HD404818/HD404814/HD4074818/ —
HD40L4818/HD40L4814/HDA407L4818

Description

The HD404818/HD404814/HD4074818/
HD40L4818/HD40L4814/HD407L4818 is a 4-bit
single-chip HMCS400 series microcomputer
providing high program productivity. It
incorporates a large size memory, LCD
driver/controller, voltage comparator, and 32-kHz
watch oscillator circuit.

The HD4074818/HD407L4818, containing a
PROM, is a ZTAT™ microcomputer which can
dramatically shorten system development time and
smoothly proceed from debugging to mass
production,

Features

»  8192-word x 10-bit ROM (HD404818,
HD4074818, HD40L4818, HD4071L4818)

*  4096-word x 10-bit ROM (HD404814,
HD40LA4814)

» 1184-digit x 4-bit RAM

* 30 1/O pins, including 10 high-current output
pins, all CMOS and programmable as 1/O pull-
up MOS

* 16-digit LCD driver
» Three timer/counters
» Clock-synchronous 8-bit serial interface

» Six interrupt sources

— Two by external sources

— Four by internal sources

Subroutine stack up to 16 levels, including
interrupts

Instruction cycle time:

— 1 LS (fOSC =4 MHz for
HD404818/HD404814/HD4074818)

— 5 ps (fosc = 800 kHz for
HD40L4818/HD40L4814/HD407L4818)

Four low-power dissipation modes

— Standby mode

— Stop mode

— Watch mode

— Subactive mode

Internal oscillator:
— Crystal or ceramic filter

— External clock is available
Voltage comparator (2 channels)

Package

(FP-80B)
(FP-80A)

— 80-pin plastic thin flat package (TFP-80)*

— 80-pin plastic flat package

Under development
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Ordering Information

Pin Arrangement

Mask ROM Type
Clock
Type Product Number Frequency Package
Mask HD404818FS 4 FP-80B
ROM  HD404814FS
HD404818H FP-80A
HD404814H
HD404818TF TFP-80Note
HD404814TF
HD40L4818FS 0.8 FP-80B
HD40L4814FS
HD40L4818H FP-80A
HD40L4814H
HD40L4818TF TFP-goNote
HD40L4814TF
ZTAT™ HDA4074818FS 4 FP-80B
HD4074818H FP-80A
HD4074818TF TFP-8QNote
HD407L4818FS 0.8 FP-808B
HD407L4818H FP-80A
HD407L4818TF TFP-80Note

Note: Under development.
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Pin Description

Pin Number Pin Number
FP-80B FP-80A, TFP-80 Pin Name o] FP-80B  FP-80A, TFP-80 PinName /O
1 79 D, o 41 39 SEGY 0]
2 80 D, Vo 42 40 SEG10 o)
3 1 D, Vo 43 41 SEG11 O
4 2 Ds O 44 42 SEG12 O
5 3 Dg o 45 43 SEG13 o
6 4 D, e} 46 44 SEG14 O
7 5 Dg o 47 45 SEG15 o
8 6 Dq o] 48 46 SEG16 0]
9 7 Dio I 49 47 SEG17 0]
10 8 D11/VCrg I 50 48 SEG18 0
11 9 D4,/COMPO | 51 49 SEG19 0
12 10 D,3/COMP1 | 52 50 SEG20 0
13 11 TEST | 53 51 SEG21 0]
14 12 X1 | 54 52 SEG22 0O
15 13 X2 o) 55 53 SEG23 o)
16 14 GND 568 54 SEG24 0]
17 15 R0,/SCK 110 57 55 SEG25 o)
18 16 Ro,/Si le} 58 56 SEG26 o
19 17 R0,/SO le} 59 57 SEG27 0
20 18 ROg I} 60 58 SEG28 @]
21 19 R1, o] 61 59 SEG29 @)
22 20 R1, le} 62 60 SEG30 O
23 21 R1, VO 63 61 SEG31 0]
24 22 Rij e} 64 62 SEG32 O
25 23 R2, Te} 65 63 COM1 0]
26 24 R2, e} 66 64 COM2 0o
27 25 R2, e} 67 65 COMS3 0
28 26 R24 e} 68 66 COM4 o)
29 27 R3q e} 69 67 V,
30 28 R3,/TIMO 1o 70 68 Vs,
31 29 R3,/INT, "o 71 69 Vi
32 30 R34/INT, vo 72 70 NUMO
33 31 SEG1 o] 73 71 NUMO
34 32 SEG2 0] 74 72 NUMG
35 33 SEG3 @] 75 73 Vee
36 34 SEG4 0 76 74 0OS8C, I
37 35 SEGS 0 77 75 0SC, 0]
38 36 SEGS6 0 78 76 RESET I
39 37 SEG7 @) 79 77 Do e}
40 38 SEGS 0 8¢ 78 D, e}

Note: 1/0: Input/output pin, I: Input pin, O: Output pin, NUMO: Open, NUMG: GND
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Pin Functions
Power Supply

Vee: Apply the Ve power supply voltage to this
pin.

GND: Connect to ground.
TEST: For test purposes only. Connect it to V.

RESET: MCU reset pin. Refer to the Reset
section for details.

NUMG: Non-user pin. Connect it to GND.

NUMO: Non-user pin. Do not connect it to any
lines.

Oscillators

OSCy, OSC,: Internal oscillator input pins. They
both can be connected to a crystal, ceramic filter
resonator, or external oscillator circuit. Refer to
the Internal Oscillator Circuit section for details.

X1, X2: Watch oscillator 32-kHz crystal pins.
Ports

Dy~Dy3 (D Port): 14 1-bit I/O ports. Dg to Dy
are 1/0O ports and D;g to Dy3 are input ports.
Do-Dg are high current output ports (15 mA
max.). Dy1-Dy3 are also available as voltage
comparators. Refer to the Input/Output section for
details.

R0-R3 (R Ports): 4-bit I/O ports. ROy, RO¢, RO,
R3,, R3,, and R34 are multiplexed with SCK, SI,
SO, TIMO, INTy, and INT}, respectively.

Interrupts

INT(, INT;: External interrupt pins. INT) can be
used as an external event input pin for timer B.
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INT, and INT] are multiplexed with R3, and R33,
respectively. For details, see the Interrupts
section.

Serial Communications Interface

SCK, SI, SO: The transmit clock 1/0 pin (SCK),
serial data input pin (SI), and serial data output pin
(SO) are used for serial interface. SCK, SI, and
SO are multiplexed with R0Oj, R0O;, and RO,,
respectively. For details, see the Serial Interface
section.

Timer

TIMO: Variable duty-cycle pulse waveform
output pin. See the Timer C section for details.

LCD Driver/Controller

Vi, V3, V3: Power supply pins for the LCD
driver. Since the LCD driving resistors are
provided internally, no lines should be connected
1o these pins. The voltage on each pin is V¢ 2
Vi 2 V3 2V32GND. See the Liquid Crystal
Display section for details.

COML1 to COM4: Common signal output pins
for the LCD display. See the Liquid Crystal
Display section for details.

SEGI1 to SEG32: Segment signals output pins for
the LCD display. See the Liquid Crystal Display
section for details.

Voltage Comparator

COMPO, COMP1, VC, ¢ Analog input pins for
the voltage comparator. VC, is used as a
reference voltage pin to input the threshold voltage
of the analog input pin.

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

The ROM is described in the following paragraphs
with the ROM memory map in figure 1.

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

Zero-Page Subroutine Area (30000 to $003F):
Locations $0000 through $O03F are reserved for
subroutines. The program sequence branches to
subroutines by the CAL instruction.

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

Program Area (30000 to $1FFF: HD404818,
HD4074818, HD40L4818, HD407L.4818; $0000
to $OFFF: HD404814, HD40L4814): Used for
program coding.

RAM Memory Map

The MCU also contains a 1,184-digit x 4-bit RAM
as the data and stack area. In addition to these
areas, interrupt control bits and special function
registers are mapped on the RAM memory space.
The RAM memory map (figure 2) is described in
the following paragraphs.

Interrupt Control Bits Area ($000 to $003):
The interrupt control bits area (figure 3) is used for
interrupt control. It is accessible only by RAM bit
manipulation instructions. However, the interrupt
request flag cannot be set by software. The RSP
bit is used only to reset the stack pointer.

Special Function Registers Area (53004 to $O1F,
$024 to $03F): The special function registers are
the mode or data registers for the serial interface,
timer/counters, LCD, and the data control registers
for the I/O ports. These registers are classified
into three types: write-only, read-only, and
read/write as shown in figure 2.
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The SEM/REM and SEMD/REMD instructions
are available for the LCD control register (LCR).

Other registers cannot be accessed by RAM bit
manipulation instructions.

Register Flag Area (3020 to $023): Consist of
the LSON, WDON, TGSP, and DTON flags which
are bit registers accessible by the RAM bit
manipulation instruction.

The WDON flag can only be set, and only by the
SEM/SEMD instruction.

The DTON flag can be set, reset, and tested by the
SEM/SEMD, REM/REMD, and TMD instructions.
Note that the DTON flag is active only in
subactive mode, and is normally reset in active
mode.

LCD Data Area ($050 to $06F): Locations $050
to $SO6F store the LCD data which is automatically
transmitted to the segment driver as display data.
The LCD is ifluminated with 1s and faded with 0s.
This area can be used as a data area.

Data Area ($040 to $2CF, $100 to $2CF; Bank
0/1): The 16 digits of $040 through $04F are
called memory registers (MR) and are accessible
by the LAMR and XMRA instructions (figure 4).
464 digits of $100 through $2CF are selected as
bank O or 1 depending on the value of the V
register.

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

Be sure to visit ChipDocs web site for more information.
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15
16

g8

4095
4096

8191
8192

16383

Vector address

Zero-page subroutine
(64 words)

Pattern
(4096 words)

ProgramnNote

Not used

$0000

$000F
$0010

$003F
$0040

$OFFF
$1000

$1FFF
$2000

$3FFF

0~ sE WN -0

—- ek i es ea
A& w N =0 o

Note:

JMPL instruction
(jump to reset routine)

JMPL instruction
(jump to INTo routine)

JMPL instruction
(jump to INT; routine)

JMPL instruction

(jump to timer A routine) |

JMPL instruction
(jump to timer B routine)

JMPL instruction
{jump to timer C routine)

JMPL instruction
(jump to serial routine)

HD404818, HD40L4818,

HD4074818, HD4070.4818: 8192 words

_| $0000

$0001
$0002

1 $0003

$0004

1 so000s

$0006
$0007
$0008

| soo0e

$000A
$0008
$000C
$000D
$000E
$000F

HD404814, HD40L4814: 4096 words

www.chipdocs.com

Figure1 ROM Memory Map
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0 $000 0 $000
RAM-mapped registers 1 . $001
63 $03F 2 Interrupt control bits area $002
64 Memory registers (MR) $040 3 $003
80 LCD display area (32 digits) [\ $050 4| Portmoderegister A (PMRA), W | $004
112 $070 i i SMR)!
Data (144 digits) 5 Serfal mode relglster ( ): w $005
6| Serial data register lower (SRL); R'W | $006
- $100 7| Sserial data register upper (SRU)! RW | $007
8| Timermode register A (TMA)! W | $008
Data (464 digits x 2) g| Timer mode register B (TMB)é w $009
R it < V =0 (bank 0) 10| TimerB (TCBU/TLRL) | R/W | $00A
5 V =1 (bank 1) 1 (TCBU/TLRU) 1 Rw | $00B
: 12| Miscellaneous register  (MIS)! W | $00C
: L $2CF 13| Timer mode register C  (TMC)) W | $00D
5 \ 141 Timerc (TCCUTCRL) i _RW | $00E
: Not used 15 (TCCU/TCRU)! RrW | $00F
959 $3BF 16 Not used } $010
l 960 $3C0 17 Not used ! $011
; Stack (64 digits) 18| Portmoderegister B (PMRB) W | $012
; 1023 $3FF 18| LCD control register (LCR)E W $013
. 20| LCD mode register (LMR)! W | $014
; Not used
' 32 ] $020
, Register flag area
N 35 $023
f Not used
E 48| Port RO DCR (DCRO}: W $030
i 43| PortR1 DCR (DCR1): w | $031
il : 50| PortR2 DCR (DCR2); W | $032
P £ $100 51| PortR3 DCR (DCR3)] W | $033
| i | pata (464 digits) | | Data (464 aigits) | !
| V=1 (eank) V = 0 (bank 0) | Not used
i $2CF
-""-"““"""“"""“": ------ . 59{ PortDy-D;DCR (DCRB)': w $03B
Note: Do notuse any area labelled "Not used”. 60| PortD,—D,DCR (DCRC) w | 03¢
611 Port Dg-DgDCR (DCRD): W | $03D
\ Not used
63| V register (V-REG); RW | $03F
Timer counter B lower ' Timer load register B lower j
'R 9 .
10 (TCBL) ! (TLRL) ! W | $00A
Timer counter B upper : Timer load register B upper '
11 (TCBU) i R (TLRU) 1W | $008
Timer counter C lower : Timer load register C lower :
R:  Readonly 14 (Tcel) R (TCRL) ; W | $00E
W . urita only Timer counter C upper : Timer load register C upper |
R/W: Read/write : ro.
15 (TCCU) | R (TCRU) 1 W | S00F
Figure 2 RAM Memory Map
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Bit3 Bit 2 Bit 1 Bit0
IMO IFO RSP IE
0 (IM of INT, ) (IF of INT,) (Reset SP bit) (Interrupt enable flag) $000
1 IMTA IFTA M1 IF1 $001
(IM of timer A) (IF of timer A) (IM of lN'I'1 ) (IF of INT1 )
> IMTC IFTC IMTB IFTB $002
(IM of timer C) (IF of timer C) {IM of timer B) (IF of timer B)
IMS IFS
3 Not used Not used (IM of serial) (IF of serial) | $003
DTON Not used WDON LSON
82 Direct transfer on flag otuse {Watchdog on flag) | (Low speed on flag) $020
$021
Reserved
$023
IF:  Interrupt request flag
IM:  Interrupt mask
IE: Interrupt enable flag
SP: Stack pointer
Note: Bits in the interrupt control bits area and register flag area are set by the SEM or SEMD
instruction, reset by the REM or REMD instruction, and tested by the TM or TMD instruction.
Other instructions have no effect.
Note that the interrupt request flag cannot be set by the SEM or SEMD instruction.
If the RSP bit or a non-existent bit is tested by the TM or TMD instruction, its status is undefined.
The WDON flag can only be used by the SEM or SEMD instruction .
{Itis reset only by MCU reset).

Figure 3 Configuration of Interrupt Control Bits and Register Flag Areas

Memory registars Stack area
64 | MR(0) |$040 960 | Level 16 |$3CO
65 MR (1) $041 Level 15
66 | MR(2) |%042 Lovel 14 PCy3 10 PCy: Program counter
67 | MR(3) |$%043 Level 13 ST: Status flag
68 | MR(4) |$044 Level 12 CA: Carry flag
69 | MR(5) |$045 Level 11
70 | MR({6) $046 Level 10
71 | MR(@7) | $047 Level 9 Bit 3 Bit 2 Bit 1 Bit 0
T T
72| MR(8) |38048 Level 8 1020 | sT | PG, PC, PC. |sarc
73 MR (9) $049 Level 7 / | {
I
74 MR (10) | $04A Level 6 1021 PG ch PCB PC7 $3FD
75 | MR(11) |$048 Level 5 10 % %
76 MR (12) | $04C Level 4 1022 CA Eé-; 'P_(Z 'P—C: $3FE
77 | MR(13) | $04D Lavel 3 i i
78 | MR(14) |S04E Level 2 1023 | PC, PC, PC, PC, |$3FF
79 | MR(15) | $04F 1023 | Level 1 |$3FF . . .
Figure 4 Configuration of Memory Registers, Stack Area, and Stack Position
1255

www.chipdocs.com Be sure to visit ChipDocs web site for more information.



www.chipdocs.com

HD404818/HD404814/HD4074818/HD40L4818/HD40L4814/HD40714818

Functional Description
Registers and Flags

The MCU provides ten registers and two flags for
CPU operations. They are illustrated in figure 5
and described in the following paragraphs.

Accumulator (A), B Register (B): The
accumulator and B register are 4-bit registers
which hold the results of the arithmetic logic unit
(ALU), and exchange data between memory, I/O,
and other registers.

V Register (V): The V register, available for
RAM address expansion, selects the bank of
locations $100-$2CF on the RAM address (464
digits) depending on its value. Therefore, when
accessing locations $100-$2CF on the RAM
address, specify the value of the V register (V =
$0: bank 0; V = $1: bank 1). Locations
$000-$0FF and $300-$3FF can be accessed
independently of the V register. The V register is
located at $O3F of the RAM address area.

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

SPX Register (SPX), SPY Register (SPY): The
4-bit SPX and SPY registers are available for
assisting the X and Y registers, respectively.

Carry Flag (CA): The carry flag holds the ALU
overflow generated by an arithmetic operation. It
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is also affected by the SEC, REC, ROTL, and
ROTR instructions. During an interrupt, the carry
flag is pushed onto the stack and restored back
from the stack by the RTNI instruction. (It is
unaffected by the RTN instruction.)

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

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

Stack Pointer (SP): The stack pointer is a 10-bit
register to indicate the next stacking area up to 16
levels. The stack pointer is initialized to RAM
address $3FF at MCU reset. It is decremented by
4 as data is pushed onto the stack, and incremented
by 4 as data is restored back from the stack. The
stack pointer is initialized to $3FF either by MCU
reset or by the RSP bit reset from the REM/REMD
instruction.

Be sure to visit ChipDocs web site for more information.
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Y register
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Carry flag

Status flag

Program counter

Stack pointer
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Figure 5 Registers and Flags
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Interrupts

Six interrupt sources are available on the MCU:
external requests (INTp, INT,), timer/counters
(timers A, B, and C), and the serial interface. For
each source, an interrupt request flag (IF),
interrupt mask (IM), and interrupt vector addresses
are provided to control and maintain the interrupt
request. The interrupt enable flag (IE) is also used
to control interrupt operations.

Interrupt Control Bits and Interrupt Servicing:
The interrupt control bits are mapped on $000
through $003 by the RAM space. They are

accessible by RAM bit manipulations instructions,
although the interrupt request flag (IF) cannot be
set by software. The interrupt enable flag (IE) and
IF are cleared to 0, and the interrupt mask (IM) is
set to 1 after MCU reset.

Figure 6 is a block diagram of the interrupt control
circuit. Table 1 shows the interrupt priority and
vector addresses, and table 2 shows the interrupt
conditions corresponding to each interrupt source.

The interrupt request is generated when IF is set to
1and IM is 0. If IE is 1 at this time, the interrupt
will be activated and vector addresses will be

$ 001,

$ 000,0
Ssquence control
IE * Push PC/CA/ST
:>'— « Resst IE
* Jump 1o vector
address
$ 000,2 — ™~
IFO ‘F
! mova:@ i
. Vector
IMO address
—»
0

IF1

$ 001
M1 |

;i

$001,2
1FTA

$001,
IMTA}

i

$002,0
IFT8

$ 002
IMTB|

i

$002,2
IFTC

$ 002
IMTG

i

$ 003,0
IFS

003,1
IMS

?

Note: $m, n is RAM address $m, bit number n.

Priority control logic

Figure 6 Interrupt Control Circuit Block Diagram
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generated from the priority PLA corresponding to
the interrupt sources.

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

In each vector address, program the JMPL
instruction to branch to the starting address of the
interrupt program. The IF, which caused the
interrupt, must be reset by software in the interrupt
program.

Interrupt Enable Flag (IE: $000, Bit 0): The

interrupt enable flag enables/disables interrupt
requests (table 3). It is reset by an interrupt and
set by the RTNI instruction,

External Interrupts (INT,, INT p: The external
interrupt request inpuats (INT,, INT;) can be
selected by port mode register A (PMRA: $004).

The external interrupt request flags (IFO, IF1) are
set at the falling edge of INT, and INT; inputs,
respectively (table 4).

The INT) input can be used as a clock signal input
to timer B, in which timer B counts up at each
falling edge of the INT; input. When using INT;
as the timer B external event input, the external
interrupt mask (IM1) has to be set so that the
interrupt request by INT; will not be accepted
(table 5).

Table 1 Vector Addresses and Interrupt Priority

Reset/Interrupt  Priority  Vector Addresses

RESET — $0000
INT, 1 $0002
INT, 2 $0004
Timer A 3 $0006
Timer B 4 $0008
Timer C 5 $000A
Serial 6 $000C

Table 2 Interrupt Conditions

Interrupt Source

Interrupt Control Bit INT, INT, TimerA TimerB TimerC  Serial
IE 1 1 1 1 1 1
IFO - IMO 1 0 0 0 0 0
IF1 M1 * 1 0 0 0 0
IFTA - IMTA . ' 1 0 0 0
IFTB « IMTB * * * 1 0 0
IFTC » IMTC * * iy * 1 0
IFS - IMS * ¥ . * * 1

Note: "Don't care.
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More than two instruction cycle times
(2teyo/2tsUBeyc) are needed to detect the edge of
INTO or INT].

External Interrupt Request Flags (IF0: $000,
Bit 2; IF1: $001, Bit 0): The external interrupt
request flags (IFQ, IF1) are set at the falling edge
of the INT, and INT, inputs, respectively (table
4).

External Interrupt Masks (IM0: $000, Bit 3;
IM1: $001, Bit 1): The external interrupt masks
mask the external interrupt requests (table 5).

Timer A Interrupt Request Flag IFTA: $001,
Bit 2): The timer A interrupt request flag is set by
the overflow output of timer A (table 6).

Timer A Interrupt Mask (IMTA: $001, Bit 3):
The timer A interrupt mask prevents an interrupt
request from being generated by the timer A
interrupt request flag (table 7).

Timer B Interrupt Request Flag (IFTB: $002,
Bit 0): The timer B interrupt request flag is set by

the overflow output of timer B (table 8).

Timer B Interrupt Mask IMTB: $002, Bit 1):
The timer B interrupt mask prevents an interrupt
request from being generated by the timer B
interrupt request flag (table 9).

Timer C Interrupt Request Flag IFTC: $002,
Bit 2): The timer C interrupt request flag is set by
the overflow output of timer C (table 10).

Timer C Interrupt Mask IMTC: $002, Bit 3):
The timer C interrupt mask prevents the interrupt
from being generated by the timer C interrupt
request flag (table 11).

Serial Interrupt Request Flag (IFS: $003, Bit
0): The serial interrupt request flag will be set
when the octal counter counts eight transmit clock
signals, or when data transfer is discontinued by
resetting the octal counter (table 12).

Serial Interrupt Mask (IMS: $003, Bit 1): The
serial interrupt mask masks the interrupt request
(table 13).

Instruction

cycles 1 2 3 ‘ ° i
L | | ; i |
| ! ! I ] |
Instruction
execution
Interrupt Stacking; Vecsu‘,a c:é?jg;ss
acceptance : ;
p reset of IE generated

JMPL instruction execution
on the vector address

Instruction
execution at

of the interrupt
routine

Figure 7 Interrupt Processing Sequence
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Table 3 Interrupt Enable Flag

Table 9 Timer B Interrupt Mask

IE Interrupt Enable/Disable IMTB Interrupt Request
0 Disable 0 Enable
Enable 1 Disable (Mask)

Table 4 External Interrupt Request Flags

Table 10 Timer C Interrupt Request Flag

IFO, IF1 Interrupt Request IFTC Interrupt Request
0 No 0 No
1 Yes 1 Yes

Table S External Interrupt Masks

Table 11 Timer C Interrupt Mask

IMO, IM1 Interrupt Request IMTC Interrupt Request
0 Enable 0 Enable
1 Disable (Mask) 1 Disable (Mask)

Table 6 Timer A Interrupt Request Flag

Table 12 Serial Interrupt Request Flag

IFTA Interrupt Request IFS Interrupt Request
0 No e No
1 Yes 1 Yes

Table 7 Timer A Interrupt Mask

Table 13 Serial Interrupt Mask

IMTA Interrupt Request IMS Interrupt Request
0 Enable 0 Enable
1 Disable (Mask) 1 Disable (Mask)

Table 8 Timer B Interrupt Request Flag

IFTB Interrupt Request
0 No
1 Yes

Be sure to visit ChipDocs web site for more information.
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Yes
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No

b
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Yes
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PC(PC) + 1

IE <0
Stack « (PC)
Stack « (CA)

Stack < (ST)

PC«$0002

PC< $0004

PC< $0006

PC< $0008

PC¢ $000A

PC«$000C

(Serial interrupt)
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Serial Interface

The serial interface transmits/receives 8-bit data
serially. It consists of the serial data register, the
serial mode register, port mode register A, the
octal counter, and the multiplexer (figure 9). Pin
R0o/SCK and the transmit clock signal are
controlled by the serial mode register. The data of
the serial data register can be written in or read out
by software. The data in the serial data register
can be shifted synchronously with the transmit
clock signal.

The STS instruction starts serial interface
operations and resets the octal counter to $0. The
octal counter starts to count at the falling edge of
the transmit clock signal (SCK) and increments by
one at the rising edge of the SCK. When the octal
counter is reset to $0 after eight transmit clock
signals, or when a transmit/receive operation is
discontinued by resetting the octal counter, the
serial interrupt request flag will be set.

Serial Mode Register (SMR: $005): The 4-bit
write-only serial mode register controls the
ROy/SCK, prescaler divide ratio, and transmit
clock source (table 14).

The write signal to the serial mode register
controls the internal state of the serial interface,

The write signal to the serial mode register stops
the serial data register and octal counter from
applying the transmit clock, and it also resets the
octal counter to $0 simultaneously. Therefore,
when the serial interface is in the transfer state, the
write signal causes the serial mode register to
cease the data transfer and to set the serial
interrupt request flag.

Data of the serial mode register will be changed at
the second instruction after a write instruction to
the serial mode register. Therefore, it is required
to execute the STS instruction after the data in the
serial mode register has been changed completely.
The serial mode register will be reset to $0 by
MCU reset.

Serial Data Register (SRL: $006, SRU: $007):
The 8-bit read/write serial data register consists of
low-order digits (SRL: $006) and high-order
digits (SRU: $007).

f
System | loclsug Prescaler (11 bits) OC (3 bits) SROF | es
clock {loye! Octal counter
l tsuard Interrupt
request flag
oo ¥ st
Q= of serial inter-
e %‘ Y ia face
[ Internal bus line (S1) |
Serial MPX +2 MPX }4 ;4
SCK
! SR (8 bits)
~ Serial data register
SMR (4 bits) PMRA (4 bits) } R } .
Serial mode Port mode
{ 4 register Xa register A [ Internal bus line {S2) —I
l SCK
L Internal bus line (S2} | £2
' i
ROg /SCK Roqrst || RO,/S0 ||
port port port

5 o

www.chipdocs.com

Figure 9 Serial Interface Block Diagram
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The data in the serial data register will be output
from the SO pin LSB first synchronously with the
falling edge of the transmit clock signal. At the
same time, external data will be input from the SI
pin to the serial data register synchronously with
the rising edge of the transmit clock. Figure 11
shows the I/O timing chart for the transmit clock
signal and the data.

The read/write operation of the serial data register
should be performed after the completion of data
transmit/receive. Otherwise, the data may not be
guaranteed.

Selection and Change of the Operation Mode:
Table 15 shows the serial interface operation
modes which are determined by a combination of
the value in the port mode register and in the serial
mode register.

Initialize the serial interface by the write signal to
the serial mode register in order to change the
operation mode of the serial interface.

Operating State of Serial Interface: The serial
interface has three operating states: the STS
waiting state, transmit clock wait state, and
transfer state (figure 12).

The STS waiting state is the initialization state of
the serial interface internal state. The serial
interface enters this state in one of two ways:
either by changing the operation mode through a
change in the data in the port mode register, or by
writing data into the serial mode register. In this
state, the serial interface does not operate even if
the transmit clock is applied. If the STS
instruction is executed then, the serial interface
shifts to the transmit clock wait state.

Table 14 Serial Mode Register

SMR3  RO0,/SCK
0 Used as RO, port input/output pin
1 Used as SCK input/output pin
Transmit Clock

o Prescaler System Clock
SMR2 SMR1 SMRO R0y/SCK Port Clock Source Divide Ratio Divide Ratio
0 o 0 SCK/output Prescaler + 2048 + 4096
0 0 1 SCK/output Prescaler +512 + 1024
0 1 0 SCKloutput Prescaler +128 + 256
0 1 1 SCK/output Prescaler +32 +64
1 0 0 SCK/output Prescaler +8 +18
1 0 1 SCK/output Prescaler +2 +4
1 1 0 SCK/output System clock +1
1 1 1 SCKl/input External clock
1264
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In the transmit clock wait state, the falling edge of  the transmit clock wait state, and the serial
the first transmit clock causes the serial interface  interrupt request flag is set simultaneously. In the
to shift to the transfer state, while the octal counter transfer state the octal counter becomes 000 after 8
counts up and the serial data register shifts  internal transmit clocks, so that the serial interface
simultaneously. As an exception, if the clock  enters the STS instruction waiting state, and the
continuous output mode is selected, the serial  serial interrupt request flag is set simultaneously.
interface stays in transmit clock wait state while

the transmit clock outputs continuously. The octal When the internal transmit clock is selected, the
counter becomes 000 again after 8 external  transmit clock output is triggered by the execution
transmit clocks or by the execution of the STS  of the STS instruction, and stops after 8 clocks.
instruction, so that the serial interface returns (o

Table 15 Serial Interface Operation Mode

SMR3 PMRA1 PMRAO Serial Interface Operating Mode

1 0 0 Clock continuous output mode
1 0 1 Transmit mode

1 1 0 Receive mode

1 1 1 Transmit/receive mode

PMRA: $004 SMR: $005

PMRA3|PMRA2| PMRA1|PMRAO SMR3 | SMR2 | SMR1 | SMRo

v
—
Transmit clock selection

RO, /SCK pin mode selection

AN

R0, /SO pin mode selection

RO, /S| pin mode selection

Figure 10 Configurations and the Functions of the Mode Registers

Transmit

clock

Serial

output X LSB X X X X X MSB
data

Serial input l ‘ ’ ‘ ' ’ ’ (

data
latch timing

Figure 11 Serial Interface I/O Timing
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Program the SMR again to initialize the internal
state of the serial interface when the PMRA is
programmed in the transfer state or in the transmit
clock wait state. Then the serial interface goes
into the STS waiting state.

Example of Transmit Clock Error Detection:
The serial interface malfunctions when the
transmit clock is disturbed by external noise. In
this case, transmit clock errors can be detected by

the procedure shown in figure 13.

If more than 8 transmit clocks are applied in the
transmit clock wait state, the state of the serial
interface shifts in the following sequence: transfer
state, transmit clock wait state, and transfer state
again. The serial interrupt request flag should be
reset before entering into the STS waiting state by
writing data to SMR. This procedure causes the
senial interface request flag to be set again.

STS waiting state

Octal counter = 0G0
transmit clock disable

Transmit clock

Transmit clock wait state
(Octal counter = 000)

8 external transmit clocks

STS instruction

Transfer state
(Octal counter  000)

(IFS «1)

Figure 12 Serial Interface Operation States

Transmission finished
{IFS «1)

i

Disable interrupt

IFS<0

Write to SMR

@ Yes

No

Normal end

Transmit clock
e[Tor processing

Figure 13 Transmit Clock Error Detection
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Timers

The MCU provides prescalers S and W (each with
a different input clock source), and 3 timer/
counters (timers A, B, and C). Figures 14 and 15
show their diagrams.

Prescaler S: The input to prescaler S is the
system clock signal. The prescaler is initialized to
$000 by MCU reset, and starts to count up the
system clock signal as soon as RESET input goes
to logic 0. The prescaler keeps counting up except
at MCU reset and in the stop and watch modes.
The prescaler provides input clock signals to
tmers A 1o C and the transmit clock of the serial
interface. They can be selected by timer mode
registers A (TMA), B (TMB), C ( TMC), and the
serial mode register (SMR), respectively.

Prescaler W: The input to prescaler W is a clock
which divides the X1 input clock by 8. The output
of prescaler W is available as an input clock for
timer A by controlling timer mode register A
(TMA).

Timer A Operation: After timer A is initialized
to 300 by MCU reset, it counts up at every clock
input signal. When the next clock signal is applied
after timer A has counted up to $FF, timer A is set
to $00 again, and an overflow output is generated.
This leads to setting the timer A interrupt request

flag (IFTA: $001, bit 2) to 1. Therefore, timer A
can function as an interval timer periodically
generating overflow output at every 256th clock
signal input.

To use timer A as a watch time base, set TMA3 to
1. Timer counter A receives prescaler W output,
and timer A generates interrupts with accurate
timing (reference clock = 32-kHz crystal
oscillator). When using timer A as a watch time
base, prescaler W and the timer counter can be
initialized to $0 by setting timer mode register A.

The clock input signals to timer A are selected by
timer mode register A (TMA: $008).

Timer B Operation: Timer mode register B
(TMB: $009) selects the auto-reload function,
input clock source, and the prescaler divide ratio
for timer B. When the external event input is used
as an input clock signal to timer B, select
R33/INT, as INT; by port mode register A
(PMRA: $004) to prevent an external interrupt
request from occurring.

Timer B is initialized according to the data written
into timer load register B by software. Timer B
counts up at every clock input signal. When the
next clock signal is applied to timer B after it is set

32-kHz {tsuBeye )
crystal —1 t/4 112 Prescaler W (5 bits)
oscillator Sue
(72 toueye)
2lsug ~jo|@fy
Pyl e gl g
Timer A MPX,,
Cn: TMA3 = 1
L3
Timer mode register A Timer counter A IFTA
{TMA, 4 bits) (TCA, 8 bits)
ba Interrupt
A request flag
On: TMA3 =0 of timer &
Timer A MPX,
| @
@ | N
IR R 8 ca\n
Agp LML |F]+i+]+]+ p
1, =1
tepelt ) ore = 1o
System {terefisumoe Prescaler S (11 bits) tsuBeye = Vlsua

Figure 14 Block Diagram of Timer A
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to $FF, it will generate an overflow output. In this load register B. If it is not selected, timer B goes
case, if the auto-reload function is selected, timer  to $00. The timer B interrupt request flag (IFTB:
B is initialized according to the value of timer  $002, bit 0) will be set as this overflow is output.

Internal bus line (S1)
44
TMB (4 bits)
Timer mode register B b4
TLB (4 bits) 1
Timer latch register B
f3
INT; Pttt
( : ) . TCB (8 bits) FTB
Timer B MPX Timer counter 8
t f T T T I T T Interrupt request flag
© of timer B
Q| b4 TLR (B bits)
ol <} @ ?’; — | W ~ Timer load register B
Lo N I S I ¥
" 4 " 4
Internal bus line (S2) J
'cyc"SUB
(tcyc”SUB-cyc)
System Prescaler S (11 bi
ook rescaler S ( s)
l internal bus line ($1)
1
| e PWMO
N S & % S § TLC (4 bits) 14
™ - — s B
E I I U O L O L Timer latoh register G Puise width modulation out
[—> IFTC
T C MPX TCC (8 bits) ---d-
imer Timer counter C
Interrupt request
I I I T 1 T T T flag of timer C
£ 3
TCR {8 bits)
Timer load register C
TMC (4 bits) Systemn
i mod ister C
Timer o register i (Watchdog) reset
f4 {4
Internal bus line ($2)
$020,1
WDON
Watchdog timer on flag
(Set only)
Figure 15 Timers B and C Block Diagram
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Timer C Operation: Timer mode register C
(TMC: $00D) selects the auto-reload function and
the prescaler divide ratio for timer C.

Timer C is initialized according to the data written
into timer load register C by software. Timer C
counts up at every clock input signal. When the
next clock signal is applied to timer C after it is sct
to $FF, it will generate an overflow output. In this
case, if the auto-reload function is selected, timer
C is initialized according to the value of timer load
register C. If it is not selected, timer C goes to
$00. The timer C interrupt request flag (IFTC:
$002, bit 2) will be set as this overflow is output.

Timer C is also available as a watchdog timer for
detecting a program out of sequence. MCU reset
occurs when the watchdog on flag (WDON) is 1
and the counter overflow output is generated by
the program going out of sequence. If timer C
stops, the watchdog timer function also stops. In
the standby mode, this function is enabled.

Timer C provides a variable duty-cycle pulse
output function (PWMOQ). The output waveform
differs depending on the contents of the timer
mode register and timer load register C (figure 16).
When selecting the pulse output function, set
R3,/TIMO to TIMO by controlling port mode

register B.
When timer C stops, this functions also stops.

Timer Mode Register A (TMA: $008): Timer
mode register A is a 4-bit write-only register
which controls the timer A operation as table 16
shows. Timer mode register A is initialized to $0
at MCU reset.

Timer Mode Register B (TMB: $009): Timer
mode register B (TMB) is a 4-bit write-only
register which sclects the auto-reload function, the
prescaler divide ratio, and the source of the clock
input signal, as shown in table 17. Timer mode
register B is initialized to $O by MCU reset.

The data of timer B changes at the second
instruction cycle of a write instruction.
Initialization of timer B by writing data into timer
load register B should be performed after the
contents of TMB are changed.

Timer Mode Register C (TMC: $00D): Timer
mode register C is a 4-bit write-only register
which selects the auto-reload function, input clock
source, and prescaler divide ratio, as table 18
shows. Timer modc register C is tnitialized to $0
at MCU reset.

Tx (TCR + 1)

TMC3 =0

TMC3 =1

S ——

Tx (256 - TCR)

T: Input clock period o counter (see table 18)
TCR: The value of the timer load register

Note: When TCR = $FF, this waveform is always fixed low.

Figure 16 Variable Duty-Cycle Pulse Output Waveform
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Table 16 Timer Mode Register A

TMA Source Prescaler, Input Clock Perlod,
Bit 3 Bit 2 Bit 1 Bit 0 Operating Mode
0 0 0 0 PSS, 2048 tc,. Timer A mode
1 PSS, 1024 t,.
1 0 PSS, 5121
1 PSS, 128 1.
1 0 0 PSS, 32ty
1 PSS, 81,
1 0 PSS, 4ty
1 PSS, 2ty
1 0 0 0 PSW, 32 tsypcyc Time-base mode
1 PSW, 16 tsygcye
1 0 PSW, 8 tsypcye
1 PSW, 2 tsyeyc
1 0 0 PSW, 1/2 tgpcye
1 Do not use
1 0 PSW, TCA reset

1

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

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

3. If PSW or TCA reset is selected while the LCD is operating, LCD operation halts (power switch
goes off).
When the LCD is connected for display, the PSW and TCA reset periods must be set in the
program to the minimum.

4. Intime base mode, the timer counter overflow output cycle must be greater than half of the
interrupt frame period (T/2 = tpcg).
It 1/2 tsypeyc is selected, tae must be 7.8125 ms ((MiS1, MISO) = (0, 1), see figure 34).

1270

www.chipdocs.com Be sure to visit ChipDocs web site for more information.



www.chipdocs.com

HD404818/HD404814/HD4074818/HD40L4818/HD40L.4814/HD407L4818

The contents of timer mode register C can be
changed at the second instruction cycle of a write
instruction. Therefore, it is required to initialize
timer C after the contents of timer mode register C
have been changed completely.

Timer B (TCBL: $00A, TCBU: $00B, TLRL:
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer counter. Each of them has low-
order digits (TCBL: $00A, TLRL: $00A) and
high-order digits (TCBU: $00B, TLRU: $00B).
(Refer to figure 15.)

Timer counter B can be initialized by writing data
into timer load register B. In this case, write the
low-order digits first, and then the high-order
digits. The timer counter is initialized when the

high-order digit is written. The timer load register
is initialized to $00 by MCU reset.

The counter value of timer B can be obtained by
reading timer counter B. In this case, read the
high-order digits first, and then the low-order
digits. The count value of the low-order digit is
obtained when the high-order digit is read.

Timer C (TCCL: $00E, TCCU: $00F, TCRL:
$00E, TCRU: $00F): Timer C consists of the 8-
bit write-only timer load register and the 8-bit
read-only timer counter. These individually
consist of fow-order digits (TCCL: $00E, TCRL:
$00E) and high-order digits (TCCU: $00F,
TCRU: $00F). The operation mode of timer C is
the same as that of timer B.

Table 17 Timer Mode Register B

Table 18 Timer Mode Register C

TMB3 Auto-Reload Function T™C3 Auto-Reload Function
0 No 0 No
1 Yes 1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Ciock Input Source

Prescaler Divide Ratio,
TMC2 TMC1 TMCO Clock Input Source

0 0 0 + 2048 0 0 0 + 2048
0 0 1 +512 0 0 1 + 1024
0 1 0 + 128 0 1 0 +512
0 1 1 + 32 ] 1 1 +128
1 0 0 +8 1 0 0 +32

1 0 1 +4 1 0 1 +8

1 1 0 +2 1 1 0 + 4

1 1 1 INT, (External event input) 1 1 1 +2
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Input/Output

The MCU provides 26 1/O pins and 4 input-only the data control register (DCR) controls.Lhe output
pins including 10 high-current pins (15 mA max.).  buffer. Table 19 shows the I/O pin circuit types.
26 1/O pins contain pull-up MOS controllable by i ) ) )
the program. When each 1/O pin is used as an input, The configuration of the I/O buffers are shown in

table 19.
Table 19 I/O Pin Circuit Types
/O Pins Circuit Pin Name
IO common Vee Do—Dg
pins (with Pull-up control signal R0y-R03
pull-up MOS) Vec _ (5eR] R14,-R15
R20‘-R23
—qu Cutput data (FOR] R3,-R3;
——T_I:)o——> Input data
Input control
Vee 5CK
v Puli-up control signal SCK
< - DCR]
—OQ—' Outputdata ___
SCK (internal)
[>o SCK
Output S0
pins {with Pull-up control signal TIMO
pull-up MOS) . [DCR]
Aﬂj Output data
SO or TIMO
Input pins INTq
D10
@—H} Input data D41/VC,e
input control
@_ D,>/COMPO
D,5/COMP1
input control Input data (Multiplexed
. with analog
L Analog input inputs)
VCief
Mode select pin

Note: For R0,/SO, refer to table 20, note 3.
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Port D: Port D consists of 10 1-bit I/O ports and
4 input ports. Pins Dy to Dy are high-current I/O
pins (15 mA max.). The sum of the current for all
D-port pins is up to 100 mA. Port D can be
set/reset by the SED/RED and SEDD/REDD
instructions, and can be tested by the TD/TDD
instruction. Output data is stored in the port data
register. The on/off of the output buffer for port D
can be controlled by the data control register for
port D (DCRB, DCRC, DCRD). The DCR is
located in the memory address area. Pins Dy to
D3 are input-only pins.

Two operation modes are available for pins D,
and Dq5: digital input mode and analog input
mode. The operation modes can be selected by
port mode register B (PMRB; bits 1, 0). In the
digital input mode, these pins can be used as input
with the same characteristics as other I/O pins. In
the analog input mode, users can read the result of
the comparison between the reference voltage as
input data. The reference voltage is input through
D1/VCref.

Port R: Port R, consisting of four 4-bit I/O ports,
can receive/transmit data by the LAR/LRA and
LBR/LRB instructions. Output data is stored in
the port data register (PDR) of each pin.

The on/off of the output buffer for port R can be
controlled by the data control registers for port R
(DCRO-DCR3).

The DCR is located in the memory address area.

Pins ROp, RO;, and RO, are multiplexed with SCK,
SI, and SO, respectively.

Pins R3,, R3,, and R34 are multiplexed with
TIMO, INT, and INT}, respectively. Refer to
figure 18.

Controlling the Pull-Up MOS: All I/O ports,
except for pins Dyg-D,3, contain pull-up MOS
which can be controlled by the program.

Bit 3 of port mode register B (PMRB3) controls
the activation of all pull-up MOS simultaneously.
Pull-up MOS is controlled by the port data register
(PDR) of each pin. Therefore, each bit of pull-up
MOS can be individually on or off. Refer o table
20.

Unused I/0 Pins: If unused pins are left floating,
the LST may malfunction because of noise. The
I/O pins should be fixed as follows to prevent this:
pull-up with V¢ through internal pull-up MOS,
or pull-up with V¢ through a resistor of
approximately 100 kQ.

@ Pin

Comparator

+

vC ref

~~
MPX
v
=
L
©
£
2
£
Mode
register
/\_)

Figure 17 Configuration of D;, and Dy;
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SMR (Serial mode register) ADR: $005

RO, /SCK pin mode selection

PMRA (Port mode register A) ADR: $004

3 2 1 0

I

RO, /8O pin mode selection
RO, /Sl pin mode selection
R3, /INT, pin mode selection
R3, Iﬁ pin mode selection

PMRB (Port mode register B) ADR: $012

3 2 1 0

[———*-— D,, /COMPO pin mode selection
D,5 /COMP1 pin mode selection
A3,/TIMO pin mode selection
Pull-up MOS on/off selection

SMR Port
Bit3 select
0 RO,
1 S§CK
PMRA Port PMRA Port PMRA Port PMRA Port
Bit3 select Bit 2 select Bit 1 select Bit O select
0 R3, 0 R3, 0 RO, 0 RO,
1 INT, 1 INT, 1 s 1 o)
PMRB _ |pyi-up MOS| PMRB Port PMR8 Port PMRB Port
Bit 3 on/off Bit 2 select Bit 1 seiect Bit 0 select
0 Off 0 R3, 0 Dy, 0 Dy,
] On 1 TIMO 1 COMP1 1 COMPO

Figure 18 1/0 Select Mode Registers
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Table 20 Input/Output by Program Control

PRMB: Bit 3 0 1
DCR 0 1 0 1

PDR 0 1 0 1 0 1 0 1
PMOS (A) off off Off On off off off On
NMOS (B) off off On Off off off On Off
Pull-up MOS Off off off off off On off On

Notes: 1. Combine the values of the above mode registers (PMRB3, DCR, and PDR) to select the
input/output for PMOS (A), NMOS (B), and the pull-up MOS, individually.
The DCR and PDR control each pin. Also, the PMRB3 controls the on/off of all pull-up MOSs.
2. The second bit of the miscellaneous register (MIS2) controls R0,/SO. When MIS2 is 1,

PMOS (A) is off.

R0,/SO
MIS2 PMOS (A)
0 On
1 Off

3. Each bit of DCR corresponds to each port as follows:

DCR Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, Ro, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, R3,
DCRB D, D, D, Dy
DCRC D, D De D,
DCRD — — Dg Dg
Voo PMRB3
Voo {
Pull-up
MOS PMOS (A)
}_OC ’ DCR
@ NMOS (B)
"—_OG_ PDR

}——* input data

Input signal

www.chipdocs.com

Figure 19 Configuration of the Input/Output Buffer
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Reset

Setting the RESET pin high resets the MCU. At
power-on or when cancelling the stop mode for the
oscillator, apply the reset input for at least trc for
the oscillator to stabilize. In all other cases, at

least two instruction cycles of reset input are
required for the MCU reset.

Table 21 shows the components initialized by
MCU reset, and each of its status.

Table 21 Initial Values after MCU Reset

ltems Initial Value  Contents
Program counter (PC) $0000 Execute program from the top of the
ROM address
Status flag (ST) 1 Enable branching with conditional
branch instructions
Stack pointer (SP) $3FF Stack level is O
V register (Bank register) (V) 0 Bank 0 (memory)
Interrupt Interrupt enable flag (IE) 0 Inhibit all interrupts
flags/mask Interrupt request flag (IF) 0 No interrupt request
Interrupt mask (IM) 1 Masks interrupt request
O Port data register (PDR) All bits are 1 Enable to transmit high
Data control register (DCR) All bits are 0 Output buffer is off (high impedance)
Port mode register A (PMRA) 0000 See Port Mode Register A section
Port mode register B (PMRB) 0000 See Port Mode Register B section
Timer/counters, Timer mode register A (TMA) 0000 See Timer Mode Register A section
serial interface Timer mode register B (TMB) 0000 See Timer Mode Register B section
Timer mode register C (TMC) 0000 See Timer Mode Register C section
Serial mode register (SMR) 0000 See Serial Mode Register section
Prescaler S $000
Prescaler W $00
Timer counter A (TCA) $00
Timer counter B (TCB) $00
Timer counter C (TGC) $00
Timer load register B (TLR) $00
Timer load register C (TCR) $00
Octal counter 000
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Table 21 Initial Values after MCU Reset (cont)

items Initial Value  Contents
LCD LCD control register (LCR) 000 Refer to description of LCD Control
Register
LCD mode register (LMR) 0000 Refer to description of LCD
Duty/Clock Cantrol
Bit register Low speed on flag (LSON) 0 Refer to description of Low-Power
Dissipation Mode
Watchdog timer on flag (WDON) 0 Refer to description of Timer C
Direct transfer on flag (DTON) 0 Refer to description of Low-Power
Dissipation Mode
Miscellaneous (MIS) 000 —
register
After MCU Reset to Recover After MCU Reset to Recover
ltem from Stop Mode from Other Modes
Carry flag (CA) The contents of the items before The contents of the items before
Accumulator (A) MCU reset are not retained. MCU reset are not retained.
B register (B) It is necessary to initialize them by It is necessary to initialize them by
software. software.

W register (w)

X/SPX registers (X/SPX)
Y/SPY registers (Y/SPY)
Serial data register (SR)

RAM The contents of RAM before Same as above for RAM.
MCU reset (just before STOP
instruction) are retained.
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Internal Oscillator Circuit

Figure 20 shows the block diagram of the internal ~ crystal oscillator can be connected to X1 and X2.
oscillator circuit. A ceramic filter can be An external clock operation is available for the

connected to OSC; and OSC,. A 32.768-kHz  system oscillator.

0s¢, O
f 1/4 _ f
System 0scC s Timing cye .
oscillator ili\:g:?tr generator Mode (Sgster;l clock
@__. circuit control cPU
0SC, circuit
X1 f 1/8 Timing f
@ S::;“:'g:n X divider generator 5B —» System clock
X2 circuit circuit (0 peR)
= Timer-base

clock ($ o1k )

Figure 20 Internal Oscillator Circuit

COMP1/Dy3 [

X1 H\\%

x2 D\
GND EH

SCK/RO, ] & NN

.

72

722

-
RESET [ /
oy N\
NUMG &@\\\

GND

////////

)

22

%

<
8
L

i

Figure 21 Layout of Crystal and Ceramic Filters
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Table 22 Examples of Oscillator Circuits

Cireuit Configuration

Circuit Constants

External clock operation

Oscillator osC,
Open 0sC,
Ceramic filter oscillator HD404818, HD404814, HD4074818
C, Ceramic filter: CSA4.00MG
|—| — osc, {Murata)
Ceramic _L ! Ri=1MQ+20%
fiter = F Cy =C, = 30 pF + 20%
} T 0S¢, HD40L4818, HD40L4814,
Ca HD407L4818
GND Ceramic filter: CSB400P (Murata)
CSB400P22 (Murata)
Rf =1 MQ+20%
Ci=C,=220pF £5%
Ceramic filter: CSB800J (Murata)
CSB800J122 (Murata)
Ri=1 MQ £ 20%
C,=C, =220 pF +5%
Crystal oscillator c HD404818, HD404814, HD4074818
L Cy: 10to 22 pF + 20%
' 0OSsC
| l ! C,: 1010 22 pF + 20%
Crystal o E' R' Rf = 1 MQ + 20%
T Crystal: Equivalent to circuit shown
—e 0SC, at bottom left
C, Co: 7 pF max.
GND Rs: 100 Q max.
— 00— W
-—e L CS Rs [ S
e | —
Co

www.chipdocs.com
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Table 22 Examples of Oscillator Circuits (cont)

Circuit Configuration Circuit Constants
Crystal osciliator Crystal: 32.768 kHz: MX38T
¢ (Nippon Denpa Kogyo)
X1 C, =20 pF £20%
C2 =20 pF +20%
Crystal == Rs = 14 kQ
X5 Co=15pF
Ca

GND

‘_E:
L CS RS»—-
—

Co

Notes: 1. The circuit parameters above are recommended by the crystal or ceramic filter maker. The
circuit parameters are affected by the crystal, ceramic filter resonator, and the floating
capacitance when designing the board. When using the resonator, consult with the crystal or
ceramic filter maker to determine the circuit parameters.

2. Wiring among OSC, and OSC,, or X1 and X2, and other elements should be as short as
possible, and avoid crossing other wires. Refer to figure 21.
3. When the 32.768-kHz crystal oscillator is not used, pin X1 must be fixed to V¢ and pin X2 must

be left open.
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Liquid Crystal Display (LCD)

The MCU contains 4 common signal pins, the
controller, and the driver. The controller and the
driver drive 32 segment signal pins. The
controller consists of display data RAM, the LCD
control register (LCR), and the LCD duty-
cycle/clock control register (LMR) (figure 22).
Four duty cycles and LCD clocks are available by

program control. Since the MCU contains a dual
port RAM, display data can be transferred to
segment signal pins automatically without
program control. When selecting the 32-kHz
oscillation clock as the LCD clock source, the
system allows the LCD to display even in the
watch mode, in which the system clock halts.

Vee Power switch
)
Vi ——0 CCM1
LCD —o0 comz2
LCD common
Va power driver [ © COM3
supply ———O0 COM4
V. control
3 circuit ,
Display on/off LCD
GND clock
——O SEGH
—O SEG2
Display $050
control Display
register area se:?nzm
LCR: $013 dri
(Dual port river
LMR: $014 RAM)
$06F
LCD duty-
cycle/clock
control register /—\J O SEG32
f2 12 RAM area ! LCD
Duty sefection clock

Clock selection

3 System clock dividing

output (CL1-CL3)
32-kHz clock dividing
1 output (CLO)

www.chipdocs.com

Figure 22 LCD Driver Configuration
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LCD Data Area and Segment Data ($050 to - Power switch on/off
$06F): Figure 23 shows the configuration of the

LCD RAM area. Each bit of this area, Off: Power switch is off.
corresponding to 4 types of duty cycles, can be
transmitted to the segment driver as display data
by programming the area corresponding to the
duty cycle.

On: Power switch is on and Vy is V.
«  Watch mode/subactive mode display

Off: In the watch mode/subactive mode, all
common/segment pins are fixed to GND, and
the power switch is off.

LCD Control Register (LCR: $013): The LCD
control register is a 3-bit write-only register which
controls the blanking of the LCD, activation of the

power SWi[Fh, and the dlSplay in the watch On: In the waich mode/subactive mode, LCD
mode/subactive mode (table 23). RAM data is transmitted as a segment signal.
» Blank/display LCD Duty-Cycle/Clock Control Register

(LMR: $014): The LCD duty-cycle/clock
control register is a write-only register which
specifies 4 display duty cycles and the reference

Display: LCD RAM data is transmitted as a  clock for the LCD (table 24).
segment signal.

Blank: Segment signal is faded regardiess of
the LCD RAM data.

Bit 3 Bit 2 Bit 1 Bit0 Bit3 Bit 2 Bit 1 Bit0
80 SEG1 SEG1 SEG1 SEG1 $050 86 | SEG17 SEG17 | SEG17 SEG17 | $060
81 SEG2 SEG2 SEG2 SEG2 | $051 97 | SEG18 SEG18 | SEG18 SEG18 | $061
82 SEG3 SEG3 SEG3 SEG3 | $052 98 | SEG19 SEG19 | SEG19 SEG19 | $062
83 SEG4 SEG4 SEG4 SEG4 | $053 99 | SEG20 SEG20 | SEG20 SEG20 | $063
84 SEGS5 SEGS SEG5 SEG5 | $054 100 | SEG21 SEG21 SEG21 SEG21 | $064
85 SEG6 SEG6 SEG6 SEG6 | $055 101 | SEG22 SEG22 | SEG22 SEG22 | $065
86 SEG7 SEG7 SEG7 SEG7 | $056 102 | SEG23 SEG23 | SEG23 SEG23 | $066
87 SEGS8 SEGS SEG8 SEG8 | $057 103 | SEG24 SEG24 | SEG24 SEG24 | $067
88 SEGY SEGS SEG9 SEGS | $058 104 | SEG25 SEG25 | SEG25 SEG25 | 3068
89 | SEG10 SEGt0 | SEG10 SEG10 | $059 105 | SEG26 SEG26 | SEG26 SEG26 | $069
90 | SEG11 SEG11 SEGM!1 SEG11 | $05A 106 | SEG27 SEG27 | SEG27 SEG27 | $06A
91 SEG12 | SEG12 | SEG12 SEG12 | $058B 107 | SEG28 SEG28 | SEG28 SEG28 | $06B
92 | SEG13 SEG13 | SEG13 SEG13 | $05C 108 | SEG29 | SEG28 | SEG29 SEG29 | $06C
93 | SEG14 SEG14 | SEG14 SEG14 | $05D 109 | SEG30 SEG30 | SEG30 SEG30 | $06D
94 | SEG15 SEG15 | SEG15 SEG15 | $05E 110 | SEG31 SEG31 SEG31 SEG31 | $06E
95 | SEG16 SEG16 | SEG16 SEG16 | $05F 111 | SEG32 | SEG32 | SEG32 SEG32 | $06F
COM4 COM3 COM2 COM1 COM4 CcOM3 COM2 COM1

Figure 23 Configuration of LCD RAM Area (Dual Port RAM)
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Table 23 LCD Control Register

Watch Mode/
& Subactive Mode LCR_ Power Switch ﬂ_ Blank/
Bit 2 Display Bit 1 On/Off Bit 0 Display
0 Off 0 Off 0 Blank
1 On 1 On 1 Display

Note: With the LCD in the watch mode, use the divider output of the 32-kHz oscillator as an LCD clock
and set LCR bit 2 to 1. When the system oscillator divider output is used as an LCD clock, set LCR
bit2t0 0.

Table 24 LCD Duty-Cycle/Clock Control Register

LMR
Bit 3 Bit2 Bit1 Bit0 Duty Cycle Select/Input Clock Select
0 0 1/4 duty cycle
0 1 1/3 duty cycle
1 0 1/2 duty cycle
1 1 Static

CLO (32.768 kHz/64; when 32.768-kHz oscillator is used)
CL1 (f¢y/256)

CL2 (f,,/2048)

CL3 (Refer to table 25)

Note: ., is the system oscillator divider output.

~|=2|o|o
-lol=|o

LCR (LCD controi register) ADR = $013

2 1 0

l—'_ Blank/display

Power switch on/off
Display on/off in watch mode
(Not used)

LMR (LCD mode register) ADR = $014

3 2 1 o]

I

} Duty cycle section

} Input clock section

Figure 24 LCD Contrel Register
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Table 25 LCD Frame Frequency

Static LMR

Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
Instruction 0 0 0 1 ! 0 ! !
cycle time CLO CL1 CL2 CL3 *
10 ps 512 Hz 390.6 Hz 48.8 Hz 24.4 Hz/64 Hz
1us 512 Hz 3906 Hz 488Hz 244 Hz/64 Hz
1/2 Duty Cycle LMR

Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
Instruction 0 0 0 ' ! 0 ! !
cycle time CLO CL1 CL2 CL3 *
10 us 256 Hz 195.3 Hz 24.4 Hz 12.2 Hz/32 Hz
1us 256 Hz 1953 Hz 244 Hz 122 Hz/32 Hz
1/3 Duty Cycle LMR

Bit3 Bit 2 Bit 3 Bit 2 Bit3 Bit 2 Bit 3 Bit 2
Instruction 0 0 0 1 1 0 ! !
cycle time CLo CL1 CcL2 CL3 "
10 us 170.6 Hz 130.2 Hz 16.3 Hz 8.1 Hz/21.3 Hz
1us 170.6 Hz 1302 Hz 162.6 Hz 81.3 Hz/21.3 Hz
1/4 Duty Cycle LMR

Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
Instruction 0 0 0 ! ! 0 ! !
cycle time CLO CL1 CL2 CL3 *
10 us 128 Hz 97.7 Hz 12.2 Hz 6.1 Hz/16 Hz
1us 128 Hz 977 Hz 122 Hz 61 Hz/16 Hz

Note: * Division ratio differs depending on the value of bit 3 of timer mode register A (TMA3 = 0/TMA3 = 1).
i TMA3 =0, CL3 =1, 74096; if TMA3 = 1, CL3 = 32.768 kHz/512.
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Large LCD Panel Driving and Driving Voltage
(Vicp): When using a large LCD panel, lower
the dividing resistance by attaching external
resistors in parallel to the internal dividing
resistors (see figure 25).

Since the liquid crystal display board is of a matrix
configuration, the path of the charge/discharge
current through the load capacitors is very
complicated. Moreover, since it varies depending
on display conditions, the value of resistance
cannot be determined by simply referring to the
load capacitance of the liquid crystal display. The

value of resistance must be experimentally
determined according to the demand for power
consumption of the equipment in which the liquid
crystal display is implemented. Capacitor C (0.1
to 0.3 uF) is recommended to be attached. In
general, R is 1 kQ to 10 kQ.

Figure 25 shows a connection when changing the
liquid crystal driving voltage (V| cp). In this case,
the power supply switch for the dividing resistors
(power switch) must be turned off. (Bit 1 of the
LCR register is 0.)

Vee (V1)
R
V2
R
V3
C=011t0.3pF
R
GND
[ = 4-dgitLcD
l Vee  comt i1 with signal
Vi
Vee T Vico Evz SEG1 32
A to 7
] p SEGa2
Static drive
l Voo SOM1 Z C1 gdgitLep
Vi
Vee V, SEGI 32
LCcD T Vs 1o .
. oap SEG32
1/2 duty, 1/2 bias drive
CcOoM1 3 — _diqi
Rl
y v, COM3
Ty il —V2  SEG1 32
-lr LCD T V3 to -
. GaND SEG32
1/3 duty, 1/3 bias drive
l Vee COMTL 4 = 16-digitLcD
v, COM4 =
Vee Vv L —V2  SEG1 32
~|> LCD T V3 to 7
. GND SEG32
Vee 2Viep 2GND 1/4 duty, 1/3 bias drive

Figure 25 Examples of LCD Connections

1285

Be sure to visit ChipDocs web site for more information.



HD404818/HD404814/HD4074818/HD40L4818/HD40L4814/HD40714818

Operating Modes

The MCU has five operating modes that are  Table 27 provides additional information for table
specified by how the clock is used. The functions  26.

available in each mode are listed in table 26, and
operations are shown in table 28. Transitions
between operating modes are shown in figure 26.

Active Mode: The MCU operates according to
the clock generated by the system oscillators
OSC1 and OSC2

Table 26 Functions Available in Each Operating Mode

Mode Name
Active Standby  Stop Watch Subactive™
Activation method RESET SBY TMA3 =0, TMA3 = 1, INT, or timer
cancellation, instruction STOP STOP A interrupt
interrupt instruction instruction request from
request watch mode
Status System oscillator ~ Operating Operating Stopped Stopped Stopped
Subsystem Operating Operating Operating’! Operating Operating
oscillator
Instruction Operating Stopped  Stopped Stopped Operating
execution {(o¢py)
Peripheral function Operating Operating Stopped Stopped Operating
interrupt (dpeR)
Clock function Operating Operating Stopped Operating 2 Operating"2
interrupt (¢cik)
RAM Operating Retained Retained Retained Operating
Registers/flags Operating Retained Reset Retained Operating
Ile] Operating Retained High impedance™ Retained™ Operating3
Cancellation method RESET RESET RESET input RESET input, RESET input,
input, input, INT, or timer A STOP/SBY
STOP/SBY interrupt interrupt instruction
instruction  request request

Notes: 1. To reduce current dissipation, stop all oscillation in external circuits.

2. Refer to the Interrupt Frame section for details.

3. Refer to table 30.

4. Subactive mode is an optional function to be specified on the function option list.
5

In the watch and subactive modes, the MCU requires a 32.768-kHz crystal oscillator.

System Clock (¢cpy)

Operating Stopped

Non-time-base peripheral Operating Active mode Standby mode
function clock (0pgp)

Subactive mode
Stopped — Watch mode (TMA3 = 1)
Stop mode (TMA3 = 0)
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Standby Mode: The MCU enters standby mode
when the SBY instruction is executed from active
mode. In this mode, the oscillators, interrupts,
timer/counters, and serial interface continue to
operate, but all instruction execution-related
clocks stop. The stopping of these clocks stops the
CPU, retaining all RAM and register contents and
maintaining the current I/O pin status.

Standby mode is terminated by a RESET input or
an interrupt request. If it is terminated by a
RESET input, the MCU is reset as well. After an
interrupt request, the MCU enters active mode and
resumes, executing the next instruction after the
SBY instruction. If the interrupt enable flag is 1,
that interrupt is then processed; if it is 0, the
interrupt request is left pending and normal
instruction execution continues. A flowchart of
operation in standby mode is shown in figure 27 .

Stop Mode: The MCU enters stop mode if the
STOP instruction is executed in active mode when
TMA3 = 0. In this mode, the system oscillator
stops, which stops all MCU functions as well.

Stop mode is terminated by a RESET input as
shown in figure 28. RESET must be high for at
least one tzc to stabilize oscillation (refer to the
AC Characteristics section). When the MCU
restarts after stop mode is cancelled, all RAM
contents are retained, but 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
when TMA3 = 1, or if the STOP or SBY
instruction is executed in subactive mode.

Watch mode is terminated by a RESET input or a
timer-A/INT, interrupt request. For details on
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 during the transition to active
mode is delayed for half the interrupt frame period
(trc), 1o give the oscillation time to stabilize, as
shown figare 29.

Table 27 1/O Status in Low-Power Dissipation Modes

Output Input

Standby Mode, Active Mode,

Watch Mode Stop Mode Subactive Mode
Dy—Dg Retained High impedance Input enabled
Dyo-D43 — - Input enabled
RO-R3 Retained High impedance input enabled
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Table 28 Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode™
CPU Reset Retained Retained i

RAM Retained Retained Retained

Timer A Reset ‘ ' e

Timer B Reset

Timer C Reset

Serial interface Reset

LCD Reset

DTMF Reset Reset Stopped Reset

o Reset"t Retained Retained

Notes: Shaded region indicates operating.
1. QOutput pins are at high impedance.
2. Subactive mode is an optional function to be specified on the function option list.
3. Transmission/reception is activated if a clock is input in external clock mode. (However,
interrupts are stopped.)

Reset
Standby mode Active mode Stop mode
POMA3=0)y (TMA3 = 0}
| fosg: Operating i SBY {standby) E fosc: Operating i STOP fosc: Stopped
ke Operaling < H fx: Operaling fx: Operating
| ¢cpu Stopped [ il deru Tope ; dcpy  Stopped
H ekt feye — i H doik Toye bcik:  Stopped
P dpert Toye (Timers A,B,C || $per: feye : $per  Stopped
) i Serial, ' ;
! 'UNTp, INT4 i !
5 : : ! Watch mode
: H{TMA3 = 1) : :"('T.M'A':i".'i,'fs'éid"-é)";
i [fosc: Operating]; SBY (standby) | | fosc:  Operating sTop | losc: Stopped |
‘lfx:  Operating |4 (standby) Hix:  Operating | # Ix:  Operating|:
| ¢opu Stopped | Interrupt t| ey fop !p To. Al ¢cpy  Stopped |
L Pow fsus ‘ s dok fsus 1L o dcik fsue !
tlepert loye (Timers A,B,C )| ¢pert foye 5 fl 9pen  Stopped |.
B SESERREEEEEEEE ‘|Seral, |t : :
INTo, INT1 2 3
fosc: Main oscillation frequency ) ' ;
fx: Suboscillation frequency Subacuvle mode ____STOPR: TMA3 - 1 LSON = 1 '
for time-base - INT,, i 3_' . =1
fcyc: fosc /4 fosc: Slopped Timer A™ ' fosc: Sloppe_d E
fsup: fx/8 fy: Operating HERPE Operating | :
b cpu: System clock ¢ cpy fsus STOP/SBY | ®cpu Stopped
¢ cx: Clock for time-base ¢ CLK- fsus (LSON = 1) ¢ : ¢CLK: fsum ;
® per: Clock for other $per’ fsua i| ¢per  Stopped |

peripheral functions
LSON: Low speed on flag
DTON: Direct transfer on flag Notes: 1. Time-base interrupt
2. STOP/SBY (DTON =1, LSON = 0)
3. STOP/SBY (DTON =0, LSON = 0)
4. DTON is not affected

Figure 26 MCU Status Transitions
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Oscillator; Active
Peripheral clocks:

Oscillator: Stop
Suboscillator: Active

Active .
. Peripheral clocks: Stop
Q:L;ther clocks: All other clocks: Stop

]

(SBY only)

\

\
Restart Restart
processor clocks processor clocks

1

Execute
next instruction
(active mode)

Execute

Reset MCU next instruction

Accept interrupt

Figure 27 MCU Operating Flowchart of Watch and Standby Modes
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Operation during mode transition is the same as
that at standby mode cancellation (figure 27).

Subactive Mode: The CPU operates with a clock
generated by the X1 and X2 oscillation circuits.
Functions that can operate in subactive mode are
listed in table 28. When the STOP or SBY
instruction is executed in subactive mode, the

MCU enters either watch or active mode,
depending on the statuses of LSON and DTON.
The DTON flag can only be set in subactive mode;
it is automatically reset after a transition to active
mode.

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

QOscillator

Internal clock I

RESET T g

STOP instruction execution

Lres '{

1o 2 I (Stabilization time)

Figure 28 Timing of Stop Mode Cancellation

Oscillation
' stabilization .
Active mode Watch mode time Active mode
Interrupt T t
strobe | !
1 1
1 |
i 1
Interrupt | |
request t
: ] t
generation X X
] |
{During the transition : T | t
from watch mode e o ke
to active mode only) | !
l [}
T=2 xtge: Interrupt frame length

tre: Oscillation stabilization period

Figure 29 Interrupt Frame

1290

Be sure to visit ChipDocs web site for more information.



HD404818/HD404814/HD4074818/HD40L4818/HD401.4814/HD407L.4818

Interrupt Frame: In waich and subactive modes,
¢crx is supplied for timer A and the INTy, 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
the miscellaneous register, as shown in figure 30.

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.

MIS: $00C
MIS T tae | Oscillation circuit
MIS2 | MIS1| MISO 1 Bit| OBit condition
0.12207
L o] 0] 0.24414 ms ms.2 External clock input
_ 0.24414 ms
} tRc selection [ 1 [ 15625ms | 7.8125ms Geramic filter,
Refer to 1 0 62.5ms | 3125ms crystal
table 20 1 1 Not used —
Notes: 1. The value of trc applies only when using
a 32.768-kHz oscillator.
2. Only direct transfer.
Figure 30 Miscellaneous Register
STOP/SBY o
executicn  Internal Oscillation
execution stabilization
Subactive mode + time (< T) time . Active mode
(LSON =0, DTON = 1) ' o
Interrupt T T
strobe ;
Direct transfer ; : T
timing E 5 '
o T G tge
T:  Interrupt frame period
tge: Oscillation stabilization period

www.chipdocs.com

Figure 31 Direct Transfer Timing
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Direct Transfer: By controlling the DTON, the
MCU would be placed directly from the subactive
to active mode. The detailed procedure is as
follows:

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

« Execute the STOP or SBY instruction,

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

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

The transition time (tp) from subactive to active
mode is trc>Ilp> T+ 1zc.

MCU Operating Sequence: The MCU operates
in the sequence shown in figures 32 to 34. It is
reset by an asynchronous RESET input, regardless
of its state.

Limitation on Use: In subactive mode, the timer
A interrupt request or the external interrupt request
(INT) occurs in synchronism with the interrupt
strobe.

If the STOP or SBY instruction is executed at the
same time with the interrupt strobe, these interrupt
requests will be cancelled and its corresponding
interrupt request flags (IFTA, IFO) will be not set.

In subactive mode, do not use the STOP or SBY
instruction at the time of the interrupt strobe.

{ Power on

RESET:\NO

/

Yes

Reset

|

MCU
operation
cycle :
]

Figure 32 MCU Operating Sequence (Power On)
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MCU operation
cycle

Instruction Yes
execution

IEe«0
Yes SBY/STOP Stack « (PC),
instruction ? (CA)
(ST)
T T TR
 Low-power mode | PC « next PC « vector
: operation cycle ! location address

IF:  Interrupt request flag
IM: Interrupt mask

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

ST: Status flag

Figure 33 MCU Operating Sequence (MCU Operation Cycle)

1293

www.chipdocs.com Be sure to visit ChipDocs web site for more information.



HD404818/HD404814/HD4074818/HD40L4818/HD40L.4814/HD4071L4818

Low-power mode
operation cycle

IF =1and No

M=07?
y
Yes SBY/WATCH
Stop mode
mode op mo

Hardware NOP Hardware NOP
execution execution
PC « next PC < next

location location
Instruction
execution

MCU operation
cycle

For specitic IF and IM, see figure 27, MCU Operating Flowchart

Figure 3¢ MCU Operating Sequence (Low-Power Mode Operation)
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Pin Description in PROM Mode

The HD4074818/HD407L4818 is a ZTAT™ PROM mode, the MCU does not operate and the
microcomputer incorporating a PROM. In the  HD4074818/HD407L4818 can program the on-
chip PROM,

Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode

FP-80A FP-80A
FP-80B TFP-80 Pin Name VO PinName VO FP-80B TFP-80 Pin Name I/O Pin Name VO
1 79 D, 1o O, o 41 39 SEGS 0

2 80 Dg 10O Og o 42 40 SEG10 0]

3 1 D, o 0O, /O 43 41 SEG11 O

4 2 Ds 10 Og VO 44 42 SEG12 Q

5 3 Dg 1O Og 1O 45 43 SEG13 0]

6 4 D, o o, VO 46 44 SEG14 @)

7 5 Dg @] 47 45 SEG15 0]

8 6 Dg o 48 46 SEG16 O

9 7 Dyo | Vpp 49 47 SEG17 O

10 8 D41/VC g ! Ag | 50 48 SEG18 0

1 9 D,,/COMPO | Mo | 51 49 SEG19 0

12 10 D,3/COMP1 | M, | 52 50 SEG20 O

13 11 TEST | TEST ! 53 51 SEG21 O

14 12 X1 | GND 54 52 SEG?22 (0]

15 13 X2 0] 55 53 SEG23 O

16 14 GND GND 56 54 SEG24 O

17 15 R0¢/SCK o A, [ 57 55 SEG25 O

18 16 Ro,/SI o A, I 58 56 SEG26 0]

19 17 R0,/SO o A | 59 57 SEG27 O

20 18 RO5 o A, | 60 58 SEG?28 0O

21 19 R1, 0 Ag | 61 59 SEG29 0

22 20 R1, VO Ag | 62 60 SEG30 O

23 21 R1, o A, | 63 61 SEG3t O

24 22 R1, O Ag ! 64 62 SEG32 0]

25 23 R2, O Ag | 65 63 COMH1 O

26 24 R2, 10 Ay | 66 64 COM2 O

27 25 R2, o Ay | 67 65 COM3 O

28 26 R2, 1o A, | 68 66 COM4 O

29 27 R3, o Az | 69 67 V,

30 28 R3,/TIMO 11O A, | 71 69 Vs

31 29 R3,/INT, 11O CE 71 69 Vg Vee

32 30 R34/INT, 1o OE | 72 70 NUMO 0]

33 31 SEGH1 O 73 71 NUMO (0]

34 32 SEG2 0] 74 72 NUMG Vee

35 33 SEG3 O 75 73 Vee Vee

36 34 SEG4 O 76 74 0SC, i Vee

37 35 SEGS O 77 75 OSC, @]

38 36 SEGS6 0 78 76 RESET ! RESET |
39 37 SEG7 0 79 77 Dy 110 Oy /0
40 38 SEGS O 80 78 D, 1o O, o]

Note: I/O: Input/output pin, I: Input pin, O: OQutput pin
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Pins for PROM Mode (HD4074818)

Vpp: Apply the programming voltage (12.5 V %
0.3 V) to this pin.

'CE: For programming the internal PROM and
inputting the control signal to enable verification.

‘OE: For inputting the data output control signal

Ag-Aygl
PROM.

Address input pins of the internal

O¢0;: Data bus I/O pins of the internal PROM.

My, M;: M, and M, are for PROM mode
specification. To place the MCU into the PROM

www.chipdocs.com

when verifying. mode, pull M, M;, and TEST low, and RESET
high.
Y
o 00 Q Q
60 E >u>u>o >o
HiRinininininininininininininie!
SRERNELRINRNIRBBESE S
1 64 [
2 63 ]
3 62 [ =
4 61 ] o e aB ouog Q
5 60 [ coooEx T =
6 50 O ininininiaininialninininininininininin|
7 58 [ oE‘/saspsw:mmm&%sssmazmsm:
8 5701 o,0e so [
9 56 [ O, O] sa |}
0, 4 5713
I HD4074818FS =B s %
HD407L4818FS Cle 55 {3
15 53 g Vee []7 54}
! 52 A CJ8 HD4074808H s3]
e 2B wo HDA407L4808H 2
16 49 [0 TESTO 1! HD4074818TF* 50 (1
17 48 0] GNDE;; HD407L4818TF* " %
18 47 GND[]14 20
19 46 [ A, 15 46
20 45 ] :zE‘G 4[]
3 17 44
21 44 [0 = “%1
22 43 1 A, o 2
23 42 (] A 20 41
24 410 SNRIBRNERA8SY33IB8E388
B ERNRRS N3 88538% QUUUUUUUUUUUUUUUUUUU
JUo0ogguuoouugayg <<Llic< <100
<iiccalol
FP-80A
FP-80B TFP-80
(Top view) (Top view)
* Under development

Figure 35 PROM Mode Pin Arrangement
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Programmable ROM QOperation

The MCU on-chip PROM is programmed in the
PROM mode (figures 36 and 37). The PROM
mode is set by pulling TEST, M, and M, low, and
RESET high, as shown in figure 36. In PROM
mode, the MCU does not operate. It can be
programmed like a standard 27256 EPROM using
a standard PROM programmer and an 80-to-28-
pin socket adapter. Table 30 lists the
recommended PROM programmers and socket
adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series
microcomputer incorporates a Conversion circuit to
enable the use of a general-purpose PROM
programmer. By this circuit, an instruction is read
or programmed using 2 addresses, the lower 5 bits
and upper 5 bits, as shown in figure 37. For
example, if 8 Kwords of on-chip PROM are
programmed by a general-purpose PROM pro-
grammer, 16 Kbytes of addresses ($0000-$3FFF)
should be specified.

Programming and Verification

The MCU can be high-speed programmed without
causing voltage stress or affecting data reliability.

Table 29 shows how programming and verification
modes are selected.

Figure 38 is a programming flowchart, and figure
39 is a timing chart. For precautions on PROM
programming, refer to the Precautions on PROM
Programming section for applications.

Precautions

1. Addresses $0000 to $3FFF must be specified if
the PROM is programmed by a PROM
programmer. If addresses of $4000 or higher
are accessed, the PROM may not be
programmed or verified. Note that plastic
package types cannot be erased and
reprogrammed. Data in unused addresses must
be set to $FF.

2. Ensure that the PROM programmer, socket
adapter, and LSI match. Using the wrong
programmer for the socket adapter may cause
an overvoltage and damage the LSI. Make
sure that the LSI is firmly fixed in the socket
adapter, and that the socket adapter is firmly
fixed onto the programmer,

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

Table 29 PROM Mode Selection

Pin
Mode CE OE Vpp 0,0,
Programming Low High Vpp Datainput
Verify High Low Vpp Dataoutput
Programming High High Vpp High
inhibited impedance

Table 30 PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter

Maker Type Name Maker Type Name Package Type

DATA 11O 121B Hitachi HS460ESFO1H FP-808B

29B HS460ESHO1H FP-80A

Under development TFP-80

AVAL Corp. PKW-1000 Hitachi HS460ESFO1H FP-80B

HS460ESHO1H FP-80A

Under development TFP-80
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TEST
M0
VPP M1 O.t10 O <—_—'> Data
777 007 Opto O,
Dio/Vep  Agto Ayy <: Address
Agto Ay,
OE f«——— OE
CE [«—— CE
GND
Figure 36 PROM Mode Function Diagram
$0000 '\, ', ' Bita  Bit3, Bit2 Bit1,Bit0| Lower5bits I $0000 ~ JMPL instruction $0000
$0001 L v, 1 Bi Bit8  Bit7, Bit6, Bit 5| Upper 5 bits {lump to reset routine) $0001
| JMPL instruction $0002
Vector address (jurnp to INTq routine) $0003
$001F $O00F | JMPL instruction $0004
$0020 $0010 (jump to INTy_routine) $0005
. | JMPL instruction $0006
Zero-page subroutine (jump to timer A routine) $0007
(64 words) JMPL instruction $0008
$007F $003F (jump to timer B routine) $0008
$0080 $0040 L JMPL instruction $000A
(jump to timer C routine) $000B
Pattern [ JMPL instruction $000C
(4096 words) (jump to serial routine) $0000
S1FFF $OFFF $000E
$2000 $1000 $000F
Program
(8192 words)
$1FFF
$3FFF $2000
Not used Nete
$7FFF L L L ) " ) L L $3FFF
L —
These three bits are not used. (Setto 111)
Note: When reading this address space, $FF is output.
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Set programming/verification modes
Vpp =12540.3V, Vo =60+ 025V

Program tpw =1 ms + 5%

{___Address + 1 - address |
|

Last
address?

Set read mode
Ve =50205V, V=V, 206V

addresses read ?

Figure 38 High-Speed Programming Flowchart

Program Verify
Address ¥ 4
tas A
Data — Data in: Stable Data out: Valid
s toH toe
Ve |
Vep Ve tves
Vee
Vee GND _j tves |
CE N
tpw toes toe
—_— ——
OE topw, ! /
Figure 39 PROM Programming/Verification Timing
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Programming and Verification Electrical Characteristics

DC Characteristics

(Vee=6 V2025V, Vpp =125V 03V, Vgg=0V, T, =25°C £+ 5°C, unless otherwise specified)

ltem Symbol Pins Min Typ Max Unit Test Condition
Input high voltage Viy 0y—0,, Ag-A,4, OE,CE 2.2 Vec+03 V

Input low voltage ViL 0y—0,, Ag-A,4, OE,CE  -0.3 0.8 Y

Qutput high voltage  Vpy 004 2.4 \) lon = 200 pA
Output low voltage VoL 005 0.4 \' lop = 1.6 mA
Input leakage current |1, | 007, Ag—A,,, OE, CE 2 pA  Viy=5.25V/0.5V
Ve current Icc 30 mA

Vpp current Ipp 40 mA

AC Characteristics

(Vee=6V20.25V, Vpp=125V 203V, T, =25°C £5 °C, unless otherwise specified)

ltem Symboi Min Typ Max Unit Test Condition
Address setup time tas 2 us See figure 39;
= - Input pulse level:
OE setup time toes 2 us 081022 V:
Data setup time tos 2 us Input rising/falling
Address hoid time tAH 0 [T time s'20. ns;

‘ Input timing
Data hold time IpH 2 Hs reference levels:
Output disable delay time tor 130 ns 1.0V, 20V

- Output timing
Vpp setup time tvps 2 HS reference levels:
Program pulse width tpw 0.95 1.0 1.05 ms 08V20V
CE pulse width when overprogramming topw 2.85 78.75 ms
Ve setup time tves 2 us
Data output delay time toe 0 500 ns
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Precautions on PROM Programming
Principles of PROM Programming/Erasing

The ZTAT™ microcomputer has the same type of
memory cell as an EPROM. The PROM is
programmed by applying a high voltage to the
control gate and drain, and injecting hot electrons
into the floating gate, in the same way as EPROM
programming. The electrons in the floating gate
remain stabilized, surrounded by an energy barrier
of SiO, film. By these electrons, the threshold
voltage in the memory cell changes and the
corresponding bit goes to 0.

The hot electrons are reduced over time. This
reduction is caused by the following:

» Ultraviolet light: The electrons are discharged
by ultraviolet light (according to the erasure
principle).

* Hear: The electrons, which are excited by
heat, are discharged.

» Application of high voltage: The number of
electrons is reduced due to the high voliage
which is applied to the control gate and drain.

If there is any failure in the oxide film, the charge
is markedly reduced; however, in general such a
reduction does not occur since devices which
failed are usually excluded during screening tests.

When the memory cell does not have any hot
electrons in the floating gate, the corresponding bit
goesto 1,

PROM Programming

PROM programming should be performed under
specified voltage and timing conditions. The
higher the program voltage (Vpp) and the longer
the program pulse width (tpy), the more electrons
will be injected into the memory cell. If an
overvoltage is applied, a pn junction may be
permanently damaged. It is especially important
1o note that an overshoot occurs in the PROM
writer. Moreover, negative voltage noise causes a
parasitic transistor effect, which can reduce the
apparent breakdown voltage.

During PROM programming, the ZTAT™
microcomputer is electrically connected with the
PROM writer via the socket adapter. The user
should ensure the following:

» Check that the socket adapter is firmly
connected to the PROM writer before
beginning PROM programming.

* Do not touch the socket adapter and the LSI
during programming; this can cause faulty
contacts, resulting in programming errors.

Control gate

| I

Floating gate

Source geeese)

Y=

Programming 0

Drain

Control gate
SiO,

St o

N* @) N*

Floating gate

Erasing 1

Figure 40 Cross-Sections of a EPROM Memory Cell
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PROM Reliability after Programming: In
general, semiconductor devices retain their
reliability, if initial failures can be rejected. The
initial failures can be rejected by adequate
screening. Baking the device under high-
temperature conditions is a screening method
which eliminates initial short-time data hold
failures in the memory cell. (See the previous
Principles of PROM Programming/Erasing
section). ZTAT™ microcomputer devices realize
good reliability because they have been subjected
to such screening during the wafer fabrication
process. It is recommended that the user expose
the device to 150°C at one atmosphere after

programming in order to verify device

performance.

Figure 41 shows the recommended screening
procedure.

Note: If programming errors occur sequentially
during PROM programming, the user should
suspend programming and determine whether
there is any trouble with the PROM writer or the
socket adapter. If programming verification
indicates errors in programming or after high-
temperature exposure, please inform Hitachi of the
trouble.

Programming and verification

Exposure to high temperature, without applying
any power 150°C + 10°C, 48 h _5

+8 h Note

Confirmation of reading

reaches 150°C.

Note: Exposure time is the period starting from
when the temperature in the baking furnace

Figure 41 Recommended Screening Procedure
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Addressing Modes
RAM Addressing Modes

As shown in figure 42, the MCU has three RAM
addressing modes: register indirect addressing,
direct addressing, and memory register addressing.

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

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

Memory Register Addressing Mode: The
memory registers (16 digits from $040 10 $04F)
are accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Modes and the P Instruction

The MCU has four kinds of ROM addressing
modes as shown in figure 43.

Direct Addressing Mode: The program can
branch to any address in ROM memory space by
executing the JMPL, BRL, or CALL instruction.
These instructions replace the 14 program counter
bits (PCy3 to PCp) with 14-bit immediate data.

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

When the BR instruction is on a page boundary
(256n + 255) (figure 44), executing it transfers the
PC contents to the next page according to the
hardware architecture. Consequently, the program
branches 10 the next page when the BR instruction
is used on a page boundary. The HMCS400 series
cross macroassembler has an automatic paging
facility for ROM pages.

Zero-Page Addressing Mode: By executing the
CAL instruction, the program can branch to the
zero-page subroutine area, which is located at
$0000-$003F. When the CAL instruction is
executed, 6-bit immediate data is placed in the
low-order six bits of the program counter (PCs to
PCp) and Os are placed in the high-order eight bits

(PC13 to PC6)

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

P Instruction: ROM data addressed by table data
addressing can be referenced by the P instruction
(figure 45). When bit 8 in the referred ROM data
i1s 1, 8 bits of ROM data are written into the
accumulator and B register. When bit 9 is 1, 8 bits
of ROM data are written into the R1 and R2 port
output registers. When both bits 8 and 9 are 1,
ROM data are written into the accumulator and B
register, and also to the R1 and R2 port output
registers at the same time,

The P instruction has no effect on the program
counter.
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W register X register Y register
I N 7 N\ /7 N
WilWo | Xg| Xo| Xy | Xo| Y3 V2| 1| Yo
r \ \ A \ y
RAM address AP | AP, | AP | AP | AP_| AP,| AP | AP, AP | AP,
Register Indirect Addressing
Instruction 1st word Instruction 2nd word
/ - i v . 7 D
Opcode dg| dgl| d;| dg| ds| ds| d3 |dy | dy | dg
/ 1 |
RAM address | AP | AP | AP_|AP AP | AP, | AP, AP, | AP | AP,
Direct Addressing
Instruction
4 ™
Opcode Mg| My | My | My
0 0] 0 1 0 0
I N 2 T
RAM address |AP,| AP | AP_|AP_|AP_| AP | AP,|AP, | AP AP,

Memory Register Addressing

Figure 42 RAM Addressing Modes
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Instruction 1st word instruction 2nd word

WMPY  ~ « .
BRL
ECAL{] ) ) Op(fode ) P3 P2 Py Po d9‘ dg d7. dsj d5‘ d4. dy d d; d,

y | / y /
Program counter C13‘PC12PC” PCw‘PCg PC8 PC, I"Cis‘F’C_,,.PC4 F"C3 PC, PC, PCO

Direct Addressing

instruction
/ Y

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

/ i i | y /
Program counter C,3PC,,PC,, PC.o PC,q PC, PC, PC, PC; PC, PC, PC, PC, PC,

Current Page Addressing

Instruction

[CAL] Opcode ag a, a; a, a, a,

6 0 0 0 0O 0 o0 o
I N N NN R Y AR A R

Program counter PC13PC12.PCHIPC10 ng_pCB PC, PC, PCslPC4.PC3 PCEJPC1 PC,

Zero Page Addressing

Instruction
/~ Y
[TBR) Opcode P, P, P1 PO
B register Accumulator
Vd Y N
B; B, B, By | A, A, A, A,
0 0 T T T
‘r r | | r

Program counter PC13PC12PC11 PC.o PC, PC,g PC, PC, PC, PC, PC, PC, PC, PC,

Table Data Addressing

Figure 43 ROM Addressing Modes
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N

256 (n - 1) + 255

—  BRAAA 256n
AAA NOP
|- BRAAA 256n + 254
~_BRBBB 256n + 255
256 (n + 1)
\»| 888 NOP

TN

Figure 44 Page Boundary between BR Instruction and Branch Destination

Instruction
- Y
[P] Opcode P3 ) P, . P, Po B register Accumulator
e N o
By B, By By|A; A, A A,
0o 0 A . ‘
Pt ) ‘ ! !

Referred ROM address [RA,RA,,RA , RA, RA; RA  RA, RA RA; RA, RA, RA, RA, RA,

Address Designation

ROM data RO, FIOE!.RO.‘,‘RO6 ‘ ROS. RO4. Ro3_R02. RO, ‘ RO,
b ¥t bbb

Accumulator, Bregister [B; B, B, By [Ay; A, Ay Aj | 1ROy =1

ROMdata RO, RO, RO, RO, RO; RO, RO, RO, RO, RO,

TPt i

Output registers R1, R2 |R2, R2, R2; RZ,(R1; R1; Rl Rl IfROg =1

Pattern

Figure 45 P Instruction
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Absolute Maximum Ratings

HD404818, HD404814, and HD4074818 Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage Vee -0.310 +7.0 v

Programming voltage Vpp -0.3t0 +14.0 v 2

Pin voltage Vi ~0.310 Vi +0.3 v

Total permissible input current pI 100 mA 3

Total permissible output current -2y 50 mA 4

Maximum input current o 4 mA 5,6
30 mA 57

Maximum output current ~ly 4 mA 8,9

Operating temperature Topr —20to +75 °C

Storage temperature Tsig -5510 +125 °C

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

2. D4 (Vpp) of the HD4074818.

3. Total permissible input current is the sum of the input currents which flow in from all /10 pins to
GND simultaneously.

4. Total permissible output current is the sum of the output currents which flow out from Ve to all

VO pins simultaneously.

Maximum input current is the maximum amount of input current from each /0 pin to GND.

RO-R3.

Dy—Dy.

Maximum output current is the maximum amount of output current from Ve to each 11O pin.

Dg—Dg and RO-R3.

©®NOW
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HD401.4818, HD40L.4814, and HD407L.4818 Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage Vee ~0.3t0+7.0 \

Programming voltage Vpp -0.3to +14.0 v 2

Pin voltage Vr —-0.3to Vg + 0.3 \

Total permissible input current 2l 100 mA 3

Total permissible output current 21y 50 mA 4

Maximum input current o 4 mA 56
30 mA 57

Maximum output current —lo 4 mA 8,9

Operating temperature Topr —20to +75 °C

Storage temperature Tsig -5510 +125 °C

Storage temperature (bias) Thias -251o0 +80 °C

Notes: 1. Permanent damage may occur if these absolute maximum ratings are exceeded. Normal

operation should be under the conditions of the electrical characteristics. If these conditions are

exceeded, it may cause a malfunction or affect the reliability of the LSI.

Dyo (Vpp) of the HD4071L4818.

3. Total permissible input current is the sum of the input currents which flow in from all VO pins to
GND simultaneously.

4. Total permissible output current is the sum of the output currents which flow out from Ve to all

110 pins simultaneously.

Maximum input current is the maximum amount of input current from each I/O pin to GND.

RO-R3.

Do—Daq.

Maximum output current is the maximum amount of output current from Vg to each 1O pin.

DO—Dg and RO—R3.

N

©®NOO

1308

www.chipdocs.com Be sure to visit ChipDocs web site for more information.



HD404818/HD404814/HD4074818/HD40L481 8/HD40L4814/HD4071.4818

Electrical Characteristics

HD404818, HD404814, and HD4074818 Electrical Characteristics
DC Characteristics

(HD404818, HD404814: V=4 to 6 V; HD4074818: Vec=4t055V,GND=0V, T

+75°C, unless otherwise specified)

a=—-20°C to

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high Viu RESET, SCK, 0.8V Vec +03 Vv
voltage INT,, SI,TNT,
OSC1 VCC -0.5 VCC +0.3 Vv
Input low Vi RESET, 5CK, —0.3 0.2Vee v
voltage INT,. SI,
1
OSC, 0.3 0.5 v
Output high Vou SCK TIMO,  Vcc-1.0 V. -gy=10mA
voltage SO
Output low VoL BCK, TIMO, 04 v loL=16mA
voltage SO
Input/output 1M RESET SCK, 1 HA Vi =0Vio Ve 1
leakage INTo, INT4,
current Sl, 8O, TIMO,
OSC,
Stop mode Vstop Vee 2 \ Without 32-kHz 5
retaining voltage oscillator
Current ICC‘! VCC 35 7 mA Vcc =5V, 2,4
dissipation in fosc =4 MHz
active mode ICC2 VCC 6 12 mA Vcc =5 V, 4,6
fosc =4 MHZ, analog
input mode (D4,/D45)
Current dissipa- lsTRY Vee 1 2 mA Vee=5V, 3,4
tion in standby fosc = 4 MHz
mode
Current dissipationin  Ig g Vee 150 300 MA Voo =5V,
subactive mode 7% 150 LCD: On 7
Current dissipationin  lyc, Vee 10 20 BA Ve =5V,
watch mode (1) LCD: Off
Current dissipationin  lyyco Vee 25 50 HA  Vee=5Y,
watch mode (2) LCD: On
Current dissipationin  Igrop Vee 1 10 MA V=5V
stop mode Without 32-kHz osc.
Notes: 1. Excluding output buffer current.
2. The MCU is in the reset state. Input/output current does not flow.
* MCU in reset state
* RESET, TEST: V¢
3. The timer operates and input/output current does not flow.
* MCU in standby mode
* Input/output in reset state
- Serial interface: Stop
* RESET: GND
d TE§T: VCC
* D42, Dy5: Digital input mode
4. When fosc = x MHz, estimate the current dissipation as follows:
Max. value foge = x [MHZ] = x/4 x max. value (fosc = 4 MHz)
5. RAM data retention.
6. Dyp/Dy3is in the analog input mode.
Inputioutput current does not flow. VCq, Dy, Dys. GND
7. Applies to the HD404818 and HD404814.
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Input/Output Characteristics for Standard Pins

(HD404818, HD404814: Vc =4to 6 V; HD4074818: Vcc=4t055 V,GND =0V, T, = -20°C to
+75°C, unless otherwise specified)

ltem Symbol Pin Min Typ Max Test Condition  Unit
Input hlgh VIH DO—D13, 0'7VCC VCC +0.3 \'}
voltage Ro- R3
Input low VIL DO—D13, -0.3 O-BVCC \)
voltage RO-R3
Output hlgh VOH RO-R3 VCC -1.0 _IOH =1.0 mA Vv
voltage
Pull-up MOS -, Ro-R3 30 100 180 Vec=5V, pA
current Vih=0V
Output low Vg RO-R3 0.4 o, = 1.6 mA v
voltage
Input/Output |l | Dy1-D13, 1 Vi, =0VtoVge HA
leakage Ro- R3
currentNote D1o 20
Input hlgh VIHA D12, D13 VCref Vv
voltage (analog + 0.1

compare

mode)
Input low Via D42, D43 VG, — 0.1 v
voltage (analog

compare

mode)
Analog input  VC,g VC, g 0 Vee— 1.2 v
reference

voltage scope

Note: Output buffer current is excluded.

Input/Output Characteristics for High Voltage Pins

(HD404818, HD404814: V=410 6 V; HD4074818: Voc=4t05.5V,GND =0V, T, = ~-20°C to
+75°C, unless otherwise specified)

ltem Symbol Pin Min Typ Max Test Condition Unit
Input high voltage VIH Dg-Dg 0.7Vec Voo +0.3 v
Input low voltage Vi Dy-Dg 0.3 0.3Vee v
Output high voltage  Von DgDg Vcg-—1.0 —loy =1.0 mA \%
Pull-up MOS current DDy 30 100 180 Vee =5V, Vip=0V pA
Output low voltage VoL Do—Dg 2.0 loL = 15 mA, %
Vec=45t106V

0.4 o = 1.6 mA v
Input/output leakage |l | Dg—Dg 1 Vi, =0V —=V¢c pA
currentNote

Note: Output buffer current is excluded.
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Liquid Crystal Circuit Characteristics

(HD404818, HD404814: V=4 to 6 V; HD4074818: Vo =41055V,GND =0V, T, = -20°C to
+75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max  Unit Test Condition Note
Segment driver Vs SEG1 to 0.6 v lg =3 pA 1
voitage drop SEG32

Common driver Vde COM1 to 0.3 Vv lg = 3 pA 1
voltage drop cOoM4

LCD power Ryen 100 300 900 k&2

supply dividing

resistance

LCD voltage Vico vV, 4 VCC " 2

Notes: 1. Voltage drops from pins V,, V,, V5, and GND to each segment and common pin.
2. Keep the relation Ve > Vy > V, > Vg > GND when V, ¢ is supplied by an external power

supply.
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AC Characteristics

(HD404818, HD404814: Vo =4 to 6 V; HD4074818: Vc=41t05.5V,GND =0V, T, =-20°C to
+75°C, unless otherwise specified)

ltem Symbol Pin Min Typ Max Unit Test Condition Notes
Oscillation frequency  fosc 0SC4, 0SC, 1.6 40 42 MHz
X1, X2 32.768 kHz
Oscillation frequency fosc 0SC,,08C, 025 4.0 42 MHz
(Without 32 kHz)
Instruction cycle teye 095 1 25 us
time 0.95 1 16 Without 32 kHz
Oscillator stabiliza- tac 0SC,, OSC, 30 ms Crystal
tion time 75 ms Ceramic filter 1
fosc = 4 MHz
X1, X2 3 s Ta=-10°tc 60°C 2
External tcp 0SC, 1.6 42 MHz 3
clock frequency 0.25 4.2 MHz Without 32 kHz 3
External clock high tepH 0OSC, 110 ns 3
width
External clock low tepL 0SC, 110 ns 3
width
External clock rise tepr QOSC, 20 ns 3
time
External clock fall tcpt 0SC, 20 ns 3
time
TNT, high width tioH INT, 2 teye! 4,6
tSUchc
INTq low width tioL INT, 2 teye! 4,6
tSUchc
INT, high width tisH INT, 2 teye 4
INT, low width tiL INT, 2 teye 4
RESET high width tRsTH RESET 2 teye 5
Input capacitance Cin Dyo 90 pF f=1MHz, V,,=0V 8
All pins 15 pF f=1MHz, V=0V
except Dyp
RESET fall time tRsTe 20 ms 5
Analog comparator tcsTa Dy, Dyg 2 teye 7

stabilization time
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Notes: 1. The oscillator stabilization time is the period up until the time the oscillator (see figure 46)
stabilizes after V¢ reaches 4.0 V at power-on, or after RESET goes high. At power-on or stop

mode release, RESET must be kept high for at least trc- Since tge depends on the ceramic

fitter's circuit constant and stray capacitance, consult with the manufacturer when designing the
reset circuit.

2. The oscillator stabilization time is the period up until the time the oscillator (see figure 47)
stabilizes after Voc reaches 4.0 V at power-on. The time required to stabilize the oscillator (tre)
must be obtained. Since tac depends on the crystal circuit constant and stray capacitance,

consult with the manufacturer.

3. See figure 48.

4. See figure 49. The unit teye is applied when the MCU is in standby mode or active mode.

5. See figure 50.

6. See figure 49. The unit tsuBcyc IS applied when the MCU is in watch mode or subactive mode.

tsuBeyc = 244.14 us (when a 32.768-kHz crystal oscillator is used. )

7. The analog comparator stabilization time is the period up until the analog comparator stabilizes
and correct data can be read after entering D,,/D,5 into the analog input mode,

8. The maximum value for the HD404818 and HD404814 is 15 pF.
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Serial Interface Timing Characteristics

During Transmit Clock Qutput

(HD404818, HD404814: Ve =41t0 6 V; HD4074818: Ve =4t055V,GND =0V, T, =-20°C to
+75°C, unless otherwise specified)

ltem Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK 1 teyd/ 1,2, 4
cycle time tsuBeye

Transmit clock 1SCKH, SCK 0.5 tseye 1,2
high and low widths gkl

Transmit clock tsckr, SCK 100 ns 1,2
rise and fall times  tgcks

Serial output data  tpgp SO 300 ns 1,2
delay time

Serial input data g Sl 200 ns 1
setup time

Serial input data tHsI SI 150 ns 1
hold time

During Transmit Clock Input

ltem Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK 1 teyd 1,4
cycle time tsuBeyc

Transmit clock tSCKH, SCK 0.5 tseye 1
high and low widths tgcki

Transmit clock tsckr, SCK 100 ns 1

rise and fall times  tgcouy

Serial outputdata  tpgp SO 300 ns 1,2
delay time

Serial input data tgs) Sl 200 ns 1
setup time

Serial input data thsi Si 150 ns 1
hold time

Transmit clock tSCKHD SCK 1 tcyc/ 1,2, 3, 4
completion detect tsuBcyc

time

Notes: 1. See figure 51.
2. Seefigure 52.

3. The transmit clock completion detect time is the high level period after 8 pulses of transmit
clocks are input. The SCl interrupt request flag is not set when the next transmit clock is input

before the transmit clock completion detect time has passed.

4. The unit tgygeyc is applied when the MCU is in subactive mode. tgypeye = 244.14 ps (for a

32.168-kHz crystal oscillator).
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Crystal oscillator Ceramic filter oscillator
C, C,
{1l 0SC, !} T OSC,
. Ceramic <
Crystal =2 ¥ R; filter _]_ Z R;
ano ! 0SC, S e L 0SC,
7 & 77 G
Crystal: Ceramic filter: CSA4.00MG (Murata)
Ri: 1 MQ+20% Ri: 1 MQ +20%
C,: 10 pF £ 20% Cy: 30pF £ 20%
Cz: 10 pF:tZOo/o Cz: 30 pFi 20%
00— W]
L Cs Rs
- -
COI |
11
Co =7 pF max.
Rg = 10002 max.
f=10t04.2 MHz
Figure 46 Oscillator Circuits (1)
Cy
| X1
T WA
Crystal 5 -1t G Rs
+— X2 oy
GND 11
777 Ca
Cy = 1.5 pF typ.
Rs = 14 kQ typ.
Crystal: 32.768 kHz: MX38T (Nippon Denpa Kogyo) f=32.768 kHz
Cy: 20 pF £ 20%
Co: 20 pF £ 20%

Figure 47 Oscillator Circuits (2)
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Vee-05V
0SsC, 05V

lcpr tepy

Figure 48 Oscillator Timing

o 0.8V¢e
INT, . INT, 0.2V, ton o+ L tiow + tio
Figure 49 Interrupt Timing
RESET

Figure 50 Reset Timing
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t Seye

tscm [ [-— tSCK!
SCK Vec—-2.0V (0.8Vee) KL tsck
o8V (0-2VCC). tSCKH ? tSCKHD

L
Ipso

After 8 pulses
are input

—
S0 )f:}/%cv— 20V X X

{
]

T

_tsa [] ths

{

X

{

0.8V >
s CcC
0.2Vee

"Vee—2.0 Vand 0.8 V are the threshold voltages for transmit clock output.
0.8V¢e and 0.2V are the threshold voitages for transmit clock input.

%

Figure 51 Timing of Serial Interface

Vee

R, =2.6kQ

1820740
or equivalent

Figure 52 Timing Load Circuit
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Electrical Characteristics
HD40L4818, HD40L.4814, and HD407L4818 Electrical Characteristics

DC Characteristics

(HD40L4818, HD40L4814: V. =2.7t0 6 V; HD407L4818: Voc=3t055V,GND =0,

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

ltem Symbol Pin Min Typ Max Unit Test Condition Note
Input hlgh VlH RESET, SCK, 0~9VCC VCC +03 V
voltage INT,, S,

INT,

0SsC, Vec - 0.3 Ve +03 V
Input low Vi RESET, SCK, -03 0.1Vee v
voltage INT,, SI,

INT,

0SC; -0.3 0.3 v
OUtpUt hlgh VOH SCK, TlMO, VCC -1.0 Vv _IOH =0.5mA
voltage SO
Output low VoL SCK, TIMO, 04 Vv loL = 0.4 mA
voltage SO
Input/output 1 RESET, SCK, 1 pA  V,=0Vto Ve 1
leakage current INTg, INT,,

Sl, SO, TIMO,

0OSC,
Stop mode VSTOF’ VCC 2 i Without 32-kHz 5
retaining voltage oscillator
Current Iccy Vee 400 1000 pA  Vee =3V 2,4
dissipation in lccz Vee t 2 mA  Vgc =3V, analog 4,6
active mode input mode (D45/Dy3)
Current dissipation in lsTaY Vee 200 500 A  Vee=3V 3,4
standby mode
Current dissipation in Isup Vee 50 100 HA Vg =3V,
subactive mode 3 70 LCD: On 7
Current dissipation in lwrc Vee 5 15 PA Voo =3V,
watch mode (1) LCD: Off
Current dissipation in lwrez Vee 15 35 A V=3V,
watch mode (2) LCD: On
Current dissipation in IsTop Vee 1 10 HA V=3V,

stop mode

Without 32-kHz osc.

Notes: 1. Excluding output buffer current.
2. The MCU is in the reset state. Input/output current does not flow.
+ MCU in reset state
« RESET, TEST: V¢
3. The timer operates and input/output current does not flow.
+ MCU in standby mode
« Input/output in reset state
* Serial interface:Stop
- RESET: GND
* TEST: VCC
¢ DO—D13, RO-R3: VCC
+ Dyp, Dy3: Digital input mode
fosc = 400 kHz
RAM data retention.
6. D;/D,ais in the analog input mode.
Input/output current does not flow. VC,o, Dy, Dy3: GND
7. Applies to the HD40L4818 and HD40L4814.

oA
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Input/Output Characteristics for Standard Pins

(HD40L4818, HD40L4814: Vo =2.7t0 6 V; HD407L4818: Vo =31t05.5V,GND =0V,
T, =-20°C to +75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Test Condition Unit
Input high voltage Viu Dg-Dy3.  0.7Vec Vee +0.3 Vv
RO-R3
Input low voltage ViL Do-D,3, -03 0.3Vge v
RO-R3
Output high voltage  Vgy RO-R3 Vg -1.0 —lony = 0.5 mA v
Pull-up MOS current I, RO-R3 5 40 90 Vee=3V. V=0V uA
Output low voltage VoL R0~R3 0.4 loL = 0.4 mA v
lnput/output “ILI D11—D13, 1 V'm =0Vto VCC HA
leakage currentNote RO-R3
Dyo 20
Input hlgh voitage VlHA D12, D13 VCref + 0.1 Vv
(Analog
compare
mode)
Input low voltage ViLa D5, Dy3 VC, g — 0.1 \'
(Analog
compare
mode)
Analog input VCiet VCi e 0 Veg—1.2 \
reference voltage
Note: QOutput buffer current is excluded.
Input/Output Characteristics for High Voltage Pins
(HD40L4818, HD40L4814: Ve =2.7t0 6 V; HD407L4818: Voc=31t055V,GND =0V,
T, =-20°C to +75°C, unless otherwise specified)
Rem Symbol Pin Min Typ Max Test Condition Unit
Input high voltage VIH Do—Dg 0.7Vee Voo + 0.3 v
Input low voltage Vi Dg-Dg -03 0.3Vee v
Output high voltage  Vgy Do—Dg Ve -1.0 —~lon = 0.5 mA v
Pull-up MOS current  —I, Dg—Dg 5 40 90 Vec =3V, V=0V pA
Output low voltage VoL Dg—Dg 2.0 lop = 15 mA Vv
VCC =45t06V
0.4 lo. = 0.4 mA v
Input/output [y ! Dy—Dg 1 Vin=0V-Vee HA
leakage currentNote
Note: Output buffer current is excluded.
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Liquid Crystal Circuit Characteristics

(HD401.4818, HD401.4814: V- =2.7t0o 6 V; HD407L4818: V- =3t05.5V,GND =0,
T, = =20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Segment driver Vs SEG1 to 0.6 v ly=3pA 1
voltage drop SEG32
Common driver Vic COM1 to 0.3 Vv lg=3 pA 1
voltage drop COM4
LCD power Rwell 100 300 900 kQ
supply dividing
resistance
LCD voltage Vicp \'2 Vee \' 2,3
Notes: 1. Voltage drops from pins V,, V,, V5, and GND to each segment and common pin.
2. Keep the relation Vpoc > V4 > Vo > Vg > GND when V| ¢p is supplied by an external power
supply.
3. Vicp min. = 2.7 V (HD40L4818, HD40L4814)
Vi cp min. = 3 V (HD4071.4818)
1320
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AC Characteristics

(HD40L4818, HD40L4814: Vo =270 6 V; HD407L4818: V

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

CC='-3t05.5V,GND=0V,

em Symbol Pin Min Max Unit Test Condition Note
Oscillation frequency foge 0SC,, 0sSC, 0.25 09 MHz
X1, X2 kHz
Instruction cycle teye 4.45 16 us
time
Oscillator stabiliza-  tge 0SC,, 0OSC, 7.5 ms  foge = 400 kHz 1
tion time 75 ms fosc =800 kHz
X1, X2 3 s Ta=-10°t060°C 2
External clock fep 0SC, 0.25 0.9 MHz
frequency
External clock high  tepy 0SC, 525 ns 3
width
External clock low tepL OS¢, 525 ns 3
width
External clock rise tcpr OSC, 30 ns 3
time
External clock fall tept 0SC, 30 ns 3
time
INT, high width tioH INTq 2 teyes 4,6
tSUchc
INTO low width tIOL ] To 2 tcyc/ 4,6
tSUchc
INT, high width tH INT, teye 4
RESET high width thstTy  RESET 2 teye 5
Input capacitance Cn Dyo 90 pF f=1MHz, V=0V 8
All pins 15 pF t=1MHz, Vv, =0V
except Dy
Reset fall time tRsTY 20 ms 5
Analog comparator  tegg Di5, Dys 2 teye
stabilization time
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Notes: 1.
2.
3.
4,
5.
6.
7.
8.

1322
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The oscillator stabilization time is the period from when V¢ reaches 2.7 V (HD407L4818. V¢
= 3.0 V) at power-on until when the oscillator stabilizes, or after RESET goes high. At power-on
or recovering from stop mode, RESET must be kept high for more than tgc. Since tpe depends
on the ceramic filter's circuit constant and stray capacitance, consult with the ceramic filter
manufacturer when designing the reset circuit.

The oscillator stabilization time is the period from when Vg reaches 2.7 V (HD407L4818: Ve
= 3.0 V) at power-on until when the oscillator stabilizes. The time required to stabilize the
oscillator (tgc) must be obtained. Since tge depends on the ceramic filter’s circuit constant and
stray capacitance, consult with the ceramic filter manufacturer.

See figure 53.

See figure 54. The unit ty is applied when the MCU is in standby mode or active mode.

See figure 55.

See figure 54. The unit tgyp.y is applied when the MCU is in the watch mode or subactive
mode. tgygeyc = 244.14 ps (when a 32.768-kHz crystal oscillator is used.)

The analog comparator stabilization time is the period from when D;,/D43 is input to enter the
analog input mode until when the analog comparator stabilizes and correct data can be read.
The maximum value of the HD40L4818 and HD40L4814 is 15 pF.
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Serial Interface Timing Characteristics
During Transmit Clock Output

(HD40L4818, HD40L.4814: Vee=2.7t0 6 V; HD4071L.4818: Vee
T, ==20°C to +75°C, unless otherwise specified)

=3t05.5V,GND =0V,

item Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK 1 teye! 1,2, 4
cycle time tsUBeyc

Transmit clock tSCKH- SCK 0.5 tScyc 1,2
hlgh and low tSCKL

widths

Transmit clock tsckr SCK 200 ns 1,2
rise and fall times tseki

Serial output data bso SO 500 ns 1,2
delay time

Serial input data tsg Sl 300 ns 1
setup time

Serial input data ths Sl 300 ns 1
hold time

During Transmit Clock Input

ltem Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK 1 teye 1,4
cycle time IsuBeyc

Transmit clock tsckHs SCK 0.5 tScyc 1
hlgh and low tSCKL

widths

Transmit clock tsckr SCK 200 ns 1
rise and fall times tscks

Serial output data bso SO 500 ns 1,2
delay time

Serial input data tsg Sl 300 ns 1
setup time

Serial input data ths Sl 300 ns 1
hold time

Transmit clock tsckup  SCK 1 toyd 1,2,3,4
completion detect tsuBcyc

time

Notes: 1. See figure 56.
2 Seefigure 57.
3. The transmit clock completion detect time is the high level period after 8 pulses of transmit

clocks are input. The SCl interrupt request flag is not set when the next

before the transmit clock completion detect time has passed.

4. The unit tgygeyc is applied when the MCU is in the subactive mode. t
32.168-kHz crystal oscillator).
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transmit clock is input

SUBcyc = 244.14 s (for a
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Figure 53 Oscillator Timing

o 0.9V
INT, , INT, 0.1Vge tow » Lim boL » tie
Figure 54 Interrupt Timing
RESET
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Figure 55 Reset Timing
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t After 8 pulses
Sore | are input
Lsoki—»f ta—  —f tsckr
SCK Vgc —0.5V (0.9Vee)" tscr 7
04V (0.1Vee)® X ™ Toor bsox
“J tpso
Voc - 05V i
s | X X
v X N
tssi | | thsi

0.9V¢e > <
Si 0.1Vge

"Veg—0.5Vand 0.4 V are the threshold voitages for transmit clock output.
0.9V and 0.1V are the threshold voltages for transmit clock input.

Figure 56 Timing of Serial Interface

R =2.6kQ
Test
point
152074@®
or equivalent
30 pF 1

Figure 57 Timing Load Circuit
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HD404818, HD404814 Option List

Please check by W, x, or ¢ within O.

Date of order

Customer

Department

Name
ROM code name
LS| type number

Hitachi's entry

1. Functional option

O  With 32-kHz CPU operation and with watch time base
O  Without 32-kHz CPU operation and with watch time base
O  Without 32-kHz CPU operation and without watch time base

2. Package
aJ FP-80A
O FP-80B
O TFP-80*

* Under development

3. ROM Code Media

ROM Code Media
B EPROM on-package microcomputer type

4. Oscillator

HD404818, HD404814

Main 0O  Crystal oscillator (f= MHz)
(3 Ceramic filter oscillator (f= MHz)
O External clock = MHz)

Sub O f=32.768-kHz crystal oscillator
O Notused
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HD401.4818, HD40L4814 Option List

Please check by B, x, or ¢ within 0.

Date of order

Customer

Department

Name
ROM code name
LSl type number

Hitachi's entry

1. Functional option

3  With 32-kHz CPU operation and with watch time base
O  Without 32-kHz CPU operation and with watch time base
0O  Without 32-kHz CPU operation and without watch time base

2. Package
O FP-80A
O FP-80B
O TFP-80*

* Under development

3. ROM Code Media

ROM Code Media
B EPROM on-package microcomputer type

4. Oscillator

HD40L4818, HD40L4814

Main (3 Crystal oscillator (f= MHz)
O  Ceramic filter oscillator (f= MHz)
O External clock (f= MHz)

Sub O f=32.768-kHz crystal oscillator
O Not used
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