HD404918/HD404919/

HD40P4919

Description

The HD404918/HD404919/HD40P4919 CMOS

4-bit single-chip microcomputer

of the

HMCS400 series incorporates a ROM, RAM, I/
O, and timer/counter, including high-voltage

1/0

pins and high-current output pins.

Features

8192-word X 10-bit ROM (HD404918)

16384-word X 10-bit ROM (HD404919,

HD40P4919)

—HD40P4919 operates with an external
EPROM (HN27C256 type)

512-digit X 4-bit RAM (HD404918)

992-digit X 4-bit RAM (HD404919,

HD40P4919)

35 I/0 pins, including 27 high-voltage I/0O

pins (12 V max.)

Timer/counter

—8-bit auto-reload timer/event counter

Three interrupt sources

—Two by external sources

—OQOne by timer/counter

Subroutine stack up to 16 levels, including

interrupts

Minimum instruction execution time:

—1.78us (HD404918)

—0.89us (HD404919, HD40P4919)

Low-power dissipation modes

—Standby: Stops instruction execution
while allowing clock oscillation and
interrupt functions to operate

—Stop: Stops instruction execution and
clock oscillation while retaining RAM
data

On-chip oscillator

—Crystal or ceramic filter (HD404918)
An external clock is also available

—Ceramic filter (HD404919, HD40P4919)
An external clock is also available

Standard 42-pin dual-inline plastic pack-

age (DP-42)

42-pin dual-inline ceramic, EPROM on-

package (DC-42P)

Ordering Information

Type Type Name ROM (Words) Mountable EPROM fosc (MHz)* Package
Mask ROM HD404918 8,192 — 4 DP-42

HD404919 16,384 — 8 DP-42
EPROM on- HD40P4919 16,384 HN27C256-20 4 DC-42P
package HN27C256H-85 8

*Typical frequency
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HD404918/HD404919/HD40P4919

Pin Arrangement

D12 :1 O 42: Dn D [ 42 D
D [ 41[] Do Dz [ 41 Dio
D []s 4[] Ds Dia :3 DC-42P 40 Ds
GND []4 39| ] Ds GND []a 39] ] Ds
RO, s 38[] Dy RO []5 OVee VecT38[] Dy
RO, [Je 37] Ds RO, 16 0A, AuD37[ ] Ds
ro, []7 s[] Os RO; []7 oA Az O38[] Ds
RO; [Js 35{ ] Da RO; [[]s 0As  AgC3s[ ] D
R1lg [ 4[] D3 Rio [J9 OAs As O 3a[] D3
R, [Jro Dp-ap B[ D2 R, [JwcA,  AsO33[] D
R1; [n 2] o, R1; []1ncaAs GNDC32[] D
Ry [ 31 Do Rl 1204 AwO31[] Do
R2, []13 30 ] WVee R2, [J130A, CEC 30 ] Vee
R2, []ra 29[] osc, rR2, [J1eoa;, 0,029 ] o0scC,
R2; []1s 28[] osc, R2, [J's00, 0s028[] osc:
r2; []re 7] TEST R, [Jecor  o0,027[] TesT
R3, []17 26 ] RESET R [J1700. 0.026[] ReSeT
R3, []rs 5[] Ra, R3, [J'8OGND 0,0 25[ ] R4,
A3,/INT, []19 24[] R4, R3,/INT, []1e 24a["] R4,
R3,/NT, []20 23] R4, R3,/INT, 20 23] R4,
GND [Ja 22[] R4 GND 21 22[] R4
(Top view) (Top view)
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Block Diagram

HD404918/HD404919
R3s/ R3z/
INT: INTo RESET TEST 0SC10SC; V., GND
External System control
<::> Timer B
interrupt
8.192 x 10-bit
Interrupt control (HD404918)
16,384 x 10-bit
(HD404919)
512 x 4-bit (HD404918}) . Instruction ROM
K= 992 x 4-bit (HD404919) decoder
RAM

R2 R1 RO D port

] [w ]
SRRERRRRRARRRIRARRRS R EN IR RARRARR RR RN

S _

Notes: 1. If without pull-up MOS is selected by the mask option,
Do-D14, RO, R3, and R4 are used as high voltage pins.
2. If with pull-up MOS or CMOS is selected by the mask option,
Do-D1a, RO, R3, and R4 are used as standard pins.
3. Iif without pull-up MOS is selected for R1 and R2 they can be
used as high current pins.
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HD404918/HD404919/HD40P4919

HD40P4919
R33/ R3y/
iINT, iNTo Vee
TEsT OSC,0SC3 | GND
_ l RESE*T TES+T 1 2 * On-package
—_— - "
External System Control : 1
c:> Timer B '
Interrupt : 1
| '
Interrupt Control gggpi)———* CE EPROM |
1
] Upper !
g {5 bits) } (HN27C256) :
g Lower 1 Oo to 04 |
K= 992 x 4-bit RAM SP1Ig2 {Sbits) |1 !
] | 1
& Latch ! 1
g 2 b i Arto Ay Ay |
I,\‘ l | Epp———— A - _T. -
| —— »] Ao
j r ﬂ ﬂ» ﬁ control
>
4 7
w X Y CA A B PC
T =/ I
SPX SPY
u J y L J > L 9.4
g @ g g U !
R3 R2 R1 D port

T T

" 1
1 R4;R4; R4, R441IR35/R3,/R3,R3q; R2,R2,R2,R2,
[

'

AR AR RRARRRRRNRE

hAlEIa R13R1,R1,R1, LR(EJEO-ZRO‘R_ODE D14D13012D11 Di10DsDg D7 Ds Ds Da D3 D D4 Do_:
' WINT INTg el R
________ du__o____4
=== .
L _} indicates high voltage pins (+12 V)
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HD404918/HD404919/HD40P4919

Pin Functions

GND, Vcc (Power Supply)

Power supply pins for the MCU. Connect
GND to ground (0 V) and apply the Vcc power
supply voltage to the Vcc pin.

TEST (Test)

For test purposes only. Connect it to Vee.

RESET (Reset)

MCU reset pin. For details, see the Reset
section.

OSC,, OSC: (Oscillator Connections)

Internal oscillator input pins. They can be
connected to a ceramic filter resonator, crys-
tal oscillator or external oscillator circuit. For
details, see the Internal Oscillator Circuit
section.

Do—D1a (D Port)*

An input/output port addressed by the bit.
These 15 pins are all input/output high-volt-

406

age pins. The circuit type for each pin can be
selected using a mask option. For details, see
the Input/Output section.

R0o—RO03;, R1y—R1;, R2¢—R2;, R30—R3;,
R40—R43 (R Ports)*

RO to R4 are 4-bit ports. RO is an output port,
and R1 to R4 are I/O ports. RO, R3, and R4
are high-voltage ports, and R1 and R2 are
high current ports. Each pin has a mask
option which selects its circuit type. The pins
R32 and R3; of port R3 are multiplexed with
INT, and INT;, respectively. For details, see
the Input/Output section.

INT,, INT: (Interrupts)

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

+ Do— D14, RO, R3, and R4 ports can be used as
high voltage pins (12 V) only when without
pull-up MOS option is selected.



Memory Map
ROM Memory Map

The MCU corresponding to its ROM capacity
is shown in table 1. The ROM is described in
the following paragraphs with the ROM
memory map in figure 1.

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
the interrupt programs. After a reset or an
interrupt, the program is executed from the
vector address.

Zero-Page Subroutine Area (S0000 to
SO003F): Locations $0000 through $003F are
reserved for subroutines. The CAL instruction
branches to these subroutines.

Pattern Area (S0000 to SOFFF): Locations
$0000 through $OFFF are reserved for ROM
data. The P instruction allows reference to
the ROM data as a pattern.

Program Area (S0000 to S1FFF:
HD404918; S0000 to S3FFF: HD404919,
HDA40P4919): Locations from $0000 through
$1FFF and $0000 through $3FFF can be used
for program code.

Table 1 ROM Capacity

Type Name ROM Capacity
HD404918 8192 words x 10 bits
HD404919 16384 words x 10 bits
HD40P4919

407



HD&O4918/HD404919/HD4OP4919

HD404918/HD404919 ROM Memory Map

0]

$0000 0 | JMPL instruction _|$0000
Vector address 1 (jump to reset routine) $0001
15 $O000F 2| JMPL instruction $0002
16 $0010 3 {jump to INT routine) $0003
Zero-page subroutine 4l JMPL instruction _|$0004
(64 words) 5 {(jump to INT, routine) $0005
63 $003F 6 $0006
= Not used —
64 Program $0040 7 $0007
pattern 8| JMPL instruction _|s0008
4095 (4,096 words) $OFFF 9 (jump to timer B routine) $0009
4096 $1000
Program | |
(8,192 words)
8191 HD404918 S1FFF i Not used ]
8192 Program $2000 i |
(16,384 words)
HD404919 B 7
15
16383 $3FFF $000F
HD40P4919 EPROM Memory Map
EPROM Address MCU ROM Address
$0000 1, 1 1 __bitd bit3,bit2 bit1, bitO] Lower 5 bits [ UMPL instruction _|$ 0000
$0001 1T 1 1 bit9, bit8 bit7 bit6, bits] Upper5 bits| S0000 {jump to reset routine) | $0001
[ JMPLinstruction $ 0002
Vector address (jump to INT, routine}) | $0003
$001F f $0O00F JMPL instruction $ 0004
$0020 $0010 [~ (jump to INT, routine) | $ 0005
. $ 0006
Zero-page subroutine - 50007
(64 words) JMPL instruction ] $ 0008
$007F $O03F [ (jump to timer B routine) | $ 0009
Pattern | .
(4096 words} 5 J
$1FFF $OFFF [ ]
$2000 $1000 $ O00F
Program
{16384 words)
$7FFF 1 1 i L 1 1 1 $3FFF
— -
Not used
(Setto 111)

Figure1 ROM Memory Maps
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HD404918/HD404919/HD40P4919

RAM Memory Map

The corresponding MCU also contains RAM
(table 2) as the data and stack area. In addi-
tion to these areas, interrupt control bits and
special function registers are also 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 ($004 to
S00B): The special function registers are the
mode or data registers for the external inter-
rupts and the timer/counter. These registers
are classified into three types: write-only,
read-only, and read/write, as shown in figure
2. These registers cannot be accessed by
RAM bit manipulation instructions.

Table 2 RAM Capacity

Type Name RAM Capacity
HD404918 512 digits X 4 bits
HD404919 992 digits x 4 bits
HD40P4919
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HD404918/HD404919/HD40P4919

Y $000 0 $000
RAM-mapped registers 1 . $001
Interrupt control bits area
31 $O1F 2 $002
32 ) $020 3 $003
Memory registers (MR) \ - PMR T
a7 $02F 4 Port mode register ( ) I W [$004
48 $030
ad —
Data — Not used —
{448 digits)
ﬁgg g} Eg Timer mode register B (TMB)E W |$009
10 . Note (TCBL/TLRL): R/W |$00A
- Timer B *
Data 11 (TCBU/TLRU): R/W |$00B
(928 digits) 12 $00C
959 $3BF Not used
960 $3C0
Stack
{64 digits) 31 $01F
1023 $3FF
Note: Two registers are mapped on the same address.
. Timer counter B lower Timer load register B lower
R: Read only 10 (TCBL) (TLRL) : $00A
W: Write only :
. . Timer counter B upper Timer load register B upper :
R/W: Read/Write 11 (TCBU) (TLRU) ! $00B

410
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HD404918/HD404919/HD40P4919

Data Area ($020 to S1DF: HD404918; $020
to $S3BF: HD404919, HD40P4919): The 16
digits, $020 through $02F, in the data area
are called memory registers (MR) and are
accessible by the LAMR and XMRA instruc-
tions (figure 4).

Stack Area (S3CO0 to S3FF): 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 instruc-
tion) 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.

Bit 3 Bit 2 Bit 1 Bit O
IMO IFO RSP IE
0 A — . $000
(IM of INTp) (IF of INTp) {Reset SP bit) (Interrupt enable flag)
1 N d N d M1 IF1 $001
ot 1 R I
use ot use (IM of INT:) (IF of INT1)
IMTB IFTB
2 Not used Not used . . $002
(IM of timer B) (IF of timer B)
3 Not used Not used Not used Not used $003

IF:  Interrupt request flag
IM:  Interrupt mask

IE:  Interrupt enable flag
SP: Stack pointer

instruction.

Note: Each bit of the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/
REMD instruction, and tested by the TM/TMD instruction. It is not affected by other instructions.
Furthermore, the interrupt request flag is not affected by the SEM/SEMD instruction. The value of the
status flag becomes invalid when the unusable bits or the RSP bit is tested by the TM or TMD

Figure 3 Interrupt Control Bits Area Configuration

Memory registers Stack area
32| MR (0} [$020 960| Level 16 [$3CO
331 MR (1) $021 Level 15
341 MR (2) $022 Level 14
35| MR (3) [$023 Level 13
36| MR (4) [$024 Level 12
37| MR (5) |%$025 Level 11
38| MR (6) |$026 Level 10
39| MR (7) $027 Level 9
40] MR (8) 1$028 Level 8
41| MR (9) |$029 Level 7
421 MR (10} [$02A Level 6
43| MR (11) [$02B Level 5
44| MR (12} |$02C Level 4
45] MR (13) {$02D Level 3
46| MR (14) [$02E Level 2
47| MR {15) [$02F 1023} Level 1 $3FF

PC13 to PCo: Program counter
ST: Status flag

CA: Carry flag
Bit 3 Bit 2 Bit 1 Bit O

T 1

1020f ST PCh PCiz PCii |$3FC
] |
1 I

1021 PCrwo PCe PCs PC; [$3FD
|
} T

1022 CA PCe PCs PCa $3FE
1 i
1 {

1023 PCs PC: PC: PCo $3FF
| 1 |

Figure 4 Configuration of Memory Registers, Stack Area, and Stack Position
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HD404918/HD404919/HD40P4919

Functional Description
Registers and Flags

The MCU has nine registers and two flags for
CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results of
the arithmetic logic unit (ALU), and transfer
data to/from memory, I/O, and other regis-
ters.

W Register (W), X Register (X), Y Regis-
ter (Y): The 2-bit W register and the 4-bit X
and Y registers are used for indirect address-
ing of RAM. The Y register is also used for D-
port addressing.

SPX Register (SPX), SPY Register (SPY):
The 4-bit registers SPX and SPY assist the X
and Y registers, respectively.

Carry Flag (CA): The carry flag (CA) stores
the overflow from the ALU generated by an
arithmetic operation. It is also affected by the
SEC, REC, ROTL, and ROTR instructions.

During an interrupt, the carry flag is pushed
onto the stack. It is restored by the RTNI
instruction, but not by the RTN instruction.

Status Flag (ST): The status flag (ST) holds
the ALU overflow, ALU non-zero, and the

results of a bit test instruction for the arith-
metic or compare instructions. It is a branch
condition of the BR, BRL, CAL, or CALL
instruction. The value of the status flag
remains unchanged until the next arithmetic,
compare, or bit test instruction is executed.
The status flag becomes a 1 after the BR, BRL,
CAL, or CALL instruction is executed or
skipped. During an interrupt, the status flag is
pushed onto the stack and restored back from
the stack by the RTNI instruction, but not by
the RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP) is
used to point to the address of the next
stacking area (up to 16 levels).

The stack pointer is initialized to RAM
address $3FF. It is decremented by 4 when
data is pushed onto the stack, and in-
cremented by 4 when data is restored from it.
The stack can only be used up to 16 levels
deep because the upper 4 bits of the stack
pointer are fixed at 1111.

The stack pointer is initialized to $3FF either
by MCU reset or by the RSP bit reset from the
REM/REMD instruction.

3 0
3 0
[ w IW register
3 0
3 0
3 0
SPX SPX register
0
SPY SPY register
Carry flag
Status flag
13 o)
r PC J Program counter
2] 5
111f1] sp | Stack pointer

Figure 5 Registers and Flags
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HD404918/HD404919/HD40P4919

Interrupts

Three interrupt sources are available on the
MCU: external requests (INTy, INT:) and a
timer/counter (timer B). For each source, an
interrupt request flag (IF), interrupt mask
(IM), and interrupt vector addresses are pro-
vided 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 of the RAM
space. They are accessible by RAM bit
manipulation 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 3 shows the interrupt
priority and vector addresses, and table 4
shows the interrupt conditions corresponding
to each interrupt source.

Table 3 Vector Addresses and Interrupt

Table 4 Interrupt Conditions

Priority S
Interrupt Control Bit INT, INT, Timer B
Reset/Interrupt Priority Vector Addr
IE 1 1 1
RESET — $0000
— IFO-IMO 1 0 0
INTo 1 $0002
IF1-1M1 * 1 0
INT; 2 $0004 —
IFTB-IMTB * * 1
Timer B 3 0008
'mer $ * Don't care
$000.0 Sequence
E control
D_‘Push PC/CA/ST
‘Reset IE
Jump to vector
l address
$000,2 F ]
IFO
$000,3 *
—»
IMO —— \ector address
Priority control logic -
$001,0
IF1
$001,1
M1
$002.0
IFTB |
$002,1
IMTB Note: $m, n is RAM address $m, bit
number n.

Figure 6 Interrupt Control Circuit Block Diagram
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HD404918/HD404919/HD40P4919

The interrupt request is generated when the
IF is set to 1 and IM is O. If the IE is 1 at this
time, the interrupt will be activated and
vector addresses will be 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 re-
quested, the instruction being executed fin-
ishes in the first cycle, and 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. Also in the
third cycle, the instruction is re-executed
after the MCU jumps 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 soft-
ware in the interrupt program.

Interrupt Enable Flag (IE: $000, Bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 5. It is
reset by an interrupt and set by the RTNI
instruction.

External Interrupts (INT,, INTi): The
external interrupt request inputs (INTg, INT,)
can be selected by the port mode register

(PMR: $004). Setting bit 3 and bit 2 of PMR
causes the R33/INT; and R3;/INT, pins to be
used as INT, and INT,, respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INTy and INT,
inputs. (Refer to table 6.)

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 INT,
is used 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. (Refer to table 7.)

External Interrupt Request Flags (IFO:
$000, Bit 2; IF1: S001, Bit 0): The external
interrupt request flags (IFQ, IF1) are set at the
falling edge of the INTo and INT; inputs,
respectively.

External Interrupt Masks (IMO: S000, Bit
3; IM1: S001, Bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The port
mode register is a 4-bit_write-only register
which controls the R32/INT; and R33/ INT;
pins as shown in table 8. The port mode reg-
ister will be initialized to $0 by MCU reset.
These pins are therefore initially used as
ports.

Table 5 Interrupt Enable Flag

Table 7 External Interrupt Masks

1E Interrupt Enable/Disable iMO, IM1 Interrupt Requests
o] Disable ¢ Enable
1 Enable 1 Disable (Mask}

Table 6 External Interrupt Request

Flags
IFO, IF1 Interrupt Requests
0] No
1 Yes

414

Table 8 Port Mode Register

PMR3 R33/INT; Pin

0] Used as R33 port input/output pin
1 Used as INT; input pin

PMR2 R32/INT, Pin

0 Used as R3; port input/output pin
1 Used as INTg input pin




HD404918/HD404919/HD40P4919

Instruction 1 2 3 4 5 6
cycles
L 1 1 1 ]
I T T ¥ '
Instruction
execution
, Stacking;
Interrupt Stacking; 9
vector address
accepted reset of IE .
is generated
JMPL instruction execution on
the vector address
Instruction

execution at
starting address
of the interrupt
routine

Figure 7 Interrupt Processing Sequence
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HD404918/HD404919/HD40P4919

Power
on
RESET=1?\“°
Yes
A
Reset MCU ]

Inte FkYes

reun
N

o

No

/

Execute
instruction

PC « (PC) +1

L]

PC < $0002

PC < $0004

Yes

Accept
interrupt

IE <0
Stack < (PC)
Stack < (CA)
Stack < (ST)

INT,
interrupt ?

- PC — $0008

{Timer B interrupt)

416

Figure 8 Interrupt Processing Flowchart




HD404918/HD404919/HD40P491Q

Timer

The MCU contains a prescaler and a timer/
counter (timer B shown in figure 9) whose
functions are the same as the HMCS404C.
The prescaler is an 11-bit binary counter, and
timer B is an 8-bit auto-reload timer/event
counter.

Prescaler: The input to the prescaler is a
system clock signal. The prescaler is initial-
ized 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 stop
mode. The prescaler provides clock signals to
timer B. The prescaler divide ratio is selected
by timer mode register B (TMB).

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; and set the external
interrupt mask (IM1) 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 to $FF, it will generate an
overflow output. In this case, if the autor-
eload function is selected, timer B is initial-
ized according to the value of timer load
register B. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:
$002, bit 0) will be set as this overflow output.

Timer Mode Register B (TMB: $009):
Timer mode register B (TMB) is a 4-bit write-
only register which selects the auto-reload
function, the prescaler divide ratio, and the
source of the clock input signal, as shown in
table 9. Timer mode register B is initialized to
$0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after timer mode
register B is written to. Initialization of timer
B by writing data into timer load register B
should be performed after the contents of
TMB are changed. Configuration and function
of timer mode register B is shown in figure 10.

Timer B (TCBL: SO0A, TCBU: $S00B, TLRL:
S00A, 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 a
low-order digit (TCBL: $00A, TLRL: $00A) and
a high-order digit (TCBU: $00B, TLRU: $00B).
(Refer to figure 2.)

Timer counter B can be initialized by writing
data into timer load register B. In this case,
write the low-order digit first, and then the
high-order digit. The timer counter is initial-
ized 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 digit first, and then the low-
order digit. The count value of the low-order
digit is latched when the high-order digit is
read.

Internal bus line {S1)

<

™

Timer mode register B
44
TMB (4 bits)
TL (4 bits) 44
Timer latch
I 43
INT, il i
i TBOF
®—> Timer B MPX CPTB ISnBer(?:t?left)er B IFT8
© T T T T r T 1 1 Interrupt
|~ < - request fla
alelo! SHY S R TLR (8 bits) ofqtimer Bg
N R S | Timer load register B
System f
ok Prescaler (11 bits) 44 S 4

-

Internal bus line (S2)

—>

Figure 9 Timer/Counter Block Diagram

417
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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 10).

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 11).

Table 9 Timer Mode Register B

TMB3 Auto-Reload Function
0 No
1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock Input Source

0 0 0 +2048
0 0 1 +512
0 1 0 +128
0 1 1 +32

1 o 0 +8

1 o 1 +4

1 1 0 +2

H\I_T1 (External event input)

Table 10 Timer B Interrupt Request

Flag
IFTB Interrupt Request
0 No
1 Yes

Table 11 Timer B Interrupt Mask

IMTB Interrupt Request
0 Enable
1 Disable {Mask)

R32/INTo pin mode selection

PMR: $004
PMR3 | PMR2
3 3
TMB: $009
TMB3 | TMB2 | TMB1 | TMBO
] N
f

R33/iNT: pin mode selection

Timer-B input clock selection

Auto-reload function selection

Figure 10 Mode Register Configuration and Function
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Input/Output

The MCU has 35 1I/0 pins, 8 standard and 27
high voltage. One of three circuit types can
be selected by the mask option for each high-
voltage pin: (A) without pull-up MOS (NMOS
open drain), (B) with pull-up MOS, or (C)
CMOS. High-voltage pins can be used as
high-voltage I/O pins only when (A) is
selected, except for R1 and R2. R1 and R2 are
fixed as mask option A.

When any input/output pin is used as an
input pin, the mask option and output data
must be selected in the manner specified in
table 13.

Output Circuit Operation of With Pull-Up
MOS Standard Pins: By the standard pin
option with pull-up MOS, the circuit shown in
figure 11 shortens the rise time of the output.

When the MCU executes an output instruc-
tion, it generates a write pulse to the R port
addressed by this instruction. This pulse will
switch the PMOS (B) on and shorten the rise
time. The write pulse keeps PMOS in the on
state for one-eighth of the instruction cycle
time. While the write pulse is 0, a high output
level is maintained by the pull-up MOS (C).

When the HLT signal becomes 0 in stop
mode, MOSs (A), (B), and (C) turn off.

D Port: The D port has 15 discrete I/O pins,
each of which can be addressed indepen-
dently. It can be set/reset through the SED/
RED and SEDD/REDD instructions, and can
be tested through the TD and TDD instruc-
tions. See table 12 for the I/O pin circuit types.

R Ports: The five R ports are composed of 16
I/0 pins and 4 output-only pins. Data is input
through the LAR and LBR instructions and
output through the LRA and LRB instruc-
tions. The MCU is not affected when the
input-only and/or non-existing ports are
written into, however invalid data will be
read from the output-only and/or non-exist-
ing ports.

The R3; and R3; pins are multiplexed with
the INTo and INT; pins, respectively. See table
12 for the selectable circuit types for these
I/0 pins.

Unused I/0 Pins: If unused I/O pins are left
floating, the LSI may malfunction due to
noise. The I/O pins should be fixed as follows
to prevent malfunction.

High-voltage pins: Unused pins should be
pulled up to Vec on the printed circuit board.

Standard pins: Unused pins should be pul-
ledup to Vce on the printed circuit board.

Reset

Setting the RESET pin high resets the MCU.
At power-on or when stop mode is cancelled,
the reset must satisfy the time tgc for the
oscillator to stabilize. In all other cases, at
least two instruction cycles are required for
the MCU to be reset.

Table 14 shows the components initialized by
MCU reset, and the status of each.
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Table 12 I/0 Pin Circuit Types

Without Pull-Up MOS With Pull-Up MOS )
) CMOS (C) Pins
{NMOS Open Drain) (A) (B)
1/0
Pins HLT Input TR Input HLT Input
data data v data
Vee [Vee Write cc Do-D14
e AT R30-R3
N HLT -
AT (O = o
. Output Output Output | R49-R43
data data data
High current Not available Not available Not available
High voltage Available Not available Not available
Without Pull-Up MOS .
ins
(NMOS Open Drain) (A) P
/0 S
) HLT Input
Pins data
R10-R13
HLT R20-R23
Output
data
High current Available
High voltage Not available
Without Pull-Up MOS With Pull-Up MOS .
. CMOS (C) Pins
{NMOS Open Drain) (A) (B)
Output
Pins
Writ Vce
AT Vee fVee —pJIISS T
HLT
R S 0% S T
data
Output Output
d;apu data ROo-RO3
High current Not available Not available Not available
High voltage Available Not available Not available

Notes: 1. If without pull-up MOS is selected by the mask option, Do-D14, RO, R3, and R4 are used as
high-voltage pins.
2. If with pull-up MOS or CMOS is selected by the mask option, Do-D14, RO, R3, and R4 are
used as standard pins.
3. Ports R1 and R2 are high-current pins having only without pull-up MOS.
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Table 13 Data Input from Common Input/Output Pins

1/0 Pin Circuit Type Input Possible Input Pin State
CMOS No —
Without pull-up MOS
. Yes 1
(NMOS open drain)
With pull-up MOS Yes 1

_[LWrite pulse
(Output

instruction)

G NMOS (A)
l-__C Data

Pull-up MOS (C) PMOS (B)

1 instruction cycle

I
Al

Output instruction execution

Write pulse

Figure 11 Output Circuit Operation of Pins With Pull-Up MOS Option

Note: The mask option of the circuit type is shown in the table below. The mask ROM type MCU is
compatible with the EPROM on-package type MCU only when the mask ROM type MCU is
selected as type A.

Circuit type
Product type A B (o
Mask ROM Type Optional Optional Optional
(HD404918,
HD404919)
EPROM On- fixed - -
Package Type
(HD40P4919)
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Table 14 Initial Values After MCU Reset

Initial Value by

Item MCU Reset Contents
Program counter (PC) $0000 Execute the program from the top of ROM
address
Status flag (ST) 1 Enable branching with conditional branch
instructions
Stack pointer (SP) $3FF Stack level is O
1/0 pins, (A) Without pull-up MOS 1 Enable input
output registers
(B) With pull-up MOS 1 Enable input
(C) CMOS 1 —
Interrupt flags/ Interrupt enable flag (IE) 0 Inhibit all interrupts
mask
Interrupt request flag (IF) 0 No interrupt request
Interrupt mask (IM) 1 Mask interrupt request
Mode registers Port mode register (PMR) 0000 See Port Mode Register section
Timer mode register B (TMB) 0000 See Timer Mode Register B section
Timer/counter Prescaler $000 —
Timer counter B (TCB) $00 —
Timer load register B (TLR) $00 —

Note: MCU reset affects the other registers as shown in the following tabie.

After MCU Reset to Recover

After MCU Reset to Recover

Item 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 guaranteed, MCU reset are not guaranteed,
therefore they must be initialized  therefore they must be initialized

B register (8) by software. by software.

W register (w)

X/SPX registers (X/SPX)

Y/SPY registers (Y/SPY)

RAM

The contents of RAM before
MCU reset (just before STOP
instruction) are retained.

Same as above for RAM.
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Internal Oscillator Circuit the layout of the crystal or ceramic filter. An
external clock operation is also available.

Figure 12 is a block diagram of the internal

oscillator circuit. In addition, figure 13 shows

0SC2

0SCs @——
1/ 8 Timing s
Oscillator divider generator ystem
circuit circuit clock

Figure 12 Internal Oscillator Circuit

i
%

ose 3 e
o5 ENEM\

TEST

RESET

U
%//

—

Figure 13 Layout of Crystal and
Ceramic Filter
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Table 15 Examples of Oscillator Circuits

Circuit Constants

Circuit Configuration

HD404918 HD404919/HD40P4919
External Oscillator
clock
operation —OSC
Open-—0SsC:
Ceramic Ceramic filter Ceramic filter
Cs
filte.r Ceramic Jr—'osc‘ CSA 4.00MG (Murata) CSA 8.00MT (Murata)
oscillator filter 53
i Liosc; Reé: 1 MQ * 20% Re: 1 MQ = 20%
GNDZ Cq1: 30 pF = 20% Ci1: 30 pF £ 20%
Cz: 30 pF = 20% Cz: 30 pF = 20%
Crystal ooc R¢: 1 MQ = 20%
oscillator Crystal ' C1: 10-22 pF *= 20%

:10-22 pF £ 20%
Crystal Equivalent circuit

GND shown at bottom left

AT-cut parallel
resonance crystal

0sc ‘*{

Notes: 1. The circuit parameters written 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 designing the oscillator circuit, consult with the
crystal or ceramic filter maker to determine the circuit parameters.

2. Wiring among OSC+, OSCz, and other elements should be as short as possible, and avoid
crossing other wires. Refer to the recommended layout of the crystal and ceramic filter in
figure 13.

pe
e

0scC:

o

Co: 7 pF max.
Rs: 100 Q max.
f: 1.0-4.5 MHz

Hf
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Low-Power Dissipation Modes

The MCU has two low-power dissipation
modes, standby mode and stop mode (table
16). Figure 14 is a mode transition diagram for
these modes.

Standby Mode: Executing the SBY instruc-

tion places the MCU into standby mode. In
standby mode, the oscillator circuit is active,
and interrupts and the timer/counter remain
working. On the other hand, the CPU stops
since the clock related to the instruction
execution stops. Registers, RAM, and I/0O pins
retain the states they were in just before the
MCU went into standby mode.

Table 16 Low-Power Dissipation Modes

Condition Standby Mode Stop Mode
Instruction SBY instruction STOP instruction
Oscillator circuit Active Stopped
Instruction execution Stopped Stopped
Registers, flags Retained Reset (Note 1)
Interrupt function Active Stopped

RAM Retained Retained

input/output pins

Retained (Note 2)

High impedance

Timer/counter Active

Stopped

Cancellation method

RESET input, interrupt request

RESET input

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 14 for the contents of flags

and registers.

2. When 1/0 circuits are active, an I/0 current may flow in standby mode, depending on the
state of the 1I/O pins. This is an additional current added to the standby mode current

dissipation.

Active
o mode
S
W) —t
.\(\% 3 4;
6\ <
£ >
X
<\
\0’@“ ~| ©
Standby L
vl
mode wnl n
6 2| &
S
é}\\
4
Reset

Figure 14 MCU Operation Mode Transition
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The standby mode may be cancelled by case, the MCU becomes active and executes
inputting RESET or by asserting an interrupt the next instruction following the SBY
request. In the former case the MCU is reset. instruction.

If the interrupt enable flag is 1 at this time,

the interrupt is executed,; if it is 0, the inter- Figure 15 shows the flowchart of the standby
rupt request is put on hold and normal mode.

instruction execution continues. In the latter

Standby

Oscillato