HD404720 Series

Description

The HD404720 Series is a 4-bit single-chip micro-
computer which incorporare five timers, two serial
interfaces, an A/D converter, an input capture
timer, and an output compare timer. It also includes
a 32.768-kHz oscillator and low-power dissipation
modes. The HD404720 Series includes five chips:
the HD404728 with 8-kword ROM; the HD404729
and HD4074729 with 16-kword ROM and PROM,
respectively; the HD404720 and HDA4074720
(modifications of the HD404729 and HD4074729)
which also include an 8-kword pattern ROM.

The HD4074729 and HD4074720 are PROM
versions (ZTAT™ microcomputers). A program
can be written to the PROM by a PROM writer,
which can dramatically shorten system develop-
ment periods and smooth the process from debug-
ging to mass production. (ZTAT™ versions are
27256-compatible.)

Features

*  8,192-word x 10-bit program ROM
(HD404728)
16,384-word x 10-bit program ROM
(HD404729, HD404720, HD4074729,
HD4074720)
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8,192-word x 10-bit pattern ROM

(HD404720, HD4074720)

576-digit x 4-bit RAM (including 64-digit dis-

play RAM)

56 1/O pins including 32 high-voltage (40 V

max.), high-current (15 mA max.) pins

Three timer/counters

Two-channel 8- or 16-bit clock-synchronous

serial interface

14-bit PWM

Ten interrupt sources

— Four by external sources, including two
double-edge type sources

— Six by internal sources

Subroutine stack up to 16 levels, including

interrupts

Four low-power dissipation modes

— Subactive mode

— Standby mode

— Watch mode

— Stop mode

Built-in oscillator

— Crystal or ceramic ocsillator (an external
clock is also possible)

— 32.768 kHz-crystal subclock

Instruction cycle time: 0.89 to 10 s
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HD404720 Series

Ordering Information

Product Model
Type Name Name

Program Pattern

ROM (Words) ROM (Words) Package

Mask HD404728 HD404728S 8,192 —_ 64 pin plastic shrink DIP (DP-645)
ROM HD404728FS 64 pin plastic QFP (FP-64B)
HD404728H 64 pin plastic QFP (FP-64A)
HD404729 HD404729S 16,384 64 pin plastic shrink DIP (DP-64S)
HD404729FS 64 pin plastic QFP (FP-64B)
HD404729H 64 pin plastic QFP (FP-64A)
HD404720 HD404720S 8,192 64 pin plastic shrink DIP (DP-64S)
HD404720FS 64 pin plastic QFP (FP-64B)
ZTAT™ HD4074729 HD4074729S 16,384 — 64 pin plastic shrink DIP (DP-64S)
HD4074729FS 64 pin plastic QFP (FP-64B)
- HD40747289H 64 pin plastic QFP (FP-64A)
HD4074729C* 64 pin ceramic shrink DIP (window)
(DC-645%)
HD4074720 HD4074720S 8,192 64 pin plastic shrink DIP (DP-648)
HD4074720FS 64 pin plastic QFP (FP-64B)
HD4074720C* 64 pin ceramic shrink DIP (window)
(DC-645%)
Note: * Available as a sample.
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HD404720 Series

Pin Arrangement

(top view)

1he,

D“/FS4E 1 W/ 64:]D1 S o - o o o =
Dy2fFSs (]2 Floares @%g‘%‘%@é«?«?éﬁad
DisFS, [ |3 | ] DyFS; $23335533358345
D14/FS, E 4 61 :l D7/FSg
D1s/FSo 5 0[] Dg/FSg — =
ROo/FDo [} ol 1DgFS10  RouFD, T4 228583368 “s1{__]| Do/FSq2
RovFD. L7 ®LIDFS  RoyFD,[e so% D/FS1s
RO2/FDz [} 871 | Dg/FSq2
— RO3/FD; E 3 49:‘ Dy/FSqa
RO3/FD; L fo S6| | Do/FSqs R1o/FD
R1g/FD4 [} 10 55 D1/FSis o/ 4[:4 48: Do/FSys
R14/FDs [ | 11 s JpyFS,s R1WFDs[ s 47| |TEST
R1/FDg [] 12 sa| |TEST R12/FDe e 4 _]CL,
R13/FD7 [| 1 2/ cL, R1yFD;[_|7 4] JCLy
R2g/FDg [] 14 st s CL4 R20/FDs[ 1s [ _]GND
R24/FDg{ |15 s0{ |GND
R2/FDi0[J1e  (DP-64S) o[ ]osC, ;21'/:20,,[ ® “%ggg‘
R2FDy [J17  (DC-648) 48[ ]0SCy 2/FD10 [ 10 (FP-64B) a2 2
RA 18 47 1 RESET R2y/FDyy [: 1 +1| _JRESET
RA1Vasp [ 19 %[ _1Rg, RAo[_112 aof ]R3,
R30/FD12[] 20 [ 1Rg, RA{/Vaip[ 13 39| |R9
R31/FD13[ | 21 4[] Ro, R3yFD12[ |14 3s[ | R9,
R32/FD14 [ {22 <[] Ro, R34/FDya[ |15 37l _|R9,
R3y/FD o
15 |: 23 2] R8; R32/FD14 [: 16 55:’ R8,
RS0 (|24 41 ]R8y R3g/FDss [ |17 ss[ ] Reo
R51 28 ©[ 1R7yS0, g
R5; 26 %[ ] R72/Sl, R5q E 18 34:] R74/SO,
&EN *L1R7,/5CK, A e s ssssesarss s 2"
ReVINT o o omuzz 8
RB1/INT: [ 29 3] RayPWM
eV, o = Therso, SEEERE SEegENg
RE4/INT3 [ at [ Ray/Sl; $55% 3 % g gk
Vee [ a2 3 [ ] Ray/SCK; EEEE FraFod
(top view) (top view)
S SASFTE g5 285E8
Seahliiteddddorey
EIEQODOQDDDSDDDO
ﬂﬂﬂﬂﬂ[—lﬂ[lﬂl—lﬂﬂﬂﬂﬂl_l
ROYFDs 1383»883«;8%338083“:02”:3“
R1y/FD4 C]2 47171D4/FS14
R1/FDs T 46 1Do/FSys
R1,/FDg []4 4s[TEST
R1y/FD; Ls «“[cL,
R20/FDs [js s[cL,
R24/FDy T}7 42 gGND
R2xFDyo Cls 4[108C,
RZZ:JFD:? ® (FP-84A) w[10sC,
RA 39 JRESET
RA1/Vdigp 38 1R9,
R3¢/FD12 37[1R9,
R3,/FD13 [ IR9,
R3,/FD14 35[1R9,
R34/FD;s as[IRs,
33

MW 4496204 004918b 959 HE

695 Hitachi

This Materi al

Copyrighted By Its Respective Manufacturer




HD404720 Series
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Pin Description
Pin Number Pin Number
DP-64S InputY  DP-64S Input/
DC-64S FP-64B FP-64A PinName Output DC-64S FP-64B FP-64A PinName Output
1 59 57 D4/FS, Te] 33 27 25 R4ySCK, 1O
2 60 58 D42/FS; Vo 34 28 26 R4,/Sl 110
3 61 59 D,3/FS, 7o} 35 29 27 R4,/SO, Vo
4 62 60 D,4/FS, Vo 36 30 28 R4y/PWM 1O
5 63 61 Dy5/FSp Vo 37 31 29 R7/BUZZ 11O
6 64 62 ROy/FDg o 38 32 30 R7,/5CK, 1O
7 1 63 R0,/FD, Vo 39 33 K] R75/Sly Ile)
8 2 64 RO,/FD, Te] 40 34 32 R73S0, VO
9 3 1 RO4/FD; 110 41 35 33 R8o o]
. 10 4 2 R1o/FD4 110 42 36 34 R8, 170
1 5 3 R1,/FDg o 43 37 35 R9, 1
12 6 4 R1,/FDg o 44 38 36 R9; |
13 7 5 R1yFD, o 45 39 37 R9, 1
14 8 6 R2,/FDg Vo 46 40 38 R93 ]
15 9 7 R2,/FDg e} 47 41 39 RESET |
16 10 8 R2,FDyg IO 48 42 40 0SC, o}
17 11 9 R2yFDyy 1O 49 43 41 0SC; I
18 12 10 RAg | 50 44 42 GND
19 13 1 RA/NVgsp | 51 45 43 cL, |
20 14 12 R3yFD,, 1O 52 46 44 CLp 0
21 15 13 R3,/FD;3 WO 53 47 45 TEST 1
22 16 14 R3,FDy, VO 54 48 46 Dy/FSs Te}
23 17 15 R3yFD;s VO 55 49 47 D/FSi4 Ile]
24 18 16 RS e} 56 50 a8 D/FS;3 110
25 19 17 RS, Vo 57 51 49 Dy/FSq» Vo
26 20 18 R5; e} 58 52 50 D4/FS1, VO
27 21 19 RS54 110 59 53 51 Dg/FSqq lle]
28 22 20 R6,INT, 11O 60 54 52 Dg/FSg Vo)
29 23 21 R64/INT; lle] 61 55 53 D;/FSg I[o]
30 24 22 R6yINT, VO 62 56 54 Dg/FS; Te)
31 25 23 R64INT; /O 63 57 55 Dy/FSg Vo
32 26 24 Vee 64 58 56 D;o/FSs o
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HD404720 Series

Pin Functions

Power Supply

Vcc: Apply the power voltage to this pin.
GND: Connect to ground.

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

RESET: Resets the MCU.
Oscillators

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

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

Ports

Dg-Dy5 (D Port): Input/output port addressable
by individual bits. Each port output consists of an
open-drain PMOS which enables high-voltage,
high-current drive ability for its pin. These pins
are multiplexed with the segment pins used for the
VED controller.

RO-RA (R Ports): Input/output ports addressable
in 4-bit units, except for R8 and RA which are
addressable by 2 bits. R9 and RA are input-only
ports and RO to R8 are input/output ports. The R4
to R9 port pins are standard pins, but the RO to R3
and RA pins are high-voltage pins. Each of the RO
to R3 output pins consists of an open-drain PMOS
which enables high-voltage, high-current drive
ability for its pin. These pins are multiplexed with
the digit pins for the VFD controller. Port pins R4
to R4, R6, to R63, and R7, to R7; are multiplexed
with peripheral pins.

M uu9L204 0049188 721 N
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Interrupts

INT,, INT;, INT,, INT3: External input inter-
rupts to the MCU. INT) is also used as an external
event input for timer B. INT( to INT; are multi-
plexed with R6 to R63, respectively.

Serial Interface

8CKj, SCK;: Input/output serial interface clock
pins that are multiplexed with pins R4, and R7,
respectively.

Sy, SI;: Serial interface receive data input pins
that are multiplexed with pins R4; and R7,,
respectively.

SOy, SO,: Serial interface transmit data output
pins that are multiplexed with pins R4, and R7,,
respectively.

Timer

BUZZ: Outputs a variable-duty square wave. It is
multiplexed with R7,.

VFD Controller

FD¢-FD;s5: Digit pins for the vacuum fluorescent
display (VFD) controller. They are multiplexed
with port pins RO, to R35.

FSo-FS;5: Segment pins for the VFD controller.
They are multiplexed with the D port pins.

PWM

PWM: Outputs a square wave from the PWM, It
is multiplexed with R4;.
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HD404720 Series

Block Diagram

1. HD404728, HD404729, HD4074729
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HD404720 Series

2. HD404720, HD4074720
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HD404720 Series

Memory Map
Program ROM Memory Map

The program ROM memory map is shown in fig-
ure 1, and the ROM is described in detail below.

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

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

Pattern Area ($0000-$0FFF):

« HD404728, HD404729, HD4074729: Reserved
for ROM data that is referenced as a pattern by
the P instruction.

+« HD404720, HD4074720: Reserved for ROM
data that can be referenced as a pattern by the P
instruction. The data in this area is available
when bit 1 of the pattern bank register (PBNK)
is 0.

Program Area:
$0000-$1FFF (HD404728)
$0000-$3FFF (HD404729, HD404720,

CAL instruction. HD4074729, HD4074720)

N $0000 0]  UMPLinstruction _| so000
Vector address 1 {jump to reset routine) $0001
15 $000F 2 JMPL instruction _| $0002
16 $0010 3 (jump to INT, routine) $0003
> Zero-page subroutine 4| JMPL Instruction _| $o004
(64 words) 5 (jump to INT routine) $0005
63 ) $003F 6]  JMPLinstruction _| $o008
64 L $0040_ 7| (jump to timer A routine) $0007
Pattern 8]  JMPLinstruction _| $ooo8
(4096 words) 9 (jump to timer B routine) $0009
4095 $OFFF 101 JMPL instruction _| $000A
4096 $1000 11 | (jump to timer C/serlal 2 routine) | $0008
HD404728 12| JMPLinstruction  _f$000C
> program 13 | (jlump to serial 1/INT; routine) |$000D
(8192 words) ‘| JMPLinstrucion | $000E
s191] | J $1FFF 15y (ump to keyscan/INTj routine) | $o00F

8192 $2000

HD404729, HD4074729
7 HD404720, HD4074720
program
{16384 words)
16383 L. $3FFF

Figure1 ROM Memory Map
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HD404720 Series

Pattern ROM Memory Map
(HD404720, HD4074720)

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

8-kword Pattern Area ($30000-$1FFF): Data in
this area is accessed as the pattern data of the P

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

When PBNK1 = 0, data in the area limited to
$0000-$0FFF in the 16-kword program area is
accessed as the pattern data of the P instruction.

16-kword ROM
{program area)

0 0000 0
: Pattern 2 PBNKO =0
4095 § $OFFF 4095
4096
8191 $1FFF 8191
12287 $2FFF
16383 $3FFF

(PBNK1=0)

8-kword ROM
{pattern area)

( PBNK1=1)

Figure 2 Pattern Reference Area of the P Instruction

Pattern ROM bank register (PBNK)  ($025)

PBNK1 | PBNKO

(R/W)

L—E_,—— Pattern selection

PBNK1 PBNKO Pattern

0 * Pattern 1
1 0 Pattern 2
1 1 Pattern 3

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

Figure 3 Pattern ROM Bank Register

M 4496204 0049192 152 W
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HD404720 Series

select

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

instruction
f . . . v - . : , Y
PI{ ~ "opcose [Py P, Py P |

B register Accumulator
N\ A

[ T T L2 T
[Bs B, B, By A3 A, A, A

0

‘ Yy v LI B | \ 1 \
Referred ROM address |HA13lRA12IRA“‘RA1°l RAg RAg RA; RAg RAs RA, RAg RAZARA1.RAO|

PBNK1

PBNK: $025

Addressing

ROM data |R09. 1 LR07‘HOGJH05‘HO4‘R03XR02.FIO1:ROO|
HEEENEEE

Accumulator, B register [Bs B, By By A; A; A, Ao |l ROg=1

ROM data l 1 :R08:Ro7:nostHosjno{noajnozjnofno.,]
HEEENEEER

Output registers R1, R2 | R2; | R2,| A2, | R2g| R1s| R1y| R1, [R1, | If ROg= 1

Pattern Output

Figure 4 P (Pattern) Instruction
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HD404720 Series

Notes for Pattern ROM Bank Control:

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

interrupt routine or subroutine, the must be programmed just before the
previous PBNK data must be stored in BR, TBR, BRL, or JMPL instruction.
RAM and retrieved just before the
RTN or RTNI instruction.
Case 1 Case 2
Pattern @ set Pattern @ set
- BR, TBR, BRL, JMPL
Interrupt
CAL, CAL P instruction @
instruction

w w\l
A

T Pattern @ set
Interrupt P instruction @ Pattern @ set
routine,
subroutine Pattern @ set N
7 ) )
1 RTN, RTN! instruction P instruction @

Figure 5 Pattern ROM Bank Control

M 4u9L204 DOY49L94Y T25 =N 703 Hitachi

This Material Copyrighted By Its Respective Manufacturer



This Materia

HD404720 Series

RAM Memory Map

The MCU contains a 512-digit X 4-bit RAM area
for data and stack areas. In addition, interrupt con-
trol bits, special function registers, and a VFD data
area are mapped onto the same RAM memory
space outside this area. The RAM memory map is
shown in figures 6-1 and 6-2, and the RAM area is
described in detail below.

Interrupt Control Bits Area ($000-$003, $020-$023):
Used for interrupt control (figure 7). It can be
accessed only by RAM bit manipulation instruc-
tions. However, note that the interrupt request flag
cannot be set by software, the RSP bit is used only
to reset the stack pointer, the 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 instructions.

Special Function Registers Area ($004-$01F,
$024-$03F): Used as mode registers for external
interrupts, the serial interface, the timer/counters,
and as data control registers and data registers for
I/0 ports. As shown in figure 6, there are three
types of registers: read-only, write-only, and read/

B 4496204 0049195 961 H

write. These registers cannot be used by RAM bit
manipulation instructions.

VFD Data Area ($060-$09F): Used for storing
VFD data which is automatically output to the
segment pins as display data. Data 1 turns on a
light; data O turns it off.

Data Area ($040-$04F, $0A0-$24F): The mem-
ory registers (MR), which are within 16 digits
($040-$04F), can also be accessed by the LAMR
and XMRA instructions (figure 8).

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

The program counter is popped from the stack by
the RTN and RTNI instructions, but the status and
carry flags can only be popped from the stack by
the RTNI instruction. Any unused area is available
for data storage.
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HD404720 Series

HD404728, HD404729, HD4074729
0 $000 0 : $000
RAM-mapped registers ! Interrupt control bits area (1) i B $oo1
2 ' $002
Memory registers (MR) $040 3 : $003
(16 digits) 4 | Port mode register A (PMRA)! W | 004
Not used $050 5 | Serial mode register A (SMRA)' W | 005
6 | Serial 1 data register lower (S1RL), R'W | $006
Segment data RAM $060 7 | Serial 1 data register upper (S1RU): RW | $007
(64 digits) 8 | Timer mode register A (TMA)! W | $008
$0A0 9 | Timer mode register B (TMB): W | soo9
Data 10 | *1 Timer B TCBUTLRL) | RW | $00A
(432 digits) 1 (TCBU/TLRU) ' RW | sooB
12 | Miscellaneous register 1 (MIS1), W | sooC
$250 13 | Timer mode register C (TMC)! W | sooD
14 | *1 Timer C {TCCL/TCRL) | RW | $00E
Not used 15 (TCCU/TCRU): RW | $00F
16 | VFD segment register (FSR): W | so10
17 | VFD digit register (FDR): W | so11
$3Co 18 | Dimmer mode register (DMR): W | so12
Stack 19 | VFD control register (VCR)' RW | $013
(64 digits) 20 | Interrupt mode register (IMR)} W | so14
1023 $3FF 21 | Port mode register B (PMRB): W | 3015
22 | PWM data register 0 (PWDRO)! W | s018
23 | PWM data register 1 (PWDR1): W | 3017
24 | PWM data register 2 (PWDR2): W | so18
25 | PWM data register 3 (PWDR3): W | so10
26 | Port mode register C “(PMRC)! *2 | so1A
27 | Serial mode register B {SMRB) ' W | so1B
28 | Serial 2 data register LL  (S2RLL), RW | $o1C
29 [ Serial 2 data register LU__(S2RLU): RW | 301D
30 | Serial 2 data register UL (S2RUL) | RW | $01E
31 | Serial 2 data register UU_(S2RUU): RW | $01F
32 ' $020
33 } : $021
as Interrupt control bits area (2) i B $022
35 ) $023
Notes: 1. Two registers mapped on the 36 | Miscellaneous register 2 (MIS2)! W | $024
same address. Not used
2. Bits2and 3: Write only 52 | Port R4 DCR (DCR4)' W | s034
Bits 0 and 1: Read/write s3 | Port RS DCR (DCR5)! W $035
s4 | Port Ré DCR (DCR6)! W | $036
R: Read only 55 [ Port R7 DCR (DCR7), W_| $037
W: Write only 56 | Port RS DCR (DCR8)! W _| $038
RW: Read/Write
B: Bit manipulation Not used
63 $03F
10 Timer counter B lower ; R Timer load register B lower ' $00A
(TCBL) ' (TLRL) !
1 Timer counter B upper ‘R Timer load register B upper ! $00B
{TCBU) ! (TLRYU) )
14 Timer counter C lower : R Timer load register C lower ' $00E
(TCCL) ! (TCRL) H
18 Timer counter C upper 'R Timer load register C upper ! $00F
(TCcu) : (TCRU) '

Figure 6-1 RAM Memory Map (HD404728, HD404729, HD4074729)

_mm 449204 0049196 8T WM
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HD404720 Series

HD404720, HD4074720
Y $000 0 V $000
HE 1 bit 1 ’ $oo1
RAM-m registers 2 nterrupt control bits area (1) E B | 002
3 : $003
4| Port mode register A (PMRA) | W | $004
Memory registers (MR) $040 5| Serial mode register A (SMRA) I W | $005
. {16 digits) 6| Serial 1 data register lower (S1RL) ; R/W | $008
$050 7| Serial 1 data register upper  (S1RU) : R'W | $007
Not used 8| Timer mode register A (TMA) | W | $008
Segment data RAM $060 9| Timer mode register B (TMB) | W | $009
(64 digits) 10 +1 Timer B (TCBL/TLAL) | RAW | $00A
1 {TCBU/TLRU) ; R/W | $00B
Data $0A0 12| Miscellaneous register 1 (MIST) | W | $00C
(432 digits) 13| Timer mode register C (TMC) ' W | 00D
14 " (TCCUTCRL) ; R/'W | $00E
$250 15| ¥V Timer C (TCCU/TCRU) | RIW | $00F
Not used 16| VFD segment register (FSR): W _|$010
17| VFD digit register (FDR) : W | $oM
$3C0 18| Dimmer mode register (DMR) | W [$012
VFD control register (VCR) I R/W | $013
Interrupt moda register (IMR): W |$014
Stack Port mode register B (PMRB): W | $015
(64 digits) PWM data register 0 (PWDR0): W |$016
PWM data register 1 (PWDR1)! W §01 7
PWM data register 2 (PWDR2): W | $018
1023 $3FF PWM data register 3 (PWDR3)T W | $019
Port mode register C (PMRC); *2 |$01A
Serial mode register B (SMRB): W | $01B
Serial 2 data register LL (S2RLL) | /W | $01C
Serial 2 data register LU (S2RLU) ' /W g: D
. ) Serial 2 data register UL (S2RUL) | R'W E
Notes: 1. Two registers mapped on the Serial 2 data register UU____(S2RUU) | RAW | $01F
same address. . $020
2. Bits 2 and 3: Write only : $021
Bits 0 and 1: Read/write Interrupt control bits area (2) I B |go22
| $023
Miscellaneous register 2 (MiS2): W | $024
R: Read only Pattern ROM bank register (PBNK) | R'W | $025
W: Write only
RW: Read/write Not used
B: Bit manipulation Port R4 DCR (DCR4) T W | $034
: Port RS DCR (DCR5)! W_ | $035
Port R6 DCR (DCR6): W | $036
Port R7 DCR (DCR7): W | $037
Port R8 DCR (DCR8): W | $038
$039
Not used
63 $03F
10 Timer counter B lower : R Timer load register B lower : w | $00A
(TCBL) 1 (TLRL) 1
1 Timer counter B upper ' R Timer load register B upper b w $00B
(TCBU) : (TLRU) :
14 Timer counter C lower : R Timer load register C lower YW $00E
(TCcCL) ' (TCRL) :
15 Timer counter C upper ‘R Timer load register C upper b w $00F
(TCCU) : (TCRU) |

This Materi al

Figure 6-2 RAM Memory Map (HD404720, HD4074720)
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HD404720 Series

Bit 3 Bit 2 Bit 1 Bit 0
MO IFO_ RSP IE
0 (IM of INT) (IF of INTg) {Reset SP bit) (Interrupt enable flag)
IMTA IFTA M IF1_
1 {IM of timer A) (IF of timer A) (IM of INT,) (IF of INT,)
IMTC IFTC IMTB IFTB
2 (IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
IMKS IFKS IMS1 IFS1
3 (IM of keyscan) (IF of keyscan) (IM of serial 1) (IF of serial 1)
32 WDON LSON
(Watchdog on flag) | (Low speed on fiag)
33
2 MS2 IFS2 Reserved
(IM of serial 2) (IF of serial 2)
a5 M3 IF3 M2 IF2
(IM of INT3) (IF of INT3) (IM of INT5) (IF of INT,)
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

$000
$001
$002

$003

$020
$021
$022
$023

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 bitor 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 7 Configuration of Interrupt Control Bits and Register Flag Areas

Memory registers

64 | MR (0) | $040
65 | MR (1) | $041
€66 | MR (2) | $042
67 | MR (3) | $043
68 | MR (4) | $044
69 | MR (5) | $045
70 | MR (6) $046
71 | MR (7) | $047
72 | MR (8) | $048
73 | MR (9) | $049
74 | MR (10) | $04A
75 | MR (11) | $04B
76 | MR (12) | $04C
77 |[MR (13) | $04D
78 | MR (14) | $04E
79 [ MR (15) | $04F

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

960 $3C0

1023 $3FF

Bit3 Bit2 Bit1 Bit0
1020 | ST | PCw | PCr | PCn
1021 | PCwo | PCo | PCs | PCr
1022 | CA | PGs | PCs | PC,
1023 | PCs | PC. | PCi | PGo

PC13—PCo: Program counter

ST Status flag

CA: Carry flag

$3FC
$3FD
$3FE

$3FF

Figure 8 Configuration of Memory Registers and Stack Area, and Stack Position
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HD404720 Series

Functional Description
Registers and Flags

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

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

Initial value: $3FF, no R/W

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

Figure 9 Registers and Flags
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HD404720 Series

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

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

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

popped from the stack. Since the top 4 bits of the
SP are fixed to 1111, a stack of up to 16 levels can
be used.

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

Reset

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

Initial values of the registers and counters after
MCU reset are listed in table 1.

Note that the reset signal is not acknowledged by
the MCU from power-on until the oscillation stabi-
lizes (tgc), so the statuses within the MCU and at

It is decremented by 4 when data is pushed onto the 1/O pins are not defined.

the stack, and is incremented by 4 when data is

Table 1 Initial Values After MCU Reset

Initial
item Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from
start address of ROM area

Status flag k (ST) 1 Enables conditional branching

Stack pointer (SP) $3FF Stack level 0

Interrupt Interrupt enable flag (IE) 0 inhibits all interrupts

:Inaagss': Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (IM) 1 Prevents (masks) interrupt requests

Ie] High-voltage port data register (PDR) All bits 0  Enables output at level 0
Standard port data register (PDR) All bits 1 Enables output at level 1
Data control register (DCR) Ali bits 0  Turns output buffer off (to high impedance)
Port mode register A (PMRA) 0000 Refer to Port Mode Register A section
Port mode register B {PMRB) 0000 Refer to Port Mode Register B section
Port mode register C (PMRC) 0000 Refer to Port Mode Register C section
Interrupt mode register (IMR) 0000 Refer to Interrupt Mode Register section
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HD404720 Series

Table 1 Initial Values After MCU Reset (cont)

Initial
item Abbr. Value Contents
Timer/ Timer mode register A (TMA) 0000 Refer to Timer Mode Register A section
gg:;:ers. Timer mode register B (TMB) 0000 Refer to Timer Mode Register B section
interface Timer mode register C (TMC) 0000 Refer to Timer Mode Register C section
Serial mode register A (SMRA) 0000 Refer to Serial Mode Register A section
Serial mode register B (SMRB) 0000 Refer to Serial Mode Register B section
Prescaler S $000 —_
Prescaler W $00 —
Timer counter A (TCA) $00 —_
Timer counter B (TCB) $00 —
Timer counter C (TCC) $00 —
. Timer load register B (TLR) $00 —
Timer load register C (TCR) $00 —
QOctal counter (OC) 000 —
VFD VFD segment register (FSR) 0000 Refer to VFD Segment Register section
VFD digit register (FDR) 0000 Refer to VFD Digit Register section
VFD dimmer mode register (DMR) 0000 Refer to VFD Dimmer Mode Register
section
VFD control register (VCR) 0000 Refer to VFD Control Register section
PWM PWM data register (PWDR) $0000 Refer to PWM Data Register section
Bit register Low speed on flag (LSON) 0 Refer to Operating Modes section
Watchdog timer on fiag (WDON) 0 - Refer to Timer C section
Miscellaneous register 1 (MIS1) 0000 Refer to Miscellaneous Register 1 section
Miscellaneous register 2 (MIS2) 0000 Refer to Miscellaneous Register 2 section
Pattern ROM bank register* (PBNK) 00 Refer to Pattern ROM section

Note: * Applies to HD404720 and HD4074720.
The status of other registers and flags after MCU reset are shown on next page.

itachi
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HD404720 Series

Status After Cancellation of

item Abbr. Stop Mode by MCU Reset In Other Cases at MCU Reset
Carnry flag (CA) Pre-MCU-reset values are not Pre-MCU-reset values are not
oomuis W Serenesss vavesTustbe guerrieed vies st
B register (B)

W register (W)

X/SPX register (X/SPX)

Y/SPY register (Y/SPY)

Serial 1 data register (SR1)
Serial 2 data register (SR2)
Miscellaneous register 2 (MIS2)

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

M 449L204 0049202 921 WM 711 Hitachi
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Interrupts

The MCU has ten interrupt sources: four external
signals (INT,-INT;), three timer/counters (timer
A, timer B, and timer C), two serial interfaces
(serial 1 and serial 2), and a key scan. An interrupt
request flag (IF), interrupt mask (IM), and vector
address are provided for each interrupt source, and
an interrupt enable flag (IE) controls the entire
interrupt process.

Interrupt Control Bits and Interrupt Processing:
Locations $000 through $003 and $020 through
$023 in RAM are reserved for the interrupt control
bits which can only be accessed by RAM bit
manipulation instructions. The interrupt request
flags (IFs) can only be set by signals from interrupt
sources. MCU reset initializes the interrupt enable
flag (IE) and interrupt request flags (IFs) to 0 and
the interrupt masks (IMs) to 1.

A block diagram of the interrupt control circuit is
shown in figure 10, interrupt priorities and vector
addresses are listed in table 2, and the interrupt

M 4495204 0049203 aL4 W
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processing conditions for the ten interrupt sources
are listed in table 3. An interrupt request occurs
when the IF is set to 1 and the IM is set to 0. If the
IE is 1 at that point, interrupt processing begins. A
priority programmable logic array generates the
vector address assigned to that interrupt source.

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

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

Note: The interrupt mask bit will not be set by
interrupt processing.
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000, 0
8 |E, Sequence control
« Push PC/CA/ST
+ Reset IE
+ Jump to vector
address
$000, 2
o T
$000, 3 g
MO
Vector
L address
Priority control logic [
$001,0
IF1
$001, 1
IM1
$001, 2
IFTA
$001, 3
IMTA
$002, 0
IFTB )
$002, 1
IMTB
$002, 2 $022, 2
IFTC IFs2
$002, 3 $022, 3
IMTC IMS2
$003, 0 $023, 0
IFS IF2
$003, 1 $023, 1
IMS IM2
$003, 2 $023, 2
IFKS IF3
$003, 3 $023,3
IMKS M3
Note: $m, n is RAM address $m, bit number n.

Figure 10 Block Diagram of Interrupt Control Circuit
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Table 2 Vector Addresses and Interrupt Priorities
Reset/Interrupt Priority Vector Address
RESET — $0000

INT, 1 $0002

INT, 2 $0004

Timer A 3 $0006

Timer B 4 $0008

TimerC, Serial2 5 $000A

Senial 1, INT, 6 $000C

Key scan, INT, 7 $000E

Table 3 Interrupt Conditions

Interrupt Control Bit

Interrupt Source

(-]
-

TimerA TimerB

Timer C,
Serial 2

gﬁal 1,

Key Scan,
iNT,

E

pry

IFQ + IMO

IF1 « IMT

#* | = ] = | ==

IFTA « IMTA

*| =2 O~ |=

IFTB « IMTB

*

¥ 110 |0

IFTC + IMTC + IFS2 + IMS2

* |- 10|10 (O|—=

= oo ([Of—

IFS1 «IMST + IF2 « IM2

*

*

*

*

IFKS + IMKS + IF3 « M3

*

*

*

*

*

i-‘OOOOO-‘g
N

- |1Cc|lo|lOojOo|OC (O

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

M 449L204 0049205 L30 A

This Materi al

714 Hitachi

Copyrighted By Its Respective Manufacturer



HD404720 Series

Instruction cycles

1 2 3 4 ° °

[ | | ! | l |
I T ! ! ! ' I

Instruction

execution

. Stacking;
:;::rmtm lséarck'"tg' vector address
eptance ese generation
Execution of JMPL

instruction at vector address

Execution of
instruction at
start address

The stack is accessed and the IE reset after the instruction fgllzt:;mpt

is executed, even if it is a two-cycle instruction.

Figure 11 Interrupt Processing Sequence
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Interrupt

Interrupt acceptance

!

[E«0
Stack « (PC)
Stack « (CA)
Stack .« (ST)

A ]

( ACTIVE )

PC « $0002
PC « $0004
PC « $0006
PC « $0008
No
Timer C
PC « $000A or serial 2
interrupt?,
No
Serial 1 0|
PC « $000C INT; interrupt2
No
PC « $000E
(Key scan or

INT3 interrupt)

Figure 12 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
an interrupt and set to 1 by the RTNI instruction.

External Interrupts (INTo—INT3): Specified by
port mode registers A and B (PMRA: $004,
PMRB: $015).

The INT; input can be used as a clock input for
timer B in which case timer B increments at each
falling edge of the INT; input. The external inter-
rupt request flag (IM1) must be set to inhibit the
INT; interrupt request.

External Interrupt Request Flags (IF0: $000,
Bit 2; IF1: $001, Bit 0; IF2: $023, Bit 0; IF3:
$023, Bit 2): Set at the rising or falling edges of
the corresponding INT, to INT} inputs (table 5).

IFO and IF1 are set at the falling edges of INT, and

INT,, respectively, and IF2 and IF3 are set at either
the rising or falling edges of INT, and INTj,
respectively. The active edge is selected by the
interrupt mode register IMR: $014).

External Interrupt Masks (IM0: $000, Bit 3;
IM1: $001, Bit 1; IM2: $023, Bit 1; IM3: $023,
Bit 3): Mask interrupt requests caused by the cor-
responding external interrupt request flags (table
6).

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

Timer A Interrupt Mask (IMTA: $001, Bit 3):
Masks an interrupt request caused by the timer A
interrupt request flag (table 8).

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

Table 4 Interrupt Enable Flag

Table 7 Timer A Interrupt Request Flag

IE Interrupt Enabled/Disabled IFTA Interrupt Request
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table S External Interrupt Request Flags

Table 8 Timer A Interrupt Mask

IFQ, IF1, IF2, iF3 Interrupt Request IMTA Interrupt Request
0 Disabled 0 Enabled
1 Enabled 1 Disabled (masked)

Table 6 External Interrupt Masks

Table 9 Timer B Interrupt Request Flag

IMO, IM1, IM2,IM3  Interrupt Request IFTB Interrupt Request
0 Enabled 0 Disabled
1 Disabled (masked) 1 Enabled
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Timer B Interrupt Mask (IMTB: $002, Bit 1):
Masks an interrupt request caused by the timer B
interrupt request flag (table 10).

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

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

Serial 1 Interrupt Request Flag (IFS1: $003,
Bit 0): Set when the octal counter counts the
eighth clock signal or when data transmission
stops, resetting the octal counter (table 13).

Serial 1 Interrupt Mask (IMS1: $003, Bit 1):
Masks an interrupt request caused by the serial 1
interrupt request flag (table 14).

Serial 2 Interrupt Request Flag (IFS2: $022,
Bit 2): Set when the octal/hexadecimal counter
counts the eighth/sixteenth clock signal or when
data transmission stops, resetting the octal/hex-
adecimal counter (table 15).

Serial 2 Interrupt Mask (IMS2: $022, Bit 3):
Masks an interrupt request caused by the serial 2
interrupt request flag (table 16).

Table 10 Timer B Interrupt Mask

Table 14 Serial 1 Interrupt Mask

IMTB Interrupt Request IMS1 interrupt Request
0 Enabled 0 Enabled
1 Disabled (masked) 1 Disabled (masked)

Table 11 Timer C Interrupt Request Flag

Table 15 Serial 2 Interrupt Request Flag

IFTC Interrupt Request IFS2 Interrupt Request
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table 12 Timer C Interrupt Mask

Table 16 Serial 2 Interrupt Mask

IMTC Interrupt Request IMS2 Interrupt Request
0 Enabled 0 Enabled
1 Disabled (masked) 1 Disabled (masked)
Table 13 Serial 1 Interrupt Request Flag
IFSt Interrupt Request
0 Disabled
1 Enabled
718 Hitachi
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Key Scan Interrupt Request Flag (IFKS: $003, Key Scan Interrupt Mask (IMKS: $003, Bit 3):
Bit 2): Set when the VFD controller enters key ~ Masks an interrupt request caused by the key scan

scan mode (table 17). interrupt request flag (table 18).
Table 17 Key Scan Interrupt Request Flag Table 18 Key Scan Interrupt Mask
IFKS Interrupt Request IMKS Interrupt Request
0 Disabled 0 Enabled
1 Enabled 1 Disabled (masked)
IMR3 | IMR2 IMR1 IMRO
g Y~ -
’ INT, detection edge selection
INT; detection edge selection
IMR
Bit3 Bit2 INT; Detection Edge
0 0 No detection
1 Falling-edge detection
1 0 Rising-edge detection
1 Double-edge detection
IMR
Bit 1 Bit0 INT2 Detection Edge
0 0 No detection
1 Falling-edge detection
1 0 Rising-edge detection
1 Double-edge detection

Figure 13 Interrupt Mode Register
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Operating Modes

The MCU has two internal oscillation circuits as
shown in the block diagram of figure 22. The
oscillation clocks are used in the state shown in
figure 14.

Five operating modes are available, specified by
how the clock is used, as shown in table 19. The
functions available in each mode are listed in table
20, 1/O states are listed in table 21, and transitions
between operating modes are listed in figure 14.

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

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

In this mode, the oscillator remains active, and the
interrupts, the timer/counters, and the serial inter-
face are enabled, but all instruction-control clocks
stop. The stopping of these clocks stops the CPU,
retaining all RAM and register contents and main-
taining the current I/O pin status.

Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request. In the
former case the MCU is reset. In the latter case, the
MCU becomes active and executes the next
instruction following the SBY instruction. If the
interrupt enable flag is 1 when an interrupt request
is asserted, the interrupt is executed, while if it is 0,
the interrupt request is put on hold and normal
instruction execution continues. A flowchart of
operation in standby mode is shown in figure 15.

Table 19 Low-Power Dissipation Modes

System Clock (scpy)
Operating Stopped
Non-time-base Operating Active mode Standby mode
peripheral function (LSON = 0)
clock (gper) Stopped (S&bgﬁive t)node (optional) Watch mode (TMA3 = 1)
=1

Stop mode (TMA3 = 0)

M 4496204 0049211 934 IE
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RESET
Standby mode Active mode Stop mode
Tttt TMA3=0%y | (TMA3 = 0)
: | sey : |
i| fosc: Operating |[i (standby) i| fosc: Operating [\  grop fosc: Stopped
{| for: Operating [T M fo: Operating [' fo:  Operating
i| #cey: Stopped i | oyt =tope ; #cpy: Stopped
| okt =foye : o fok =foye : dck: Stopped
i| grert =fope i Interrupt 1l gpert =foyc ; gper:  Stopped
5 i : [ |
; i : E Watch mode
TMA3 = 1 I(TMA3 =1, LSON = 0)
: : ing || SBY 5 ing |L_sToP :
i| fosc: Operating |i (stangby) i| fosc: Operating |. | fosc: Stopped |
i| fei: Operating [ 1 fo: Operating |[i i1 fo: Operating |i
1| goru: ?‘:PPed : | gorut =foye .Lmqbase* i| #opu: Stopped '
i| 2okt =Tsue :  sok: =fsus - d gowk: =fsus :
i oeEr: =foye i oInterrupt il pper! =foyo ; | oper: Stopped |
STOP | :
fosc: Main oscillation frequency SBY : ;
feL: Suboscillation frequency E :
for time-base Subactive mode STOP | - -
i \‘:(TMA3_1,LSON_1):
fsus: fcu/8 . h . :
popu: System clock :osc gmp:::l ' :osc gto;:c:‘
gowk: Clock for time-base CL- peralng q o P 9|
. ) ocpy: = Tsus INTg | ocpy: Stopped |
#rer: Clock for other peripheral sok: =Tsus time-base* ! sok: = fsus :
functions " : g '
LSON: Low speed on flag sper:  Stopped stop 1| 7P Stopped |
LSON = 0: gepy = Main oscillator SBY e — '
LSON = 1: gcpy = Suboscillator
Note: * Interrupt source

Figure 14 MCU Status Transitions
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Table 20 Operations in Low-Power Dissipation Modes

Standby Subactive
Function Stop Mode  Watch Mode Mode Active Mode Mode*s

Stopped

System osciliator St

Subsystem oscillator

Stopped Stopped

HD404720 Series
CPU Instruction Stopped
operation  execution
(9cpu) RAM Retained Retained Retained
Registers, Reset Retained Retained
flags
1o*2 Reset Retained Retained
Peripheral  TNT, Reset Retained Retained
functions, 1T _INT,  Reset Retained
interrupts
{dpeR) Timer A Reset Retained Retained
. Timer B Reset Retained Retained
Timer C Reset Retained Retained
Serial 1, Reset Retained
Serial 2
VFD Reset Retained/
Reset™3
PWM Reset Retained/
Reset*3
Time-base  INT, Reset
functions,
interrupts Time-base Reset
(dcr)
Notes: indicates operating.
1. To reduce Igc, stop all oscillation in external circuits.
2. Refer to table 21.
3. Only the timing generator is reset. The contents of the mode registers are retained.
4. Refer to the Interrupt Frame section.
5. If TMA3 is set fo 1, timer A and INT, are switched to time-base function and interrupt,
respectively.
6. Subactive mode is an optional function.
7. VFDis active, but it displays nothing because the display data RAM is not working.

Table 21 Input/Output in Low-Power Dissipation Modes

Output Input
Stop/Watch/ All Modes |
Standby Mode Subactive Mode (input state)
Do~Dys Retained/peripheral function output High impedance Input enabled
RO-RA Retained/peripheral function output High impedance {nput 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.
722 Hitachi
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Watch/standby

Oscillator: Active
Peripheral clocks: Stopped/active
All other clocks: Stopped

(SBY
only)

Restart Restart
processor clocks processor clocks

'

Execute
next instruction
(active mode)

<>

Yes

( Execute R
Reset ) next instruction Accept interrupt

Figure 15 Flowchart of Watch and Standby Modes

B 4490204 0049214 bLy3 mm 723 Hitachi

This Material Copyrighted By Its Respective Manufacturer



HD404720 Series

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.

The stop mode is terminated by a RESET input as
shown in figure 16. RESET must be high for at
least one tyc to stabilize oscillation (refer to the
AC Characteristics table). In stop mode, all RAM
contents are retained.

After stop mode is cancelled, the accuracy of the
contents of the accumulator, B register, W register,
X/SPX register, Y/SPY register, carry flag, and
serial data register cannot be guaranteed.

Watch Mode: The MCU enters watch mode if the
STOP instruction is executed in active mode while
TMAS3 = 1, or if the STOP/SBY instruction is exe-
cuted in subactive mode.

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

i Stop mode

I~ -
osaiteror TN, ‘...nnIIIIIII|I|IIIIIII|I|I|III|||I|IIIIII|lI|II||IIIII|I|II|III|I|I||III

{C
7
Internal clock || || |

RESET «

KUJJJJJMIJII'IHH_HH
!

L

—

STOP instruction
execution

| |
i tres 1

tres 2 trc (stabilization time)

Figure 16 Timing of Stop Mode Cancellation
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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 20.

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

Interrupt Frame: In watch and subactive modes,
dcLk is supplied for timer A and the INT, circuit.
Prescaler W and timer A operate as time bases to
generate interrupt frame timing. Three interrupt
frame cycles (T) can be selected by the settings of
miscellaneous register 1, as shown in figures 17
and 18.

In watch and subactive modes, timer A and INT,
interrupts are generated in synchronism with the
interrupt frame. An interrupt request is generated
at the interrupt strobe timing, except when the
MCU enters active mode from watch mode. The
INT,, falling edge is acknowledged regardless of
the interrupt frame, but the interrupt is executed
simultaneously with the next interrupt strobe.
Timer A generates an overflow and interrupt
request at the timing of an interrupt strobe.

MCU Operation Sequence: The MCU operates
in the sequence shown in figures 19 to 21. It is
reset by an asynchronous RESET input, regardless
of its state.

Oscillation
Watch mode stablliza- | Active mode
tion time
H 4 H
interrupt H i ‘
strobe ! ! 3
5 i E A
Interrupt : H H H
request (only : 5 f H
during ; : | '
transition to : ' ' '
active mode) : T : T e 1RC -

T =2 xtrc: Interrupt frame period

tRc = Oscillation stabilization time

Figure 17 Interrupt Frame

M 4496204 0049216 41bL EE
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MIS1: $00C

MIS13 MiIS12 MIS11 MIS10

} tre selection
MiISt
Bit 1 Bit0 T/2, tge
0 0 0.12207 ms
0 1 7.8125 ms
1 0 62.5 ms
1 1 Not used

Note: For 32.768-kHz oscillation only

T: Interrupt frame length
trc: Oscillation stabilization time

Figure 18 Miscellaneous Register 1

' Power on ’
\

RESET = 17 > O l
Yes prsmmessssdeccmsenneen H
{  MCU operation ;
' cycle :
Reset MCU

B 4496204 0049217 352 WA

This Materia

Figure 19 MCU Operation Flowchart (Power On)
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MCU operation
cycle

Instruction Yes
execution

Ee0
Stack « (PC),
(CA), (ST)
v E
L,‘,’;L,‘?;!;‘;’;;‘;‘;" PC « Next location PC « Vector address
Lecoccnnccancnsancnanan '

IF: Interrupt request flag
IM: Interrupt mask

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

ST. Status flag

Figure 20 MCU Operation Flowchart (MCU Operation Cycle)

B Y49L204 0049218 299 mm 727 Hitachi
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The low-power mode operation sequence is shown
in figure 21. With the IE flag cleared and an inter-
rupt flag set together with its interrupt mask
cleared, if a STOP/SBY instruction is executed, the
instruction is cancelled (regarded as an NOP) and

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

Low-power mode
operation cycle
No
|F=1,T1i21/'
_ -
\
Standby/Watch
mode Stop mode
*
No
Yes
i
Hardware NOP Hardware NOP
execution axecution
Y \
PC « Next location PC « Next location |
|
Instruction |
execution l
MCU operation
cycle
Note: * For IF and IM operation, refer to figure 15.
Figure 21 MCU Operation Flowchart (Low-Power Dissipation Mode Operation)
B 4496204 0049219 125 Wm 728 Hitach
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Internal Oscillation Circuit

A block diagram of the internal oscillation circuit ~ 32.768 kHz can be connected to CL; and CL,. An
is shown in figure 22. As shown in table 22, a  external clock operation of the system oscillator is
crystal or ceramic oscillator can be connected to  also available.

OSC; and OSC,, and a crystal oscillator of

© © O ©
Subsystem oscillator Subsystem oscillator
l feL l fosc
Divider (1/8) Divider (1/4)
tsubcye l fsus toye l foye
Timing generator Timing generator

!

Time-base clock System clock
TMA3 —~ selection selection < LSON
BCLK PPER #CPU
CPU
Time-base/ Peripheral : Egm
interrupt functions/interrupts e
* Registers, flags

Figure 22 Internal Oscillator Circuit

m 4495204 0049220 47 W 729 Hitachi
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GND

M 4496204 DO49221 8483 WA

Figure 23 Typical Layout of Crystal or Ceramic Oscillator
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Table 22 Oscillator Circuit Examples

Circuit Configuration Circuit Constants
External clock operation
(OSC4, OSCp) External
oscillator
— 0sC,
Open — 0SC,
Ceramic oscillator Ceramic oscillator: CSA4.00MG
(OSC4, OSCy) ¢, —— (Murata)
E{ 0sC, Ri=1MQ+20%
m’:&:’ Ry C-| =C2=30 pF + 20%
0SC,
C. e
GND
Crystal oscillator ’ Re=1MQ £ 20%
(0OSC4, OSCyp) C, — Cq1=Co=10pF £20%
08¢y Crystal: Equivalent to circuit
Crystal S5 SRy shown at bottom left
Cq =7 pF, max.
0sC, Rg = 100 Q, max.

f=1.6t04.5 MHz

C, . ——
GND
Co

Crystal oscillator Ci=Cy=15pF 5%
(CL4, CLy) Crystal: Equivalent to circuit
Cy oL shown at bottom left
1 MX38T (Nihon Denpa Kogyo)
Crystal .2 Co=1.5pF, typ.
CL, Rg = 14 kQ, typ.
C, S f=32.768 kHz
GND
CO

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

2. Wiring between the OSC1/0OSCy, pins (CL4/CLy pins) and other elements must be as short as
possible, and must not cross other wiring. Refer to the recommended layout of the crystal and
ceramic oscillator in figure 23.

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

B 449L204 0Oy9222 71T WM 731 Hitachi
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Input/Output

The MCU has 50 input/output pins and 6 input
pins, 32 of the input/output pins being high-volt-
age, high-current pins which are multiplexed with
the VFD controller pins. The standard pin output

buffer is turned on and off by the combination vai-
ues in the port data register (PDR) and data control
register (DCR), as shown in figure 24.

]

PMOS

! opti
o,

| _Nmos

— ALT
L MIS1, FMRC*

S ﬁ —CJ— pcr

Input control

@»———————— PDR
input

mode register C (PMRC) is set to 1

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
cCMOS PMOS — — — On — —_— — On
buffer  Nmos  — — on — — — on
Pull-up MOS On On On On —_ — — —_
Notes: —: Off

* For the R42/SO4 pin, the PMOS is off when bit 2 of miscellaneous register 1
(MIS12) is set to 1. For the R73/SOz pin, the PMOS is off when bit 3 of port

MIS1 R42/SO4 PMRC R73/SO2
Bit 2 Output Mode Bit 3 Output Mode
0 CMOS 0 CMOS
1 NMOS open drain 1 NMOS open drain

Figure 24 Input/Output Buffer

B 449204 0049223 k56 W
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D Port: Comprised of 16 of the 50 I/O pins, they
are discrete pins (D port) that are accessed individ-
ually. These pins are set by the SED and SEDD
instructions, reset by the RED and REDD instruc-
tions, and tested by the TD and TDD instructions.
Pins Dy to D;s are multiplexed with VFD con-
troller pins FS;5 to FSy, respectively. Circuits of
the D port are shown in table 23.

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 R4 to R8 output buffers are turned on
and off by R-port data control registers
(DCR4-DCR8). Pins R43-R4;, R65-R65, and
R7¢—R73 are multiplexed with pins SCK,, SI;,
SO;, PWM, INT,-INT;, BUZZ, SCKj;, SI,, and
SO,, respectively. Circuits of the R ports are
shown in table 23, and pin mode selection registers
are shown in figure 25.

Mask Options: The circuits of the HD4074729
and HD4074720 are either without pull-up MOS

(C) or without pull-down MOS (D), as shown in
table 23. Options either with pull-up MOS (B) or
with pull-down MOS (E) can be selected for the
HD404728, HD404729 and HD404720 but note
that these MCUs are not compatible with the
HD4074729 and HD4074720. If with pull-down
MOS (E) option is selected, the RA;/Vgig, pin
must be set to the Vg, pin by the mask option
because the source of the pull-down MOS is con-
nected to Vgip.

How to Deal with Unused I/O Pins: /O pins that
are not needed by the user system must be connect-
ed to Voo to prevent LSI malfunctions due to
noise. Note the following precautions:

The without pull-down MOS option must be
selected for high-voltage pins and the without pull-
up MOS option must be selected for standard pins.
The contents of the PDR and DCR of a pin select-
ed by program must be retained in the same way as
for a reset. Do not select such pins to be peripheral
function 1/O pins.

Table 23 Input/Output Pin Types

Standard Pins
Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
. Input
/O pins control R4,-R4,
R6,—R63
R7,-R7;
R8,-R8,

2

Note: * Applies to R4, and R7;.

Inp
control ] | <

ut
Vee
—g

=)

= CPU input

Note: * Applies to R4, and R7;.

B 4496204 0049224 592 733 Hitachi
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Table 23 Input/Qutput Pin Types (cont)

Standard Pins
Pin Type With Pull-Up MOS (B)Without Pull-Up MOS (C) Pin Name
Input pins —
Vee
HLT
(nput control CPU input
@W:D’—> CPU input
Peripheral Input oK
10 pins control T - = CPU input oK,
Do- = SCK (output)*1
Vee | Vee
(] HLT
Input
OOn_tro-I:I}; » CPU input

»= SCK

2

734 Hitachi
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Table 23 Input/Output Pin Types (cont)

Standard Pins
Pin Type With Pull-Up MOS (B)/Without Pull-Up MOS (C) Pin Name
. Input
Paripheral control » CPU input 804, 80,
output pins ———D[% N PWM
Veo | Veo MIST, PMRC BUzz
HLT
Output
data
Note: * Applies to SO, and SO,.
In
oopn‘:trol [ P » CPU input
L3
Vo
@ T}
Output
da?a
Note: * Applies to SO, and SO,.
Peripheral SCK;, 8CK;
input pins Vec (input)*!
| Sly, Sl
| oct ALT el
1
Peripheral T2
4 —  po—— o Periphera INT.
input INTs
@ Input control I Jo———» CPU input
No Peripheral
input
input control .' CPU input
. Bl 4496204 004922b 3b5 N 735 Hitachi
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Table 23 Input/Output Pin Types (cont)

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

110 pins Veo Dy-Die
R0,
(_ R1g-R1g
.—‘ | PDR | R2,-R2;
R3,-R33

Input con:rmf—l)s » CPU input
Veg
(] HLT
[ POR |
Vee
Vsisp
Input commTD{3 » CPU input

input pins AA,

Input

C control [ o———— CPU input

Input
control CPU input

Vee

Vaisp
(Rao only)

. B 4yy9L204 0049227 271 M
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Table 23 Input/Output Pin Types (cont)

High-Voltage Pins
Pin Type Without Pull-Down MOS (D)/With Pull-Down MOS (E) Pin Name
Peripheral Vog FSo-FS5

output pins FDo—FDys
o]

Output

o Pl

» CPU i
Input conm CPU input

Vee
Vcc% |:|
Veisp

» CPU input
Input com CPU inpi

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

as input pins.

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

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

Circult Type
Product Type B (o] D E

Mask ROM Optional
(HD404728, HD404729,
HD404720)

ZTAT™
(HD4074729,
HD4074720)

Fixed

M 449204 0049228 138 EE 737 Hitachi
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MIS1 (miscellaneous register 1) ADR: $00C

SMRA (serial mode register A) ADR: $005

SMRA3

SMRA2 | SMRA1

SMRAO

SMRB (serial mode register B) ADR: $01B

MIS13 | MIS12 | MIS11 | MIS10
L R4,/SO, pin PMOS mode selection
R7¢/BUZZ pin mode selection
MIS1 Port
Bit 3 Selection
0 R7o
1 BUZZ

R4¢/SCK, pin mode selection

SMRB3 | SMRB2 | SMRB1 | SMRBO
l R7¢/SCK; pin mode selection
Bit3 Selection Bit 3 Selection
0 R4o 0 R7,
1 SCK; 1 SCK»
PMRA (port mode register A) ADR: $004
PMRA3 | PMRA2 | PMRA1 | PMRAO
L R45/SO4 pin mode selection
R44/S!y pin mode selection
R6¢/INT, pin mode selection
R64/INT; pin mode selection
PMRA Port PMRA Port PMRA |  pon PMRA | poq
Bit3 | Selection Bit2 | Selection Bit1 | Selection gito | Selection
0 R64 0 R6q 0 R4, 0 R4,
1 INT, 1 iNT, 1 Sly 1 SOy

Figure 25 Pin Mode Selection Registers

BN 449204 0049229 074 Em 738 Hitachi
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PMRB (port mode register B) ADR: $015

PMRB2 | PMRB1 | PMRBO
l R6/INT, pin mode selection
R63/INT3 pin mode selection
R43/PWM pin mode selection
PMRB Port PMRB Port PMRB Port
Bit 2 Selection Bit 1 Selection Bit 1 Selection

0 R4j 0 R63 0 R6;
1 PWM 1 INT5 1 INT,

PMRC (port mode register C) ADR: $01A

PMRC3| PMRC2 | PMRC1 | PMRCO
I
PMRC Port PMRC Port
Bit 1 Selection Bit 0 Selection
0 R72 0 R73
1 Sl 1 SO

R73/802 pin mode selaction
R72/Sl> pin mode selection

8/16 serial 2-bit length selection
R73/SO; pin PMOS mode selection

Figure 25 Pin Mode Selection Registers (cont)
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Timers

The MCU has two prescalers (S and W) and three
timer/counters (A, B, and C). Block diagrams of
the timers are shown in figures 26 and 27. The
functions of the three timers are selected by soft-
ware as shown in table 24.

Prescaler S: Eleven-bit counter that inputs a sys-
tem clock signal. After being initialized to $000
by MCU reset, prescaler S divides the system
clock frequency. In watch and subactive modes,
prescaler S stops counting and retains its value.
When these modes are cancelled, it resumes count-
ing. Of the prescaler S outputs, timer A input
clock, timer B input clock, timer C input clock,

and serial interface transmit clock are selected by
timer mode register A (TMA), timer mode register
B (TMB), timer mode register C (TMC), and serial
mode registers A and B (SMRA, SMRB), respec-
tively.

Prescaler W: Five-bit counter that inputs the CL,;
input clock signal divided by 8. After being ini-
tialized to $00 by MCU reset, prescaler W divides
the input clock. Prescaler W output can be select-
ed as a timer A input clock by timer mode register
A. In this case, prescaler W and timer A can be
reset by software.

Table 24 Timers A, B, and C Functions Selection

Timer A

Condition Function

TMA3 =0 System clock base interval timer
TMA3 =1 Time-base for clock

Timer B

Condition Function

TMB2-TMBO = 111

Automatic reloading timer

TMB2-TMBO = 111 and

Event counter (using R64/INT,)

PMRA3 =1

Timer C

Condition Function

WDON =0 (MIS13 = 1) Automatic reloading timer (square-wave output circuit using R7¢/BUZZ)
WDON =1 Watchdog timer

B yy9L204 0049231 722 M 740 Hitachi
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32KHz . Prescal
crystal | 1/8 |2 '?gc;;; w
oscillator

+2
+8
+16
+32

On: TMA3 =1

1121;;':?:9 Timer counter A IFTA
(TMA, 4 bits) (TCA, 8 bits)

Interrupt

/3 request flag
On: TMA3 =0 of timer A

Timer A MPX;

+2
+32
+128
+512
+1024
+2048

I|?

Syst toye )
gh;i" Prescaler S (11 bits)

Figure 26 Block Diagram of Timer A
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Timer mode Y 4
register B A 1
(TMB, 4 bits) Timer latch
register B 4

3 (TLB, 4 bits)

NTy REER)

@— Timer B MPX ﬂ(n%téréoaumg)B IFTB

! t
Hi 1t e

Timer load register B
(TLR, 8 bits)

+2

+4

+8
+32
+128
+512
+2048

4 4

. I Internal data bus (S2) l

System i
dlack Prescaler S (11 bits)

I Internal data bus (S1) I

HD404720 Series
[ Internal data bus (S1) l
|
|
|

4 BUZZ
-
@i Timer latch 4
alv oSS58 g register C Pulse width
LSRRI R RS R (TLC, 4 bits}) modulation output
y RER
Timer counter C IFTC
i u
Timer @ MPX (TCC. 8 bits) Interrupt request
f f f ’ f T f f flag of timer C
L3
Timer load register C
Timqrtmoge 1 (TCR, 8 bits) System
register
(Tl\eﬁ%,:tbits) 4 4 {(Watchdog)| reset
/

l Internal data bus (S2) |

$020, 1

WDON

Watchdog
on flag
(Set only)

Figure 27 Block Diagram of Timer B and C

Hitachi
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Timer A: Eight-bit timer which can be used as a
clock time base. Timer A is initialized to $00 by
reset, then incremented by each input clock. If an
input clock is applied to timer A after it has
reached $FF, an overflow that sets the timer A
interrupt request flag (IFTA: $001, 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 R6,/INT; pin must be speci-
fied as the INT; pin by port mode register A
(PMRA: $004) and interrupt requests must be
masked by the external interrupt mask bit (IM1).

Timer B is initialized to the value set in timer load
register B (TLR) by software, and is then incre-

B 449L204 004923y 431 mm

mented by one every clock input. If an input clock
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: $002, 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 func-
tion is disabled, the timer is initialized to $00. The
overflow sets the timer C interrupt request flag
(IFTC: $002, bit 2).

Timer C also functions as a watchdog timer. If a
program routine goes out of control and an over-
flow is generated while the watchdog on flag
(WDON) is set, the MCU is reset.

Timer C has a variable-duty pulse output (BUZZ)
whose output waveform depends on the states of
timer mode register C (TMC) and timer load regis-
ter C (TCR) as shown in figure 28. For pulse out-
put, the R7¢/BUZZ pin must be specified as BUZZ
by miscellaneous register 1.

Timer Mode Register A (TMA: $008): Four-bit
write-only register which controls timer A as
shown in figure 29. It is initialized to $0 by MCU
reset.

743 Hitachi
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Tx(TCR + 1)
TMC3=0
- T x 256
T
TMC3 =1
T x (256 — TCR)
T Period of clock input to the counter (figure 31)
TCR: Value of timer load register C (0-255)
- Figure 28 Variable-Duty Pulse OQutput Waveform

B 4496204 DO49235 374 A 744 Hitachi
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TMA: $008

TMA3 | TMA2 | TMA1 | TMAQ

~

L Timer Ainput clock selection
Timer A input prescaler selection

Source Prescaler, Input Clock Period,
TMA3 TMA2 TMA1 TMAO Operating Mode

0 0 0 0 PSS, 20481, Timer A mode
1 PSS, 1024 1oy,
1 0 PSS, 512 toyc
1 PSS, 128 toy,
1 0 0 PSS, 32 tey,
1 PSS, 8 tsyc
1 0 PSS, 4 toyc
1 PSS, 21,
1 0 0 0 PSW, 32 tsupeyc Time-base
1 PSW, 16 taupoye mode
1 0 PSW, 8 tsuncyc
1 PSW, 2 te,poyc
1 0 0 PSW, TCA reset
1
1 0
1

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

. toye = 0.9536 us (when 4.1943-MHz crystal oscillator with 1/4 division is used)

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

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

~wWwn

Figure 29 Timer Mode Register A

M 4495204 004923L 204 EE 745 Hitachi
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Timer Mode Register B (TMB: $009): Four-bit = Changes made to TMB are valid from the second
write-only register which selects the automatic  instruction cycle after the write instruction is exe-
reloading function, input clock source, and the  cuted. Timer B must be programmed so that it is
prescaler division ratio for timer B as shown in fig-  initialized by a write instruction to timer load reg-

ure 30. Itis initialized to $0 by MCU reset. ister B (TLR) after a mode change becomes valid.
TMB: $009
TMB3 | TMB2 | TMB1 TMBO
Y

Timer B input clock selection

Automatic reloading selection

TMB3 Automatic Reloading

0 Disabled

1 Enabled

1

1

TMB2 TMB1 TMBO Input Clock Period and Input Clock Source
0 0 0 2048 toyc

0 0 1 5121,

0 1 0 128 toye

0 1 1 321y,

1 0 0 8 toyc

1 0 1 41,

1 1 0 21teye

1

INT; (external event input)

teyo = 0.9536 ps (when 4.1943-MHz crystal oscillator with 1/4 division is used)

M u449L204 0049237 140 N

Figure 30 Timer Mode Register B
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Timer Mode Register C (TMC: $00D): Four-bit Changes made to TMC are valid from the second
write-only register which selects the automatic  instruction cycle after the write instruction is exe-
reloading function and the prescaler division ratio  cuted. Timer C must be programmed so that it is
for timer C as shown in figure 31. It is initialized  initialized by a write instruction to timer load reg-
to $0 by MCU reset. ister C (TCR) after a mode change becomes valid.

TMC: $00D

TMC3 | TMC2 | TMC1 | TMCO

hd

L Timer C input clock selection

Automatic reloading selection

TMC3 Automatic Reloading

0 Disabled

1 Enabled

TMC2 TMCH1 TMCO Input Ciock Period
0 0 0 2048 1,
0 0 1 1024ty
0 1 0 512 tgy,
0 1 1 128 15y,
1 0 0 32tgyc

1 0 1 8 toye

1 1 0 4 teye
1. 1 1 2ty

teyc = 0.9536 us (when 4.1943-MHz crystal oscillator with 1/4 division is used)

Figure 31 Timer Mode Register C
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Notes on Use

When using the timer output as variable-duty pulse
output, note the following point. From the update
of the timer write register until the occurrence of
the overflow interrupt, the variable-duty pulse out-
put differs from the period and duty settings, as

shown in table 25. The variable-duty pulse output
should therefore not be used until after the over-
flow interrupt following the update of the timer
write register. After the overflow, the variable-duty
pulse output will have the set period and duty
cycle.

Table 25 Variable-Duty Pulse Output Following Update of Timer Write Register

Variable-Duty Pulse Output
Timer Write Register is Updated during Timer Write Register is Updated during
Mode High Variable-Duty Pulse Output Low Variable-Duty Puise Output
Free Timer write Timer write
5 |
running register register
updated to  Interrupt updated to Interrupt

value N request

value N request

|

Tx N'+1-"
| Tx(255-N) [Tx(N+1)
|

Reload Timer write

register
updatedto  Interrupt
value N request

!

T I Tx(@55-N)| T |
| [l i

-

Timer write

register

updated to Interrupt
value N request

T _
Tl

| Tx(255-N) T
I
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Serial Interface

The MCU has two clock-synchronous serial inter-
faces. Serial interface 1 transmits and receives
8-bit data, and serial interface 2 transmits and
receives 8- or 16-bit data.

Serial Interface 1: Used to serially transmit and
receive 8-bit data. It consists of serial 1 data regis-
ter (SIR), serial mode register A (SMRA), port
mode register A (PMRA), an octal counter, and a
multiplexer as shown in figure 32. The R4y/SCK;
pin and the transmit clock are controlled by writing
data to SMRA. The transmit clock shifts the con-
tents of SIR, which can be read and written to by

software, and then transmission starts between two
MCUs.

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

Octal | sROF1
System i counter IFS1
Yook | =] Prescaler (11 bits) (0C. 3 bits) S
Interrupt
o request flag
ool Y& NS of serial
(3] [~ .
| D e 3 interface 1
Internal data bus (S1)
Serial MPX = +2 = MPX
x4 24
SCKj
Serial 1 data register
P (S1R, 8 bits)
Serial mode Port mode Y Ya
register A register A
r (SMRA, 4 bits) J; (PMRA, 4 bits) Internal data bus  (S2)
[ 4 l 4 5CK;
Internal data bus (S2) | v 2
R4¢/SCK; R44/Shy R42/SO4 ||
port port port
5CK, Sh SO,

Figure 32 Serial Interface 1 Block Diagram
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Serial Mode Register A (SMRA: $005): Four-
bit write-only register which controls the
R4¢/SCK] pin, transmit clock, and prescaler divi-
sion ratio for serial interface 1 as shown in figure
33. Writing to SMRA initializes serial interface 1.

A write signal input to SMRA discontinues the
input of the transmit clock to the serial 1 data reg-
ister (S1R) and 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.

Written data is valid from the second instruction
execution cycle after the write. The STS instruc-
tion must be executed at least after two cycles.

SMRA is initialized to $0 by MCU reset.

SMRA: $005

SMRA3 | SMRA2 | SMRA1 | SMRAO

hd

SMRA3 R4,/SCK, Pin
0 R4 port input/output pin
1 SCK, input/output pin

{ Transmit clock selection
R4¢/SCK, pin mode selection

Transmit Clock
Prescaler Transmit Clock

SMRA2 SMRA1 SMRAO R4ySCK, Pin Clock Source Division Ratio Period
0 0 0 SCK, output  Prescaler +2048 4096 toyc
0 0 1 SCK, output  Prescaler +512 1024 toye
0 1 0 SCK, output  Prescaler +128 256 toye
0 1 1 SCK, output  Prescaler +32 64 toye
1 0 0 SCK, output  Prescaler +8 16 toye
1 0 1 SCK, output  Prescaler +2 Aoy
1 1 0 SCK, output  System clock ™
1 1 1 SCK, input External clock

input).

Notes: 1. to, =0.9536 us (when 4.1943-MHz crystal oscillator with 1/4 division ratio is used)
2. When using the R4,/SCK; pin as pin R4, do not set SMRA2-SMRAQ to 111 (SCK;

Figure 33 Serial Mode Register A
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Serial 1 Data Register (SIRL: $006, SIRU:
$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, in synchronism with the falling
edge of the transmit clock, and data is input LSB
first to the SI; pin at the rising edge of the transmit
clock. The input/output timing is shown in figure
34. :

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 26. The combination of port mode register A
(PMRA) and serial mode register A (SMRA) 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 SMRA.

Table 26 Operating Modes of Serial Interface 1

SMRA PMRA

Bit3 Bit 1 Bit 0 Operating Mode

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

1 1 0 Receive mode

1 1 1 Transmit/receive mode

Transmit clock l||‘l||||’l|l|'|

Serial output data

Serial input data
lateh timing

Figure 34 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 35.

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 the serial
1 data register (S1R), 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 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. At that point, the serial 1
interrupt flag is set. In this state, if the internal
clock has been selected, 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 A (SMRA) must be written to
in oder to initialize serial interface 1, after which
serial interface 1 enters the STS wait state.

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

STS
instruction

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

SMRA write
(IFS1 « 1)

Transmit clock

Transmit clock wait state
(octal counter = 000)

8 transmit clocks
(external clock)
STS instruction

Transfer state
(octal counter = 000)

(IFS1 « 1)

Figure 35 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 during transmission. A transmit clock error
of this type can be detected as shown in figure 36.

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
and then back to transfer state.

*

When serial interface 1 is set to STS wait state by
writing data to SMRA at transfer state after the
serial 1 interrupt request flag (IFS1) is reset, th
flag is set again. .

Transmit/receive
(IFS1 « 1)

i

Interrupts inhibited

IFS1 &0

!

Write SMRA

Yes

No

Normal end

Transmit clock
error processing

Figure 36 Transmit Clock Error Detection
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Serial Interface 2: Used to serially transmit and
receive 8- or 16-bit data. It consists of a serial 2
data register (S2R), serial mode register B
(SMRB), port mode register C (PMRC), miscella-
neous register 2 (MIS2), octal/hexadecimal
counter, and muitiplexer as shown in figure 37.
The R7,/SCK,; pin and the transmit clock are con-
trolled by writing data to SMRB. The transmit
clock shifts the contents of the S2R, which can be
read and written to by software, and then transmis-
sion starts between two MCUs.

Serial interface 2 is activated by a dummy read
instruction for SMRB. The octal/hexadecimal

counter is reset to $0 by the dummy read instruc-
tion for SMRB, it starts counting at the falling
edge of the transmit clock (SCKj), and it incre-
ments at the rising edge of the clock. When the
eighth or sixteenth transmit clock signal is input
(serial interface 2 is reset) or when serial transmis-
sion is discontinued (octal/hexadecimal counter is
reset), the serial 2 interrupt request flag (IFS2) is
set.

To initiate serial interface 2 by the SMRB dummy
read, use a compare instruction on SMRB and the
accumulator to read the SMRB. Note that 0000 is
read when write-only register SMRB is accessed.

Octal
" F
System| .1 Prescaler (11 bits) hexadecimal| SR 2 IFS2
clock counter
4 bi
‘ (3/4 bits) Interrupt
o | ¥ request flag
o oo 8 & 51 S of serial
LI Y interface 2
|
I Internal data bus  (S1) |
Serial MPX > +2 [™ MPX
a4 47 L axy ax
J Serial data Serial data
¥a register 2 register 2
Serial mode Port mode {(S2RU, 8 bits) (SZFtl" 8 bits)
register B —» register C ‘/ , ‘,
(SMRB, 4 bits)| |  |(PMRC, 4 bits) 44 44 41 4/
4 14 5CK» | Internal databus (S2) |
[ internatdatabus (82) || 12 SCKz
I l $024, 1
R74/SCK, || R72/Sl | | R73/SO2
port port po MIS21[*

5CK,

rt
SOz

:

Figure 37 Serial Interface 2 Block Diagram
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Serial Mode Register B (SMRB: $01B): Four-
bit write-only register which controls the
R7,/SCK; pin, transmit clock, and prescaler divi-
sion ratio as shown in figure 38. Writing to SMRB

Therefore, if a write occurs during data transmis-
sion, the octal/hexadecimal counter is reset to $0 to
stop transmission, and, at the same time, the serial
2 interrupt request flag (IFS2) is set.

initializes serial interface 2.

Written data is valid from the second instruction
execution cycle after the write. The SMRB dummy
read must be executed after at least two cycles.
SMRB is initialized to $0 by MCU reset.

A write signal input to SMRB discontinues the
input of the transmit clock to the serial 2 data
register (S2R) and octal/hexadecimal counter.

SMRB: $01B

SMRB3| SMRB2 | SMRB1

Y
L Transmit clock selection

R71/SCK; pin mode selection

SMRBO

SMRB3 R7,/SCK,
0 R7, port input/output pin
1 SCK; input/output pin

Transmit Clock

o Prescaler Transmit Clock
SMRB2 SMRB1 SMRBO R7,/SCK,Pin Clock Source Division Ratio Period
] 0 0 SCKp output  Prescaler +2048 4096 toy,
0 0 1 SCKp output  Prescaler +512 1024ty
0 1 0 SCK output  Prescaler +128 256 toye
0 1 1 SCK; output  Prescaler +32 64 toyc
1 0 0 SCK; output  Prescaler +8 16 toye
1 0 1 SCK; output  Prescaler +2 Aoy
1 1 ] SCK output  System clock 1teye
1 1 1 SCK; input External clock

Notes: 1. t¢,c = 0.9536 us (when 4.1943-MHz crystal oscillator with 1/4 division ratio is used)
2. When using the R7,/SCK; pin as pin R7,, do not set SMRB3-SMRBO to 111 (8CK; input).

Figure 38 Serial Mode Register B
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Serial 2 Data Register (S2RLL: $01C, S2RLU:
$01D, S2RUL: $01E, S2RUU: $01F): Sixteen-
bit read/write register separated into two lower and
two upper digits located at sequential addresses.
Data in this register is output from the SO, pin
LSB first, in synchronism with the falling edge of
the transmit clock, and data is input LSB first to
the SI, pin at the rising edge of the transmit clock.
The input/output timing is shown in figure 39.

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

Miscellaneous Register 2 (MIS2: $024): Bit 1 of
MIS2 is connected to the final output circuit of the

serial 2 data register (S2R).

The value of the SO, pin can be changed by con-
trolling bit 1 of MIS2 in transmit mode after the
completion of transmission. If bit 1 is written to,
all other bits must be set to 0. If bit 1 is not written
to, SO, continues to output the value of the last bit
to be transmitted.

Selecting and Changing Operating Mode: Table
27 lists serial interface 2’s operating modes.
Specify the operating mode and data length (8- or
16-bit) by a combination of PMRC and SMRB
values. To change the operating mode of serial
interface 2, internally initialize serial interface 2 by
writing to SMRB.

Table 27 Operating Modes of Serial Interface 2

SMRB PMRC

Bit3 Bit 2 Bit 1 Bit0 Operating Mode

1 0 0 0 Continuous clock output mode
1 0 0 1 8-bit transmit mode

1 0 1 0 8-bit receive mode

1 0 1 1 8-bit transmit/receive mode

1 1 0 0 Continuous clock output mode
1 1 0 1 16-bit transmit mode

1 1 1 0 16-bit receive mode

1 1 1 1 16-bit transmit/receive mode

Transmit clock ||||||||l|||||||

16

Serial output data

Serial input data
latch timing

ERRNEREE
]

[(4 | | | I

7

Figure 39 Serial Interface 2 Timing

M uy9e204 0049247 09T EE

This Materi al

756 Hitachi

Copyrighted By Its Respective Manufacturer



HD404720 Series

Serial Interface 2 Operation: Three operating
modes are provided for serial interface 2; transi-
tions between them are shown in figure 40.

In serial 2 start wait state, serial interface 2 is ini-
tialized and the transmit clock is ignored. If an
SMRB dummy read is executed, serial interface 2
enters transmit clock wait state.

In transmit clock wait state, input of the transmit
clock increments the octal/hexadecimal counter,
shifts the serial 2 data register (S2R), and starts
serial transmission. However, note that if continu-
ous clock output mode is selected, the transmit
clock is continuously output, but data is not trans-
mitted.

During transmission, the input of eight or sixteen
clocks or a SMRB dummy read sets the octal/hex-
adecimal counter to 000/0000, and serial interface
2 enters transmit clock wait state. At that point,
the serial 2 interrupt flag is set. In this state, if the
internal clock has been selected, serial transmis-
sion is stopped after the eighth or sixteenth clock is
output.

If port mode register C (PMRC) is written to in
transmit clock wait state or during transmission,
SMRB must be written to in order to initialize seri-
al interface 2, after which serial interface 2 enters
serial 2 start wait state.

Serial 2 start wait state
{SMRB dummy read)
(octal counter = 000,

hexadecimal counter = 0000,

transmit clock disabled)

SMRB SMRB write 8/16 transmit clocks
write (IFS2 « 1) (internal clock)
(IFS2 1)
SMRB dummy read

(serial 2 start)

Transmit clock

Transmit clock wait state
(octal counter = 000,
hexadecimal counter = 0000)

8/16 transmit clocks
(external clock)
SMRB dummy read

(Serial 2 start)
(IFS2 « 1)

Transfer state
(octal counter = 000,
hexadecimal counter = 0000)

Figure 40 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 during transmission. A transmit clock error
of this type can be detected as shown in figure 41.

If more than eight or sixteen 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 serial 2 start wait
state by writing data to SMRB at transfer state
after the serial interface 2 interrupt request flag
(IFS2) is reset, the flag is set again.

Transmit/receive
(IFS2 « 1)

Interrupts inhibited

IFS2 &« 0

Write SMRB

Yes

No

Normal end

Transmit clock
error processing

Figure 41 Transmit Clock Error Detection
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Vacuum Fluorescent Display (VFD)
Controller

The MCU has a VFD controller that can control 16
digit pins and 16 segment pins, and a high-voltage,
high-current driver which enables VFD display
(figure 42). The controller consists of VFD data
RAM, a VFD control register (VCR), a dimmer
mode register (DMR), and a display timing genera-
tor. The display driver consists of 32 high-voltage,
high-current pins, a VFD segment register (FSR),

One display timing frame is divided into 17 peri-
ods. During one of 17 periods, the pin selected by
the VFD segment/digit register can be used for key
scanning. When key scanning is enabled, the CPU
can control all the segment/digit pins as a D port or
R port.

An example of the connection between the MCU

and a VFD digit register (FDR), and can specify and the VFD is shown in figure 43.
display formats from 8 segments x 2 digits to 16
segments x 16 digits.
( Internal data bus (S2) ]
I l l
[ Internal data bus (S1) |
4 4 4 4 4
K
scan Vgob. Dimmer mode VFD digit VFD segment
fla?: m'?ue‘on register (DMR, register register
(KSF, | ( 8 4 bits) (FDR, 4 bits) (FSR, 4 bits)
1bity | 1bit)
System 4 Dis%?(Mdata 4 4
clock Wi .
(64-digit x 4-bit)
IFKS VFD timing generator |
16 16
Data Control Data Control
Digit signal output pins Segment signal output pins
01 2 3 45 6 7 8 9 1011 12 13 14 15 15141312 11109 8 7 6 5§ 4 3 2 1 0
nn,,no,noznu,i‘,m,mzm,nzunz,t=122|=12;.ns<,na,nazma Dy Dy D; Dy Dy Ds D D; Dg Dy DigDyy DyzDys Dy Dis

Figure 42 VFD Controller Block Diagram
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VFD

Digit (RO-R3)

0]1]2{3|4|5|6|7]8]9]10]11]12]13]14|15

|
1817

YYYYYYYYYYYYYYYY 1

HD4074729, HD4074720

HD404728, HD404729, HD404720,

Segment (Do—D1s)

0}1]2]3|4isie|7]8]9 [10{11]12{13]14]15

'
|
'
]
|
1
'
1

A A A B

PR,

A

Dt
V>l7<> ”

INAAA,
PV

B+

HIZA A A 2

'
1
i

a-d
N7AA VA A

e 2 .
PP
N NP2 NP2 N N
% 2 P R
T 72 24 A * e
T % PN N
b
NN
A A A 4
% NN

(S QN P O S
(LY 70 74N ZA 7

PP
PN\ . N
P PP
B !
D-D-D-D—
S ZAS AN ZAN P

General-
PUIROSe PO
oli|2]3

I 2 A A ]

A ZA A 7A 8]
: B-D-D-P—L
A A A 4

M 7 A A

H by

AV AVA

1
]
1
'
]

Key
matrix

Figure 43 Example of VFD Connection
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VFD Data RAM: Addresses in VFD data RAM
are listed in table 28. RAM area that is not used in
display mode can be assigned for general purposes.

Table 28 VFD Data RAM Addresses

Do| Dy | Dy | D3| Dy | D5 | Dg | D7 | Dy | Dy | Dyg| Dyy| Dy | Dy3[Dya [ Dys
Pin So9ment | 15| 14| 13| 12| 11 10| 9| 8| 7| 6| 5| 4| 3| 2] 4 0
Digit

RO, ) $090 $080 $070 $060

RO, 1 $091 $081 $071 $061

RO, 2 $092 $082 $072 $062

RO3 3 $093 $083 $073 $063

Rig 4 $094 $084 $074 $064

R1, 5 $095 $085 $075 $065

Rty 6 $096 $086 $076 $066

Ris 7 $097 $087 $077 $067

R2, 8 $098 $088 $078 $068

R2, 9 $099 $089 $079 $069

R2, 10 $09A $08A $07A $06A

R2,3 " $09B $08B $078 $06B

R3p 12 $09C $08C $07C * $06C *
R3, 13 $09D $08D $07D * $06D *
R3, 14 $09E $08E $O7E * $06E *
R3; 15 $O9F $08F $O7F * $06F *

Notes: * The contents of RAM addresses $07C-$07F and $06C-$06F (not display data) are output from
segment pins at the timing set by digits 12-15.

1. Ineach segment, the right end corresponds to the LSB and the left end to the MSB.

2. Shading indicates the VFD data RAM locations used in displaying 8-segment x 12-digit data. In
this example, other locations can be used for general purposes.

M 4496204 0049252 457 WE 761 Hitachi
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VFD Control Register (VCR: $013): The VFD
control register consists of a 1-bit write-only regis-
ter and a 1-bit read-only/RAM bit test register
(figure 44).

The VFD mode bit (FLMO: $013, bit 0) is a
write-only bit which selects a frame period of
either 3264- or 6528-instruction cycles. This bit is
initialized to 0 by MCU reset.

The key scan flag (KSF: $013, bit 3) is a read/test
flag which indicates either the display period or the
key scan period. The key scan period is 1/17 of the
frame period. During the key scan period, the D
port and RO-R3 ports are used as CPU-controlled
general-purpose ports, and key scan can be enabled
by software. At the rising edge of the KSF, the key
scan interrupt request flag (IFKS) is set to 1.

VCR: $013
3 2 1 0
KSF FLMO
\ I VFD frame period selection {write only)
Key scan period selection (read only)

VCR
Bit3 Period
] Display period
1 Key scan period
VCR
Bit0 Tiame: Frame Perlod ' Tygn: Key Scan Digit Poriod Tgimmer: Dimmer Resolution
0 6528 toy, 6226 us* 3841y, 366.2 us* 241, 22.89 us*
1 32641y 3113 us* 1921, 183.1 ps* 12ty 11.44 us*
Note: * tyye=0.9536 us (when 4.1943-MHz crystal oscillator with 1/4 division ratio is used)

Figure 44 VFD Control Register

B 4496204 0049253 393 M

762 Hitachi

Copyrighted By Its Respective Manufacturer




HD404720 Series

Dimmer Mode Register (DMR: $012): Four-bit
write-only register which controls the VFD driver
pin mode and a digit signal output waveform (fig-
ure 45). Eight waveforms can be selected. The
DMR is initialized to $0 by MCU reset.

For details of digit waveform resolution, refer to
the VFD Control Register section since resolution

is affected by the VFD mode register.

DMR3 functions as a master enable bit for the
VFD controller. While DMR3 is 0, the Dg-D; 5
and RO-R3 ports are used as general-purpose
ports, and the display timing generator remains
reset.

DMR: $012
3 2 1 0
DMR3 | DMR2 | DMR1 DMRO
Y
L Digit signal waveform selection
Do-D1s and RO-R3 mode control, display
timing generator control
DMR
Bit 3 Do-Dq5 and RO-R3 Mode
0 General purpose ports
1 VFD driver, depending on the status of FOR and FSR
DMR 2 1
Bit2 Bit1 Bit0 Digit Signal Waveform 2 Tdimmer
T ——T 2
0 0 e — A N O T A T g -
0 1 I A A i S
1 0 e IR T T T T N N e
1 R N AR [
°o 0 s T L
i 1 S e S s L N O
10 I N o o IR TR IR I N N N
1 I O N S S 5::5;::55
Lo Taigit f
::“’deimmer E
#1 .1
Notes: 1. This is the timing of the segment signal. For details of Tdigit and Tgimmer, refer
to the VFD Control Register section.
2. When VCR bit 0 is 0 and DMR is $8, the high level width of the digit signal
wave is 15.5 Tgimmer Cycles.

Figure 45 Dimmer Mode Register
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VFD Digit Register (FDR: $011), VFD Segment  registers are used for the VFD driver or general
Register (FSR: $010): Four-bit write-only regis-  purposes, depending on the state of bit 3 of the
ters which control the VFD driver pins (figure 46). DMR and the key scan flag. FDR and FSR are ini-
The pins not selected by these registers are used  tialized to $0 by MCU reset.

for general purposes. The pins selected by these

FOR: $011 FSR: $010
FDR3 | FDR2 | FDR1 | FDRO FSR3 | FSR2 | FSRt | FSRO
~ — Y
L—— Number of —— Number of VFD
VFD digit pins segment pins

- FOR  number Digit Signal FSR____ Number of Segment Signal
3210 of Digits Output Pins 3210 Segments Output Pins
0000 0 None 0000 0 None
0001 2 FDy/RO,—FD4/RO, 0001 8 FSy/D15~FS7/Dg
0010 3 FDy/ROg—FDo/R0, 0010 9 FSy/D45—FSg/D;
0011 4 FDy/R0Og—FD3/R0; 0011 10 FSo/Dy5—FSe/Dg
0100 5 FDy/R0p—FD4/R1g 0100 1 FSo/0;5FS10Ds
0101 6 FDy/R0-FDs/R14 0101 12 FS¢/D15—FS14/D4
0110 7 FDy/RO—FDg/R15 0110 13 FS¢/D15s—FS12/D3
0111 8 FDy/RO~FD,/R13 0111 14 . FSg/Dy5—FS13/D>
1000 9 FDy/ROg—FDg/R2, 1000 15 FSo/Dy5—FS14/D;
1001 10 FDy/ROG—FDo/R2; 1001 16 FSo/D1s—FS15/0p
1010 " FDy/R0g—FD;¢/R2; 1010 Not used
1011 12 FDy/RO,—FD,,/R23 1011
1100 13 FDy/R0,—FD,2/R3, 1100
1101 14 FDy/R0g~FD;4/R3; 1101
1110 15 FDyROg—FD;4/R3; 1110
1111 16 FDy/R0g—FD15/R33 1111

Figure 46 VFD Digit Register and Segment Register
M 4496204 0049255 lbb HN 764 Hitachi
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Pulse Width Modulator (PWM)

The MCU’s 14-bit PWM can be used as a 14-bit
D/A converter by externally connecting a low-pass
filter to it. A pulse-division PWM method is used
to obtain the resolution and high-speed response
required for the voltage synthesizer tuning system.

The features of the PWM are as follows:
*  One conversion cycle: (o, x 8192

The PWM has the registers shown in table 29, and
a block diagram of the PWM is shown in figure 47.

When data is written to PWM data register 3
(PWDR3), the data is latched into the modulator
and a PWM signal is then output in synchronism
with the internal clock signal. Note that bits 3 and
2 of PWDR3 are invalid. The PWM operation is

¢  Minimum modulation width: :cyc/z shown in figure 48.

* Pulse-division method for ripple reduction

Table 29 PWM Data Registers

Register Name Bit Count Read/Write
PWM data register 3 (PWDR3: $019) 2 Write
PWM data register 2 (PWDR2: $018) 4 Write
PWM data register 1 (PWDR1: $017) 4 Write
PWM data register 0 (PWDRO0: $016) 4 Write
PWDR3 PWDR2 PWDR1 PWDRO
($019) ($018) (3017) ($016)

DX 1 o] 3 NEEEE o}
J

Pulse width modulator

PWM waveform
—=-©
R4a/PWM pin

System clock

Figure 47 PWM Block Diagram

PWM lower word data —
PWDR2 —» PWDRO

PWM upper word data —
PWDR3

Figure 48 PWM Operation

765 Hitachi
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PWM Registers

PWM Data Register 0 (PWDRO: $016): Four-

PWM Data Register 3 (PWDR3 $019): Two-bit
write-only register.

This Materi al

bit write-only register. 1 0
T
DA1 DA12
3 ' | l 0 3 ]
DA3 | DA2 | DA1 l DAO
PWM Operation
:!YVM tD-at:; Reg,stt:: 1 (PWDR1: $017): Four-  pp. pwM waveform shown in figure 49 is output
Wwrite-only register. from the PWM pin. One frame period generates
3 0 64 clock pulses. The relationship between total
T T T pulse width at low level in one frame (T ) and the
DA7 | DA6 A DAS | DA4 data value is given by the following equation.
Ty, = (data value + 64) x oye (teyc: instruction
2 execution
PWM Data Register 2 (PWDR2: $018): Four- time)
bit write-only register. When fosc = 4 MHz:
3 0 1 conversion cycle = 8192 ps
| | T tn = 128 ps
DA11 | DA10 | DA9 l DA8 2/fosc (resolution) = 0.5 us
|- One frame period -]
R W S VS — et oo tios —=]
£< |
‘| T ‘_‘
B e w y wwo
Te=tiy 4t +tig+ oo, +ties
fy =t =g m e =tg4

BN 4u496204 0049257 T39 W

Figure 499 PWM Waveform
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Programmable ROM

The HD4074729 and HD4074720 are ZTAT™
microcomputers with built-in PROM that can be

programmed in PROM mode.
PROM Mode Pin Description

Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode
DP-64S Pin DP-64S Pin
DC-84S FP-64B FP-64A PinName I/O Name /O  DC-64S FP-64B FP-64A PinName IO Name IO
1 59 57 Dy/FSy VO 33 27 25 R4,SCK, /O PSEL* I*
2 60 58 Do/FS; 1O 34 28 26 R4,/8, o 0Oy o
3 61 59 D;3FS, 1O 35 29 27 R4,/SO; O O, 1o
4 62 60 D,/FS; IO 36 30 28 R4/PWM 110 O, o
5 63 61 Ds/FSy 11O 37 31 29 R7¢/BUZZ 110 O, o
6 64 62 ROyFD, /1O A, 1 38 32 30 R7,/8CK, /10 Og Vo
7 1 63 RO/FD; /O A, | 39 33 31 R7/Sl, o Og Vo
8 2 64 ROFD, /O Ag 1 40 34 32 R75/80, 110 Oy lle}
9 3 1 ROyFD; /0 A, 1 41 35 33 R8, o o, lle}
10 4 2 R1gFD, IO Ag ! 42 36 34 R8, o 0O, o)
1| 5 3 R1,/FDs 1O Ag [ 43 37 35 R9 I Vpp
12 6 4 Ri1FDg /O Ay [ 44 38 36 R9, [ Ay |
13 7 5 Ri1gFD; VO Ag ! 45 39 37 R9, 1 M I
14 8 6 R2y/FDg 1O Ay | 46 40 38 RY; tM, |
15 ] 7 R2;/FDg /O Ay | 47 41 39 RESET | RESET |
16 10 8 R2,/FDye WO Ay | 48 42 40 0SC, o
17 11 9 R23/FDy; WO Ay | 49 43 41 0SC, !
18 12 10 RA, I Vee 50 44 42 GND GND
19 13 " RANVgsp | 51 45 43 cL, | GND
20 14 12 R3yFD;, WO A, | 52 46 44 CL,
21 15 13 R3,/FDy3 1O Ay | 53 47 45 TEST ! TEST |
22 16 14 R3,/FDy, 1O 54 48 46 Do/FSys /O
23 17 15 R33/FD;s 11O 55 49 47 Dy/FSyy IO
24 18 16 RS, o CE | 56 50 48 D,/FS;s WO
25 19 17 R5, o O | 57 51 49 DyFS;, WO
26 20 18 R5, /O Vee 58 52 50 Dy/FSyy IO
27 21 19 R53 IO Vg 59 53 51 Ds/FSyp /O
28 22 20 REINT, 11O ©p 1O 60 54 52 De/FSg o
29 23 21 R6,/INT, 1O O, 0o 61 55 53 D,/FSg Vo
30 24 22 REYINT, 11O O, 1O 62 56 54 Dg/FS; o
31 25 23 R6,/INT; 1O O3 1O 63 57 55 Dy/FSs [/[e]
32 26 24 Ve Veo 64 58 56 D\/FSs /O

Notes: * Applies to HD4074720S, HD4074720FS and HD4074720C.

1. /O: Input/output pin, I: Input pin, O: Output pin
2. Each of Og—O,4 has 2 pins; connect each pair together for use.

M 4496204 0049258 975 WM 767 Hitachi
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PROM Mode Pin Functions

Vpp: Applies the programming voltage (125 V
1 0.3 V) to the built-in PROM.

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

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

Ag-A;4 Act as address input pins of the built-in
PROM.

0g—0,: Act as data bus input pins of the built-in
PROM.

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

PSEL (HD4074720S, HD4074720FS and
HD4074720C): Inputs a signal which selects the
program ROM (16,384 words) or pattem ROM
(8,192 words).

PSEL PROM Select

0 Program ROM (16,384 words)

1 Pattern ROM (8,192 words)

Programming the Built-in PROM

The MCU’s built-in PROM is programmed in
PROM mode which is set by pulling TEST, My,
and M; low, and RESET high, as shown in figure
50. In PROM mode, the MCU does not operate,
but the 16-kword PROM and 8-kword PROM
(HD4074720) can both be programmed in the same
way as any other commercial 27256 EPROM using
a standard PROM programmer and a 64-to-28-pin
socket adapter. Recommended PROM program-
mers and socket adapters are listed in table 31. For
HD4074720, these socket adapters have PSEL
select switches, which select the 16-kword PROM
or 8-kword PROM by setting PSEL low or high.

Since an HMCS400-series instruction is ten bits
long, the HMCS400-series MCU has a built-in
conversion circuit to enable use of a general-pur-
pose PROM programmer. This circuit splits each
instruction into a lower S bits and an upper 5 bits
that are read from or written to consecutive
addresses, as shown in figure 51. This means that
if, for example, a 16-kword built-in PROM is to be
programmed by a general-purposc PROM pro-
grammer, a 32-kbyte address space ($0000-$7FFF)
must be specified.

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

Programming and verification modes are selected
as shown in table 30, and -the memory map in

PROM mode is shown in figure 51.

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

Warnings

1. Always specify addresses $0000 to $7FFF
when programming with a PROM programmer.
For 8-kword PROM, the data in addresses
$4000 to $7FFF must be $FF. If address $8000
(54000 in the 8-kword PROM) or higher is
accessed in the 16-kword PROM, the PROM
may not be programmed or verified correctly.
Set all data in unused addresses to $FF.

Note that the plastic-package version cannot be
erased and reprogrammed, but the ceramic win-
dow-package version can be reprogrammed
after being exposed to ultraviolet light.

2. Make sure that the PROM programmer, socket
adapter, and LSI are aligned correctly (their pin
1 positions match), otherwise overcurrents may
damage the LS1. Before starting programming,
make sure that the LSI is firmly fixed in the
socket adapter and the socket adapter is firmly
fixed onto the programmer.

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

B 4495204 0049259 801 WM 768 Hitachi
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Erasure (Window Package) 2-3 cm away from an ultraviolet lamp with a rat-

ing of 12,000 uW/cm? for about 20 minutes. After
Data in the PROM is erased by exposing the LSI erasure, all PROM bits are set to 1.

to ultraviolet light of wavelength 2537 A for an
integrated dose of at least 15 W-s/cm2. These con-  For details of packages with windows, refer to the
ditions can be satisfied by placing the LSI about  Notes on Window Packages section.

Table 30 PROM Mode Selection

Pin
Mode CE OE Vep OO0
Programming Low High Vep Data input
Verification High Low Vpp Data output
Programming inhibition High High Vpp High impedance

Table 31 Recommended PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Product
Name Manufacturer Mode! Name Package Model Name Manufacturer
HD4074729  DATA I/0 Corp. 228 DP-64S HS470ESS11H Hitachi
29B DC-64S
FP-64B HS470ESFO1H
FP-64A HS470ESHO1H
AVAL DATA Corp. PKW-1100 DP-64S HS470ESS21H
PKW-3100 DC-64S
FP-64B HS470ESFO1H
FP-64A HS470ESHO1H
HD4074720 DATA /O Corp. 22B DP-64S HS4720ESS01H  Hitachi
29B DC-64S
FP-64B HS4720ESFO1H
AVAL DATA Corp. PKW-1100 DP-648 HS4720ESSO1H
PKW-3100 DC-64S
FP-64B HS470ESFO1H

Hitachi
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(a) HD4074729 (b) HD4074720
Voo Vee
Vee ? Veo ?
T Vcc VCC
RESET RESET PSEL PSEL
TEST TEST
Mo Mo
M, Data M, Data
1 0p- 0O 1 Oo- 07
VPP WL ° 7 00_ 07 VPP 7 o 00_ o7
T—/ Vep Ag-Ars (‘,:I Address Vep Ag-Ars (:J Address
Ao—Aqg Ap—Aqy
OE j=—— OE OE|[=— OE
E [«—— CE CE|=«— CE
GND GND
PSEL PROM Select Note Compatible with
0 Program ROM (16 k) Including pattern 1 27256
1 Pattern ROM (8 k) Including paiterns 2 and 3 27256
Notes: 1. The R4y/SCK, pin is assigned as the PSEL (pattern ROM select) input pin in PROM mode.
2. The program ROM (16 k) or pattern ROM (8 k) can be selected by the socket adapter
switch, which sets PSEL at GND or V¢c.

B 4496204
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Figure 50 Connections in PROM Mode
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$0000 1, 1, 1 ,Bit4,Bit 3 Bit2 Bit 1,Bit 0 Lower5bits} $0000 JMPL instruction $0000
$0001 1, 1, 1 ,Bit9,Bit8, Bit7 Bit 6 Bit 5| Upper 5 bits "~ Gump to reset routing) | $0001
I Vector address B JMPL instruction $0002
$001F $000F (jump to INT, routine) $0003
$0020 $0010 - -
2 b JMPL instruction $0004
> ero-page subroutine - . T " 1
(64 words) (jump to INT; routine) $0005
$007F $003F | JMPL instruction _| sooos
$0080 $0040 (jump to timer A routine) $0007
JMPL instruction $0008
¢ Pattern (jump to timer B routine) $0009
(4096 words) | JMPLinstruction (jumpto | $000A
$1FFF $OFF timer C/serial 2 routine) $000B
$2000 ~$7000 | JMPL instruction (jumpto | $000C
serial 1/INT3 routine) $000D
Program | JMPLinstruction (jump to _| $000E
r (16384 words) keyscan/INT; routine) $000F
$7FFF T R S S $3FFF
¥
Upper 3 bits are not used
(fill them with 111). 16-kword Program ROM
$0000 1, 1 , 1 ,Bitd,Bit3 Bit2 Bit 1,Bit 0] Lower 5 bits $0000
$0001 1, 1, 1 ,Bit9 Bit8 Bit7 Bit 6, Bit 5| Upper 5 bits
Pattern
(8192 words)
saFFF 1 1 1 1 L 1 1 $1 FFF
= —~————
Upper 3 bits are not used
(fill them with 111). 8-kword Pattern ROM (HD4074720)
Note: For HD4074720
16-kword program ROM: PSEL = low
8-k word program ROM: PSEL = high

Figure 51 Map in PROM Mode
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HD404720 Series

Addressing Modes

RAM Addressing Modes

The MCU has three RAM addressing modes, as
shown in figure 52 and described below.

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

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

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

W register X register
[ N

Y register

|w,_wolx@_x2.x,_xolvs_vzlnlvo

1

A \ \ 1 \ \

RAM address |PA,'PAa'PA,'PAG'PA;PA.'PAS'PAz'PA,'PAoJ

Rogister Indirect Addressing

2nd word of instruction

1st word of instruction

A

Y

L. . el

[ds s d; ds 05 dy dy dp di do

1 \ \ 1 | B A \

RAM address [PAO'PAB PA; PAg PA; PA, PAy PA, PAa‘PAoJ

Direct Addressing

Instruction

IC

" Opcode

i

T T 2
|m3 my my mol

Ll

RAM address [PA; PAg PA; PAs PAs PA, PAg PA, PA| PA,|

Memory Register Addressing

Figure 52 RAM Addressing Modes

B 4496204 0049263 232
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HD404720 Series

ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes, as
shown in figure 53 and described below.

Direct Addressing Mode: A program can branch
to any address in the ROM memory space by exe-
cuting the JMPL, BRL, or CALL instruction. Each
of these instructions replaces the 14 program
counter bits (PC)3-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 (PC;—PCy) with eight-bit imme-
diate data. If the BR instruction is on a page
boundary (address 256n + 255), executing that
instruction transfers the PC contents to the next
physical page, as shown in figure 55. 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.

B 4496204 00492kY 179 ma

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 (PCs-PCg), and Os are
placed in the eight high-order bits (PC;3-PC).

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 with the P
instruction as shown in figures 54-1 and 54-2, If
bit 8 of the ROM data is 1, eight bits of ROM data
are written to the accumulator and the B register.
If bit 9 is 1, eight bits of ROM data are written to
the R1 and R2 port output registers. If both bits 8
and 9 are 1, ROM data is written to the accumula-
tor and the B register, and also to the R1 and R2
port output registers at the same time.

The P instruction has no effect on the program
counter.

773 Hitachi
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[MPL) ——— 1st word of instruction — 2nd word of instruction

Y
[BRL]I Opcode [P P, Py Pods ds dy de ds dy ds dp 9 dOJ
[CALL] * * ; * * * : * * *

i 1 i
Program counter ||=<:13|=~c;1zpc11 PCy, PG, PCg PC; PCg PC5 PC, PC4 PC, PC, Pcol

Direct Addressing

Instruction

ﬁ' . . N\
[BR] | Opcode| b, bs bs by by bp by bo |

- 1 Y \ \

Program counter [PC,3PCyz PCy; PC1g PCy PCs PC; PCg PCs PC4 PC3 PC, PC, P&I

Current Page Addressing

Instruction
o Y

[CALI| Opoode a5 as as @& ar |

AENEEEE |

Program counter IEC13PC12PC" PCyo PCq PCg PC7 PCsq PCg PC4 PC3 PC, PC, PCol

Zero Page Addressing

~ Instruction —
BRI [~ Topode” [Py P P Ro|
—

register Accumulator
~

NI |
0 0 |

‘ ‘ y A A

Program counter |PC|3PC12 PCyy PCyo PCy PCg PC; PC¢ PCgs PC, PC3 PC, PC, PCol

Table Data Addressing

Figure 53 ROM Addressing Modes
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Instruction
fa . v . v ' . r Y
P Opcode Py P, P, P
f ]l — I 3,2, 10 | B register Accumulator
T T T T T T \
IBa Bz By By A A, A, m
0 0
P r ,

Referenced ROM address Iﬁamﬁ'mﬂ RAio RAg RAg RA; RA RAs RA, RA; RA, RA; RA

Address Specification

ROM data [Ro9 1 R07 no6 ROs RO, RO, RO, RO, Rool

A

Accumulator, B register If“ Bz By By Ay Ay A Ao| IfROg =1

ROM data | 1 noe RO, RO, ROg RO; RO, RO, RO, RO,

P ¥ 114

Output registers RO, R1 Ry, | Riz| R1, | R1o | RO, RO, | RO [Ro, | IfROg =1

Pattern Output

Figure 54-1 P Instruction (HD404728, HD404729, HD4074729)

Instruction
r . , . . Y
P 0 Py P, P, P
[Pl | poode | | s P2 P o] B register Accumulator
. s ]
LBngle,‘Bg.Aa‘Az A A |
0
Y y i [ A

Referred ROM address IEAw RA, RAyy RAig RAg RAg RA; RA, RAg RA, RA, RA; RA, RA,
Program ROM (16 k)/
pattern ROM (8 k)
select

ROM data F«o9 1 RO, RO ROs RO, RO; RO, RO; RO,
6

I I

Accumulator, B register | B, B, B, _Bo As A, A, A |IfROg=1

m PBNKO| PBNK: $025

Addressing

ROM data U RO RO, RO, RO RO, RO, RO, RO, RO,

F ¥ 11

Output registers R1, R2 [R2, ] Rz, | Re, [Rz,] R13] R1[ Rty [R1, ] If ROg= 1

Pattern Output

Figure 54-2 P Instruction (HD404720, HD4074720)

B 449L20Y4Y 0049266 THL B 775 Hitachi
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—n BR AAA

> AAA NOP

256(n - 1) + 255
256n

NS BR AAA | 256n + 254
— BR BBB | 256n + 255
256(n + 1)
L— BBB NOP
V"\—_’/

Figure 55 Branching when Branch Destination is on a Page Boundary
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Absolute Maximum Ratings

tem Symbol Value Unit Notes

Supply voltage Vee -0.3 t0 +7.0 A )

Programming voltage Vep -0.310 +14.0 \ 11

Pin voltage Vr —0.3t0 Vge + 0.3 v 2
Vec —45to Vgo +0.3 A"

Total permissible Zh 50 mA 4

input current

Total permissible ~Zlo 150 mA 5

output current

Maximum input [ 15 mA 6,7

current

Maximum output -1, 4 mA 8,9

current 30 mA 8, 10

Operating temperature Topr —-20to +75 °C

Storage temperature Tstg -551t0 +125 °C

Notes: 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
excesded, the LS| may malfunction or its reliability may be affected.

1. All voltages are with respect to GND.

Standard pins.

High-voltage pins.

The total permissible input current is the total of input currents simultaneously flowing in from

all I/O pins to GND.

The total permissible output current is the total of output currents simultaneously flowing out

from Vg to all /O pins.

The maximum input current is the maximum current flowing from any I/O pin to GND.

Applies to R4—-R8.

The maximum output current is the maximum current flowing from V¢ to any /O pin.

Applies to R4-R8.

0. Applies to Dg—D,5 and RO~R3.

1. Applies to the HD4074729 and HD4074720.

PN o prwON

- =
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Electrical Characteristics

DC Characteristics (HD404720, HD404728, HD404729: Ve =3.0t0 6.0 V,GND =00V,
Vaisp=Vcc—-40 Vo Ve, Ty = -20°C to +75°C; HD4074720, HD4074729: Vcc =3.0t0 55V,
GND =00V, Vg = Vec-40V to Ve, Ta =—20°C to +75°C, unless otherwise specified)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high VIH RESET, 0.8V¢e _— Vcc +03 V
voltage SCK;,
SCKo,
IN io to
INT,
Sh,Sl, 07Vee — Vec+03 V
0SC, Vec-05 — Vec+03 V. Vgc=35t0  HD404720,
60V HD404728,
HD404729
Vec—05 — Vec+03 V. Vge=35t0  HD4074720,
55V HD4074729
Vcc -03 — Vcc +03 V
Input low V“_ RESET, -0.3 _ 0‘2VCC \'
voltage §CK],
SCKo,
| To to
iNT3
S,,8l, -0.3 — 0.3V¢e v
osc,; 03 — 05 V  Vec=35tc  HD404720,
6.0V HD404728,
HD404729
~0.3 - 0.5 \% Vee=3510 HD4074720,
55V HD4074729
~0.3 — 03 \
Output VOH SCK], Vcc -10 — -—_ \" _'OH =1.0mA, HD404720,
high SCKs, Voc=35t0  HD404728,
voltage SO, 6.0V HD404729
SO yo.—05 — — V  —loy=0.5mA,
;YJVZ“;’ Vec=3.5t0
60V
Vog-10 — — V  -loy=1.0mA, HD4074720,
Voc=35to  HD4074729
55V
Vec—-05 — - \ ~loy = 0.5 mA,
Veo = 3.5t0
55V
Vegc-05 — - \% —loH = 0.3mA
B 4496204 0049269 750 HE 778 Hitachi
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DC Characteristics (HD404720, HD404728, HD404729: Vo = 3.0 t0 6.0 V, GND = 0.0 V,
Vaisp = Vo —40 V to Ve, T, = -20°C to +75°C; HDA074720, HD4074729: Ve = 3.0 t0 5.5V,
GND =0.0 V, Vg, = Voo — 40 V to Ve, Ty = —20°C to +75°C, unless otherwise specified) (cont)

item Symbol Pin{s) Min Typ Max Unit Test Condition Notes
Output low Vg, SCK;, — — 04 V o =16mA, HD404720,
voltage SCK,, Vec=35t0  HD404728,
S0, 60V HD404729
g\(/)vzh)l — — 04 V  lo =16mA, HD4074720,
BUZZ, Ve =35t0 HD4074729
55V
_ — 04 Vo =04mA
ro P | RESET, — — 1 MA  Vjp=0.0VtoVee 1
leakage SCK;,
current SCKa,
INT, to
iNT,
Sk, Sy,
80;,
SO,,
PWM,
BUZZ,
0SC,
Current Icc VCC — — 11.0 mA Vcc =5 V, HD404720, 2, 5
dISSIpation 'osc =4 MHZ, HD4074720
in active _ — 50 mA /4 division HD404728 2.5
mode - ratio .
—_ — 80 mA HD404729, 2,5
HD4074729
- — 6.0 mA  Vec=3V, HD404720, 2,5
fosc =2 MHz, HD4074720
— — 30 ma_MAdVision  hnaoazas 2.5
_— _ 45 mA HD404729, 2,5
HD4074729
Current lspy Vee — — 20 mA  Vee =5V, fogc = 4 MHz, 3,5
dissipation 1/4 division ratio
in s;a“dby — — 10 MA Vec=3V,fosc=2MHz, 3,5
mode 1/4 division ratio
Current Isup Vee — — 130 AV, (TEST)= HD404720 4
dissipation — — Vec=-0.3Vto
in subactive 200 nA Veor HD4074720
mode — — 30 KA V; (RESET)= HD404728 4
— — 80 pa 9003V HDsos729 4
cc=3V,
_ —_ 150 MA  32.768 kHz HD4074729

crystal oscillator
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HD404720 Series

DC Characteristics (HD404720, HD404728, HD404729: V¢ = 3.010 6.0 V, GND = 0.0 V,
Vaisp = Vo - 40 V to Vg, T, ==20°C to +75°C; HDA4074720, HD4074729: Ve =3.0 1055V,
GND=0.0V, Vgiep = VoC - 40 V to V¢, Ty = -20°C to +75°C, unless otherwise specified) (cont)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current lwTe Vee — _ 15 BA Vi, (TE§T) = HD404720, 4
dissipation Veec—0.3Vto HD404728,
in watch Vee HD404729
mode — _ Vin (RESET) =
WA hosy e
Vec=3V,
32.768 kHz
crystal oscillator
Current IsTOP Vece _ — 10 A  V;, (TEST)= HD404720, 4
dissipation Vee—0.3Vio HD404728,
in stop Vee HD404729
mode Vin (RESET) =
0t00.3V,
no 32.768 kHz
crystal oscillator
— — 10 pA vV, (TEST, HD4074720,
ROg) =V — HD4074729
0.3Vto ch,
Vin (RESET) =
0t0 0.3V,
no 32.768 kHz
crystal oscillator
Watch Vwre Vee 3.5 — 6.0 v Vec=35t0 HD404720,
mode 60V HD404728,
retaining 3.0 — 60 v HD404729
voltage . :
3.5 — &5 Vv Vec=35t0 HD4074720,
55V HD4074729
3.0 —_ 5.5 \'
Stopmode Vgrop Vco 2 - - v No 32.768 kHz crystal
retaining oscillator
voltage
780 Hitachi
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HD404720 Series

Notes: 1. Excluding output buffer current (HD4074720, HDA4074729).
Excluding output buffer current and pull-up MOS current (HD404720, HD404728, HD404729).

2. lgg is the source current when no /O current is flowing while the MCU is in reset state.

Test condition MCU Reset

* RESET, TEST at V¢
Pins * R4-R9at Ve
. 00—015, RO-R3, RA at vdisp

3. Ispy is the source current when no I/O current is flowing while the MCU timer is in operation.

Test condition MCU + /O same as at reset
« Serial interface halted
« Standby mode

* RESET at GND

» TEST at Vge

* R4-R9 at VCC

hd DU—D15, RO—R3, RA at vdisp

Pins

4. Excluding pull-down MOS current flowing to Vdisp-

5. Power dissipation, while the MCU is operating or in standby mode, is in proportion to foge. The
value of the dissipation current when fogc = X MHz is given by the following equation:

Maximum value (fogc = X MHz) = X/4 x max value (fogc = 4 MHz)
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HD404720 Series

Input/Output Characteristics for Standard Pins (HD404720, HD404728, HD404729: V¢ = 3.0 to 6.0
V,GND = 0.0 V, V4;p = Vo =40 V to Ve, T, = -20°C to +75°C; HD4074720, HD4074729:
Vec=3.0105.5V,GND =0.0 V, Vg, = Voo = 40 V to Vi, Ty = =20°C to +75°C, unless otherwise

specified)
tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high Viy R4 to 0.7V¢c —  Vgc+03 V
voltage R9
Input low Vi R4 to -0.3 —  0.3V¢e v
voltage R9
Output Vou R4 to Veg-1.0 — —_— Vv —lon = 1.0 mA, HD404720,
high R8 Vec=3.5t0 HD404728,
voltage : 6.0V HD404729
Vcc -10 — —_— \") _|0H =1.0 mA. HD407472°,
Vec=35t0  HD4074729
55V
- Vec-05 — — \% ~loy = 0.5 mA, HD404720,
Vec=3510 HD404728,
60V HD404729
Veg-05 — — V. -oy=0.5mA, HDA4074720,
VCC =35t0 HD4074729
55V
VCC -05 — —_ Vv _IOH =0.3mA
Output low Vg R4 to —_ — 04 \' lo=1.6mA, HD404720,
voltage R8 Vec=3.5t10 HD404728,
6.0V HD404729
— — 04 V  lo=16mA, HD4074720,
Vee=35t0  HD4074729
55V
—_ —_— 0.4 v IOL =0.4mA
input/ (MY R4 to — - 1 A V;,=0.0Vto HD404720, 1
output R9 Vee HD404728,
leakage HD404729
current Rito — — 1 BA HD4074720, 2
R8, HD4074729
R91 to
R95
R9, - — 30 HA HD4074720
- — 20 RA HD4074729
Pull-up =lpy R4 to 30 70 150 WA Vec=5Y, HD404720, 3
MOS R9 Vin=0V HD404728,
current 10 20 50 MWA Vec=3V, HD404729

Vin=0V

Notes: 1. Excluding pull-up MOS current and output buffer current.
2. Excluding output buffer current.
3. Applies to /O pins selected as with pull-up MOS by mask option.
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HD404720 Series

Input/Output Characteristics for High-Voltage Pins (HD404720, HD404728, HD404729: V¢ = 3.0 to
60V,GND=0.0V, Vdisp = Voo =40V to Vg, Ty = =20°C to +75°C; HD4074720, HD4074729:
Vec=3.01t055V,GND =00V, Viisp = Voc =40 V to Ve, T, = =20°C to +75°C, unless otherwise

specified)
Item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high V4 Do to 0.7Vee — Ve +03 V
voltage Dys.
RO to
R3, RA
Inputiow Vy Dg to Vegc-40 — 0.3Vee \'
voltage D15, .
RO to
R3, RA
Output VoH Dy to Vee-30 — — V. ~loy=15mA, HD404720,
high Dys, Vec=5.0V  HD404728,
voltage RO to +20% HD404729
R3
Vec-30 — — V  -loy=15mA, HDA4074720,
Voc=4.0Vio HD4074729
55V
Veg-20 — — V. —loy=10mA, HD404720,
Vec=5.0V  HD404728,
+20% HD404729
ch -20 — —_ \ ~lon=10mA, HD4074720,
Vec=4.0Vio HD4074729
55V
VCC -10 — — \ "OH =4 mA
Output VOL Do to _— _— Vcc -37 VvV Vdis = HD404720, 1
low voltage Dys, Vec-40V HD404728,
ROto  — — Vec-37 V. 150kQat HD404729
R3 Vee—40V
— —  Vee-37 V. 150kQat HD4074720,
Voo —40V HD4074729
Input/ (' Doto  — - 2 MA  Vip=Vce 3
output D15, -40Vto Vee
leakage RO to
current R3, RA
Pull-down Ipp Doto 200 400 800 MA  Vgigp= HD404720, 1
MOS Dys, Vec—35V,  HD404728,
current RO to Vin=Vceo HD404729
R3, RA

Notes: 1. Applies to IO pins selected as with pull-down MOS by mask option.
2. Applies to I/O pins selected as without pull-down MOS (PMOS open drain) by mask option.
3. Excluding pull-down MOS current and output buffer current. (HD404720, HD404728, HD404729)

4. Excluding output buffer current. (HD4074720, HD4074729)
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HD404720 Series

AC Characteristics (HD404720, HD404728, HD404729: V¢ = 3.0 t0 6.0 V, GND = 0.0 V,

Vaisp = Voc - 40 V to Ve, Ty = -20°C to +75°C; HD4074720, HD4074729: Ve =3.0 0 55V,

GND = 0.0 V, Vgep = Vo =40 V to Vg, Ty =-20°C to +75°C, unless otherwise specified)
sp

em Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Oscillation  fogc 0sc,, 16 4 45 MHz Vgc=35106.0V HD404720
frequency 0SC, o4 4 45 MHz HD404728, 7
(1/4 division) HD404729
i6 4 4.5 MHz
16 4 45 MHz Vec=351055V HD4074720
04 4 45 MHz HD4074729 7
16 4 45 MHz
16 2 225 MHz HD404720,
HD4074720
04 2 225 MHz HD404728, 7
HD404729,
16 2 225 MHz HD4074729
Oscillation  fo cL,, — 32768 —  kHz
frequency CL,
(1/8 division)
Instruction  teye 0.89 1 25 pus  Vge=3.5106.0V HD404720
cycle time 0.89 1 10 ps HD404728, 7
0.89 1 25 ps HD404729
0.89 1 25 pus  Vgo=351t055V HD4074720
0.89 1 10 us HD4074729 7
0.89 1 25 us
1.78 2 25 us HD404720,
HD4074720
1.78 2 10 HD404728, 7
HD404728,
1.78 2 25 s HD4074729
Instruction tsubeyc _ 24414 — us
cycle time
Oscillation  tgc 0s¢,, — — 40 ms Vgc=35106.0V HD404720, 1
stabilization 0SC» HD404728,
time (crystal HDA404729
osciliator) — — 40 ms Vcc=351055V HD4074720, 1
HD4074729
—_ —_ 60 ms 1
Oscillation  tpg os¢c;,, — — 20 ms Vgc=35t06.0V HD404720, 1
stabilization 0SC, HD404728,
time (ceramic HD404729
oscillator) — — 20 ms Vec=35155V HD4074720, 1
HD4074729
—_ —_ 60 ms 1
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HD404720 Series

AC Characteristics (HD404720, HD404728, HD404729: Vc =3.0t0 6.0 V, GND = 0.0 V,
Viisp = Voo =40 V to Vi, T, = -20°C to +75°C; HD4074720, HD4074729: Vec=3.0t05.5V,
GND =0.0 V, V4, = Vo — 40 V 10 Ve, T, = —20°C to +75°C, unless otherwise specified) (cont)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Oscillation tre CL,, _ = 2 s 2
stabilization CL,
time '
External tepn 08C, 92 — —_ ns Vec=3.5106.0V HD404720, 3
clock high HD404728,
width HD404729
g2 — — ns  Vgc=351055V HD4074720, 3
HD4074729
203 — —_ ns 3
External tepL 0SC, 292 — — ns Vee=3.510 6.0V HD404720, 3
clock low HD404728,
width HD404729
92 — — ns  Vge=3.51t055V HD4074720, 3
HD4074729
203 — - ns 3
External topr osc, — — 20 ns  Vgc=35106.0V HD404720, 3
clock rise HD404728,
time HD404729
- - 20 ns  Vgc=351055V HD4074720, 3
HD4074729
—_ —_ 20 ns 3
External tept osc, — — 20 ns  Vgc=351t06.0V HD404720, 3
clock fall HD404728,
time HD404729
— - 20 ns  Vgc=351t055V HD4074720, 3
HD4074729
—_ — 20 ns
INT, high tH INT, 2 — — ey 4,6
width tsubeyc
|NT° low tn_ |NT° 2 -_— -— tcyc 4,6
width tsubcye
INT, high tH INT- 2 — — e 4
width INT,
|NT1 low tw |NT°— 2 - - t¢yc 4
width iNT,
RESET high tggry RESET 2 — — ey 5
width
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HD404720 Series

AC Characteristics (HD404720, HD404728, HD404729; Vcc =3.0t0 6.0 V,GND =0.0 V,
Vaisp = Ve - 40 V to Ve, Ty = -20°C to +75°C, HD4074720, HD4074729: Ve =300 5.5V,
GND =00V, Vg5, = Voo -40 Vto Ve, T, = -20°C to +75°C, unless otherwise specified) (cont)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input Cin All pins — — 30 pF f=1MHz, HD404720,
capacitance Vip=0V HD404728,
HD404729
Allpins — —_ 30 pF f=1 MHz, HD4074720,
except Vin=0V HD4074729
R9,
RYy —_ —_ 270 pF f=1 MHz, HD4074720
— = 180 pF Vn=0V HD4074729
RESET fall tRSTf RESET — —_— 20 ms 5
time

Notes; 1. The oscillation stabilization time is the period required for the oscillator to stabilize after Vg
. reaches 3.0 V (3.5 V if Vgg = 3.5 t0 6.0 V: HD404720/HD404728/HD404729; Vg = 3.510 5.5 V:
HD4074720/HD4074729) at power-on or after RESET input goes high after stop mode is
cancelled (figure 56). At power-on and when stop mode is cancelled, RESET must remain high
for at least tr to ensure the oscillation stabilization time. If using a crystal oscillator, contact the
manufacturer to determine what oscillation stabilization time is required, since it depends on the
circuit constants and stray capacitances.

2. The oscillation stabilization time is the period required for the oscillator to stabilize after Vec
reaches 3.0 V at power-on (figure 57). The oscillation stabilization time (trc) must be ensured. It
using a crystal oscillator, contact the manufacturer to determine what oscillation stabilization time
is required, since it depends on the circuit constants and stray capacitances.

. Refer to figure 58.

. Refer to figure 59.

. Refer to figure 60.

The teubeye UNit applies when the MCU is in watch or subactive mode.

toubcye = 244.14 us (32.768-kHz crystal)

oo s W
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HD404720 Series

Serial Interface Timing Characteristics (HD404720, HD404728, HD404729; Vec=30t06.0V,
GND =00V, Vi, = Vo - 40 V to Ve, Ty = =20°C to +75°C; HD4074720, HD4074729; Vce=3.0
toS.5V,GND=0.0 V, Viisp = Voo =40 V to Vo, Ty = -20°C to +75°C, unless otherwise specified)

ftem Symbol Pin(s) Min Typ Max Unit  Test Condition Notes
Output transmit  tgey SCK;,SCK, 1 - — teye Load shown in 1
clock cycle time _ figure 62

Output transmit ~ tgoky SCK,,SCK, 04 — — tseye  Load shownin 1
clock high width figure 62

Output transmit  tgok, SCK;,SCK, 0.4 —_ — tseye  Load shown in 1
clock low width figure 62

Output transmit  tge, 8CK,,5CK, — —_ 80 ns Load shown in 1
clock rise time figure 62

Output transmit  tgcy SCK;,SCK, — — 80 ns Load shownin 1
clock fall time figure 62

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

Input transmit tsckH SCK;, SCK, 0.8 - - tscyc 1
clock high width -

Input transmit tsckL SCK,, SCK, 0.8 — - tseye 1
clock low width

Input transmit tsexr SCK;,SCK, — - 80 ns 1
clock rise time

Input transmit tscks SCK,, SCK; —_ - 80 ns 1
clock fall time

Serial output toso S04, 80, — — 600 ns Load shown in 1
data delay time figure 62

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

Serial input tHs! sl Sl 400 —_ — ns 1
data hold time

Note: 1. Refer to figure 61.
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HD404720 Series

Serial Interface Timing Characteristics (HD404720, HD404728, HD404729: Vo =3.5 to 6.0V,

HD4074720, HD4074729: Ve =3.5t0 5.5 V)

Rem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Output transmit  tgcyc SCKy,SCKp, 1 — — teye Load shown in 1
clock cycle time figure 62
Output transmit  tgckn SCK,,SCK, 0.4 —_ —_ tseye  Load shownin 1
clock high width figure 62
Output transmit  tgekL SCK;,SCK, 0.4 — — tscye  Load shownin 1
clock low width figure 62
Qutput transmit  tgckr SCK,,SCKy — - ns Load shown in 1
clock rise time figure 62
Output transmit  tscke SCK{,SCK, — — ns Load shown in 1
clock fall time figure 62
Input transmit tseye SCK,,SCK, 2 — —_ teye 1
clock cycle time
Input transmit tsckH SCK,, SCKy 0.8 - — tscye 1
clock high width
Input transmit tsckL SCK,,SCK, 08 — — tseye 1
clock low width
Input transmit tsckr SCK,,SCK; — —_ 40 ns 1
clock rise time
Input transmit tsckt SCK;,SCK, — - 40 ns 1
clock fall time
Serial output toso S04, SO, —_ —_ 300 ns Load shown in 1
data delay time figure 62
Serial input tssi Sly, Sl 100 — — ns 1
data setup time
Serial input thsi Sly, Sl 200 — —_ ns 1
data hold time
Note: 1. Refer to figure 61.
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HD404720 Series

Crystal oscillator Ceramic oscillator
C1 C1
0OSC; 0OSC4
Crystal 3 < Ry Ceramic 3 R¢
0SCs 0SC»
GND C2 GND CZ
Crystal: Equivalent to the circuit below Ceramic oscillator: CSA4.00MG (Murata)
Ri: 1 MQ+20% Ry 1 MQ+20%
Cy: 10 pF £ 20% C1: 30 pF +20%
Cz: 10 pF +20% C2: 30 pF +£20%

L™ Cs Rs

OSCy w—¢ »—» 0SC»>
Co

Co = 7 pF, max.
Rs = 100 Q, max.
f=1.61t04.5 MHz

Figure 56 Oscillation Circuits (1)

Cy
CL, A AA—
L CS R
Crystal 3 CLy -—eg c ® ¢ CL,
=i
eNo | ¢, Cle

Crystal: MX38T (Nihon Denpa Kogyo) Co = 1.5 pF, typ.
Equivalent to the circuit Rs = 14 kQ, typ.

on the right f=32.768 kHz

Cy: 15pF £ 5%
Cz: 15pF 5%

Figure 57 Oscillation Circuits (2)
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HD404720 Series

Vec=35106.0V

1/fcp |
Vec—-0.5V oA
cc tcPH & L
OSC 0.5V - .
- - e
tcer teri
Vec=301035V
1/fcp
- Voo -03V A~ tepy JS topL
OSC1 03V - -
- - e ad
tepr tept

Figure 58 Oscillator Timing

INT,, INT 0.8Vee 7L tiH

tw /—
S

Figure 59 Interrupt Timing

0.8Vcc 1L ‘RSTH r

RESE
T 02vee 4 \s

—= 1+ tRST

Figure 60 Reset Timing
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HD404720 Series

tscye )

tscki —  —»] tsckr
§CK;, Voo —20V (0.8Voo) N letSSKL| A /
SCK» 0.8V (0.2V¢e)* il 2

~ | toso

Vec—-20V
SO1, 802 0.8V

tssi tHsi
- 3
0.7V,

Sh. Ste *< M oavgg H
0.

* Vec—2.0 V and 0.8 V are valid when the transmit clock is output.
0.8Vcc and 0.2V are valid when the transmit clock is input.
toso. tssi, and thg) are determined by the voltage at transmit clock input.

><

Figure 61 Serial Interface Timing

Vee
RL =2.6 kQ
Test
point
c R 182074 B
or equivalent

30 pF 12kQ

Figure 62 Timing Load Circuit

91 Hitachi
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HD404720 Series

HD404728, HD404729 Option List

M L449L204 0049283 020

This Material Copyrighted By Its Respective Manufacturer

Please check off the appropriate applications and Date of order
enter the necessary information.
Customer
Department
1. ROM Size
Name
[ HD404728 8-kword ROM code name
O HD404729  16-kword
LSI number
2. Optional Functions
*[T] With 32-kHz CPU operation, with time-base for clock
*[T] Without 32-kHz CPU operation, with time-base for clock
[ without 32-kHz CPU operation, without time-base
Note: * Options marked with an asterisk require a subsystem
- crystal oscillator (CL1, CL2).
3. I/O Options (shaded options are not available)
B: With pull-up MOS C: Without pull-up MOS
D: Without pull-down MOS E: With pull-down MOS
Pin name e VO option Pin name [{e] YO option
E C D
Do To) R3 | R30 § 1o
D1 o R31 ] g vo
D2 VO R32 | & 2 v
D3 Vo R33 | T Vo
D4 o R4 | R40 Vo
D5 [[{e] R41 /0
Dé Vo R42 ¥o
D7 o R43 [l[e)
D8 [[{e] R5 | R50 l{e]
D9 o R51 /O
D10 g | w Rez | [ uo
D11 o l[s] R&3_| £ | 1O
D12 ;g Vo R6 | R6O | © | 1O
D13 > ¥o R61 2 vo
D14 & [ v R62 § Vo
15| - [ wo R63 Vo
RO | ROO /o] R7 | R70 [I{e)
RO1 [lls] R71 l[e]
R0O2 [/[e] R72 [l{s]
RO3 [lie] R73 o
R1 | R10 /0 R8 | R8O lie]
R11 Vo R81 vo
R12 [[e] R9 | R9O Vo
R13 o R91 Vo
R2 | R20 o R92 Vo
R21 Vo R93 l[e]
R22 o) RA | RAO | 48e| VO
R23 Vo RA1_|T2%| 1o Checklist 4
792 Hitachi




HD404720 Series

4. RA1/Vdisp
(] RA1: Without puil-down MOS (D)
[ vdisp

Note: if even one high-voltage pin is selected with I/O option E,
pin RA1/Vdisp must be selected to function as Vdisp.

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

(0 EPROM: The upper bits and lower bits are mixed together. The upper five bits and lower five bits are
programmed to the same EPROM in alternating order (i.e., LULULU...).
[T EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.
6. OSC1 and OSC2 Oscillator
[] Ceramic oscillator f= MHz
[T Crystal oscillator f= MHz
[[] External clock f= MHz
7. Stop Mode
[ Used
[ Not used
8. Package
[J DP-64S
[ FP-64A
(] FP-64B
itachi
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HD404720 Series

HD404720 Option List
Please check off the appropriate applications and Date of order
enter the necessary information.
Customer
Department
Name
ROM | 16-k program
code | ROM
1. Optional Functions name SRg &attern
*[] With 32-kHz CPU opsration, with time-base for clock S -~
number
*[J Without 32-kHz CPU operation, with time-base for clock | | (Hitachi's entry)

[ without 32-kHz CPU operation, without time-base
Note: * Options marked with an asterisk require a subsystem

crystal oscillator (CL1, CL2).
- 2. 1/O Options (shaded options are not available)
B: With pull-up MOS C: Without pull-up MOS
D: Without pull-down MOS E: With pull-down MOS
1/Q option /O option
Pin name e D E Pin name I{e] B c D
Do Vo R3 | R30 § o
D1 vo R31 |52 1O
D2 Vo R32 | £ 2| 1O
D3 ) Rz |£ [ wo
D4 lle] R4 | R40 o
DS [l[e) R41 o
D6 ¥o R42 0
D7 [[{e) R43 o
D8 [lie] R5 | RS0 10
D9 Vo R51 o
D10 g 7o) Re2 | | o
D11 g | VO RS3 | £ | IO
D12 % Vo R6 | R6O | l[e)
D13 $ | w Reé1 | 8 [ 1o
b4 | B2 | v Rz | 8 [(wo
p15_ | ~ [_wo R63 7o)
RO | ROO 110 R7 | R70 o
RO1 Vo R71 [[e]
RO2 [/[e] R72 o
RO3 [[{e] R73 /0
Rt | R10 [/[s] R8 | R80 l{e]
R11 /O RB1 lje]
R12 e} R9 | R9O 1
R13 110 R91 I
R2 | R20 [Te) R92 [
R21 o R93 |
R22 Vo RA | RAD ﬁ’gi |
R23 o RA1 ] Checklist 3
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3. RA1/Vdisp
[J RA1: Without pull-down MOS (D)
[ vdisp

Note: If even one high-voltage pin is selected with IO option E,
pin RA1/Vdisp must be selected to function as Vdisp.

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

] EPROM: The upper bits and lower bits are mixed together. The upper five bits and lower five bits are
programmed to the same EPROM in alternating order (i.e., LULULU...).
] EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.
5. OSC1 and OSC2 Osciltator
[[] Ceramic oscillator f= MHz
[ Crystal oscillator f= MHz
[ External clock f= MHz
6. Stop Mode
[ Used
] Not used
7. Package
(O DP-64S
(] FP-64B

BN 449L204 004928k 83T Wm0 FeeM

This Material Copyrighted By Its Respective Manufacturer



