD404439) — Watch mode
16,384-word x 10-bit PROM (HD4074719) — Stop mode

ZTAT™ version is 27256-compatible

*  960-digit x 4-bit RAM

* 70 I/O pins including 36 high-voltage (40 V
max.), high-current (15 mA max.) pins (except
for HD404439 which has only standard pins)

Built-in oscillator

— Crystal or ceramic filter (external clock
also enabled) main clock

— 32.768-kHz crystal subclock

Instruction cycle time: 0.89 ps (Vee = 3.5 to

6V),1.78us (Vee=3.0t06V)

Ordering Information

Type Product Name ROM (Words) Package

Mask ROM HD404719FS 16,384 FP-80B
HD404439FS
HD404719H 16,384 FP-80A
HD404439H

ZTAT™ HD4074719FS 16,384 FP-80B
HD4074719H 16,384 FP-80A
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Pin Arrangement
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Pin Description

Pin Number Input/ Pin Number Input
FP-80B FP-80A Pin Name Output FP-80B FP-80A Pin Name Output
1 79 RD,/AN; ) 34 32 R1, 1o
2 80 RD,/ANg I 35 33 R1, 7o)
3 1 RDg/AN, I 36 34 Ri1, o
4 2 AGND 37 35 R2, VO
5 3 RESET I 38 36 R2, lle]
6 4 OSC, I 39 37 R2, /o
7 5 0SsC, o 40 38 R2;5 1o
8 6 GND 41 39 R3, o
9 7 CL, I 42 40 R3, 10
10 8 CL, o 43 41 R3, IO
11 9 TEST I 44 42 R3; o
12 10 Vee 45 43 R4, o]
13 11 Dy e} 46 44 R4, o
14 12 D, I 47 45 R4, VO
15 13 D, 170 48 46 R4, o)
16 14 D4 11O 49 47 R5¢Vgisp I
17 15 D, lfe] 50 48 RS, |
18 16 Ds e} 51 49 RS, |
19 17 Ds /O 52 50 RS, |
20 18 D, l/e] 53 51 R6,/COMP o
21 19 Dg 1o 54 52 R64/V,ef 0
22 20 Dg e 55 53 R6,/TOE, VO
23 21 Dyo lle) 56 54 R64/TOE, Vo
24 22 Dy4 l/e] 57 55 R7,/NT, Vo
25 23 D 10 58 56 R7,/INT, e}
26 24 D3 1o 59 57 R7,/INT, 7e]
27 25 D4 Vo 60 58 R74/INT, Ivo
28 26 Dys 110 61 59 R8,/INT, Vo
29 27 RO, 110 62 60 R8,/INTg o
30 28 Ro, o 63 61 R8,/50; Vo
31 29 Ro, 1o 64 62 R84/Sl, 7o)
32 30 RO, /0] 65 63 R9,/SCK, 70]
a3 31 Ri1g 1o 66 64 R9,/SCK, Vo
918
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Pin Description (cont)

Pin Number Input/ Pin Number Input/
FP-80B FP-80A Pin Name Output FP-80B FP-80A Pin Name Output
67 65 R9,/8I, l/e] 74 72 RB,/TOD o
68 66 R94/S0O, 1’0 75 73 AVee
69 67 RAg/ICT, l[e) 76 74 RCy/ANg |
70 68 RA,/ICT, 1o 77 75 RC4/AN; |
71 69 RAL/TOG 110 78 76 RCo/AN, |
72 70 RA5;/BUZZ /O 79 77 RC4/ANg I
73 71 RB,/TOC lfe] 80 78 RDg/AN, |
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Pin Functions

Power Supply

Vee: 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 filter resonator, or OSC; can
be connected to an external oscillator circuit.

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

Ports

Dy-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 RS to RD port pins are standard pins,
but the RO to R4 pins are high-voltage pins. Each
of the RO to R4 output pins consists of an open-
drain PMOS which enables high-voltage drive
ability for its pin. The R6 to RD pins are multi-
plexed with peripheral pins.

Interrupts

INT(-INT:: Input external interrupts to the MCU.
INT, to INTs are multiplexed with R7, to R73 and
R8, to R8;, respectively.

Serial Communications Interface

SCKy, SCK;: Input/output SCI clock pins that are
multiplexed with pins R9g and R9, respectively.

920

SIy, SI,: SCI receiving data input pins that are
multiplexed with pins R85 and R9;, respectively.

S04, SO,: SCI transmission data output pins that
are multiplexed with pins R8; and R9;, respective-
ly.

Timers

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

TOE;, TOE,: Output square waves from the
PWM. They are multiplexed with pins R6, and
R63, 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 RA;.

A/D Converter
AVee: Ve power supply for the A/D converter.

AGND: GND power supply for the A/D convert-
er.

ANy-AN;: Analog data input pins for A/D con-
version that are multiplexed with pins RCg to RC5
and RD, to RD4, respectively.

Comparator

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

Ve Inputs reference voltage for the analog com-
parator. It is multiplexed with pin R6;.

Note: The HD404439 has only standard pins.

Be sure to visit CHIPINFO web site for more information.
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Block Diagram
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Memory Map
ROM Memory Map

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

Vector Address Area ($0000-$001F): Reserved
for JMPL instructions that branch to the start
addresses of the reset and interrupt routines. After
an MCU reset or interrupt execution, the program

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

Pattern Area ($0000-$0FFF): Reserved for
ROM data that is referenced as a pattern by the P
instruction.

starts from the vector address. Program Area ($0000-$3FFF): Used for pro-
gram code.
0 $0000 0 JMPL instruction $0000
1 (jump to reset routine) $0001
Vector address 2 JMPL instruction $0002
31 :gg;g 3 (jump to INT, routine) $0003
32 _ 4 JMPL instruction $0004
> Zefo-?:fa (s;l:sr;mtlne 5 (jump to TNT; routine) $0005
63 $003F 6 JMPLEruction $0006
84 $0040 7 (jump to INT; routine) $0007
8 JMPL instruction $0008
q 4032"9’" d g | lump to input capture routine) | $0009
( words) 10 JMPL instruction $000A
4085 $OFFF 11 (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) 45| (ump to timer C routine) | go00F
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
o1 (jump to A/D routine) $0015
22 JMPLi_ns_n'uction $0016
03 (jump to INT, routine) $0017
o4 JMPLin_s;truction $0018
o5 (jump to INT, routine) $0019
JMPL instruction $001A
23 (jump to INTg routine) $001B
o8 JMPL instruction $001C
28 (jump to serial 2 routine) $001D
$001E
:’w $001F

922
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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 figure 2
and the RAM area is described in detail below.

Interrupt Control Bits Area ($000-$003, $020-$024)
: Used for interrupt control (figure 3). 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 2, 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 memo-
ry registers (MR), which consist of 16 digits
($040-$04F), can also be accessed by the LAMR
and XMRA instructions (figure 4).

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 4.

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

923
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T
$000 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 ls005
& | Serial data register 1 lower (SR1L) | R/W |s006
64 $040 7 [Serial data register 1 upper (SR1U) | RIW |$007
Memory registers (MR) g | Timer mode register A (TMA) | W Js008
(16 digits) 9 | Timer mode register B (TMB) (W |s009
10 | timer B {TCBUTLRL) T RW |$00A
80 $050 1 (TCBU/TLRU) " R/W |$00B
12 | Miscellansous register (MIS) "W |$00C
Data 13 | Timer mode register C_(TMC) I W |$00D
- 14 . (TCCUTCRU) | R'W |$00E
(880 digits) 15 | Tmer © (TCCUITCRU) R |$00F
16 | Timer mode register D_(TMD) | W |$010
17 * (TCDUTDRL) | R'W |$011
960 $3co e | merP (TCDU/TDRU) T R/W 3012
19 | Port mode register B (PMRB) Tw (3013
Stack 20 | Serial mode register 2 (SMR2) "w__|s014
(64 digits) 21 | Serial data register 2 lower (SR2L) | R/W |$015
22 | Serial data register 2 upper (SR2U) | R/W |s016
23 | Input capture control register (ICC) 1 W__ |$017
1023 $3FF 24 | Input capture status register (ICSR) L R/W |$018
o5 | Input capture register lower (ICRL) | R__]$019
26 | Input capture register upper (ICRU) IR ___|$01A
27 | A/D controt register (ADCR) W |$01B
o8 | A/D mode register (AMR) 'w_|so1C
29 | A/D data register lower (ADARL) 1 R 1$01D
*: Two registers are mapped on 30 | A/D data register upper (ADRU) : R [$01E
the same address a1 | A/D status reqister (ADSR)  BW 1$01F
R: Read only 32 Interrupt control bits area (2) I'g $020
W: Write only 36 i ] $024
R/W: ReadMwrite 37 | Timer mode register E (TME) | RW is025
3g | Timer buffer register E lower (TBEL) I W _ |s026
ag | Timer buffer register E upper (TBEU) 1 W ls027
40 | Not used 1 $028
41 | Buzzer control register (BCR) 'w_lso29
42 | Output compare control register (OCC) { W_ |s02A
43 | Output compare status register (OCSR) W lso2B
44 | Timer load register G1 lower (TLG1L) W 1$02C
45 | Timer load register G1 upper (TLG1U) | W }$02D
46 | Timer load register G2 lower (TLG2L) | W 1$02E
47 | .Timer load register G2 upper (TLG2U) | W {$02F
48 | Port mode register C (PMRC) 'w [$030
49 | Interrupt mode register A (IMRA) Tw |so31
50 |Interrupt mode register B (IMR 'w_|s032
51 | Not used [ $033
53 } $035
54 | Port R6 DCR (DCRS§) W ls036
55 | Port R7 DCR (DCR7) | W Is037
s¢ | Port R8 DCR (DCR8) | W_ 13038
57 | Port RS DCR (DCR9) t W_ 1s039
sg | Port RA DCR (DCRA) I W__|s03A
sg | Port RB DCR (DCRB) 1'w $03B
60| Not used | $03C
61 ' $03D
62 Compare control register (CCR) W I$03E
63 Not used 1 $03F

924
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$001
$002

$003

$020
$021
$022
$023

$024

Bit 3 Bit 2 Bit 1 Bit0
IMO IFO RSP IE
0 (IM of INT) (IF of INTy) (Reset SP bit) | (Interrupt enable flag) | $090
IM2 IF2 IM1 IF1
1 (IMof INT: ) (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 capturs)
IMTC IFTC IMTB IFTB
3 {IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
32 DTON WDON LSON
(Direct transfer on flag) (Watchdog on flag) | (Low speed on flag)
33 IMS1 IFS1 IMTD IFTD
(IM of serial 1) (IF of serial 1) (IM of timer D) (IF of timer D)
IM3 IF3 IMAD IFAD
34 (IM of INT3) (IF of INT3 ) (M of A/D) (IF of A/D)
IM5 IFS IM4 IF4
35 (IM of INT; ) (IF of INTs ) (IM of INT4) (IF of INT; )
IMS2 IFS2
36 (IM of serial 2) (IF of serial 2)
IF: Interrupt request flag
IM:  Interrupt mask
IE: Interrupt 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 a
non-existent 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).

Figure 3 Configuration of Interrupt Control Bits and Register Flag Areas

www.chipi

Memory registers Stack area
64 | MR (0) | $040 960 | Level 16| $3CO
65| MR (1) | $041 Level 15
66 | MR (2) | $042 Level 14
67 | MR (3) | $043 Level 13
68 | MR (4) | $044 Level 12
69 ] MR (5) | $045 Level 11
70 [ MR (6) | $046 Level 10 _ . _ .
71| MR (7) | $047 Level 9 Bit3 Bit2 Bit1 Bit0
721 MR (8) | $048 Level 8
74 | MR (10)]| $04A Level 6 — | — T —— [
75 [MR (11)] $04B Level 5 1021 | PGy | PG PCs | PC; | $3FD
76 | MR (12)] $04C Level 4 | 1T
77 [MR (13)] $04D Level 3 1022 | CA | PG | PCs | PCy | $3FE
78 | MR (14)] $04E Level 2 | I
79 IMR (15)] $04F 1023 [ Level1| $3FF 1023 1 PCs i PCz | PCy | PCo | $3FF
PC13~PCo: Program counter
ST: Status flag
CA: Carryflag
Figure 4 Configuration of Memory Registers and Stack Area, and Stack Position
925
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Functional Description
Registers and Flags

The MCU has nine registers and two flags for CPU
operations. They are shown in figure 5 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,
I/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
A Accumulator
3 0
B B register
1 0
w W register
3 0
X X register
3 0
Y Y register
3 0
SPX SPX register
3 0
SPY SPY register
CA | Carry flag
ST | Statusflag
13 0
PC Program counter
9 5 0
1 1 111 SP Stack pointer

www.chipinfo.ru

Figure 5 Registers and Flags
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Status Flag (ST): One-bit flag that indicates an
ALU overflow or ALU non-zero generated during
an arithmetic or compare instruction, or the result
of a bit test instruction. ST is used as a branch con-
dition of the BR, BRL, CAL, and CALL instruc-
tions. The contents of ST remain unchanged until
the next arithmetic, compare, or bit test instruction
is executed, but become 1 after the BR, BRL, CAL,
or CALL instruction is fetched, regardless of

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

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

Reset

whether the instruction is executed or skipped. The
contents of ST are pushed onto the stack during an
mterrupt, and popped from the stack by the RTNI
instruction—but not by the RTN instruction.

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 tzc 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

executed. . .
ecu 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
lem Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from
start address of ROM area
Status flag (8T) 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
:La::': Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (IM) 1 Prevents (masks) interrupt requests
110 Open-drain PMOS (PDR)  Allbits 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 Refer to description of port mode register
A
Port mode register B (PMRB) 0000 Refer to description of port mode register
B
Port mode register C (PMRC) 0000 Refer to description of port mode register
C
Interrupt mode registers A, B (IMRA, 0000 Refer to description of interrupt mode
IMRB) registers A and B

927
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Table 1 Initial Values after MCU Reset (cont)

Initial
ltem Abbr. Value Contents
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode
counters, register A
_senal Timer mode register B {TMB) 0000 Refer to description of timer mode
interface .
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 E (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 G
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 Reter 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
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Table 1 Initial Values after MCU Reset (cont)

Initial
Item Abbr. Value Contents
Timer/ Output compare control (OCC) 0000 Refer to description of output compare
counters, register control register
?net:?che Output compare status (OCSR) 0000 Refer to description of output compare
register status register
{cont)
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)
Cempare control (CCRY 0000 Refer to description of output compare
register control register
Bit register Low speed on flag (LSCN) © Refer to description of operating modes
Watchdog timer on flag (WDON) © Refer to description of timer C
Direct transfer on flag (DTON) © Refer to description of operating modes
Miscellaneous register (MIS) 0000 Reter to description of miscellaneous

register

Note: The status of other registers and flags after MCU reset are shown below.

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
pocomlao ) e e utbe o, vahes st
B register (B)

W register (W)

X/SPX register (X/SPX)

Y/SPY register (Y/SPY)

Serial 1 data register (S1R)

Serial 2 data register (S2R)

RAM

Pre-MCU-reset (pre-STOP-

instruction) values are retained

www.chipinfo.ru
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Interrupts

The MCU has 14 interrupt sources: six external
signals (INT,-INTs5), four timer/counters (timer A,
timer B, timer C, and timer D), two serial inter-
faces (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 provid-
ed for each interrupt source, and an interrupt
enable flag (IE) controls the entire interrupt pro-
cess.

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 O and
the interrupt masks (IMs) to 1.

A block diagram of the interrupt control circuit is

shown in figure 6, interrupt priorities and vector
addresses are listed in table 2, and the interrupt
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 7, and an interrupt processing flowchart is
shown in figure 8. 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.

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
AD 10 $0014
INT, 11 $0016
INT, 12 $0018
INTs 13 $001A
Serial 2 14 $001C
930
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Sequence control
13 » Push PC/CA/ST
D——‘ * Reset IE
* Jump 1o vector
address
rFﬁl M-
IFO
= ——
IMO ——— address
IF1 Priority control logic
1M1 :
IF2
IM2 j
IFIC
IMIC j
IFTA IFS2
IMTA : E IMS2
IFT8 j IF5
IMTB E IM5
IFTC :)jj IF4
IMTC ﬁi M4
IMTD | M3
IFS1 IFAD

Figure 6 Block Diagram of Interrupt Control Circuit
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Table 3 Interrupt Conditions

Interrupt Source

Interrupt Control Bit INT, INT, INT, I(':":;:lttt.lra Timer A TimerB TimerC
IE 1 1 1 1 1 1 1
IFo - IMO 1 e 0 0 0 0 0
IF1 .« M1 * 1 0 0 0 0 0
IF2 - M2 * * 1 0 0 0 0
IFIC « TMIC . . . 1 0 0 0
IFTA - TMTA ' ' : . 1 0 0
IFTB - TMTB . : . : ‘ 1 0
IFTC - TMTC . . . : . ‘ 1
IFTD « TMTD . . . . . . .
IFS1 « IMST . . . . . . .
IFAD « IMAD . . . . . . .
IF3 « M3 . R . . . . .
IF4 « M4 . R . . . . .
IF5 « TVE R . . . . . .
IFS2 - IMS3 . . . . . . .

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

Interrupt Source
Interrupt Control Bit Timer D Serial1 A/D INT, INT,
IE 1 1
IFo - TMO
IF1« M1
IF2 - TM2
IFIC - TMIC
IFTA « TMTA
IFTB « IMTB
IFTC « IMTC
IFTD « TMTD
IFS1 - IMST
IFAD - TMAD
IF3 . IM3
IF4 - IM4 .
IF5 « IM5 * *
IFS2 . TMS2 * * ¥ * *

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

Serlal 2

E

- OO0 O | O] O

- lOoOjOoOjlO|lO(0OjO|C}| O

*

1O OO0 (OC|Q]O0C|0OlOC|—
OO | O O|O0(OCOI0O|O0|CI O —

*
*

*
*
*

—

*
»
*

= 1O |O|O0O|O | O|OC|O|O|lOC|OC| O] —

»
*
*

- O/ O0OI0O|O0O|O|O|OC|O|O|OC|O|l O =
OO0 |O|0O|O0O|0O|O0O|OC | O1lO|OC|O| =

*
—
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Instruction cycles

genaeration

Execution of JMPL
instruction at vector address

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

1 2 3 4 > °

L l i
i ! |

Instruction

execution

o Stacking;
interrupt Stacking; vector address
acceptance IE reset

Execution of
instruction at
start address
of interrupt
routine

934
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Yes Interrupt
~—— PC « $0002 INTg ? ( )
No
Yes Interrupt
| PC « $0004 INT, 2 aocep[tance
N
Yes ° IE «0
PC « $0006 NT; 2 Stack«(PC)
Stack «<(CA)
No Stack<(ST)
Yes
| PC « $0008 1.C.*7
No
Yes i 5
] PC « $000A Timer A
No
Yes
] PC «$000C Timer B?
No
Yes _
PC « $000E Timer C?
No
Yes
~ PC « $0010 Timer D?
No
Yes
PC « $0012 Serial 17
No
Yes
| PC < $0014 AD?
No
Yes
] PC « $0016 INT; ?
No
Yes
- PC « $0018 INT, ?
No
Yes
‘ PC « $001A INTs ?
No
Serial 2
PC « $001C [
I.C.: Input capture

Figure 8 Interrupt Processing Flowchart
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Interrupt Enable Flag (IE: $000, Bit 0): Controls
all interrupts (table 4). IE is reset to 0 by the inter-
rupt processing and set to 1 by the RTNI instruc-
tion.

External Interrupts (INT~INTSj):
has six external interrupt pins.

The MCU

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). In this case, the external interrupt 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 INT5 inputs (table 5).

IFO, IF4, and IFS are set at the falling edges of
INT, INT4, and INTs, respectively, and IF1, IF2,
and IF3 are set at either the rising or falling edges
of INTy, INT,, and INTj3, respectively. The active
edge is selected by the interrupt mode register
(IMRA, IMRB).

External Interrupt Masks (IMO: $000, Bit 3;
IM1: $001, Bit 1; IM2: $001, Bit 3; IM3: $022,
Bit 3; IM4: $023, Bit 1; 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 the input
capture timer and an input capture input (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

IE Interrupt Enabled/Disabled
0 Disabled
1 Enabled

Table 5 External Interrupt Request Flags

Table 7 Input Capture Interrupt Request Flag

IFIC Interrupt Request
0 Disabled
1 Enabled

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-IM5S Interrupt Request
0 Enabled

1 Disabled (Masked)
936
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Timer A Interrupt Request Flag (IFTA: $002,
Bit 2): Set by an overflow from timer A (table 9).

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

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

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

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

Timer C Interrupt Mask (IMTC: $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
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table 10 Timer A Interrupt Mask

Table 14 Timer C Interrupt Mask

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

Table 11 Timer B Interrupt Request Flag

Table 15 Timer D Interrupt Request Flag

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

Table 12 Timer B Interrupt Mask

Table 16 Timer D Interrupt Mask

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

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

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

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

www.chipinfo.ru

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)
938
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IMRA

IMRA 3 {IMRA 2

[ INT 1 detection edge selection

IMRB

IMRB 3 [IMRB 2 {IMRB 1 |IMRB 0

L1 I_EJ
INT, detection edge selection

INT3 detection edge selection

IMRA
Bit3 Bit2 INT, Detection Edge
0 0 No detection
1 Falling-edge detection
1 0 Rising-edge detaction
1 Double-edge detection
IMRB IMRB
Bit3 Bit2 TNT, Detection Edge Bit1  Bit0 INT, Detection Edge
0 0 No detection 0 0 No detaction
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 9 Interrupt Mode Register
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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 10.

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
peripheral functions such as interrupts, timer/coun-
ters, and the serial interface are enabled, although

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

Standby mode is terminated by a RESET input or
an interrupt request. If it is terminated by a
RESET input, the MCU is reset as well. After an
interrupt request, the MCU enters active mode and
executes the instruction following the SBY instruc-
tion. If the interrupt enable flag is 1, the interrupt
is then processed; if it is 0, the interrupt request is
left pending and the program is resumed. A
flowchart of operation in standby mode is shown
in figure 11.

Table 21 Low-Power Dissipation Modes

System Clock (0cpu)

Operating Stopped
Non-time-base Operating Active mode Standby mode
peripheral {(LSON = 0)
function clock Stopped Subactive mode (optional) Watch mode (TMA3 = 1)
(¢PER) (LSON =1)
Stop mode (TMA3 = 0)
940
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Reset
Standby mode Active mode Stop mode
pTT R (TMA3 = 0)
i ]! sBY 5 B |
i fosc: Operat!ng L (Standby) 1} fosc! Operat!ng . STOP fosc: Stoppgd
| fc: Operating [™ T fo: Operating [T fc.:  Operating
!| ocpu: Stopped | | dcpul =foye . ocpy:  Stopped
| bok: = foye ; o] Sciki =feye : dok: Stopped
oopER: =foye i Interrupt i dpeRl =fopc ' ¢per:  Stopped
5 ! TMA3 =0 |
E : ' . Watch mode
TMA3 = 1! {(TMA3 =1, LSON = 0)!
| tose: ing || SBY ing | sTop | |
| fosc: Operating |1 (standby) | fosc: Operating | » fosc: Stopped |
| fc.: Operating e M fo: Operating |: - ‘| fo: Operating |
; . Stopped i ; D= i INTp : : Stopped |
i ¢’CPU‘ T ppe : i dcpu cyc | Tima-base*! ! ¢cpu- ppe :
1| ok =lsus ; »| dck: =fsus e d ook =fsus !
'] OpERT = feye i Interrupt 1l opgRt = feye E )| ¢per: Stopped ;
*2 E E
fosc: Main oscillation STOP/ %BY .
for: Suboscillation : .
tor time-base Subactive mode {(TMA3 = 1, LSON = 1) .
fcyc: fosc/4 I ' |
fsua: feL/8 foe Stopped N toee: Stopped |:
dcruy: System clock OsC- ppe ;| 'osc- ’ '
: i fci:  Operating [~ | fc: Operating |:
OoLK: Clock for time-base - INT, ' . Stopped '
OPER: Ciock for other ¢CPU_' ~ fSUB Time-base*! ! %PU.' T Ppe ;
peripheral functions ¢CLK-‘ étsua ; ? ¢CLK'. ;t oSUB g !
LSON:  Low speed on flag Oper: Sloppe STOP; | OpEm: StoPpe ;
LSON = 0: ¢cpy = Main osciltator SBY
LSON = 1: ¢¢py = 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 10 MCU Status Transitions
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Table 22 Operations in Low-Power Dissipation Modes

Standby Subactive
Function Stop Mode Watch Mode Mode Active Mode Mode Note 4
System oscillator Stopped Stopped ! Stopped
Subsystem oscillator Note 2 ‘ ‘ -
CPU Instruction Stopped Stopped Stopped
operation execution
(0cru) RAM Retained Retained Retained
Registers, Reset Retained Retained
tlags
|/QNote 3 Reset Retained Retained
Peripheral  INT~INTg Reset Retained Retained
functlons, Timer A Reset Retained . Retained
interrupts
(dpeR) Timer B Reset Retained | Retained
Timer C Reset Retained ' Retained
Timer D Reset Retained Retained
Timer E Reset Retained Retained
(PWM)
Input capture Reset Retained Retained
Output Reset Retained Retained
compare _
Serial 1, Reset Retained Retained
Serial 2
A/D Reset Retained Retained
Time-base  INT, Reset iNote 5 . _Note 6 Note 6 Note 5
functions, ” s
interrupts Time-base Reset Note 5 Note 6 Note 6 Note 6
(dcLk) s
Notes: indicates operating.

1

2. Toreduce ¢, stop oscillation in external circuits.

3. Refer to table 23.

4. Subactive mode is an optional function.

5. Refer to the Interrupt Frame section.

6. If TMA3 is setto 1, timer A and INT,, are switched to time-base function and interrupt,
respectively.

Table 23 Input/Output in Low-Power Dissipation Modes

Output Input
Stop/Watch/ All Modes
Standby Mode Subactive Mode (Input state)
Dg-Dis Retained/peripheral function output High impedance Input enabled
RO-RA Retained/peripheral function output High impedance Input enabled

Note: Applying a voltage between (V¢ — 0.3) and (GND + 0.3 V) to input-state pins increases the current
between V¢ and GND.
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Restart
processor clocks

(SBYonly) ((SBY only) 1(SBY only) |(SBY only) [(SBY only) |(SBY only) |(SBY only) |(SBY only) |(SBY only)

-4 Zz
$/5\ 8
‘ k]
AVAY :

Figure 11 Flowchart of Watch and Standby Modes

Peripheral clocks: Stopped
All other clocks: Stopped
<E>—
N
SR
Ye
os iM27? "
Ye
(SBY only) |(SBY only) [(SBY only)

Oscillator: Stopped

Suboscillator; Active

Standoy
Yes
Restart
processor clocks

Reset MCU

Peripheral docks: Active
Alt other clocks: Stopped

Oscillator: Active
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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 12. RESET must be high for at
least one tyc 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
TMA3 = 1, or if the STOP/SBY instruction is exe-
cuted in subactive mode.

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

MCU enters active mode if LSON is O or subactive
mode if LSON is 1. Any interrupt request generat-
ed during the transition to active mode is delayed
for half the interrupt frame period (tgc) to give the
oscillation time to stabilize (figure 14). Operation
during mode transition is the same as that at stand-
by mode cancellation (figure 11),

Subactive Mode: The CPU operates with a clock
generated by the CL; and CL, oscillation circuits.
Functions which can operate in subactive mode are
listed in table 23.

The MCU enters active mode from subactive mode
by the following steps. The MCU enters watch
mode if the STOP or SBY instruction is executed
in subactive mode while the LSON is reset and the
DTON is set. At the next interrupt frame, the
MCU waits for the oscillation time selected by the
MIS 1o stabilize, and then enters active mode (fig-
ure 13). After that, the DTON is automatically
reset (the DTON can be set only in subactive
mode).

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

Stop mode

Oscillator

i<

N
(4

Internal clock

RESET

{4

(
?

—

STOP instruction
execution

| tres

tres 2 tpe (stabilization time)
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Figure 12 Timing of Stop Mode Cancellation
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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 14.
Three interrupt frame cycles can be selected by the
settings of the miscellaneous register (figure 15).

The period from the interrupt strobe to the interrupt
request generation is used as the oscillation time to
stabilize during the transition from watch mode to

active mode. Operation during the transition from
watch mode to active mode is the same as a stand-
by mode cancellation. The overflow timing during
the transition to active mode by the timer A inter-
rupt request is the same as the interrupt strobe
shown in figure 14,

MCU Operation Sequence: The MCU operates
in the sequence shown in figures 16 to 18. It is
reset by a RESET input, regardless of its state.

STOP/SBY instruction

{

. Oscillation .
Subactive mode ’ Watch mode stabilization time | Active mode
Interrupt
strobe T T
interrupt ' T
request ' :
P T 5 trc ;
' the < transition < 31Rc' '
time
T =2 x1tpc: Interrupt frame period tre: Oscillation stabilization time
Figure 13 Timing of Subactive Mode Direct Transition
Oscillation
Watch mode stabiliza- | active mode
tion time
A A 4
Interrupt ! i :
strobe ' '
: ! : i
Interrupt . . 1
request ; ' ' :
(only during : : : '
transition to | l | !
. ' T 1 T \ 1
active mode) ; e »ieRC -
T=2xtpc: Interrupt frame period fnc = Oscillation stabilization time

Figure 14 Interrupt Frame
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MIS

MIS3 | MIS2 | MIST1 | MISO

} tre Selection

MIS
Bit 1 Bit0 T/2,tpe
0 0 0.12207 ms
0 1 7.8125ms
1 0 62.5 ms
1 1 Not used

Note:  Only when a 32.768-kHz oscillation is used.
T: Interrupt frame period
tae: Oscillation stabilization time

Figure 15 Miscellaneous Register

C Power on )

P

‘\
RESET =17 >1© l
Yes PR R
i MCU operation
' cycle

Reset MCU

L

Figure 16 MCU Operation Flowchart (Power On)
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MCU operation
cycle

IF =17 Yes
No N
© < IM=0,IE=1?
Instruction
execution

IE«0
Yl
= ptrcton’ Stack - (PC),
(CA), (ST)
. Low-power mode ! p _
! operation cycle | C « Next location PC « Vector address

IF: Interrupt request flag
IM: Interrupt mask

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

ST. Status flag

Figure 17 MCU Operation Flowchart (MCU Operation Cycle)
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Low-power mode
operation cycle

No
IF=1, W
Yas 7;
Standby/watch Stop mode
mode
No
Yes
\
Hardware NOP Hardware NOP
execution execution
\ \
PC « Next location PC « Next location
1
Instruction
axecution

MCU operation
cycle

Note: For IF and IM operation, refer to figure 11.

Figure 18 MCU Operation Flowchart (Low-Power Dissipation Mode Operation)
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Internal Oscillation Circuit

A block diagram of the internal oscillation circuit ~ An external clock operation of the system oscilla-

is shown in figure 19. As shown in table 24, a  tor is also available.

If not using a subsystem

crystal or a ceramic oscillator can be connected to  oscillator, fix the CL pin to V¢ or GND.

OSC; and OSC,, and a crystal oscillator of
32.768-kHz can be connected to CL; and CL,.

CL, CcL4 0SC;,

© 9 9

0SGC,

&

Subsystem oscillator System oscillator
| feu fosc
Divider (1/8) Divider (1/4)
tSUchc fsua tcyc fcyc
Timing generator Timing generator

1

|

~— LSON

Time-base clock System clock
TMAS — selection selection
dcLk OPER dcrPu
cPU
Time-base/ Peripheral E(A)m
interrupt tunctions/interrupts Te)
* Registers, flags

Figure 19 Internal Oscillator Circuit
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.

| SRt

TEST Cl; CLy GND O0SC, O0SC; RESET

Figure 20 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
1 OSC1
Open — OSC,
Ceramic filter oscillator Ceramic filter:
(OSCy4, OSC,) CSA4.00MG (Murata)

Ri=1 MQ + 20%

B: OS¢, Cy = Cp = 33 pF £ 20%
Ceramic

fiher

0SC,

Crystal oscillator Rf=1 MQ £ 20%
(OSC4, OSC») . Cy=Cp=22pF £20%

OSC; Crystal: Equivalent to circuit
Crystal Z5 SR, shown at bottom left

0sC, Co = 7 pF, max.

- Rg = 100 Q, max.

f=1.6t04.5 MHz

Crystal oscillator Ci=Co=15pF +5%
(CL4, CLy) Cy P Crystal: MX38T
CLy {Nihon Dempa Kogyo)
Crystal &3 Co = 1.5 pF, typ.
Re = 14 kQ, typ.
CL. s
C, 2 f = 32.768-kHz
GND
o
(T
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 filter manufacturer to determine the actual circuit param-
eters required.

2. Wiring between the OSC4/0SC; 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
20.

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

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 has 37 other high-voltage pins
whose circuits can be selected as with pull-down
MOS (E) or without pull-down MOS (D) option.
If the former option is selected, the R5¢/V gisp pin
must be set as Vs, by the mask option because
the source of the pull-down MOS is connected to

Vdisp-

The HD404439 has no high-voltage pins. The pins
corresponding to the HD404719 high-voltage pins
are standard open-drain PMOS pins in the
HD404439. The circuits must be without pull-
down MOS (D). The R5q pin is only used as an
input port.

The HD4074719 has only the pins without pull-up
MOS (C) and without pull-down MOS (D).

D Port: The 16 out of 70 I/O pins that are discrete
pins (D port), 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.

952

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).

Mask Options: The circuits of the HD4074719
are either without pull-up MOS (C) or without
pull-down MOS (D), as shown in table 25 and fig-
ure 21. Options either with pull-up MOS (B) or
with pull-down MOS (E) can be selected for the
HD404719, and an option with pull-up MOS (B)
can be selected for the HD404439. However, note
that these MCUs are not compatible with the
HD4074719.

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

» For high-voltage pins, the without pull-down
MOS option must be selected. The pins are
connected to the V¢ voltage of the user sys-
tem.

« 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
Vc voltage of the user system.

Be sure to visit CHIPINFO web site for more information.
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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
roens it R6,—-R6
co@ —= CPU input R78—H7:
HLT R8,—-R8
: HLT o—H83
e [ = R9,~R9,
RA—RA,
DCR RBy-RB,
PDR
Input
cow » CPU input
Vee HLT
DCR
PDR
Input pins _—
RCo—-RC;
Vee RDy,-RD;
o<t AT
@ " _DD_—’ ,
Input control CPU input
&~ |
Input control _DD_—’ CPU input
953
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Table 25 Input/Output Pin Types (cont)

Standard Pins

Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
Peripheral Inout 8CK,
1/O pins cr;e#rm :l }; » CPU input SCK;
[ (output)NOle 1
o = SCK
Voc
- -
—o<}—
SCK
Input
control [ )c » CPU input
[>o » SCK
cc
HLT
- ;
T ok
Peripheral Input ' S0,, SO,
output pins control | Jo— = CPU input TOC
TOD
CC VCC TOE1 , TOE2
—— TOG
(T LT BUZZ
. —oQ—
Output
data
Input .
conw » CPU input
Vee
HCT
1
(] Output
data
954
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Table 25 Input/Qutput Pin Types (cont)

Standard Pins

www.chipinfo.ru

Be sure to visit CHIPINFO web site for more information.

Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
Peripheral ) 2
input pins (S‘CKinpUt)NgcRme F

Sly, S,
» Peoripheral INT
Bo input 0
@ , INT,
Input control _]DD‘*> CPU input INT,
INT,
INT,
ICT,, ICT,
= Peripheral
Do "~ input
O .
Input control j}_—’ CPU input
Vref (R61)
®© %m oV
Input controt
@ A<a<] A/D input or Vyef
Input control
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Table 25 Input/Output Pin Types (cont)

Standard Pins

Pin Type With Pull-Up MOS (ByWithout Pull-Up MOS (C) Pin Name
I/0 pins Comparator R6o/COMP
 CPU
,_:DO___ input
Input
control Mode_ —
Vee | Vee selection HLT
signal
DCR
PDR
Comparator
| CPU
L ::E input
Input | T
contro .
Mode selection QT
Vg signal HLT
= DCR
3 HCH PDR
High-Voltage Pins (Open-Drain PMOS Pins)
Pin Type Without Pull-Down MOS (D)/With Pull-Down MOS (E) Pin Name
I/0 pins Vee Dg-Dis
HLT R0o—R03
I—-—(C[_ R10—R13
PDR R2,~R23
R3,-R3;
R4y—R4,

‘—___% » CPU input
Input control

Vee

HLT

[ PDR

Vee

Vaisp

—} = CPU input
Input control
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Table 25 Input/Output Pin Types (cont)

High-Voltage Pins

Pin Type Without Pull-Down MOS (D) Pin Name

Input pins RSo

Input

control j)o—» CPU input
) P

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

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

3. In watch/subactive mode, the HLT signal goes high and the output pins are at high impedance.
The input level of I/0 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.

5. The HD404439 has no high-voltage pins. The pins corresponding to the high-voltage pins are
standard open-drain PMOS pins, therefore, the circuits must be used as with pull-down MOS
(D). Option E cannot be selected.

Circuit Type
Product Type B C D E

Mask ROM Optional
(HD404719)

Mask ROM Optional Fixed
(HD404439)

ZTAT™
(HD4074719)

Fixed

957
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Vee

— MIS HLT

NMOS

~(_| ' DCR

)D__. CPU
— 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
cMOsS PMOS — — — On -— —_— —_ On
bufer Nmos —  — oh — - = On —

Pull-up MOS (C) On On On On

Notes: 1. —: Of
2. For the R8,/S0Q, and R95/SO; pins, the PMOSs are off when bits 2 and 3 of the miscella-
neous register are setto 1.
MS__ psyso, MS __ Reyso,
Bit2 PMOS Mode Bit3 PMOS Mode
0 On 0 On
1 Oft 1 Off
Figure 21 Input/Output Buffer
958
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MIS (Miscellaneous register)

3 2 1 0

— R82/S0 pin PMOS mode selection
R83/S0O; pin PMOS mode selection

SMR1 (Serial mode register 1)

3 2 1 0

L R90/SCK 1 pin mode selection

PMRA (Port mode register A)

3 2 1 0

- R82/S0O pin mode selection
R83/S14 pin mode selection

R70/INTy pin mode selection
R71/INTy pin mode selection

SMR2 (Serial mode register 2)

3 2 1 0

L R91/8CK > pin mode selection

Figure 22 Pin Mode Selection Registers

959

www.chipinfo.ru Be sure to visit CHIPINFO web site for more information.



HD404719/HD404439/HD4074719

PMRB (Port mode register B)

3 2 1 0

R93/SO2 pin mode selection

R92/Sl5 pin mode selection

RBo/TOC pin mode selection

RB4/TOD pin mode selection

PMRC (Port mode register C)

3 2 1 0

R7,/INT, pin mode selection

R73/iNT3 pin mode selection

R8o/INT4 pin mode selection

R81/INT5 pin mode selection

Figure 22 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 23, 24,
26, and 29.

Prescaler S: Eleven-bit counter that inputs the
system 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.

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.

12 tsuBcyc | Prescaler W
{5 bits)

+2
+8
+16
+32

1/4 MPX,

32-kHz
crystal

On: TMA3 =1

oscillator

Timer mode

register A
(TMA, 4 bits)

Timer counter A
(TCA, 8 bits) IFTA

Interrupt
request flag

On: TMA3 = 0 of timer A

Timer A MPX;

[ O 3

+2

+4

+8
+32
+128
+512
+1024
+2048

System tcycr

clock

Prescaler S (11 bits)

Figure 23 Block Diagram of Timer A
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Table 26 Timers A, B, and C Function Selection

Timer A Timer B
Condition Function Condition Function
TMA3 =0 System clock-base TMB2-TMBO #  Automatic reloading
interval timer 11 timer
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 timer
=1) (Pin RBy/TOC is specified
as TOC)
WDON = 1 Watchdog timer
962
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I Internal bus line {81) ]
1
Timer mode £ 4
register B
(T 4 bits) Timer latch
- register B X4
¥ 3 (TLB, 4 bits)
INTH i JEER,

Timer counter B .
@f Timer B MPX (TCB, 8 bits) IFTB

Pt EEEERER Timer B
interrupt
Timer load register B request flag
(TLR, 8 bits)
© ] [
% 2 E § 14 sy 4
o -
FHE Y ' r Internal bus line (S2)
System Prescaler S (11 bits)
clock
<l [ Internal bus line {S1)
o|R19(813
|~ 0|~ ]N
YT R[D2F |2+ Y ra
TOC
Timer latch ré _
register C Timer C variable-duty
(TLC, 4 bits) pulse output
’ *T* f or C IFTC
imer counter
Timer C MPX (TCC,SbItS)
Timer C

interrupt
request flag

3 EEEREER,

/ Timer load register C

Timer mode (TCR, 8 bits) s
register C ystem
(TMC, 4 bits) ) ] (Watchdog)| reset
£4 14
[ Internal bus line (S2) ]
WDON
Watchdog
on flag
(Set only)

Figure 24 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 1o $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 the INT; pin 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

964

is applied to timer B after it has reached $FF, an
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
(WDON) flag 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 25. For pulse out-
put, the RBy/TOC pins must be specified as TOC
by port mode register B (PMRB).

Timer Mode Register A (TMA: $008): Four-bit
write-only register which controls timer A as
shown in table 27. It is initialized to $0 by MCU
reset.

Be sure to visit CHIPINFO web site for more information.



TMC3 =0

TMC3 = 1

T x (TCR + 1)
P
Tx256
T .-

Y

-

T x (256 — TCR)

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

Table 27 Timer Mode Register A

Figure 25 Variable-Duty Pulse Output Waveform

™A Source Prescaler, Input Clock Period,
Bit3 Bit 2 Bit 1 Bit 0 Operating Mode
0 0 0 0 PSS, 2048 teyc Timer A mode
1 PSS, 1024 tey.
1 0 PSS, 5121y,
1 PSS, 1281,
1 0 0 PSS, 32 t¢yc
1 PSS, 81
1 0 PSS, 41
1 PSS, 2 t¢yc
1 0 0 0 PSW, 32 tsypeye Time-base modse
1 PSW, 16 tgypcyc
1 0 PSW, 8 tsypeyc
1 PSW, 2 tsypeyc
1 0 0 PSW, TCA reset
1
1 0

1

Notes: 1. tgypeyc = 244.14 us (when a 32.768-kHz crystal oscillator is used)
2. tcyc = 0.9536 us (when a 4.1943-MHz crystal oscillator is used)
3. Timer counter overflow output period(s) = Input clock period(s) x 256

www.chipinfo.ru
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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
T™B
Bit 2 Bit 1 Bit 0 Input Clock Period and Input Clock Source
0 0 0 2048 1oy,
0 0 1 51214,
0 1 0 128 oy
0 1 1 32 teye
1 0 0 8 toye
1 0 1 41y
1 1 0 2oy
1 1 1 INT, (external event input)

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

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

Table 29 Timer Mode Register C

T™C
Bit 3 Automatic Reloading
0 Disabled
1 Enabled

TMC
Bit 2 Bit 1 Bit0 Input Clock Period
0 0 0 2048 1oc
0 0 1 1024 1oy,
0 1 0 5121,
0 1 1 128 toy,
1 0 0 32ty
1 0 1 8 toyc
1 1 0 41
1 1 1 2 teye

Note: t, . = 0.9536 pus (when a 4.1943-MHz crystal oscillator with 1/4 division is used)
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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 27. 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 28. 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 | _I  prescaler S (11 bits) Internal bus line
clock
TTREERE fr
Y v B 3 Timer latch register D
H (TLD, 4 bits)
ﬂ TOD
. P J’

Timer D MPX Bt Timer counter D

(TCD, 8 bits) —™ IFTD

Timer mode register D
(TMD, 4 bits)

i

Timer load register D
(TDR, 8 bits)

1

Internal bus line

Figure 26 Block Diagram of Timer D
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Tx(TDR + 1)
[
TMD3 =0
- T x 256
T,
TMD3 = 1
- -
T x (256 — TDR)
T: Period of clock input to the counter
TDR: Value of timer load register D (0—255)

Figure 27 Variable-Duty Pulse Output Waveform

TMD

Bit 3 Bit 2 Bit 1 Bit 0

Timer D input clock selection

Automatic reloading selection

Bit 2 Bit 1 Bit0  Input Clock Period

0 0 0 2048 tyy,
0 0 1 1024 tey,
0 1 0 51214y
0 1 1 128 1oy,
1 0 0 321y,

1 0 1 8 teye

1 1 0 Atge

1 1 1 2 teye

Bit3  Automatic Reloading Function
0 Disabled
1 Enabled

Figure 28 Timer Mode Register D
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Timer E: Outputs two variable-duty pulses (PWM).
The duty ratio can be selected by the setting of the
load register (figure 30). To write data into the
load register, timer buffer register E must be writ-
ten 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 register, the destination load register is
selected by the bit 2 setting of the timer mode reg-
ister (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.

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.

www.chipinfo.ru

Prescaler output

I

Compare circuit (1)

o
-

Decodes $FF

I

Compare circuit (2)

il

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

L

Timer load register (2)

(TME bit 2)

(TLE ,, 8 bits)

, , R6,/TOE, —@ TOE,
Timer buffer register E
(TBE, 8 bits)
B (TME bit 3) R62/TOE, TOE;
. Q
4 4 =

5

internal bus line

Figure 29 Block Diagram of Timer E
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(TLE +1 Neye
-

TOE,, TOE,

2 56tcyc

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

Figure 30 Variable-Duty Pulse Output Waveform

TME

Bit 3 Bit 2 Bit 1 Bit 0

R62/TOE; pin mode selection
Ré,/TOE, pin mode selection

Buffer register load destination selsction
Buffer register status

Bit0  R6,/TOE, Pin Mode Selection
0 R62 port
1 TOE, output

Bit1  R64/TOE, Pin Mode Selection
1 TOE; output

Bit2  Buffer Register Load
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 31 Timer Mode Register E
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Input Capture Timer: Eight-bit counter and 8-bit
input capture register. Free-running counter opera-
tion 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 reg-
ister.

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

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.

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 bus line

N/ $017

iICRL ICRU
$019 $01A

ICC . @ $018
Input capture
{ 2 42 register ICSR
ICT, @— 1 A
Edge detector i
ICT R
! @— = 8-bit counter OVF
MPX Input l ) Free
capture { run
System Prescaler S IFIC
clock

Figure 32 Block Diagram of Input Capture Timer
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ICC

Bit 3 Bit2 Bit 1 BitO

L | '

Bit0  RAyICT, Pin Mode Selection

RA,/ICTy pin mode selectior
RA,/ICT, pin mode selectior
Prescaler division ratio selection

Bit 1 RA,/ICT, Pin Mode Selection

0 RA, port 0 RA, port

1 ICT, input 1 ICT, input
Bit 3 Bit2 Prescaler Division Ratio

0 0 +128

0 1 +32

1 0] +8

1 1 +2

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

Figure 33 Input Capture Control Register

ICSR

Bit 3 Bit 2 Bit 1 Bit 0

Bit0  Input Capture Enable (EIC)

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

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.
By an overfiow from the counter.

Note: Read enabled. Only zero write enabled.

www.chipinfo.ru

Figure 34 Input Capture Status Register
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Output Compare Timer: A 16-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 INT4, 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.

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,4 edge input,
or a software trigger, 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 INT4 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.
At the same time the bits are set, pin TOG outputs
a specified value and the contents of the load regis-
ter are loaded into the counter.

Internal bus line

4
OCC: $02A i

| R VR S TV

Output compare
control register

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

Output compare
status register

System l

p

clock = MPX Timer counter G (TCG) OVF
+2 = T
| [ Reload |= ! Output _@
control  |a -1 control

L» TOG

— Edge IF4 INT
INT, detector > —T'GQUGSt

Figure 35 Block Diagram of Qutput Compare Timer
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OoCcC

Bit3 | Bit2 Bit 1 Bit 0

I L RA,/TOG pin mode selection
Timer counter G clock source selection
Software trigger

Output change trigger source/
interrupt request flag set

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

Bit2 Bit3  SoftwareTrigger

1 1 TOG output value changes
as specified by software

Bit3  Output Change Trigger Source/Interrupt Request Flag Set
0 INT, input is valid

1 Overflow from the counter is valid

Figure 36 Output Compare Control Register

OCSR

Bit3 Bit 2 Bit 1 Bit 0

L1 I__I__.I
Output level selection

Not used

Bit 1 Bit0  Output Level Selection

0 0 0

0 1 1

1 0 Toggle (inverting at
every triggering)

1 1 Inhibited

Figure 37 Output Compare Status Register
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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.

buzzer, the RA3/BUZZ pin must be fixed as BUZZ
by setting bit 3 of the buzzer control register.

System

clock - Prescaler S

+32

+ 64
+ 128
+ 256
+512
+1024
+ 2048

MPX —™ . 2

RA,/BUZZ

——@ BUZZ

}s

Buzzer control register

(BCR, 4 bits)

il

Internal bus line

Figure 38 Block Diagram of Buzzer Output
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BCR

Bit 3 Bit 2 Bit 1 Bit 0

www.chipinfo.ru

| |
RA,/BUZZ pin mode selection
Output wave period
Bit0 RA4/BUZZ Pin Mode Selection
0 RA; port
1 BUZZ output
Bit3 Bit2 Bit1 Output Wave Period
0 0 0 4096 toyc
0 0 1 2048 tgy.
0 1 0 1024t
0 1 1 512 teye
1 0 0 256 teyc
1 0 1 1281tgc
1 1 0 64 teye
1 1 1 32 teye
Figure 39 Buzzer Control Register
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Serial Interface

The MCU has two clock-synchronous 8-bit serial
interfaces (serial interface 1 and serial interface 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 40. 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
(TFS1) is set.

Octal | spOF
System Prescaler S (11 bits) counter IFS1
clock (OC, 3 bits)
{ interrupt
= request flag
oyl ool R of serial
KNS § interface
L
Internal bus line {S1)
Serial MPX = +2 [~ MPX
4 4
[ ] SCKi1
Serial data register 1 |
- (SR1, 8 bits)
Serial mode Port mode f 4 f 4
register 1 register A
{SMR1, 4 bits) ﬁ (PMRA, 4 bits) Internal bus line (S2)
4 4 SCK;
Internal bus line {S2) A2

port

R90/SCK;

R83/Sl4
port

R82/S0O4
port

ft—

5CK,

Sl SO,

Figure 40 Serial Interface 1 Block Diagram
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Serial Mode Register 1 (SMR1: $005): Four-bit
write-only register which controls the R9y/SCK,
pin, transmit clock, and prescaler division ratio for
serial interface 1 as shown in figure 41. Writing to
SMR1 initializes serial interface 1.

A write signal input to SMRI1 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 MCU reset.

SMR1

SMR13|SMR12|SMR11| SMR10

Transmit clock selection
R99/SCK; pin mode selection

SMR13 R9,/5CK, Pin

0 R, port input/output pin
1 SCK, input/output pin

Transmit Clock

Prescaler Transmit Clock

SMR12 SMR11 SMR10 R9,/STK, Pin Clock Source Division Ratlo Period
0 0 0 SCK, output  Prescaler + 2048 4096ty
0 0 1 SCK, output  Prescaler +512 1024 o
0 1 0 SCK, output  Prascaler +128 256 toye
0 1 1 SCK; output  Prescaler +32 64 teyc
1 0 0 SCK, output  Prescaler +8 16 teye
1 0 1 SCK, output  Prescaler +2 4toye
1 1 0 S5CK, output  System clock teye
1 1 1 SCK, input External clock

Figure 41 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 to the
LSB first through the SI; pin at the rising edge of
the transmit clock. Input/output timing is shown in
figure 42.

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 30. 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 30 Operating Modes of Serial Interface 1

SMR1 PMRA
Bit 3 Bit 1 Bit 0 Operating Mode
1 0 0 Continuous clock output mode

Transmit mode

Receive mode

1 0 1
1 1 0
1 1 1

Transmit/receive mode

Transmit clock l‘l"““l"l|l\

Serial output data

Serial input data
latch timing

Figure 42 Serial Interface 1 Timing
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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 43.

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.

HD404719/HD404439/HD4074719

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

Transmit clock

SMR1 write 8 transmit clocks
(IFS1 1) (internal clock)
(IFS1 &« 1)

Transmit clock wait state
(octal counter = 000)

(IFS1 1)

Transfer state
octal counter # 000)

(

8 transmit clocks
(external clock)
STS instruction

Figure 43 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 44.

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 transmission after the
serial 1 interrupt request flag (IFS1) has been reset,
the flag is set again.

Transmit/receive
(IFS1e 1)

Interrupts inhibited

IFS1« 0

SMR1 write

Yes

No

Normal end

Transmit clock
error processing

www.chipinfo.ru

Figure 44 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 45. 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.

Serial interface 2 is activated by a read instruction
for SMR2. The octal counter is reset to $0 by the

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
register SMR2 is accessed.

Octal | spoF
Systeml__| proscaler S (11 bits) counter IFS2
clock (OC, 3 bits)
L Interrupt
= request flag
Nw%g}ﬁg of serial
+ F| D —|® & interface 2
Y ]
_ Internal bus line (S1)
Serial MPX = +2 (= MPX
44 : 4
] SCK2
Serial data register 2 -
~ (SR2, 8 bits)
Seria_ll mode Port. mode }4 }4
register 2 register B
(SMR2, 4 bits) (PMRB, 4 bits) Internal bus line (S2)
4 4 SCK,
internal bus line (S2) {2
R9,/SCK, R92/Sl> | | R93/S0; | |
port port pont
SCK, Sl S0,

Figure 45 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 46. Writing to SMR2 initializes
serial interface 2.

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

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 MCU reset.

SMR2

SMR23| SMR22 | SMR21| SMR20

Transmit clock selection
R94/SCKp pin mode selaction

SMR23 R9,/SCK,

0 R9, port input/output pin
1 SCK, input/output pin

Transmit Clock

Prescaler Transmit Clock

SMR22 SMR21 SMR20 R9,/SCK,Pin Clock Source Division Ratio Period
0 0 0 SCK, output  Prescaler + 2048 4096 .
0 0 1 SCK,output  Prescaler +512 1024 1.y
0 1 0 SCK, output  Prescaler +128 256 tyc
0 1 1 SCK, output  Prescaler +32 64 teye
1 0 0 SCK, output  Prescaler +8 16 1gc
1 0 1 SCK, output  Prescaler +2 4oy
1 1 0 SCK, output  System clock teye
1 1 1 SCK, input External clock

Figure 46 Serial Mode Register 2
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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 through the SI, pin at the rising edge of the
transmit clock. Input/output timing is shown in
figure 47.

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 31 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 31 Operating Modes of Serial Interface 2

SMR2 PMRB
Bit 3 Bit 1 Bit 0 Operating Mode
1 0 0 Continuous clock output mode

1 0 1

Transmit mode

1 1 0

Receive mode

Transmit/receive mode

Transmit clock |‘||"l\||"i"|

4 5 6 7 8

Serial output data

i 2 3
NLSB‘ X

Serial input data
latch timing

Figure 47 Serial Interface 2 Timing
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Serial Interface 2 Operation: Three operating
modes are provided for serial interface 2; transi-
tions between them are shown in figure 48.

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 a
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 intemnal
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

Transter state
(octal counter = 000)

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

8 transmit clocks
(external clock)
SMR2 dummy read

Figure 48 Serial Interface 2 Mode Transitions
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Transmit Clock Error Detection: Serial inter-
face 2 will malfunction if a spurious pulse caused
by external noise conflicts with a normal transmit
clock. Such errors can be detected as shown in fig-
ure 49.

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.

Transmit/receive
(IFS2 ¢« 1)

Interrupts inhibited

IFS2« 0

SMR2 write

Yes

No

Normal end

Transmit clock
error processing

www.chipinfo.ru

Figure 49 Transmit Clock Error Detection
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A/D Converter

The MCU has an 8-bit A/D converter of serial
comparison type. It has eight input channels. The
block diagram is shown in figure 50.

A/D Control Register (ADCR: $01B): Selects
the analog input pin or digital input port and
selects one of eight analog input channels. The
eight input pins (RCy/ANG—RC3/AN3, RDy/AN,4—
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 con-
version 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.

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

A/D Data Register (ADRL: $01D, ADRU:
$01E): Eight-bit read-only register separated into
lower and upper digits. 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.

Internal bus line

I

|

l

il

A/D control register
(ADCR}

A/D mode register
(AMR)

A/D status register
(ADSR)

A/D data register
(ADR)

(Port select)l

3

ANg
AN10—
AN, O

ANg O—
AN, O——
ANg5 O—
AN g O—
AN7 O—i'

MPX

(Channel select) L

AVCC o_

AGND O——

12

1 o

IFAD

COMP

Control logic Counter

D/A

www.chipinfo.ru
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ADRU ($01E) ADRL ($01D)
3 2 1 0 3 2 1 0
N NN N /ST
MSB LSB
Bit 7 Bit 0

Figure 51 A/D Data Register

ADCR

Bit 3 Bit 2 Bit 1 Bit 0

Analog input pin selection

Digital/analog port selection

Analog Input
Bit 2 Bit 1 Bit 0 Pin Selection

0 0 0 AN,
0 0 1 AN,
0 1 0 AN,
0 1 1 AN,
1 0 0 AN,
1 0 1 AN;
1 1 0 ANg
1 1 1 AN,

Bit 3 Digital/Analog Selection
0 Digital input pins (RCy~RCj3, RDg—RDj)
1 Analog input pins (ANg—AN-)

Figure 52 A/D Control Register
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AMR

Bit3 | Bit2 | Bit1 | Bito
| I_I_l
Conversion cycles

Not used

Bit 1 Bit0 Conversion Cycles

0 0 34 tpye
0 1 68 teyc
Figure 53 A/D Mode Register
ADSR

Bit3 | Bit2 Bit 1 Bit 0

A/D start flag (ADSF)
Not used

Bito  A/D Start Flag (ADSF)

0 A/D conversion completion

1 A/D conversion start

Figure 54 A/D Status Register
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Comparator

The block diagram of the comparator is shown in
figure 55. 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 R6,.

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

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

Vee
swi §

3R

MPX

@ R61 Nref

2R

@ R6,/COMP

» SwW3

Internal bus

SW1: Turned on when comparator operation is selected.
Turned off when comparator operation is not selected.
SW2:  Selects extemnal Vo when bits 0-2 of CCR are 000.
SW3: Connected to comparator output when comparator operation selected.

Figure 55 Block Diagram of Comparator
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CCR

Bit 3 Bit 2 Bit 1 Bit 0

Reference voltage selection
Comparator operation selection

Reference Voltage
Bit 2 Bit 1 Bit0 Selection

0 0 0 External V4
0 0 1 2111 Ve
0 1 0 3/11 Ve
0 1 1 4/11 Ve
1 0 0 5/11 Vee
1 0 1 6/11 Voo
1 1 0 711 Ve
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 56 Compare Control Register
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Programmable ROM (HD4074719)

The HD4074719 is a ZTAT™ microcomputer 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 /O Name IO FP-80B FP-80A PinName IO Name 1/O
1 79 RDy/ANgs | 31 29 RO, /O Ag |
2 80 RD,/ANg | 32 30 RO, o A, I
3 1 RDg/AN; | 33 31 Rig 10 Ag !
4 2 AGND GND 34 32 R1, O  Ag I
5 3 RESET 1 RESET | 35 33 R1, o A, I
6 4 0S¢, I GND 36 34 R14 10 Ag |
7 5 0SC, O 37 35 R2, O I
8 6 GND GND 38 36 R2, O Ay I
9 7 CL, | GND 39 37 R2, 110 Ay |
10 8 CL, 0 40 38 R24 o A I
11 9 TEST I TEST | 41 39 R3y 0 Ayg I
12 10 Vee Vee 42 40 R3, 10 Ay, |
13 11 Dy le} 43 41 R3, 1o
14 12 D, 110 44 42 R34 le]
15 13 D, e} 45 43 R4, O
16 14 D, I’O 46 44 R4, O
17 15 D, o 47 45 R4, 110
18 16 Dg I’0 48 46 R4, 1o
19 17 Dg ¥O 49 47 R5q I
20 18 D, le} 50 48 RS, I Vee
21 19 Dg O 51 49 RS, I Vpp
22 20 Dg 1’0 52 50 RS3 I Ag |
23 21 Dig e} 53 51 R6y/COMP 11O TE I
24 22 Dy, l/O 54 52 R6/V ef 110 OE I
25 23 Dys fle] 55 53 R6,/TOE, /0 V¢
26 24 Dy Vo 56 54 R65/TOE, 11O Vce
27 25 Dy VO 57 55 R7,/INT, 11O 0O, /0
28 26 Dys le} 58 56 R7,/INT, 11O 0O Ji®]
29 27 ROy o A | 59 57 R7,/INT, 1O O, 110
30 28 RO, o A, | 60 58 R74/INT, /O O, /0

Notes: 1. 1/O: Input/output pin, |: Input pin, O: Output pin
2. Oy—0, each have 2 pins; connect each pair together for use.
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Pin Number MCU Mode PROM Mode Pin Number MCU Mode  PROM Mode
Pin Pin
FP-80B FP-80A PinName VO Name /0 FP-80B FP-80A PinName 1/0 Name /O
61 59 R8y/INT, 1O O, 11O 71 69 RATOG 110 Oy o
62 60 R8;INT; VO O, o 72 70 RA4/BUZZ 11O
63 61 R8,/SO; VO Oy o 73 71 RBy/TOC IO M, I
64 62 R84/Sl4 Vo 0O, e} 74 72 RB,/TOD 11O M, |
65 63 R9¢/SCK; IO O, Vo 75 73 AVee Vee
66 64 R9,SCK, 1O Oy o 76 74 RCyANy |
67 65 R9,/SI, lfe] 77 75 RC,/AN; |
68 66 R9,/SO, /1O 78 76 RC,/AN, |
69 67 RAyICT, VO O Vo 79 77 RCa/AN; |
70 68 RA{/ICT, VO Og lle 80 78 RDy/AN, |
Notes: I/0: Input/output pin, |: Input pin, O: Output pin
2. Og—0, each have 2 pins; connect each pair together for use.
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PROM Mode Pin Functions

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

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

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

Ag—Ay4: Address input pins of the built-in PROM,

0¢—0O5: 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.

The pin arrangement in PROM mode is shown in
figure 57.

OQDN‘GM‘QN-.

L}

HD4074719FS

VeeT
]
]
-
]
O]
]
]
-
]
C]
]
O
| 4 36 37 38 39
UL L]
CLLLLLLLLEES
FP-80B
(Top view)

HD4074719H

FP-80A
(Top view)

Figure 57 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, 'BTO
and—M_l low, and RESET high as shown in figure
58. In PROM mode, the MCU stops, and the
PROM is programmed in the same way as a 27256
EPROM using a standard PROM programmer and
an 80-to-28-pin socket adapter. Recommended
PROM programmers and socket adapters are listed
in table 33.

Since an HMCS400-series instruction is ten bits
long, the MCU has a built-in conversion circuit for
a general-purpose PROM programmer, This cir-
cuit splits each instruction into lower 5 bits and
upper 5 bits that are read from or written to two
consecutive addresses, as shown in figure 59. This
means that if, for example, 16 Kwords of built-in
PROM are to be programmed by a general-purpose
PROM programmer, 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 voltage
stress or damage to data reliability.

Programming and verification modes are selected
as shown in table 32, the memory map in PROM
mode is shown in figure 59, the programming
flowchart is shown in figure 60, and a timing chart

of PROM programming and verification is shown
in figure 61.

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.
If address $8000 or higher is accessed, the
PROM may not be programmed or verified cor-
rectly. 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 inserted correctly (in the
correct direction), otherwise overcurrents may
damage the LSI. Before starting programming,
make sure that the LSI is firmly fixed in the
socket adapter and the socket adapter is firmly
fixed onto the programmer.

3. PROM programmers have two voltage set-
tings (Vpp): 12.5 V and 21 V. Remember that
ZTAT™ devices require a Vpp of 12.5 V—the
21 V setting will damage them. 12.5 V is the
Intel’s 27256 setting.

Table 32 PROM Mode Selection

Pin
Mode CE OE Vpp Op-09
Programming Low High Vep Data input
Verification High Low Vpp Data output
Programming inhibited High High Vpp High impedance
996
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Table 33 Recommended PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Manufacturer Model Name Package Manufacturer Model Name
DATA I/0 Corp. 298 FP-80A Hitachi HS471ESHO1H
Unisite FP-80B Hitachi HS471ESFO1H
AVAL Data Corp. PKW-1000 FP-80A Hitachi HS471ESHO1H
PKW-3100 FP-80B Hitachi HS471ESFO1H
\{cc
Vee Veo
L RESET
TEST
Mo
M; Oo
Ver ),

[* Vep

GND

I

: — Address
to Ao—A14

Figure 58 Connections for PROM Mode
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$0000
$0001

$003F
$0040

$007F
$0080

$1FFF
$2000

$7FFF

1, 1, 1 ,Bit4,Bit3 Bit2 Bit 1,Bit 0] Lower S bits} $0000 JMPL instruction
1, 1. 1 Bit9,Bit8 Bit 7, Bit 6 Bit S| Upper 5 bits (jump to reset routine)
Vector address JMPL instruction
:gg;g (jump 1o INT, rosnine)
) JMPL instruction
Zero-;(:xsa“ggus’:l‘:)sr;)uhne (jump to INT, routine)
$003F JMPL instruction
$0040 (jump to INT, routine)
JMPL instruction
’ Pattern (jump to input capture routine)
(4096 words) JMPL instruction
$OFFF (jump to timer A routine)
$1000 JMPL instruction
(jump to timer B routine)
Program JMPL instruction
(16384 words) {(jump to timer C routine)
JMPL instruction
| ) | [ | $3FFF (jump to timer D routine)

v

v

Upper 3 bits are not to be
used (fill them with 111).

JMPL instruction
(jump to serial 1 routine)

JMPL instruction
(jump to A/D routine)

JMPL instruction
(jump to INT, routine)

JMPL instruction
(jump to INT, routine)

JMPL instruction
(jump to INT, routine)

JMPL instruction
(jump to serial 2 routine)

$0001
$0002
$0003

$0005

$0007
$0008
$0009
$000A
$000B
$000C
$000D
$000E

$000F
$0010

$0011

$0012
$0013
$0014
$0015
$0016
$0017
$0018
$0019
$001A
$001B
$001C
$001D
$001E
$001F
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Set programming/
verification mode
Vpp=125+£0.3YV,
Vec=6.0£025V

!

Address =0

1

n=0
T

y

No

No

n+1-n
!

Program tpyy =1 ms +5%

No

Verification OK?

Address + 1 — Address

l

Program topw = 3n ms

No

Last
address?

Set read mode
Vpp=Vec106V

i
( Fail j

All addresses
read?

Figure 60 High-Speed Programming Flowchart
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Programming and Verification Electrical Characteristics

DC Characteristics (Vcc=6 V025V, Vpp=12.5 V0.3 V,GND = 0.0 V, T, = 25°C % 5°C, unless
otherwise specified)

Test

ltem Symbol  Pin(s) Min Typ Max Unit Condition
Input high voltage ViH Op—05, Ag-Ays, 22 — Vee+03 V

OE,CE
Input low voltage ViL Og—07, Ag~Aq, 03 — 0.8 v

CE, CE
Output high voltage VoH OO, 2.4 — — \ lon = —200 pA
Output low voltage Voo Oy—05 — — 0.4 Vv lop = 1.6 mA
Input leakage Il 0g—07, Ag—Ays — - 2 MA Vi, =525V/
current OE, CE 05V
Ve current lee — —_ 30 mA
Vpp current lpp — — 40 mA

AC Characteristics (Ve =6 V1025V, Vpp =125V 0.3V,GND =0.0 V, T, = 25°C £ 5°C, unless
otherwise specified)

Item Symbol Min Typ Max Unit  Test Condition
Address setup time tas 2 — — Us Refer to figure 61
OE setup time toes 2 —_ — s

Data setup time tps 2 — — us

Address hold time tan 0 — — us

Data hold time ton 2 - — us

Output disable delay time tpeNote — — 130 ns

Vpp setup time typs 2 — — us

Program pulse width tew 0.95 1.0 1.05 ms

CE pulse width during topw 2.85 — 78.75 ms

overprogramming

Ve setup time tves 2 — — us

Data output delay time toe 0 — 500 ns

Note: 1pr is defined at the point where the output level can no longer be referenced after output goes to
high-impedance state.
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Switching characteristics
Input pulse level: 0.8 Vio 2.2V
Input rise/fall time: <20 ns
Input timing reference levels: 1.0V, 2.0V
Output timing reference levels: 0.8 V, 2.0V
Programming Verification |
1
Address X i ¢
. fas JAH
Data — Data in: Stable Data out: Valid
D5 toH tor
Vep
Vee Vee —] tvps
Vee Veo
ce GND A tves
CE N "
tow toes toe
OE toPw ! /

Figure 61 PROM Programming/Verification Timing
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Notes on PROM Programming

Principles of Programming/Erasure: A memory
cell in a ZTAT™ microcomputer is the same as an
EPROM cell: it is programmed by applying a high
voltage between its control gate and drain to inject
hot electrons into its floating gate. These electrons
are stable, surrounded by an energy barrier formed
by an SiO; film. The change in threshold voltage
of a memory cell with a charged floating gate
makes the corresponding bit appear as 0; a cell
whose floating gate is not charged appears as 1
(figure 62).

The charge in a memory cell may decrease with
time, This decrease is usually due to the following
causes:

» Ultraviolet light excites electrons, allowing them
to escape. This effect is the basis of the erasure
principle.

= Heat excites trapped electrons, allowing them to
escape.

» High voltages between control gate and drain
may erase electrons.

If the oxide film covering a floating gate is defec-
tive, the electron erasurec rate will be greater.
However, electron erasure does not often occur
because defective devices are detected and
removed during screening tests.

PROM Programming: PROM memory cells
must be programmed under specific voltage and
timing conditions. The higher the programming
voltage Vpp and the longer the programming pulse
tow is applied, the more electrons are injected into
the floating gates. However, if Vpp exceeds speci-
fications, the pn junctions may be permanently
damaged. Pay particular attention to overshooting
in the PROM programmer. In addition, note that
negative voltage noise will produce a parasitic
transistor effect that may reduce breakdown
voltages.

The ZTAT™ microcomputer is electrically con-
nected to the PROM programmer by a socket
adapter. Therefore, note the following points:

+ Check that the socket adapter is firmly mounted
on the PROM programmer.

» Do not touch the socket adapter or the LSI dur-
ing the programming. Touching them may affect
the quality of the contacts, which will cause pro-
gramming errors.

PROM Reliability after Programming: In gen-
eral, semiconductor devices retain their reliability,
provided that some initial defects can be excluded.
These initial defects can be detected and rejected
by screening. Baking devices under high-tempera-
ture conditions is one method of screening that can
rapidly eliminate data-hold defects in memory
cells. (Refer to the Principles of Programming/
Erasure section.)

Control gate

Control gate

www.chipinfo.ru

/ 5 /
SiO2 ‘Fl}aﬁng gate SiOz ( }aﬁng gate
SSESSS | .
Source SESSSES /Draln Source\ \ \) /Draln
N+ N+ ( N+ ’ @F l N+ ;
Write (0) Erasure (1)
Figure 62 Cross-Sections of a EPROM Cell
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ZTAT™ microcomputer devices are highly reliable
because they have been subjected to such a screen-
ing method during the wafer fabrication process,
but it is recommended that each device be exposed
to 150°C at one atmosphere for at least 48 hours
after it is programmed, to ensure its best perfor-
mance. The recommended screening process is
shown in figure 63.

Note: If programming errors occur continuously
during PROM programming, suspend pro-
gramming and check for problems in the
PROM programmer or socket adapter. If
programming verification indicates errors
in programming or after high-temperature
exposure, please inform Hitachi.

Programming, verification

I

Exposure to high temperature, without
power 150°C + 10°, 48h *8"

l

Confirmation of reading
Veg=45Vorssyv

* Exposure time is measured from when
the temperature in the furnace reaches
150°C.

Figure 63 Recommended Screening Procedure
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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)

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.

are used as a RAM address.

Y register
L T Ag T T \'ﬁ T T T
Wy Wy Xz Xy Xy Xo Yz Yy Yy Yy

W register X register
AYS

RAM address |AP, AP, AP, AP, AP; AP, AP, AP, AP, AP,

Register Indirect Addressing

1st word of instruction 2nd word of instruction

dg dg d; dg dg d, d d, d; dg

" Opcode

RAM address |AP, AP, AP, AP, AP AP, AP, AP, AP, AP,

Direct Addressing

Instruction

-

my my my mg

" Opcode

Piv by

AP, AP, AP, AP AP, AP, AP, AP, AP, AP,

RAM address

Memory Register Addressing

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

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

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 (PCy3-PCy) 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—-PCg) with eight-bit imme-
diate data. If the BR instruction is on a page
boundary (address 256n + 255), executing that
instruction transmits 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 the 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 (PC5s-PCy), and Os are
placed in the eight high-order bits (PC;3-PCg).

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

P Instruction: ROM data addressed in table data
addressing mode can be referenced by the P
instruction as shown in figure 65. If bit 8 of the
ROM data is 1, eight bits of ROM data are written
to the accumulator and the B register. If bit9is 1,
eight bits of ROM data are written to the R1 and
R2 port output registers. If both bits 8 and 9 are 1,
ROM data is written to the accumulator and the B
register, and also to the R1 and R2 port output reg-
isters at the same time.

The P instruction has no effect on the program
counter.
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[UMPL] 1st word of instruction 2nd word of instruction
[BRL] .~ Opcode Ps P> Py Pg |dg dg d; dg dg d, di d, d, dg
[CALL] e JFs P2 M1 Fo|"e '8 "7, 8, 5, 4. 3. 2. 1.
Program counter |PC,3PC,,PC,; PC,, PCq PC3 PC; PC¢z PC45'PC, PC; PC, PC, PCy
Direct Addressing
Instruction
[BR] | Opcode |b; bg bs b, by b, by by
Program counter [PC,;PC,,PC,, PC,qPC4 PC4 PC, PC4 PC5 PC, PC, PC, PC, PC,
Current Page Addressing
Instruction
[CAL] :Opc%ode: a5:a4:a3;32:a1:a0
0o 0 0 0 0 O 3 3 l
Program counter [PC,3PC,,PC,; PC,q PCg PCg PC, PCq PCg PC, PC4 PC, PG, PGy
Zero Page Addressing
Instruction
TBR " Opcode _
(TBR] Mhdnsa Pa P2 P1  Fo B register Accumulator
hYd
B, B, B, By, A; A, A, A,
0 0
Program counter [Pc1;Pc12'Pcn'Pc,°' PC, PC4 PC, PC4 PC¢ PC, PC, PC, PC, PC,
Table Data Addressing
Figure 65 ROM Addressing Modes
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(P]

Referred ROM address

ROM data

Accumulator, B register

ROM data

Output registers R1, R2 | R2,

Instruction

" Opcode

P3 P2 Pi Po

i

register Accumulator
B J N\

Bs B, By By As'A2'A1'Ao

i’

R

RA,3RA;;RA; RAo RAg RAg RA; RAg RA, RA, RA, RA, RA, RA,

Address Specification

RO, 1 RO, ROg RO5 RO, ROy RO, RO, RO,

[ Y

Y

By B, By By Az A, A, A,

1 RO, RO, ROg RO5 RO, RO, RO, RO, RO,

[

Y v

i

R2,| R2, | R2,| R14| R1,| R1, | R1,

Pattern Output

If ROg = 1

If ROg = 1

Figure 66 P Instruction

/_\—_/
p— BR  AAA
= AAA NOP

BBB
N BR AAA
— BR BBB

AAA
\—»| BBB NOP

/'\_/

256(n — 1) + 255

256n

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

www.chipinfo.ru

Figure 67 Branching when Branch Destination is on a Page Boundary
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Absolute Maximum Ratings

ltem Symbol Value Unit Notes
Supply voltage Vee -0.3 10 +7.0 \)
Programming voltage Vep -0.31t0 +14.0 Vv 12
Pin voltage VT -0.3to Ve + 0.3 Vi
VCC —-451o VCC +03 Y
Total permissible Zlo 50 mA
input current
Total permissible =2l 150 mA 6
output current
Maximum input b 15 mA 7,8
current
Maximum output —lo 4 mA 9,10
current
30 mA 9, 11
Operating temperature Topr -2010 +75 °C
Storage temperature Tstg -551t0 +125 °C
Storage temperature (bias) Thias —25 to +80 °C 12
Notes: 1. Permanent damage may occur if these absolute maximum ratings are exceeded. Normal
operation must be under the conditions stated in the electrical characteristics tables. If these
conditions are exceeded, the LS| may malfunction or its reliabitity may be affected.
2. All voltages are with respect to GND.
3. Standard pins.
4. High-voltage pins.
5. The total permissible input current is the total of input currents simultaneously flowing in from
all YO pins to GND.
6. The total permissible output current is the total of output currents simultaneously flowing out
from V¢ to all 170 pins.
7. The maximum input current is the maximum current flowing from any /O pin ta GND.
8. Applies to R5-RD.
9. The maximum output current is the maximum current flowing from V¢ to any /O pin.
10. Applies to R6-RB.
11. Applies to D0-D15 and R0-R4.
12. Applies to HD4074719.
1008
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HD404719 Electrical Characteristics

DC Characteristics (Voo = 3.0 t0 6.0 V, GND = 0.0 V, Vaisp = Ycc —40 V to Ve, T, = -20° to +75°C,
unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes

Input high VIH RESET, STSR1, 0'85VCC —_ VCC +03 V
voltage SCK,,

S|1, Slz 0'7VCC — VCC +0.3

OSC1 VCC -05 —_ VCC +03 V c= 3.5t06.0V
C

VCC -03 -_— VCC + 0.3

input low ViL RESET, SCK,, -0.3 — 0.2V
voltage SCK,,
INT,-INT;

< | < (<<

sy, Sl, -0.3 — 0.3V

oS, —0.3 — 05 Vec=3.5106.0V

-0.3 — 0.3

< < | <<

OUtpUt hlgh VOH SCRh S-CRz, VCC -10 — — _IOH = 1.0 mA,
voltage 504, S0O,, Vec=35t06.0V

BUZZ, TOC, -
TOD, TOE1, VCC -05 — -_ \'} _|OH =05 mA,

TOEZ, TOG VCC =35t060V

_IOH =0.3 mA
OUtpUt low VOL S_C—Rh S_CKZ: — — 04 Y IOL =16 mA,

voltage SOy, SO, Vec=35106.0V
BUZZ, TOC,
TOD, TOE,, lot = 04 mA
TOE,, TOG

IO leakage |l | RESET, SCK,, — — 1 MA  Vi,=0Vto 1
current S—CK2, VCC

sl,, Sl

S0, SO,

BUZZ, OSC;,

TOC, TOD,

TOE,, TOE,,

TOG

Notes: 1. Excluding output buffer current.
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DC Characteristics (Vcc =3.0t06.0 V, GND = 0.0 V, V45, = Vo =40 V to Vi, T, = -20° to +75°C,
unless otherwise specified) {cont)

Rem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current lec Vee — — 8.0 mA Vge=5V, 2,5
dissipation in fosc = 4 MHz,
active mode digital input mode
— _— 45 mA Vcc =3 V, 2,5
fosc =2 MHZ.
digital input mode
ICMP —_ —_ 12.0 mA Vcc =5 V, 3,5
fosc =4 MHZ,
analog input mode
—_ —_ 7.0 mA VCC =3 V, 3, 5
fOSC =2 MHZ,
analog input mode
Current lSBY Vcc -_— _ 3.0 mA Ve =5V, 4,5
dissipation in fosc =4 MHz
standby mode — — 15 mA  Vec=3V, 4,5
fOSC =2 MHz
Current lSUB VCC —_ -_ 70 LLA Vil"l (TEST) = VCC 6, 7
dissipation in -0.3Vio Vg
subactive Vin (RESET) = O
mode 1003V, Voo =

3V, 32.768-kHz
crystal oscillator

Current wateH  Vec —_ —_ 15 wA Vin (TEST) = 6,7, 8
dissipation in Vee = 0.3 Vo Ve,
watch mode Vin (RESET) =

0t0 0.3V, VCC =

3V, 32.768-kHz
crystal oscillator

Current ISTOP VCC - - 10 pA Vin (TEST) = 6
dissipation in Vec — 0.3 Vio Ve,
stop mode Vin (RESET) =
010 0.3V,
no 32.768-kHz
oscillator
Watch mode VwarcH Vee 35 — 6.0 \Y Vee=35t060V 7,8
retaining 3.0 — 60 Vv
voltage
Stop mode Vstop Vee 2 — — Vv No 32.768-kHz
retaining oscillator
voltage

Refer to notes on next page.
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DC Characteristics (Ve =3.0t0 6.0 V, GND = 0.0 V, Viisp = Voc - 40 V to Ve, T, = -20° to +75°C,
unless otherwise specified) (cont)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high ViHA R6,/COMP Vigt+01 — — v Analog compare
voltage mode

Input low ViLa R6,/COMP — —  Vg-01 V Analog compare
voltage mode

Range of Viet R6{/V gt 0 —  Vee-12 V

analog input

reference

voltage

Allowable Vors =100 —  +100 mV  Vgrg = reference 9
error of voltage — Vg

internal

reference

voltage

Notes: 2. lgc is the source current when no IO current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins: RESET, TEST at V¢
R5,—RD at V¢
DO—D15, RO—RS, R4, RSO at Vdisp
3. Icump is the source current when no 1/O current is flowing while the R6o/COMP pin is in analog
input mode.
TEST conditions: Pins: R6yCOMP, R6,/V, ¢ at GND
4. lsgy is the source current when no 1/O current is flowing while the MCU timer is in operation.
Test conditions: MCU: I/O same as at reset
Standby mode
Pins: RESET at GND
TEST at VCC
R5,-RD at Vge
DO-D15, RO—RS, R4, RSO at Vdisp
5. Power dissipation, while the MCU is operating or in standby mode, is in proportion to fogc. The
value of the dissipation current when fogc = % MHz is given by the following equation:
Maximum value (fosc = x MHz) = x/4 x maximum value (fogc = 4 MHz)
6. Source current when no IO current is flowing.
Test conditions: Pins: R5,-RD at V¢
DO—D15, RO—R4, RSO at GND
Applies when ‘32-kHz CPU operation’ is selected as an optional function.
Applies when ‘no 32-kHz CPU operation with clock time base’ is selected as an optional func-
tion.
9. The reference voltage is the expected internal V o voltage selected by the compare control reg-
ister (CCR).
Example: when CCR = $9, reference voltage is 2/11 x V.

© N
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HD404719/HD404439/HD4074719

A/D Converter (Vo = 3.0 to 6.0 V, AGND = GND, T, = -20° to +75°C, unless otherwise specified)

Hem Symbol Pin(s) Min Typ Max Unit Test Condition Notes

Analog supply AVCC AVCC VCC -0.3 VCC VCC +03 V

voltage

Analog input AV, ANg—AN, AGND — AV \Y 1

voltage :

Current AICC AVCC _ —_ 150 HA AVCC = SV,

between Vin (RESET) = 0

AVCC and to 0.3 V, Vm (TEST) =

AGND VCC -0.3Vto VCC
Algtop  AVcc - — 10 A Vin(resen) =0

to 0.3V, Vin (TEST) =
VCC -0.3Vto Vcc,

stop mode,
no 32.768-kHz
oscillator
Analog input  Cgiy ANG—AN; — — 30 pF
capacitance
Resolution — — 8 Bit
Number of 0 — 8 Channel
input
channels
Absolute — — %25 LSB T,=25°C, AV =5V

efror

Notes: 1. Select without pull-up MOS option for pins RC and RD when using these pins as analog input
pins.
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Input/Output Characteristics for Standard Pins (Ve = 3.0 to 6.0 V, GND = 0.0 V,
Vaisp = Yoo —40 V to Vg, T, = -20° to + 75°C, unless otherwise specified)

ltem Symbol Pins Min Typ Max Unit Test Condition Notes
input high VIH R51—RD 0'7VCC — VCC +03 V
voltage
Input low Vi R5,—-RD -0.3 —  0.3Vee v
voltage
OUtpUt hlgh VOH R6-RB VCC_ 1.0 —_ _— Vv _!OH =1.0 mA,
voltage Vec=35t06.0V
VCC -05 —_— —_— \Y _'OH =0.5 mA.
VCC =35t06.0V
_IOH = 0.3 mA
Output low VoL R6-RB — — 04 \Y oL = 1.6 mA,
voltage Vcg=35t106.0V
IOL = 0.4 mA
Input/output ! R6-RD, —_ —_ 1 KA Vin=0Vto Ve 1
leakage R5,-R5;
current
Pull-up MOS |, R5,~RD 30 80 160 A V=5V, 2
current Vin=0V
10 30 60 Vec=3V,
Vin=0V

Notes: 1. Excluding output buffer current.
2. Applies to /O pins selected as with pull-up MOS by mask option.
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HD404719/HD404439/HD4074719

Input/Output Characteristics for High-Voltage Pins (Vo =3.0t06.0 V, GND = 0.0 V,

Vaisp = Yoo =40 Vto Vi, Ty = -20° to + 75°C, unless otherwise specified)

ltem Symbol Pins Min Typ Max Unit Test Condition Notes
Input high VIH DO—D15, RSo. 0'7VCC -_ VCC +03 V
voltage RO-R4
Input low ViL Dy—Dys5, RSy, Vee — 40 —_— 0.3Vee \'
voltage RO-R4
OUtpUt hlgh VOH DO—D15, VCC_ 30 — — v _IOH =15 mA,
voltage RO-R4 Vec=4Vio6YV
VCC"' 2.0 — — \ "IOH =10 mA,
Vcc =4VtooV
Vcc—1.0 —_ —_ Vv —IOH=4mA
OUtpUt low VOL DO—D15, - _ VCC -37 V Vd'tsp = 1
voltage RO-R4 Vec—40V
—_ — Vee—-37 V 150 kQ2 at 2
Input/output |l | Do-Dy5, R55, — — 20 MA  Viy=Vcc—-40V 3
leakage RO-R4 to Vee
current
Pull-down lg Dy-Dys, 200 400 800 RA  Vgisp= 1
MOS current Ro0-R4 Vee—-35V,
Vin = Vec
Notes: 1. Applied to I/O pins selected as with pull-up MOS by mask option.
2. Applied to I/O pins selected as without pull-up MOS (PMOS open drain) by mask option.
3. Pull-up MOS current and output buffer current are excluded.
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HD404719/HD404439/HD4074719

AC Characteristics (Ve =3.0 10 6.0 V, GND = 0.0 V, Vgisp = Ve - 40 V'to Vi, T, = =20° to +75°C,
unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Oscillation fosc 0SC,,08C, 1.6 4 4.5 MHz Vge=35106.0V
frequency T
(174 division) 16 2 2% MHz
Oscillation foL CL4, CL, — 32.768 — kHz
frequency
(1/8 division)
Instruction e 0.89 1 25 us  Vee=35106.0V
cycle time 1.78 2 25 is
Instruction tsuBeye — 24414 — us 6
cycle time
Oscillation tre 0S8C,,0S8C, — — 40 ms Vec=35t060V 1
stabilization _ _ 60 ms 1
time (crystal
oscillator)
Oscillation tgc OSC1, OSCZ — — 20 ms VCC =3.5t06.0V 1
stabilization _ _ 60 ms 1
time (ceramic
oscillator)
Oscillation tre CL,, CL, — — 2 s 2
stabilization
time
External clock tepy OSC; g2 — — ns Veg=351060V 3
high width 203 . — ns 3
External clock tcpL OSC; 92 — — ns Vee=35106.0V 3
low width 203 —_ — ns 3
External clock tcp, 0OSC; — —_ 20 ns Vec=35t06.0V 3
rise time — — 20 ns 3
External clock tcpt 0OSC, — — 20 ns Vee=35t060V 3
fall time _ _ 20 ns 3
TNTO hlgh thH ]NTO 2 —_ —_ tcyc/ 4, 6
width tSUchc
TNTO low ho[_ mTo 2 —_ -_— tcyc/ 4,6
width tsuBcyve
TNT hlgh t|1H mT1—]NT5 2 —_ —_ tcyc 4
width
INT low L INT,-INT, 2 - - teye 4
width
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HD404

719/HD404439/HD4074719

AC Characteristics (Voc =3.0t0 6.0 V, GND = 0.0 V, Vg, = Voo =40 V to Ve, Ty =-20° to +75°C,
unless otherwise specified) (cont)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes

RESET h|gh tRSTH RESET 2 -_ -_ Tcyc 5

width

Input Cin All pins — — 30 pF =1 MHz,

capacitance Vin=0V

Analog testb R6y/COMP — — 2 teye 7

comparator

stabilization

time

Notes: 1. The oscillation stabilization time is the period required for the oscillator to stabilize after V¢
reaches 3.0 V (3.5 V if V¢ = 3.5 to 6.0 V) at power-on or after RESET input goes high after
stop mode is cancelled (figure 68). At power-on and when stop mode is cancelled, RESET
must remain high for at least tpe to ensure the oscillation stabilization time. If using an oscilla-
tor, contact the oscillator manutacturer 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 tc stabilize after V¢
reaches 3.0 V at power-on (figure 69). If using a crystal oscillator, contact the manufacturer to
detarmine the circuit constants, since the stabilization time depends on the circuit constants and
stray capacitances.

3. Refer to figure 70.

4. Refer to figure 71.

5. 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 tgypeyc unit applies when the MCU s in watch or subactive mode.
tsuBcyc = 244.14 ps (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 R6, switches to analog input mode.
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HD404719/HD404439/HD4074719

Serial Interface Timing Characteristics (Ve = 3.0 t0 6.0 V, GND = 0.0 V, Vaisp = Vec =40 V to Ve,
T, =-20° to +75°C)

item Symbol  Pins Min Typ Max Unit Test Condition Notes
Output tseye SCK,, 1 — — tye Load shownin 1,2
transmit clock SCK, figure 74

cycle time

OUtpUt tsckH S_C_R1 , 0.4 —_ — tScyc 1,2
transmit clock SCK,

high width

OQutput tsckL SCK,, 0.4 — —_ tseyc 1,2
transmit clock SCK,

low width

Output tsckr SCK,, — — 80 ns 1,2
transmit clock SCK,

rise time

OUtpUt tSCKf S_CR1, — _— 80 ns 1,2
transmit clock 5CK,

fall time

Input transmit  tge,c SCK;, 2 — — teye 1
clock cycle SCK,

time

Input transmit  tgeky SCK,, 0.4 — — tseye 1
clock high SCK»

width

Input transmit  tgek SCK,, 0.4 — — tseye 1
clock low 5CK,

width

Input transmit  tgcy, SCK,, — — 80 ns 1
clock rise time SCK,

Input transmit  tgep: SCK;, — — 80 ns 1
clock fall time SCK,

Serial output  tpgo SO, — — 600 ns Load shown in 1,2
data delay SO, figure 74

time

Serial input tss Sk, 200 — — ns 1
data setup Sl

time

Serial input ths Sl,, 400 — — ns 1
data hold Sl

time

Notes: 1. Refer to figure 73.
2. Refer to figure 74.
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HD404719/HD404439/HD4074719

Serial Interface Timing Characteristics (Vee=35106.0V)

em Symbol  Pins Min Typ Max Unit Test Condition Notes
Output tseyc SCK,, 1 — — toe  Load shown in 1,2
transmit clock SCK, figure 74

cycle time

Output tsekn SCK;, 0.4 — — tseye 1,2
transmit clock SCK,

high width

OUTpUt tSCKL S_C-K«‘ . 0.4 —_— -_— tScyc 1,2
transmit clock SCK,

low width

Output tsckr SCK,, — — 40 ns 1,2
transmit clock SCK,

rise time

Output tseks SCK;, — — 40 ns 1,2
transmit clock SCK,

fall time

Input transmit  tg SCK;, 2 — — teye 1
clock cycle 5CK,

time

Input transmit  tgoyy SCK,, 0.4 — — 1Seye 1
clock high SCK,

width

Input transmit  tgey SCK,, 0.4 — — tseye 1
clock low SCK,

width

Input transmit  tgek, SCK,, — — 40 ns 1
clock rise time SCK,

Input transmit  tgey SCK,, — — 40 ns 1
clock fall time SCK,

Serial output  tpgq SO, — — 300 ns Load shown in 1,2
data delay SO, tigure 74

time

Serial input 155 Sl, 100 - — ns 1
data setup Sl

time

Serial input ths Sl 200 — — ns 1
data hold S,

time

Notes: 1. Refer to figure 73.
2. Refer to figure 74.
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HD404719/HD404439/HD4074719

HD404439 Electrical Characteristics

DC Characteristics (Ve =3.0t0 6.0 V,GND = 0.0 V, T, ==20° to +75°C, unless otherwise specified)

Item

Symbol

Pin(s)

Min

Typ Max

Unit Test Condition

Notes

Input high
voltage

ViH

RESET, 5CK,,
5CK,,
NT,INT,

0.85Vcc

—_ VCC + 0.3

v

sl,, Sl

0.7Vee

—_ VCC + 0.3

0SC,

Vee - 0.5

-_— VCC + 0.3

VCC =35t06.0V

VCC -0.3

—_ VCC + 0.3

Input low
voltage

RESET, SCK,,
SCK.,,
INT—INTg

-0.3

—_— O'2VCC

< I <] <<

Sl,, Sl

-0.3

-_ 0'3VCC

0SC,

-0.3

—_ 0.5

VCC =35t060V

-0.3

— 0.3

Output high
voltage

SCK,, SCK,,
S0, SO,
BUZZ, TOC,
TOD, TOE,,
TOE,, TOG

Voo - 1.0

| < | < <

_IOH =1.0 mA,
VCC =351t106.0V

Vec - 0.5

_IOH =0.5 mA,
VCC =35106.0V

_IOH =03 mA

Output low
voltage

SCK,, SCK,,
S0,, SO,,
BUZZ, TOC,
TOD, TOE,,
TOE,, TOG

IOL =16 mA,
Vee =3.510 6.0V

I/O leakage
current

el

RESET, SCK,,
SCK,,

Sly, Sy,

SO,, SO,,
BUZZ, OSC,,
TOGC, TOD,
TOE,, TOE,,
TOG

Vin =0 Vto
Vee

Notes: 1. Excluding output buffer current.
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HD404719/HD404439/HD4074719

DC Characteristics (Voc =3.0t0 6.0 V, GND = 0.0 V, T, = -20° to +75°C, unless otherwise specified)

www.chipinfo.ru

(cont)

ltem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current |CC VCC — — 8.0 mA VCC =5V, 2,5
dissipation in fosc = 4 MHz,
active mode digital input mode
—_ —_ 45 mA Vcc =3 V, 2, 5
fosc =2 MHZ,
digital input mode
|CMP — —_— 12.0 mA VCC =5 V, 3, 5
fosc =4 MHZ,
analog input mode
—_ —_ 7.0 mA VCC =3 V, 3, 5
fOSC =2 MHZ,
1/4 division ratio,
analog input mode
Current lsgy Vee — — 3.0 mA Vec=5V, 4,5
dissipation in fosc =4 MHz
standby mode — — 15 mA Voo =3 V, 4.5
fosc =2 MHz
Current lsug Vee — — 70 HA  Vinaest = Voo 8,7
dissipation in -03Vio Ve
subactive V;n (RESET) = 0
mode to 0.3 V, VCC =
3V, 32.768-kHz
crystal oscillator
Current lwarcH  Vee — — 15 HA Vi aesT) = 6,78
dissipation in Ve —0.3 Vio Veg,
watch mode Vin (RESET) =
0to 0.3V, Vcc =
3V, 32.768-kHz
crystal oscillator
Current IsToP Vee — — 10 pA Vin (TEST) = 6
dissipation in Vec —0.3 Vio Ve,
stop mode Vin (RESET) =
0to 0.3V,
no 32.768-kHz
oscillator
Watch mode VWATCH Vee 3.5 —_ 6.0 \' VCC =35t060V 6,7,8
retaining 3.0 — 6.0 v
voltage
Stop mode Vstor  Vee 2 - = Y No 32.768-kHz
retaining oscillator
voltage
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HD404719/HD404439/HD4074719

DC Characteristics (Ve = 3.0 t0 6.0 V, GND = 0.0 V, T, =-20° to +75°C, unless otherwise specified)

(cont)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high ViHA Ré,/COMP Vies+01 — — v Analog compare
voltage mode

Input low ViLa Ré,/COMP — —  Vig—01 V Analog compare
voltage mode

Range of Vref R61/Vref 0 — VCC -12 V

analog input

reference

voltage

Allowable Vors -100 — 4100 mV  Vppg =reference 9
error of voltage — V4

internal

reference

voltage

Notes: 2. Igc is the source current when no I/O current is flowing while the MCU is in reset state.

@
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Test conditions: MCU: Reset
Pins: RESET, TEST at V¢

R5,-RD at Vee

Dg—D45, RO-R3, R4, R5, at GND
lcmp is the source current when no I/0 current is flowing while the R6,/COMP pin is in analog
input mode.
TEST conditions: Pins:  R6y/COMP, R6,/V,¢ at GND
Isy is the source current when no 1O current is flowing while the MCU timer is in operation.
Test conditions: MCU: I/O same as at reset

Standby mode

Pins: RESET at GND

TEST at VCC

R51—RD at VCC

DO—D15, RO—R3, R4, RSO at GND
Power dissipation, while the MCU is operating or in standby mode, is in proportion to fogc. The
value of the dissipation current when fogc = % MHz is given by the following equation:
Maximum value (fosc = x MHz) = x/4 x maximum value (fogc = 4 MH2)
Source current when no I/O current is flowing.
Test conditions: Pins: R5,~RD at Ve

DO—D15, RO—R4, RSO at GND
Applies when '32-kHz CPU operation’ is selected as an optional function.
Applies when ‘no 32-kHz CPU operation with clock time base’ is selected as an optional func-
tion.
The reference voltage is the expected internal V, voltage selected by the compare control reg-
ister (CCR).
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HD404719/HD404439/HD4074719

A/D Converter (Ve = 3.0 to 6.0 V, AGND = GND, T, = -20° to +75°C, unless otherwise specified)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Analog supply AVCC AVCC VCC -0.3 VCC VCC +03 V
voltage
Analog input  AV;, ANo—-AN, AGND — AV v - 1
voltage
Current Alec AVee — — 150 pA  AVgc=5Y,
between Vin (RESET) = 0
AV¢c and t0 0.3 V, Vin (TEBT) =
AGND Vee—0.3Vito Ve

Alstop  AVcce —_ — 1o BA  Vjy(Resem) =0

t0 0.3 V, Viq (te5my =
VCC -03Vto VCC'

stop mode,
no 32.768-kHz
oscillator
Analog input  Cyp ANg—-AN-, — - 30 pF
capacitance
Resolution — —_ 8 Bit
Number of 0 — 8 Channel
input
channels
Absolute — — +2.5 LSB T,=25°C, AV =5V
error

Notes: 1. Select without pull-up MOS option for pins RC and RD when using these pins as analog input
pins.
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Input/Output Characteristics for Standard Pins (Vec=30106.0V,GND =0.0 V,
Ty = =20 °to + 75°C, unless otherwise specified)

item Symbol Pins Min Typ Max Unit Test Condition Notes
Input high VIH R51—RD 0'7VCC - Vcc +03 V
voltage
Input low V||_ R51~—RD -0.3 — O.BVCC \"
voltage
OUtpUt high VOH R6-RB Vcc— 1.0 — - \ —lon = 1.0 mA,
voltage Vee=35106.0V
VCC -0.5 —_ —_ \Y) -IOH = 0.5 mA,
VCC =351t06.0V
_'IOH =0.3mA
Outputlow Vg R6-RB — — 04 v lop = 1.6 mA,
voltage Vec=351t06.0V
IOL = 0.4 mA
Inputioutput |y | R5,-RD — — 1 MA Vi, =0VtoVge 1
leakage
current
Pull-up MOS |, R5,—RD 30 80 160 MA Ve =5V, 2
current Vin=0V
10 30 60 Vee =3V,
Vih=0V

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

Input/Output Characteristics for Open-Drain PMOS Pins (Vee=3.0t06.0 V, GND =0.0 V,
T, =-20° to + 75°C, unless otherwise specified)

Hem Symbol Pins Min Typ Max Unit Test Condition Notes
Input hlgh VlH DO—D15, RSo, 0'7VCC —_ VCC +03 V
voltage RO-R4
Input low ViL Do-Dys5, RSy, -0.3 —  0.3Vge \
voltage R0-R4
Output high Vi Do—Ds, Veg-30 — — \Y =lon = 15 mA,
voltage RO-R4 Vec=4VicBYV
VCC -2.0 —_ — Vv _IOH =10 mA,
VCC =4Vtio6V
VCC—1.0 — — Vv -—|OH=4I'T'IA
Input/output “||_| DO—D15, RSO, — —_ 4 |.l.A Vm =0Vto VCC 1
leakage Ro-R4
current

Notes: 1. Excluding output buffer current.
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HD404719/HD404439/HD4074719

AC Characteristics (Ve = 3.0 to 6.0 V, GND = 0.0 V, T, = -20° to +75°C, unless otherwise specified)

ltem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Oscillation fosc 0SC,,08C, 1.6 4 45 MHz Vgc=3.5t06.0V
frequency 595 MHz

(1/4 division) 16 2 )

Oscillation feL CL4, CL, — 32.768 — kHz

frequency

(1/8 division)

Instruction teye 0.89 1 2.5 us Vec=351t0860V
cycle time 178 2 25 us

Instruction tsuBeyc — 24414 — ps 6
cycle time

Oscillation the OSC1, OSCQ — — 40 ms VCC =35t060V 1
s.tab|llzat|on — — 60 ms 1
time (crystal

oscillator)

Osciliation the 0SC,, 0SC, — — 20 ms Vgc=35t06.0V 1
stabilization - _ 60 ms 1
time (ceramic

oscillator)

Oscillation the CL,, CL, — — 2 s 2
stabilization

time

External clock tcpy 0SC, 92 — — ns Vec=351060V 3
high width 203 — — ns 3
External clock tceL OSC, 92 — — ns Vec=351060V 3
low width 203 . _ ns 3
External clock tcpr 0SsC, — — 20 ns Vgc=35t060V 3
rise time _ _ 20 ns 3
Externai clock tCPf OSC1 —_ —_ 20 ns VCC =35t060V 3
tall time — — 20 ns 3
TNTO hlgh tioH ]NTO 2 _ —_— tcyc/ 4,6
width tsuBeye

TNTO low t'oL TNTO 2 — —_ tcyc/ 4,8
width tSuBcyc

INT hlgh t|1H ]NT1—]NT5 2 —_ — tcyc 4
width

INT low t|1L TNT1 —TNTs 2 - —_— tcyc 4
width
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HD404719/HD404439/HD4074719

AC Characteristics (Vcc=3.0t06.0 V, GND = 0.0 V, T, =-20° to +75°C, unless otherwise specified)

(cont)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
RESET high trsTH RESET 2 —_ —_ tcyc 5
width

Input Ci, All pins — — 30 pF  f=1MHz,
capacitance Vip=0V

Analog testh R8y/COMP — — 2 teye 7
comparator

stabilization

time

Notes: 1. The oscillation stabilization time is the period required for the oscillator to stabilize after Vee

www.chipinfo.ru

reaches 3.0 V (3.5 Vif Vo = 3.5 to 6.0 V) at power-on or after RESET input goes high after
stop mode is cancelled (figure 68). At power-on and when stop mode is cancelled, RESET
must remain high for at least tgc to ensure the oscillation stabilization time. If using an oscilla-
tor, contact the oscillator manufacturer to determine the circuit constants, since the stabilization
time depends on the circuit constants and stray capacitances.

. The oscillation stabilization time is the period required for the oscillator to stabilize after Vee

reaches 3.0 V at power-on (figure 69). If using a crystal oscillator, contact the manufacturer to
determine the circuit constants, since the stabilization time depends on the circuit constants and
stray capacitances.

Refer to figure 70.

Refer to figure 71.

Refer to figure 72. The MCU will malfunction if noise conflicts with the falling edge of the
RESET signal when releasing from reset state. The reset circuit must be sufficiently evaluated
in the application system.

The tsypcyc unit applies when the MCU s in watch or subactive mode.

tsuBcyc = 244.14 pus (32.768-kHz crystal)

The analog comparator stabilization time is the period required for the analog comparator to
stabilize and to read correct data after pin R6, switches to analog input mode.
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Serial Interface Timing Characteristics (Ve = 3.0 to 6.0 V, GND = 0.0 V, T, = -20° to +75°C)

ftem Symbol Pins Min Typ Max Unit Test Condition Notes
Output tseye SCK;, 1 — — toye  Load shownin 1,2
transmit clock SCK, figure 74

cycle time _

Output tsckH SCK,, 0.4 — — tseye 1,2
transmit clock SCK,

high width

Output tsckL SCK,, 0.4 — — tseyc 1,2
transmit clock SCK,

jow width

Output tsckr SCKy, — — 80 ns 1,2
transmit clock 5CK,

rise time

Output tSCKf SCK1, —_ —_ 80 ns 1, 2
transmit clock SCK,

fall time

Input transmit  tgeye SCK,, 2 —_ — teye 1
clock cycle 8CK,

time

Input transmit  tgeoxH SCK,, 0.4 — — tseye 1
clock high SCK,

width

Input transmit  tgok SCK;, 0.4 — — tseye 1
clock low 8CK,

width

Input transmit  tgok, SCK;, — — 80 ns 1
clock rise time 8CK,

Input transmit  tgeky SCK,, — — 80 ns 1
clock fall time SCK,

Serial output  tpgo SO, — — 600 ns Load shown in 1,2
data delay SO, figure 74

time

Serial input tss) Sly, 200 — — ns 1
data setup Sl,

time

Serial input ths Sly, 400 — — ns 1
data hold S,

time

Notes: 1. Refer to figure 73.
2. Refer to figure 74.
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Serial Interface Timing Characteristics (Ve = 3.5 t0 6.0 V)

item Symbol  Pins Min Typ Max Unit Test Condition Notes
Output tseye 5CK,, 1 —_ — tyc  Load shownin 1,2
transmit clock SCK, figure 74

cycle time

Output tsckH S_CK1, 0.4 — — tScyc 1,2
transmit clock SCK,

high width

Output tsckL SCK;, 0.4 — — tseye 1,2
transmit clock 8CK,

low width

Output tsckr SCK;, — — 40 ns 1,2
fransmit clock SCK,

rise time

Output tsckf SCK,, — — 40 ns 1,2
transmit clock SCK,

fall time

Input transmit  tgeye SCK,, 2 — — teye 1
clock cycle SCK;

time

Input transmit  tgoky SCK;, 0.4 — — tseyc 1
clock high SCK,

width

Input transmit  tgckL SCK;, 0.4 — — tseye 1
clock low SCK,

width

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

Input transmit  tgoks SCK;, — — 40 ns 1
clock fall time 5CK,

Serial output  tpgo SO, — — 300 ns Load shown in 1,2
data delay SO, figure 74

time

Serial input tss Sl,, 100 — — ns 1
data setup Si,

time

Serial input tHs) Sly, 200 —_ — ns 1
data hold Sl

time

Notes: 1. Refer to figure 73.
2. Refer to tigure 74,
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HD4074719 Electrical Characteristics

DC Characteristics (VCC =3.0to 5.5 V, GND =0.0 VY, Vdisp = VCC -40Vto Vcc, Ta =-=20°to +75°C,
unless otherwise specified)

item

Symbol

Pin(s)

Min

Typ

Max

Unit

Test Condition

Notes

Input high
voltage

ViH

RESET, SCK;,
SCK,,
INT,-INT;

0.85Vce

Ve + 0.3

Vv

sl,, Sl,

VCC +0.3

0SC;

Vee - 0.5

VCC +0.3

Vee=351055V

VCC -0.3

VCC +0.3

Input low
voltage

RESET, SCK,,

-0.3

0.2Vee

| < |<€ (<

-0.3

-0.3

0.5

VCC =351055V

-0.3

0.3

Output high
voltage

SCK,, SCK,,
S0, SO,,
BUZZ, TOC,
TOD, TOE,,
TOE,, TOG

Veg - 1.0

| K<<

_IOH =1.0 mA,
VCC =35t055V

VCC -05

<

_IOH = 0.5 mA,
Vee=3510565V

_|OH =03 mA

Output low
voltage

VoL

SCK,, SCK,,
SO;, SO,
BUZZ, TOC,
TOD, TOE,,
TOE,, TOG

0.4

lOL =1.6 mA,
VCC =35t055V

/O leakage
current

il

RESET, SCK,,
SCK,,

Sly, Sy,

SO, SO,
BUZZ, OSC;,,
TOC, TOD,
TOE,, TOE,,
TOG

Vin =0Vto
Vee

Notes: 1. Excluding output buffer current.
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DC Characteristics (Vo =3.0to 5.5V, GND = 0.0 V, Vaisp = Yoo~ 40 V to Ve, Ty = -20° to +75°C,

unless otherwise specified) (cont)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current lce Vee - — 80 mA  Vgc=5YV, 2,5
dissipation in fosc = 4 MHz,
active mode digital input mode
— -— 45 mA VCC =3 V, 2: 5
fosc =2 MHZ,
digital input mode
lemp — — 120 mA  Vec=5V, 3,5
fOSC =4 MHZ,
analog input mode
— — 7.0 mA Vcc =3 V, 3, 5
fOSC =2 MHZ,
analog input mode
Current lsgy Vee — — 3.0 mA  Vee=5V, 4,5
dissipation in fosc =4 MHz
standby mode — — 15 mA  Vec=3V, 4,5
fOSC =2 MHz
Current 'SUB VCC —_ —_ 150 },LA Vin (TEST) = VCC 6
dissipation in -0.3Vto Ve
subactive Vin (RESET) = 0
mode 10 0.3 V, VCC =
3V, 32.768-kHz
crystal oscillator
Current IWATCH VCC —_ - 15 HA Vin (TEST) = 6
dissipation in Vee - 0.3 Vio Ve,
watch mode Vin (RESET) =
0to 0.3 V, VCC =
3V, 32.768-kHz
crystal oscillator
Current 'STOP VCC — — 15 pA Vin (TEST) = 6
dissipation in Vee ~ 0.3 Vio Ve,
stop mode Vin (RESET) =
010 0.3V,
no 32.768-kHz
oscillator
Watch mode VwarcH Ve 3.5 — 55 \ Vec=351055V
retaining 3.0 — 55 Vv
voltage ) '
StOp mode Vs'rop VCC 2 — -_ i No 32.768-kHz
retaining oscillator
voltage

www.chipinfo.ru
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DC Characteristics (Voc =3.0t0 5.5V, GND = 0.0 V, V45, = Voo =40 V to Ve, Ty =-20° to +75°C,
unless otherwise specified) (cont)

ltem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high VIHA R6,/COMP Vi + 0.1 - — \ Analog compare
voltage mode

Input low ViLa R6,/COMP — —  Vig-01 V Analog compare
voltage mode

Range of Vref R61/Vref 0 —_ VCC -12 V

analog input

reterence

voltage

Allowable Vors -100 — 4100 mV  Vppg =reference 7
error of voltage — V.

internal

reference

voltage

Notes: 2. Igc is the source current when no I/O current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins: RESET, TEST at V¢
R51—RD at VCC
DO—D15, RO—-R4, RSO at Vdisp
3. Icmp is the source current when no /O current is flowing while the R6y/COMP pin is in analog
input mode.
Test conditions: R6,/COMP, R6,/V,¢ at GND
4. lggy is the source current when no 1/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 VCC
R5,-RD at VCC
DO—D15, RO—R4, RSO at Vdisp
5. Power dissipation, while the MCU is operating or in standby mode, is in proportion fo fogc.
The value of the dissipation current when fggc = ¥ MHz is given by the following equation:
Maximum value (fogc = 3 MHz) = x/4 x maximum vaiue (fogc = 4 MHz)
6. The source current when no I/O current is flowing.
Test conditions: Pins: R54—RD at Ve
DO—D15, RO—R4, R50 at VdiSp
7. The reference voltage is the expected internal V.4 voltage selected by the compars control reg-
ister (CCR).
Example: when CCR = $9, reference voltage is 2/11 x V¢g.
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A/D Converter (Vcc = 3.0 to 5.5 V, AGND = GND, Ty = -20° to +75°C, unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Analog supply AVCC AVCC VCC -03 VCC VCC +03 V
voltage
Analog input AVin ANO'—AN7 AGND —_— AVCC Vv
voltage
Current Alce AVee —_ — 150 MWA  AVec =5V,
between Vin (RESET) = 0
AVpc and 1003V, Viy (re5T) =
AGND VCC ~-0.3Vto VCC
Alstop  AVce — — 15 HA  Vin (RESET) = 0

to 0.3 V, Vin (TEST) =
VCC -0.3Vto Vcc,

stop mode,
no 32.768-kHz
oscillator

Analog input C, ANy—-AN, — — 30 pF

capacitance

Resolution — — 8 Bit

Number of 0 —_ 8 Channel

input

channels

Absolute —_ —_ +2.5 LSB Ta = 25°C, AVCC =5V

error
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Input/Output Characteristics for Standard Pins (Vo =3.0t0 5.5V, GND = 0.0 V, V45, =
Vee - 40 Vto Ve, Ty = -20° to + 75°C, unless otherwise specified)

ltem Symbol Pins Min Typ Max Unit Test Condition Notes

Input high Vin R5,-RD 0.7Vee —  Vgg+03 V '

voltage

Input low Vi R5,-RD -0.3 — 03V v

voltage

Output high  Vgy R6-RB Vee—-10 — — v —lon = 1.0 mA,

voltage Vec=351055V

VCC ~-0.5 —_— _ Vv —iOH =05 mA,

Vee=351055 Vv
_IOH =0.3mA

Output low Vou R6-RB — — 04 \ oL = 1.6 mA,

voltage Vegc=35t1055V
lOL =0.4 mA

Inputioutput  {ly| R6-RD — — 1 A V,=0VtoVge 1

leakage RS54, R5;

current RS, 50

Notes: 1. Excluding output buffer current.

Input/Output Characteristics for High-Voltage Pins (Ve =3.0t0 5.5V, GND = 0.0 V, V4, =
Vee =40 Vto Ve, Ty = -20° to + 75°C, unless otherwise specified)

item Symbol Pins Min Typ Max Unit Test Condition Notes
Input high V||..| DO—D15, Rso, 0-7VCC —_ VCC +03 V
voltage Ro-R4
Input low VlL DO—D15, RSo, VCC - 40 —_ O.SVCC Vv
voltage RO0-R4
OUtpUt hlgh VOH DO—D15, VCC -3.0 —_ -_ v —|OH =15 mA,
voltage RO-R4 Vec =40t055V
VCC -2.0 —_ -_— \Y _'OH = 10 mA,
VCC =40t055V
VCC—1.0 — —_ \} —IOH =4 mA
Output low VoL Do—Dys, — —  Vge-37 V 150 kQ at
voltage Ro-R4 Vec—40V
Input/output “|L| DO—D15, R50, —_ —_ 20 uA Vm = VCC -40V 1
leakage RO-R4 to Vee
current

Notes: 1. Exciuding output buffer current.
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AC Characteristics (Vo = 3.0 to 5.5V, GND = 0.0 V, Vaisp = Ve =40 V to Ve, Ty = -20° to +75°C,
unless otherwise specified)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Oscillation tosc 0SC,,08C, 1.8 4 45 MHz Vgc=351055YV
frequency

(1/4 division) 18 2 225 MHz

Oscillation feL CL4, CL, — 32.768 — kHz

frequency

(1/8 division)

Instruction teye 0.89 1 2.5 us Vec=35t055V
cycle time 1.78 5 25 us

Instruction tsuBeye — 24414 — us 7
cycle time

Oscillation the 0SC,,08C, — — 40 ms Vee=35t055V 1
stabilization _ . 60 ms 1
time (crystal

oscillator)

Oscillation trc 0SC,,0SC, — —_ 20 ms Vec=35t055V 1
stabilization _ _ 80 ms 1
time (ceramic

oscillator)

Oscillation tpc CL,, CL, — — 2 S 2
stabilization

time

External clock tcph 08C,4 92 — — ns Vgc=35t055V 3
hlgh width 203 — — ns 3
External clock tepy 0SC, 92 — — ns Vee=35t055V 3
low width 203 _ _ ns 3
External clock tcp, 0SsC, — — 20 ns Vee=35t055V 3
rise time _ _ 20 ns 3
External clock tcps 0OSC, — — 20 ns Vec=35t055V 3
fall time - — 20 ns 3
]NTO hlgh tIOH TNTO 2 —_ — tcyc/ 4,6
width tSUchc

INTO low t|0L TNTO 2 — —_ tcyc/ 4, 8
width tsuBeve

TNT hlgh t|1H INT1—TNT5 2 —_— —_ tcyc 4
width

INT low t|1L ]NT1 —TNTS 2 — —_ tcyc 4
width

Refer to notes on the next page.
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AC Characteristics (Voc = 3.0 to 5.5V, GND = 0.0 V, Vg5, = Ve - 40 V to Ve, Ty = ~20° to +75°C,
unless otherwise specified) (cont)

Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
RESET high tgsty  RESET 2 - = teye ' 5
width

Input Cin R5, — — 180 pF f=1MHz,

capacitance Others _ . 30 oF Vin=0V

Analog testp R6y/COMP —_ — 2 teye 7
comparator

stabilization

time

Notes: 1. The oscillation stabilization time is the period required for the oscillator to stabilize after Vo
reaches 3.0 V (3.5 V if Vo = 3.5 to 5.5 V) at power-on or after RESET input goes high after
stop mode is cancelled (figure 68). At power-on and when stop mode is cancelied, RESET
must remain high for at least te to ensure the oscillation stabilization time. i using an oscilla-
tor, 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 Voo
reaches 3.0 V at power-on (figure 689). 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 conflicts with the falling edge of the

RESET signal when releasing from reset state. The reset circuit must be sufficiently evaluated

in the application system.

8. The tgypeye Unit applies when the MCU is in watch or subactive mode.

tsuBcyc = 244.14 ps (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 R6, switches to analog input mode.

ok
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Serial Interface Timing Characteristics (Voo = 3.0 to 5.5V, GND = 0.0 V, Vaisp = Vec—-40 Vio Ve,
Ty =-20° to +75°C)

ltem Symbeol  Pins Min Typ Max Unit Test Condition Notes
Output tseye SCK;, 1 — — toye  Load shownin 1,2
transmit clock SCK, figure 74
cycle time
OUprt tSCKH S_CR1 , 0.4 —_ — tScyc 1,2
transmit clock SCK,
high width
OUtpUt tSCKL S_CK1, 0.4 —_ —_— tscyc 1, 2
transmit clock SCK;,
low width
Output tsckr SCK;, — — 80 ns 1,2
transmit clock 5CK,
rise time
Output tscks SCK,, - — 80 ns 1,2
transmit clock SCK,
fall time
Input transmit  tg.. SCK;, 2 — — teye 1
clock cycle SCK,
time
Input transmit  tgckn SCK;, 0.4 — — tseyc 1
clock high SCK,
width
Input transmit  tgok SCK,, 0.4 — — tseye 1
clock low SCK,
width
Input transmit  tgok, SCK;, — — 80 ns 1
clock rise time 5CK,
Input transmit  tgoys SCK;, — — 80 ns 1
clock fall time SCK,
Serialoutput  tpgo SO, — —_ 600 ns Load shown in 1,2
data delay S0, figure 74
time
Serial input tgg Sy, 200 — — ns 1
data setup Sl,
time
Serial input ths Sl;, 400 — — ns 1
data hold Sl
time
Notes: 1. Refer to figure 73.

2. Refer to tigure 74.
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Serial Interface Timing Characteristics (Voo =3.5t0 5.5 V)

em Symbol Pins Min Typ Max Unit Test Condition Notes
Output tseye SCK;, 1 — — toye  Load shownin 1,2
transmit clock 2 tigure 74

cycle time

OUtpUt tSCKH S_CR1, 0.4 -— b tScyc 1,2
transmit clock SCK,

high width

Output tsckl 5CK;, 0.4 — — tseyc 1,2
transmit clock SCK,

low width

Output tsckr SCK;, — — 40 ns 1,2
transmit clock 5CK,

rise time

OUtpUt tSCKf S—CRp —_ —_ 40 ns 1,2
transmit clock SCK,

fall time

Input transmit  tgeye SCK;, 2 — — teye 1
clock cycle SCK,

time

Input transmit  tgcky SCK;, 0.4 — — tseyc 1
clock high SCK,

width

Input transmit  tgek SCK,, 0.4 — — tseyc 1
clock low SCK,

width

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

Input transmit  tgcoks SCK;, — — 40 ns 1
clock fall time SCK,

Serial output  tpgp SO, — — 300 ns Load shown in 1,2
data delay 50, tigure 74

time

Serial input tsg Sly, 100 — —_ ns 1
data setup Sk

time

Serial input tHsi Sly, 200 — - ns 1
data hold Sl

time

Notes: 1. Refer to figure 73.
2. Refer to figure 74.
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Crystal oscillator

Cq
_f OSC1
Crystal 2 2 R;
GND "_'C 0SC,
7 2

Crystal: Equivalent to the circuit below
R 1 MQ+20%
Cq: 22 pF + 20%
Co: 22 pF + 20%

FAA—
L Cs RS
>—i
COI 1
1
Co = 7 pF, max.

R; = 100 Q, max.
f=1.6to 4.5 MHz

Ceramic filter oscillator

Cy
—‘I OSC1
Ceramic
fiter 2SRy
GND J——{ 0SC,
7 C2

Ceramic filter: CSA4.00MG (Murata)
Ri: 1 MQ +20%
Cq: 33 pF +20%
Cz: 33 pF +20%

Figure 68 Oscillation Circuits (1)

Cy
| CL,
Crystal
T -
GND C»

za

Crystal: MX38T (Nihon Dempa Kogyo)
Equivalent to the circuit
on the right

Cy: 15pF 5%
Co: 15pF £5%

L™ Cs Rs

[ G0, |

Co = 1.5 pF, max.
Rs = 14 kQQ, max.
f=32.768 kHz

Figure 69 Oscillation Circuits (2)
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Vee = 3.5 10 6.0 V (HD404719/HD404439)
Vée = 3.510 5.5 V (HD4074719)
1/cp N
Vec ~0.5V tcPH tepL
0SC, 0.5V
petl—
tepr teer
Vec=3.0t035V
1#cp
Vec-03V tcPH tcpL
OSC; 0.3V
.
tcpr tcpt
Figure 70 Oscillator Waveforms
INTo, INTs tion, ti1H tioL, tiaL

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

Figure 71 Interrupt Timing

RESET  0.85Vcc
0.2Vee tRSTH

Figure 72 Reset Timing
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tseye |
tsckt - tsckr
SGK;, Voc—20V (0.85Vee)” N |e-tSCKL /
SCK» 0.8 V (0.2Vcc)* S 7
— |* pso
Vec-20V

S04, SO, o8V

tssi tHsi

0.7Vec
Sy, Slo 0.3Vce

* Vec —2.0 Vand 0.8 V are applied when transmit clock is output.
0.85Vcc and 0.2Vcc are applied when transmit clock is input.
toso, tss), and tys) are determined by the voltage at transmit clock input.

Figure 73 Serial Interface Timing

Vce
RL=26kQ
Test
point
o} R 152074 (H)
or equivalent
30 pF 12kQ

Figure 74 Load Circuit for Timing Measurement
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HD404719 Option List

Order date
* Please check off applicable items by M, x, or\/ within O. Customer name
Department
1. Package and Storage Tray Types N P
[] FP-80A (] Hard tray ame
] FP-80B [J Soft tray ROM cade
For other tray types, contact Hitachi's business department. LSItype HD404719
2. Optional Functions
[ 32-kHz CPU operation
[J No 32-kHz CPU operation with clock time-base
[J No 32-kHz CPU operation, no clock time-base
3. ZTAT™ Compatibility 4. ROM Media
O 110 circuit compatibility with the HD4074719 [(JEPROM: Emulator type
O No VO circuit compatibility with the HD4074719 (O HD4074719
Note: ZTAT™ compatibility is enabled only when all pins have
C- or D-type circuits. In this case do not use checklist 5.
5. 1/0O Options (shaded options are not available)
/O option I/0O option O o
Pinname| O |B|C|D|E |Pin name /O B|C{D|E |Pinname| 11O |B|C
Do o) Rdo|g [IO rc|RC2| I
D4 f/e] R4 R4+ |8 110 2 |RC3 CEL |
D2 1O R42|S [0 RDo|e | |
D3 1o Rd3| S 210 Rp [RD1| 8 [
D4 e} R5¢g|T &| | | Checkiist6 | ., |[RDo| @ | |
Ds /O Rs | R51 | RD4|? [
De ) RS2 ! Check the /O option required.
D7 /j8) R53 ! B: With pull-up MOS
Dsg e} Réo /O C: Without pull-up MOS
Do 110 Ae L8861 O D: Without pull-down MOS
D1g 1O T /0 E: With pull-down MOS
D14 f[e] R63 110
D12 |e (VO R70 IO
D13 [& |0 r7 LB74 2 v 6. RSONdisp
Q
Dia % o R72| o O [JR5y: Without pull-down MOS (D)
Dis |& |VO R73| & |I/O Vo
ROg |2 1O R8¢ g 110 L Vdisp
(=]
Ro | R01 [ |VO re|RE1| @ |VO Note: R5y/V s, must be selected as the
ROz VO R82 Vo Vgisp Pin, except when all high-
RO3; [VO R83 VO voltage pins are option D.
Rig| (1O R9¢ e
R1 110 R9 1o
R el (o Poresl  Two 7. 0SC, and OSG, Oscillator
Riz| /O R93 Vo [ Ceramic oscillator | f = MHz
R2g| (1O RAg 1O ] Crystal P MHz
ro|R21] [0 RA[RA1 110
R2> e} RA2 e} ] External clock f= MHz
R23| [WO RA3 )
R3¢ 110 3 RB RBg o
Ra | R31 1ok RB4 18] 8. CL, and CL, Oscillator
R3» YO AcRC 1
R3a| [0} 2| RC [ (] Not used —
Notes: *1. When using the comparator, do not select B-type O Crystal f=32.768 kHz

circuits for the R6y/COMP and R6,/V 4 pins.
*2. When using the RC and RD pins as analog input
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* Please check off applicable items by W, x, or\/ within OJ. Customer name

1. Package and Storage Tray Types zepartment

] FP-80A ] Hard tray ams

(] FP-80B [ Soft tray ROM code

For other tray types, contact Hitachi’s business department. LSl type HD404439

2. Optional Functions

[J 32-kHz CPU operation

[CJNo 32-kHz CPU operation with clock time-base
CJNo 32-kHz CPU operation, no clock time-base

3. ZTAT™ Compatibility 4. ROM Media
(] /O circuit compatibility with the HD4074719 O EPROM: Emulator type
[INo /O circuit compatibility with the HD4074719 [0 HD4074719

Note: ZTAT™ compatibility is enabled only when all pins have
C- or D-type circuits. In this case do not use checklist 5.

5. /O Options (shaded options are not available)

IO option I/O option I/0 option
Pinname| /0 [B [ cC [ D] E |Pin name /O Bl/c|D|E|Pinname| IO |Blc|D]|E
Do 1o Rao[_ Tvo RCa| [
D4 l[e) R4, |® .g /10 RC3 .g_ |
D> ) R42(2 o [0 RDg|®{ |
D3 1o Ra3|% 20 RD1| 8| |
D4 1o RSo|C O | RD2| S| |
Ds Vo RS | RD3|? [ e
De 1’0 RS2 ' Check the I/O option required.
D7 1o R53 | B: With pull-up MOS
Dg Vo R6g i8] C: Without pull-up MOS
Do l{e] R6+ o D: Without pull-down MOS
D1o @ WO R62 o E: With pull-down MOS
D14 allo R61a l[e]
D1z |80 R70 1o
Dia |2 [I1O R71 g 1’0
o § s i g s 6. 0SC, and OSC, Oscillator
ROo § 1o R8o| § VO [] Ceramic oscillator | f = MHz
RO 4 18] R84 ® {IO
RO Ro2 oG Ro o [J Crystal f= MHz
Ros| [0 R85 70 (] External clock f= MHz
Rig 110 R9¢ 11O
R1 R14 110 R94 10
Rt1o 110 R92 110
Rigz| [IO R93 48] 7. CL; and CL, Oscillator
R2¢0 110 RAg 1)
R2 | B21 /0 RA{ 1o [] Not used —
R2z| |10 RA2 Vo {1 Crystal f=32.768 kHz
R23 110 RA3 110
R3¢ 110 RBo 11O
R3 R34 [1®] RB1 1o
R32 O RCo [
R33 110 RC1 |

Notes: *1. When using the comparator, do not select B-type
circuits for the R6,/COMP and R64/V,4 pins.
*2. When using the RC and RD pins as analog input

pins, do not select B-type circuits. 1041
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