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(HD614120/HD6141 25/H D614128)

Description

The HMCS412C/CL/AC are CMOS 4-bit single-
chip microcomputers in the HMCS400 series.
Each device incorporates ROM, RAM, I/0,
and timer/counter and contain high-voltage
I/0 pins including high-current output pins to
drive a fluorescent display directly.

Features

4-bit architecture
2048 words of 10-bit ROM
160 digits of 4-bit RAM
36 I/0 pins, including 24 high-voltage I/O
pins (40 V max)
Timer/counter
—11-bit prescaler
—8-bit auto-reload timer/event counter
(timer B)
® Three interrupt sources
—External: 2
—Timer/counter: 1
@ Subroutine stack
—Up to 16 levels including interrupts
¢ Minimum instruction execution time
—0.89 us: HMCS412AC
—1.78 us; HMCB8412C
—3.66 us: HMCS412CL
® Low power dissipation modes

Instruction set compatible with
HMCS404; 98 instructions

® High programming efficiency with 10-bit/

- word ROM: 78 single-word instructions

® Direct branch to all RAM areas

® Direct or indirect addressing of all RAM
areas

® Subroutine nesting up to 16 levels includ-
ing interrupts

@ Binary and BCD arithmetic operations

® Powaerful logical arithmetic operations

® Pattern generation-table lookup capabil-
ity

@ Bit manipulation for both RAM and I/O

Program Development Support Tools

@ (Cross agsembler and simulator softwars for

use with IBM PCs and compatibles

@ In circuit emulator for use with IBM PC
HD614P180 with the following fixed
options:

—I/O pin: open drain

—Oscillator: crystal or ceramic filter oscil-
lator
(externally drivable)

—Divider: Divide by 8

—Package: standard 42-pin dual in-line

—Standby: Stops instruction execution ceramic package
while allowing clock oscillation and
interrupt functions to operate
—Stop: Stops instruction execution and Ordering Information
clock oscillation while retaining RAM
data Itam HMCS412C HMC3412CL HMCS412AC
* 9_%:;;!&10:?13:::;“3 filter Product HD614120 HD6141256 HDB14128
—External clock input Name
® Package
—Standard 42-pin dual in-line plastic :’&)wet Supply 3.6t0 6 26t08 451086
package
~—42-pin shrink dual in-line plastic pack- Typical 2 4 1
age instruction
—44-pin flat plastic package Cycle Time (us)
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Pin Arrangement
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Pin Description
GND, Vco, Vaiep (Power)

GND, Vce, and Vaisp are the power supply pins
for the MCU. Connect GND to the ground (0
V) and apply the Vec power supply voltage to
the Vce pin. The Vs pin (multiplexed with
RA,) is a power supply for high-voltage I/O
pins with maximum voltage of 40 V (Voc—40
V). For details, see Input/Output section.

TEST (Test)

TEST is for test purposes only. Connect it to
Vee.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

OS8C;, OSC: (Oscillator Connections)

OSCy and OSC; are input pins for the internal
oscillator circuit. They can be connected to a
orystal resonator, ceramic filter resonator, or
oxternal oscillator circuits. For details, see
Internal Oscillator Circuit section.

T-49-19-04
Do~D14 (D Port)

The D port is an input/output port addressed
by the bit. These 15 pins are all input/output
pins. Do to Ds are standard and D4 to Dy are
high-voltage pins. The circuit type for each
pin can be selected using a mask option. For
details, see Input/Output section.

R0o—RO03, R1o—R1s, R2,—R2;, R3,—R3,,
R4o—R4;, RA; (R Ports)

RO to R4 are 4-bit ports. RA is a 1-bit port. RO
is an output port, RA is an input port, and R1
to R4 are 1/0O ports. RO, R1, R2, and RA are
high-voltage ports, and R3 and R4 are stan-
dard ports. Each pin has a mask option which
selects its circuit type. The pins R3; and R3;
are multiplexed with INTy and INT; respec-
tively. For details, see Input/Qutput section.

INT,, INT: (Interrupts)

INTo and INT) are external interrupts for the
MCU. INT; can be used as an external event
input pin for timer B. INT; and INT; are
multiplexed with R32 and R3; respectively.,
For details, see Interrupt section.

Functional Description
ROM Memory Map

The MCU includes 2,048 words X 10 bits of
ROM. ROM is described in the following par-
agraphs and the ROM memory map (figure 1).

Vector Address Area (50000 to SO00F):
Locations $0000 through $000F can be used
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

Zero-Page Subroutine Area ($0000 to
$003F): Locations $0000 through $003F can
be used for subroutines. CAL instructions
branch to subroutines,

Pattern Area ($0000 to SO7FF): Locations
$0000 through $07FF can be used for ROM
data. P instructions allow referring to the
ROM data as a pattern.

Program Area ($0000 to SO7FF): Locations
from $0000 to $07FF can be used for program

code.
RAM Memory Map

The MCU includes 160 digits of 4-bit RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion registers are also mapped on the RAM
memory space. The RAM memory map (figure
2) is described in the following paragraphs.

Interrupt Control Bit Area ($000 to $003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable
only by a RAM bit manipulation instruction.
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
$00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, 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
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T-49-19-04
cannot be accessed by RAM bit manipulation
instructions.
0 [50000 ;
0 JMPL Instruction _|so000
Vector Address 1 {Jump to RESET Routine} $0001
15 $O00F 2 JMPL lﬁt_r_ucﬁon _j$0002
16 $0010 3 {Jump to iNTo Routine} $0003
Zero-Page Subroutine 4] JMPL Instruction _|so004
{64 Words} 5 {Jump to iNT1 Routine) $0006
63 $O03F 6 $0006
64 30040 7 $0007
( rogram 8] JMPLInstruction _|s0008
9 {Jump to Timer B Routine) 0009
{2,048 Words) i $
o4 $O7FF 10 $000A
2047 1
2048 $0800 1 $0008
12 _ $000C
Not Used 13 $000D
14 $O00E
16383 |5arFr 18 JsocoF
Figure 1. ROM Memory Map
o [5600 ) 3000
.| i 1 $001
RAM-Mapped Registers Interrupt Control Bits
31 SO1F 2 $002
32 020
Memory Registers (MR} \ 3 - T $003
47 e $02F 4 Port Mode Register (PMR) ! W 8004
48 $030 5 ) Not Used $005
6 Not Used $006
Data
7 Not Used $007
(96 Digits) 8 Not Used $008
9 Timer Mode Register 8 (TMB)! W |$009
127 $07F 10 . (TCBL/TLRL) R/W |$00A
— Timer B
128 $080 1 {TCBU/TLRU) R/W |$00B
Not Used 12 $00C
959 $38F Not Used
960 $3C0
Stack
(64 Digits) al $01F
1023 $3FF
* Two registers are mapped on same address.
. Timer/Event Counter B Lower: Timer Load Reg. Lower
R: Read Only 10 {TCBL) R {TLRL) t W | $00A
W: Write Only y + +
R . Timer/Event Counter B Upper: Timer Load Reg. Upper :
R/W: Read/Write 11 (TCBUY) : R (TLRU) W | sooB

Figure 2. RAM Memory Map
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Data Area ($020 to $07F): 16 digits of $020
through $02F are called memory registers
(MR) and are accessible by LAMR and XMRA
instructions (figure 4).

Stack Area (S3CO0 to $3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST) and carry (CA) when su-

broutine call (CAL-instruction, CALL-
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
RTNI instruction. This area, when not used for
a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO P
o 0o 0o RSP I/E 5000
(IM of INT, ) {IF of TNT,) (Reset SP Bit) | (Interrupt Enable Flag)
1 Not Used Not Used M1 IF1 $001
ot Use ot Use (IM of INT; ) (IF of INT, )
IMTB IFTB
2 Not Used Not Used (IM of Timer 8) (F of Timer 8) | S°02
3 Not Used Not Used Not Used Not Used $003

IF: interrupt Request Flag
IM: Interrupt Mask

I/€: Interrupt Enable Flag
SP: Stack Pointer

affected by the SEM/SEMD instruction.

Note: Each bit in the interrupt control bits area Is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and
Is teatad by the TM/TMD instruction. It is not affected by other instructions. Furthermors the interrupt request flag is not

The content of status bacomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction.

Figure 3. Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
32} MR(0] ]$020 960| Level 16 |$3CO.
33| MR{1) [s021 Level 16
34{ MRI(2) |[s022 Level 14
35 MR{3) [$023 Level 13
36/ MR(4) (%024 Lavel 12
37! MRI5) ]s026 Level 11
38{ MR8} [$028 Level 10
39] MR(7) [$027 Level 9
40| MR(8) [$028 Level 8
41 MR(9) [$029 Level 7
42| MR{1Q) {$02A Level 8
43] MR{11) {$02B Level §
44] MR(12) (s02C Level 4
45| MR{13) |$02D0 Level 3
48] MR(14) [$02E Level 2
47{ MR(156) |$02F 1023 Level 1 |$3FF

Note: As the HMCS412C/CL/AC have 2k

1020 ST PTis T BCn |S3FC
1021 PCw 2] FCs FC: |$3FD
1022] cA tTe BCs PC: |S3FE

10231 FG PC: 13} FCo |S3FF

PC13 to PCo: Program Counter
ST: Status
CA: Carry

ROM, PCy1, PCyz and PCy; are not used.

bit 3 bit 2 bit 1 bit O
T L

-
—

| 1 1

Figure 4.

Configuration of Memory Register, Stack Area, and Stack Position
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Registers and Flags

The MCU has nine registers and two flags for
the 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 memories, I/0, and other regis-
ters.

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

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

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

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

Status (ST): The status (ST) holds the ALU
overflow, ALU non-zero, and the results of bit
test instruction for the arithmetic or compare
instructions, It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value of
the status remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after a BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack and res-
tored back from the stack by a RTNI instruc-
tion, but not by a 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 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.

0o
O

Accumulator

A

imi H
(o]

B Register

—
O

W | W Register

OI

3
3 0
Y Register
3 0
SPX SPX Register
O
SPY SPY Register
Carry Flag
Status Flag
13 0
[ PC J Program Counter
9 5 o
el sp | Stack Pointer

392

Figure 5. Registers and Flags
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The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit reset by a
REM/REMD instruction.

Interrupt

Three interrupt sources are_available on the
MCU: external requests (INTp;, INTi), and
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 an interrupt operations.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions, (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 at initialization by 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.

Table 1. Vector Addresses and Inter-
rupt Priority

Table 2. Interrupt Service Conditions

Interrupt Control Bit INTp INTy Timer B

Reset, Interrupt Priority Vector addr

I/E 1 1 1
RESET - $0000 —
j— IFO-IMO 1 o] 0]
INTo 1 $0002
f— IFT-IM1 * 1 0
INTy 2 $0004 —
IFTB:IMTB * * 1
Timer B 3 $0008 .
* Don't care
5000,0 Sequence
Control
I/€ -Push PC/CA/ST
-‘Reset I/E
-Jump to Vector
[ Address.
$000,2 »
IFO
g ooo,sij .
IMO [—* Vector Address
Priority Control PLA .
0010
IF1
5001, j:;‘j;
IM1
$002,0
IFTB
$002,1
IMTB

Figure 6. Interrupt Control Circuit Block Diagram
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The interrupt request is generated when the
IF is set to 1 and IM is 0. 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
S0urCes.

Figure 7 shows the interrupt service
sequence, and figure 8 shows the interrupt
service 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,
status and program counter are pushed onto
the stack. In the third cycle, the instruction is
re-executed after jumping to the vector
address.

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

Interrupt Enable Flag (I/E: $000 bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INT,, INT:): The
external interrupt request inputs (INTo, INTy)

T-49-19-04

can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes R33/INT; pin and R3;/INT) pin to be
used as INT; pin and INT; pin respectively.

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

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

External Interrupt Request Flags (IFO:
$000 bit 2, IF1: S001 bit 0): The external
interrupt request flags (IF0, IF1) are set at the
falling edge of the INTo, and INT: inputs
respectively.

External Interrupt Masks (IMO: $000 bit
3, IM1: $001 hit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The 4-bit
write-only port mode register controls the
R32/INTo pin, and R33/INT; pin as shown in
table 6. The port mode register will be initial-
ized to $0 by MCU reset. These pins are
therefore initially used as ports.

Table 3. Interrupt Enable Flag

Interrupt Enable Flag Interrupt Enable/Disable

Table 6. Port Mode Register
PMR3 R33/INT; Pin

0 Disable

1 Enable

Table 4. External Interrupt Request
Flag

External Intorrupt Request Flags  Interrupt Requests

0 Used as R33 port input/output pin

1 Used as INTy input pin

PMR2 R32/INTo Pin

0 Used as R3; port input/output pin
0 No 1 Used as INTo input pin
1 Yes
Table 6. External Interrupt Mask
External Interrupt Masks Interrupt Requests
0 Enable
1 Disable (masks)
G HITACHI
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starting address
of the interrupt
routine

T-49-19-04
Instruction 1 2 3 4 5 6
Cycles
1 1 Il ] ]
I T 1 T i
Instruction
execution
Interrupt. Stacking, \Sltat:klng&d
accepted Resst of I/E . ector ress
is generated
JMPL instruction execution on the
vector address
Instruction
execution at

Figure 7. Interrupt Servicing Sequence
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Power
ON
RES ET> No
Yes
InterrN
Request s
?
No
No I/E=17
Yes
{A) Y (B) (C
Execute Interrupt
Reset MCU Instruction Accept
PC— (PC)+1 I/E<0
Stack « (PC)
I Stack « (CA)
Stack « (ST)
v INTo
f— PC + $0002 8 Interrupt
re—— PC «~ $0004
7 PC ~—$0008 B (Timer B Interrupt)

Figure 8. Interrupt Servicing Flowchart
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Timer

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

Prescaler: The input to the prescaler is a
system clock signal. The prescaler is initial-
ized to $000 by MCU reset, and it starts to
count up the system clock signal as soon as
the RESET input goes to logic 0. The prescaler
keeps counting up except in MCU reset and
stop mode, The prescaler provides clock sig-
nals to timer B. The prescaler divide ratio is
selected by the timer mode register B (TMB).

Timer B Operation: The timer mode regis-
ter B (TMB: $009) selects the auto-reload
function, input clock source, and the pres-
caler 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 pre-
vent an external interrupt request from oc-
curring.

Timer B is initialized according to the data
written into the t{imer load register by soft-
ware. 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, Then case, if the auto-
reload function is selected, timer B is initial-
ized to the value of the timer load register. If
it is not selected, timer B goes to $00. The

T-49-19-04
timer B interrupt request flag (IFTB; $002 bit
0) will be set at this overflow output,

Timer Mode Register B (TMB: $009): The
4-bit write-only timer mode register B (TMB)
selects the auto-reload function, the prescaler
divide ratio, and the source of the clock input
signal, as shown in table 7. The timer mode
register B is initialized to $0 by MCU reset.

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

Timer B (TCBL: S00A, TCBU: $00B, TLRL:
S00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit
read-only timer/event counter. Each has a
low-order digit (TCBL: $00A, TLRL: $00A) and
a high-order digit (TCBU: $00B, TLRU: $00B)
(figure 2).

The timer/event counter can be initialized by
writing data into the timer load register. In
this case, write the low-order digit first, and
then the high-order digit. The timer/event
counter is initialized when the high-order
digit is written. The timer load register is
initialized to $00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. In this
case, read the high-order digit first, and then

< Internal Bus Line {S1] >
Timer Mode Register 8

44
TMB {4 bit}
TL {4 bit) L4
Timer Latch “
. b3
INT1 f t ? t
TCB {8 bit)
PTB TBOF
@—A Timer B MPX C Timer/Event Counter B F18

ttttteyed imerrupt

2
+4
+8
+32
+128
512
+2048

= Request Flag
TLR (8 bit) of Timer B

Timer Load Register

System o
Clock N

{11 bit)

a4 L4

<z

Internal Bus Line ($2) ‘>

Figure 9. Timer Block Diagram
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the low-order digit. The count value of the
low-order digit is latched at the time when
the high-order digit is read.

Timer B Interrupt Request Flag (IFTB:
$002 bit 0): The timer B interrupt request
flag is set by the overflow output of timer B

T-49-19-04
{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).

Table 7. Timer Mode Register B

T™MB3 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 0 0 + 8
1 0 1 + 4
1 1 0 + 2

INT; {External Event Input)

Table 8. Timer B Interrupt Request Flag
Timer B Interrupt

Request Flag Interrupt Request
0 No
1 Yes

Table 9. Timer B Interrupt Mask

Timer B Interrupt Mask Interrupt Request

o] Enable

1 Disable V(Mask)

PMR: $004

PMR3 | PMR2

R32/INTa pin mode selection

TMB: $009

TMB3 | TMB2 | TMB1 | TMBO

-

R3a/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 36 I/O pins, 12 standard and 24
high voltage. One of three circuit types can
be selected by mask option for each standard
pin: CMOS, with pull-up MOS, and without
pull-up MOS (NMOS open drain). One of two
circuit types can be selected for each high-
voltage pin: with pull-down MOS and with-
out pull-down MOS (PMOS open drain). Since
the pull-down MOS is connected to the
internal Vasp line, Viisp must be selected for
the RAi1/Vaisp pin via mask option when at
least one high-voltage pin is selected as with
pull-down MOS. See table 10 for I/O pin cir-
cuit types.

When every input/output pin is used as an
input pin, the mask option and output data
must be selected as specified in table 11.

Output Circuit Operation With Pull-Up
MOS Standard Pins: In the standard pin
option with pull-up MOS, the circuit shown in
Figure 11 is used to shorten rise time of out-
put.

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 puli-up MOS (C).

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

D Port: The D port I/O port has 15 discrete
I/O pins, each of which can be addressed
independently. It can be set/reset through
SED/RED and SEDD/REDD instructions, and
can be tested through TD and TDD instruc-
tions. See table 10 as for the classification of

standard pin, high-voltage pin, and the I/O
pin circuit types.

R Ports: The six R ports in the HMCS414 are
composed of 16 I/O pins, 4 output-only pins,
and 1 input-only pin. Data is input through
LAR and LBR instructions and output
through LRA and LRB instructions. The MCU
will not be affected by writing into the input-
only and/or non-existing ports, while invalid
data will be read from the output-only and/or
non-existing ports,

The_R3; and R3; pins are muiltiplexed with
the INT, and INT, pins respectively. See table
10 as for the classification of standard pins,
high-voltage pins and selectable circuit types
of these 1I/0 pins.

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

High-voltage pins: select without pull-up
MOS (PMOS open drain) via mask option and
connect to Vec on the printed circuit board,

Standard pins: Select without pull-up MOS
(NMOS open drain) via mask option and
connect to GND on the printed circuit board.

Reset

Bringing the RESET pin high resets the MCU.
At power-on, or when cancelling stop mode,
the reset must satisfy tsc for the oscillator to
stabilize. In all other cases, at least two
instructions cycles are required for the MCU
to be reset.

Table 12 shows the parts initialized by MCU
reset, and the status of each. Table 13 shows
how registers recover from stop mode.
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Table 10. I/0 Pin Circuit Types
Without pull-up MOS With pull-up MOS CMOS (C) Applicable
{NMOS open drain) (A} {B} pins
“HLT Input. Input HLT Input
H data H_LT_D— dr:a':a SLT data
a Vee Vee Wirite cc Do —D3
g0 [Pl AT | g3, -R3
o hdfm © » ﬁ R4o R43
€l ps, Output Qutput o —H43
g Pins C;::gut d:t;p data
Table 10. I/O Pin Circuit Types (Cont)
Without pull-down MOS ) Applicable
{PMOS open drain) (D) With pull-down MOS (E) pins
Vee
HLT
1/0 O_ I'od:gutput Dy ~D14
Common ata R1g —R13
Pins Vec R2° —R23
Vdisp WD Input
- data
[ -]
g
o Vce
& HLT
8 Vee I“’G:0utput ROg —RO;
S Output AUT data
2| Pins = itput
= data Vce
b 4
Vdisp
Input OET:D__ Input RA,
Pins data
Table 10. I/O Pin Circuit Types (Cont)
Without pull-up MOS (NMOS open drain) ] Applicable
or CMOS (A or C) With pull-up MOS (B) pins
]
£
; Input O?__Input O_P__— :‘m:ut INT,
.§ Pina oLt data T ata iNT,
&

Note: In the stop mode, HLT signal is 0, HLT signal is 1 and I/0 pins are in high impedance state.
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Table 11. Data Input from Input/Output Common Pinsg T-49- 19-04
1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CMOs No —

Without pull-up MOS Yes 1

{NMOS open drain)

With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS Yes 0

{PMOS open drain)

With pull-down MOS Yes 4]

Pull-up MGS (C)

PMOS (B)

O

NMOS (A)

—CT

__I_\__Write pulse
{Output
instruction)
HLT
Data

On Resistance Value
MOS
Buffer HMCS412C, HMCS412AC HMCS412CL
A approx. 250 0Q approx. 1k
B approx. 1kQ approx. 1.7 kQ
C approx. 30kQl to 160k approx. 60kQ to 1 MQ {Vec =3 V)
{Vee = 5 V) approx. 30k to 160k (Ve =6 V)
1 Instruction cycle
Output instruction execution
Write pulse

Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option
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Table 12. Initial Value After MCU Reset
Initial Value by
Items MCU Reset Contents
Program Counter {PC) $0000 Execute program from the top of ROM
address
Status (ST) 1 Enable to branch with conditional branch
instructions
Stack Painter (SP) $3FF Stack level is O
1/0 Pin Standard Pin  {A) Without Pull- 1 Enable input
Output Register Up MOS
(B) With Pull-Up 1 Enable input
MOS
(C) CMOS 1 -
High Voltage (D) Without Pull- 0O Enable input
Pin Down MOS
(E} With Pull- [+] Enable input
Down MOS
Interrupt Flag Interrupt Enable Flag (I/E) 0 Inhibit alt interrupts
Interrupt Request Flag ((F} ] No interrupt request
Interrupt Mask {IM} 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register
Timer Mode Register 8 {TMB) 0000 See timer mode register B

Timer/Counter Prescaler

$000

Timer/Event Counter B ({TCB) $00

Timer Load Register (TLR} $00

Table 13. Initial Value after Stop Reset

After Recovering from Stop

After MCU Reset {(Non-Stop

item Mode by MCU Reset Mode)

Carry {CA) The contents of the items before MCU reset are not retaihed.
Accumulator (A) It is necessary to initialize them by software.

B Register (8)

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,

The contents of the items before
MCU reset are not retained.

It is necessary to initialize them by
software.
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Internal Oscillator Circuit

Figure 12 outlines the internal oscillator cir-
cuit. Through mask option, either crystal os-
cillator or ceramic filter oscillator can be

16 for selection of the type. In addition, see
figure 13 for the layout of the crystal or
ceramic filter. In all cases, external clock
operation is available. Three divide ratios, 1/
16, 1/8, and 1/4, are selectable via mask option

selected as the oscillator type. Refer to table (table 14).
0SCs @ Oscillator Divider Timing
(Selectable circuit generator System
with mask {Mask Option cireuit clock
. options) Selectable)
0SC:2 @_

Figure 12. Internal Oscillator Circuit

Table 14. Internal Oscillation Circuit
Mask Option

HMCS HMCS HMCS

412C 412CL 412AC
Divider 1/16 — O —
1/8 C O -
1/4 O — O
Oscillator Crystal O O O
Ceramic C O

Figure 13. Layout of Crystal
Ceramic Filter
@ HITACHI

Hitachi America Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 e (415) 589-8300



HITACHI/ MCU/MPU 16E D WH 449k204 00L70E2 5 MW
HMCS412C/HMCS412CL/HMCS412AC
T-49-19-04
Table 16. Examples of Oscillator Circuits
Circuit Constants
Circuit Configuration | HMCS412C HMCS412CL HMCS412AC
External Oscillator
Clock
Operation D— 0SCi
Open—0SC2
Ceramic Ceramic filter Ceramic filter Ceramic filter
Filter o CSA 4.00MG CSA 4.00MG CSA4.00MG
Oscillator Ceramic [ T {osc CSA 2.000MK CSA 2.000MK (Murata)
fiter T;g Rr (Murata) {Murata) Re: 1 MO £ 20%
i 'loscz Re: 1 MO + 20% Re: 1 MQ % 20% Ci: 30 pF * 20%
(A Ci1: 30 pF £ 20% Ci: 30 pF = 20% Ca2: 30 pF £ 20%
Ca: 30 pF £ 20% Ca2: 30 pF * 20%
Crystal cy - R¢i: 1 MQ £ 20% Ri: 1 MQ = 20% Rs: 1 MQ £ 20%
Oscillator | comat [ 17795 Cy: 10-22 pF + 20% | Cq: 10-22 pF £ 20% | C1: 10-22 pF * 20%
?5’?' Cp: 10-22 pF + 20% | Ca: 10-22 pF = 20% | C2: 10-22 pF + 20%
g - ose Crystal: equivalent to | Crystal: equivalent to | Crystal: equivalent to
oo circuit shown circuit shown circuit shown
AT o paralel ot Co: 7 pF max. Co: 7 pF max. Co: 7 pF max.
Rs: 100 2 max. Rs: 100 Q max. Rs: 100 O max.
oscre] 'L" (}Eﬁ—osc; f:1.0-4.5MHz | f:1.0-4.5 MHz | f:1.0-4.5 MHz
Ca
Cs o R¢: 2 MQ £ 20%
cetall L1 Cy: 10-22 pF = 20%
T3 Ca: 10-22 pF + 20%
P Crystal: equivalent to
A circuit shown
e a1 Co: 7 pfF max.
Rs: 100 Q max.
osc.«-{ L cs:rg—-osc, f:1.0-2.26 MHz
Co
Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal,
ceramic filter resonator, and the floating capacitance in designing the board. In employing
the resonator, please consult with the engineers of the crystal or ceramic filter maker to
determine the circuit parameter.
2. Wiring between OSC;, OSCa, and elements should be as short as possible, and never cross
the other wires, Refer to the layout of crystal and ceramic filter (figure 13).
G HITACHI
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Operating Modes

Low Power Dissipation Mode

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 an SBY instruc-

_ T-49-19-04

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

Table 16. Low Power Dissipation Mode Function

Low Power Input/
Dissipation Oscitiator  Instruction Register, Interrupt Output Timner/ Recovery
Mods Instruction  Circuit Execution Flag Function RAM Pin Counter Moethod
Standby mode  SBY Active Stop Retained  Active Retained  Retained Active RESET
instruction {Note 3) input,
interrupt
request
Stop mode STOP Stop Stop RESET Stop Retained  High Stop RESET
instruction {Note 1) impedance input
{Note 2)

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of

_the flags and registers.

2. A high-voltage pin with a pull-down MOS is tied to the Vg, power supply through the puli-
down MOS. As the pull-down MOS stays on, a pulfl-down current flows when a difference
between the pin voltage and the Vuip voltage exists. This is in addition to the current

dissipation in stop mode (lstop).

3. As an 1/0 circuit is active, an /O current may flow, depending on the state of I/0 pin in
standby mode. This is in addition to the current dissipation in standby mode.

Standby

Figure 14. MCU Operation Mode Transition
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Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.
In the former case the MCU is reset. If the
interrupt enable flag is 1 at this time, the
interrupt is executed, while if it is 0, the
interrupt request is put on hold and normal
instruction execution continues. In the later
case, the MCU becomes active and exscutes
the next instruction following the SBY
instruction.

Figure 16 shows the flowchart of the standby
mode.

Stop Mode: Executing a STOP instruction
brings the MCU into stop mode, in which the
oscillator circuit and every function of the
MCU stop.

Stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 16, reset
input must be applied at least to trc for oscil-
lation to stabilize. (Refer to AC Characteris-
tics table.) After stop mode is cancelled, RAM
retaing the state it was in just before the MCU
went into stop mode, but the accumulator, B
register, W register, Y/SPY registers, and car-
ry may not retain their contents.

Qscillator active
Peripheral clocks
active

All other clocks
stop

Restart
pracessor clocks

(A

Restart
processor clocks

=

(B} Yes  (C

Reset MCU Executa

instruction

Interrupt
accept

Figure 16. MCU Operating Flowchart in Standby Mode
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RAM Addressing Mode

As shown in figure 17, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister addressing.

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

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

Memory Register Addressing: The mem-
ory register (16 digits from $020 to $02F) is
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Mode and P Instruc-
tions

The MCU has four ROM addressing modes, as
shown in figure 18.

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

Current Page Addressing Mode: The ROM
memory space is divided into pages, with 266
words in each page. Page zero begins at ad-
dress $0000. By executing a 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 PCy)
with the 8-bit immediate data.

T-49-19-04

When BR is on a page boundary (256n + 255)
(figure 19), executing a BR instruction trans-
fers the PC contents to the next page accord-
ing to the hardware architecture. Conse-
quently, the program branches to the next
page when the BR is used on a page bound-
ary. The HMCS400 series cross macro assem-
bler has an automatic paging facility for ROM
pages.

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

Table Data Addressing: By executing a
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 referred to by a P
instruction (figure 20). When bit 8 in the ROM
data is 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 register. When both bits 8
and 9 are 1, ROM data are written into the
accumnulator and B register and also to the Rl
and R2 port output register at the same time.

The P instruction has no effect on the pro-
gram counter.

| Stop mode |

Wy
Internal clock _J—l—]_‘——r

[ J1 1

(uumunmnn
J

RESET 4

STOP instruction execution

{more than stabilization time: trc}

o |

Figure 16. Timing Chart of Recovering from Stop Mode
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W Register

X Register

Y Register

r—

N

Wi

Wo

X3

X2

X1

Xo

Y

Y2

Y1

Yo

RAM Address

APs

APs

AP

APs

APs

APs

AP3

AP:

APy

APo

Register Indirect Addressing

Instruction 1st Word

Instruction 2nd Word

da

Opcode
i

[} | I [ [l 1 i |

ds

dz

ds

ds

da

da

d2

di

do

RAM Address

APg

APg

AP7

APs

APs

AP4

AP3

AP2

AP,

APo

Direct Addressing

RAM Address

Instruction

Op

code

APg

APg

AP7

APs

APs

AP,

AP3

APz

AP1

APo

Memory Register Addressing

408

Figure 17. RAM Addressing Mode
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(JMPL)
(BRL)
(CALL) i
Instruction 1st Word Instruction 2nd Word
- .Y TN
T L ) 1 1 1 L) T 1] 1 T L] € T ¥ g
Opcode Ps p2 pr polds ds d7 ds ds de ds d2 di do
L L 1 [} 1 1 [ L 1 [l ] L L 1 i L L
' L] L] T L] 13 L) L L 1 L) T Ll L3
Program Counter PCIalPlePCnIPClo. PCslPCa II’C7 ‘PCe‘P05| PC4. PC3 \ PCzLPC1 , PCo
Direct Addressing
Instruction
/ )
L] L) L] L) 1 L1 T L]
(BR)| Opcode | by bs bs bs bs b2 bt bo
L L | i L 1 'l 1
T T l T l T l T l T ll ll T
Program Counter PCmI PC12‘PC11|PC101 PCslPCaIPC7 'PCelPC5 |PC41 PCs , PCz. PC1l PCo
Current Page Addressing
Instruction .
e N\
L} L] T T 1) L) ¥
(CAL) . 0P<i°de . a as a3 Az a 80
0O 0 0 0 0 0 0 O
L‘l"l+|*l‘r+l‘l I{I T -’1’
Program Counter [PC1aPC12PC11 PCio PCs PCs PC7 PCs PCs PCa PCs PC2 PCi PCo
L - H L 1 | 1 1 L 1 L | 1 i
Zero Page Addressing
Instruction
r T
¥ ] ¥ ¥ T T
(TBR) T Opc:ode L Pa pz pr Po B Register Accumulator
- .4 j

o 0

4

BsIBz.B| Bo

A3.A2.A1le

TTT1

¥ T I
Program Counter PC1::PC12|PC1|'PC10 PCs PCs . PC, . PCel PCs \ PCAl PCs LF"('.:z | PCt \ PCo

bbb

Table Data Addressing

Figure 18. ROM Addressing Mode
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256(n—1)+255
- BRAAA  |256n
[: AAA NOP
L_ BR AAA 256n+264
— _ BR BBB 256n+256
266(n+1}
Ll 8e8 NOP

Figure 19. BR Instruction Branch Destination on Pages Boundary

(P

Referred ROM Address

Instruction

1 ) 1
Opcode
L

Ps Pz pi Do

B Register

ROM Data

|

Accumulator

—

N\

1]
B3

1

7
B2 B1 Bo
1

T ] i
Az Az Ay IAo
1 i

A i

T T ) 1 T 1 T L) 1 1 1 1
RA13 RA12 RAnRAIoRAisAa lRA7 lRAG |RA5|RA4 RAs RAzIRAl IRAO
L (] L 1 | L

Address Designation

ROQIROB RO7 ROe ROs R04 ROa ROz R01 RQo

Accumulator, B Register

ROM Data

Output Register R1, R2 Fiza R2:2 R21 R20|R13 R1z2 R11 R1o|

llf{

&6&#

Ba Bz Bi Be
1 1 1

Az A2 A1 Ao
[} 1 1

ROs lROa R07 ROs R05 R04 ROs ROz ROI ROo

&64&

&{{t

Pattern

If ROs=1

If ROs=1

410

Figure 20. P Instruction
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Instruction Set

The HMCS412C/CL/AC provide 98 instruc-
tions which are classified into 10 groups as
follows:

1. Immediate instruction

2. Register-to-register instruction
3. RAM address instruction

4. RAM register instruction

5. Arithmetic instruction

T-49-19-04

6. Compare instruction
7. RAM bit manipulation instruction
8. ROM address instruction
9. Input/output instruction
10. Control instruction

Tables 17-26 list their functions, and table 27
is an opcode map.

Table 17. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Immediate LAL i 1 000110302010 i—A 1/1
Load B from immediate LBl i 10000030l ig i—=B 1/1
Load Memory from LMID i,d 011 010i3ipipig i—=M 2/2
Immediate dg dg dy dg dg ds d3 da dy dg
Load Memory from LMIIY i 101001 i3izii0 I-M,Y+1-Y NZ 1/1
Immediate, Increment Y
Table 18, Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B A 1/1
Load B from A LBA 0011001000 A B 1/1
Load A from Y LAY 0010101111 Y.A 11
Load A from SPX LASPX 0001101000 SPX -A 1/1
Load A from SPY LASPY 0001011000 SPY A 1/1
Load A from MR LAMR m 10011 1mmmm MRImM «A 11
Exchange MR and A XMRA m 10111 1 mmmm MRm — A 1/1
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Table 19. RAM Address Instructions
WOrds/.
Operation Mneintonic  Operation Code Function Status Cycles
Load W from Immediate LWl i 001111004 i i W 1/1
Load X from Immediate LXli 10001 0i3igipip T~X 1/1
Load Y from Immediate Lyl 100001 i3ipi7dg 1Y 1”1
Load X from A LXA 0011101000 A-X 1/1
Load Y from A LYA 0011011000 A Y 1
Increment Y \4 0001011100 Y+1 Y NZ 11
Decrement Y DY 0011011111 Y-1=-Y N8 in
AddAtoY AYY 0001010100 Y+A Y OVF i
Subtract A from Y SYY 0011010100 Y-A - Y NB 1/1
Exchange X and SPX XSPX 0000000001 X~S8PX 1/1
Exchange Y and SPY XSPY 0000000010 Y-—SPY 171
Exchange X and SPX,Y XSPXY 0000000011 X-—SPX, Y-SPY 11
and SPY
G HITACHI
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Table 20. RAM Register Instructions

Operation

Mnemonic Operation Code

Load A from Memory

LAM(XY)

00100100y x

Load A from Memory

LAMD d

0110010000
dg dg d7 dg d5 dg d3 d2 dy dp

Load B from Memory

LBM{XY)

00010000VY x

Load Memory from A

LMA(XY)

00100101y x

Load Memory from A

LMAD d

0110010100
dg dg dy dg dg dgq d3 da dy dg

Load Memory from A,
Increment Y

LMAIY(X)

000101000«

Load Memory from A,
Decrement Y

LMADY(X)

001101000«

Exchange Memory and A

XMA(XY)

00100000 VY x

Exchange Memory and A

XMAD d

0110000000
dg dg d7 dg ds dg d3 d2 dy dg

T-49-19-04

Words/
Function Status Cycles
M-—A, (X~SPX, Y~SPY) 1/1
M-A 2/2
M—B, (X—SPX, Y-SPY) 1/1
A—M, (X—SPX, Y~SPY) 11
A—-M 2/2
A-M, Y+1-Y (X-SPX} N2 11
A—M, Y=1-Y {X~SPX) N8 1/1
M~—A, [X-~SPX, Y—SPY) 1/1
M~ A 2/2

Exchange Memory and B

XMB(XY)

00110000vy x

M~B, (X—SPX, Y—SPY)

11

Note:

(XY)and {X) have the following meaning:

(1)The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of
LAM (XY) is given, below).

Mnemonic vy x Function

LAM 0 O

LAMX o 1 X ~ SPX

LAMY 1 0 Y — SPY
LAMXY 1 1 X—8SPX, Y—-SPY

{2)The instructions with (X) have 2 mnemonics and 2 object codes for each {example of
LMAIY({X) is given below).

Mnemonic Function
LMALY
LMAIYX X ~ SPX

@ HITACHI
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Table 21. Arithmetic Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Add Immediate to A Al i 101 000i3iziyip A+i—A OVF 1/1
Increment B B 0001001100 B+1—B NZ 11
Decrement B DB 0011001111 B-1—+8 N8B 1/1
Decimal Adjust for Addition  DAA 0010100110 11
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1-A 1/1
Complement B coms 0101000000 8-~8 1/1
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL 0010100001 11
Set Carry SEC 0011101111 1-—-CA 11
Reset Carry REC 0011101100 0~CA 1/1
Test Carry TC 00011011 11 CA /1
Add A to Memory AM 0000001000 M+rA—A OVF 1/1
Add A to Memory AMD d 0100001000 M+A—A OVF 2/2
dg dg d7 dg ds da d3 d2 dq do
Add A to Memory with Carry AMC 0000011000 M+tA+CA-A OVF 1/1
OVF—CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A OVF 2/2
dg dg d7 dg ds dq d3 d2 dy dg OVF—CA
Subtract A from Memory SMC 0010011000 M-A-CA—A NB 1/1
with Carry NB—CA
Subtract A from Memory SMCD d 0110011000 M-A-CA—A NB 2/2
with Carry dg dg d7 dg ds dg d3 d2 dy dog NB—~CA
OR A and B OR 0101000100 AUB—A 1/1
AND Memory with A ANM 0010011100 ANM-A NZ i1
AND Memory with A ANMD d 01100 1 1100 ANM-—-A NZ 2/2
dg dg d7 dg ds d4 d3 d2 di do
OR Memory with A ORM 0000001100 AUM-A NZ 1/1
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2
dg dg d7 dg ds dg d3 d2 d do
EOR Memory with A EORM 0000011100 ADM-A NZ 1/1
EOR Memory with A EORMD d 0100011100 A®M-A NZ 2/2
dg dg d7 dg ds d4 d3 d2 d1 do
Note: : Logical AND

n
U : Logical OR
D

@ Exclusive OR

G HITACHI
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Table 22. Compare Instructions T-49-19-04
Words/

Operation Mnemonic Operation Code Function Status  Cycles

Immediate Not Equal INEM i 00001 0i3i9iyio izM NZ 11

to Memory

Immediate Not Equal INEMD i,d 01001 0i3iziig izM NZ 2/2

to Memory dg dg d7 dg ds dg d3 d2 dy do

A Not Equal to Memory ANEM 00000001O00O0 A+xM NZ 1/1

A Not Equal to Memory AMEMD d 0100000100 AxM NZ 2/2
dg dg d7 dg ds dgq d3 d2 dy do

B Not Equal to Memory BNEM 0001000100 BxM Nz 1/1

Y Not Equal to Immediate YNEL i 00011 1i3iz2iyio Y#i NZ 1/1

Immediate Less or Equal ILEM i 00001 1i3igiio isM NB 1/1

to Memory

immediate Less or Equat ILEMD i,d 01001 1i3izi1io isM NB 2/2

to Memory dg dg d7 dg ds d4 d3 d2 dy dg

A Less or Equal to Memory  ALEM 0000010100 AsM NB 1/1

A Less or Equal to Memory ALEMD d 0100010100 AsM NB 2/2
dg dg d7 dg ds da dg dz dq do

8 Less or Equal to Memory  BLEM 0011000100 BsM NB 1/1

A Less or Equal to Immediate ALE} i 10101132 i1 g Asi NB 1/1

Table 23. RAM Bit Manipulation Instructions

Words/

Operation Mnemonic Operation Code Function Status  Cycles

Set Memory Bit SEM n 0010000 1mng 1 — M(n) 1/1

Set Memory Bit SEMD n,d 0110000 1nmng 1 - M{n) 2/2
do dg d7 dg ds da d3 d2 dy dp

Reset Memory Bit REM n 0010001 0nmng 0 ~M(n) i1

Reset Memory Bit REMD n,d 0110001 0mn O-— M) 2/2
dg dg dy dg ds da d3 d2 dq do

Test Memory Bit T™M n 0010001 1Tmn M(n} 1/1

Test Memory Bit TMD n,d 0110001 1mng M{n} 2/2

dg dg d7 dg dg da d3 d2 dy do

G HITACH!
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Table 24. ROM Address Instructions
Words/
Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 bybgbsbsbzbzbybp 1 /1
Long Branch on Status 1 BRL u 01011 1p3p2pPtPo 1 2/2
dg dg d7 dg ds dg d3 d2 dy do
Long Jump Unconditionally JMPL u 01010 1p3p2pipo 2/2
dg dg d7 dg dg d4 d3 d2 dy do
Subroutine Jump on Status 1 CAL a 0 1 1 1 ag a4 azazay ag 1 1/2
Long Subroutine Jump on CALL u 01011 0p3zp2p1pPo 1 2/2
dg dg dy de ds dg d3 d2 dj do
TBR p 00101 1p3p2p1Po 1/1
Return from Subroutine RTN 0000010000O0 1/3
Return from Interrupt RTN! 0000010001 1 —I/E ST 1/3
CA Restore
Input/Output Instructions
Words/
Mnemonic Operation Code Function Status  Cycles
Set Discrete 1/0 Létch SED 0011100100 1 - DtY) 1/1
Set Discrete 1/0 Latch Direc SEDD m 10111 mg My My Mg 1 - D{m} 1/1
Reset Discrete 1/0 Latch RED 00011 0100 0 - D{Y) 1/1
Reset Discrete 1/0 Latch Direct REDD m 10011 m3 mp my Mg 0 — D{m) 1/1
Test Discrete 1/0 Latch TD 001t 11 0000 D{Y} 1/1
Test Discrete 1/0 Latch Direct. TDD m 10101 mg mp M My D{m) 1/1
Load A from R Port Register LAR m 10010 mg My my mo R(m) — A 1/1
Load B from R Port Register LBR m 10010 mg My My mo R{m) - B 1/1
Load R Port Register from A LRA m 1t 0110 m3 mp my mo A - R(m) 1/1
Load R Port Register fromB LRB m 10110 mg mp my My B — R{m) 1/1
Pattern Generation Pp 01101 pP3 P2 P1 Po 1/2
Control Instructions
Words/
Mnemonic Operation Code Function Status Cycles
NOP 000000O0OCO0CO0O0 1/1
SBY 0101001100 11
STOP 01010'071101 11

G HITACHI

HMCS412 has no serial interface, so STS (start serial) operates the same as NOP,

Hitachi America Ltd. # Hitachi Plaza ¢ 2000 Sierra Point Pkwy. . Brishane, CA 94005-1819 e (415) 589-8300



HITACHIL/ MCU/MPU

148 D MR 449L204 00L7035 3 mm

HMCS412C/HMCS412CL/HMCS412AC

Table 27. Opcode Map T-49. 1 9-04
R8 (o] 3
ro[zNJo]1]2 S—Ji s|6[7]8]s][a]B]c][o[e[F[o]1]2]a]a 56|7|8]9[a[B]c[p[E]F
0 opysmspy SFIAN. AN 0RM - A oo
1 [RTN[RTNI aMd FORM i oo
2 INEM i(4) INEMD i(4})
3 ILEM i4) ILEMD i4)
4| BMixy) e LAB J:} euusl/l OR I_/’/f//"savlsm
5 LMAIVIX AYY| LAs 4 JMPL p{4}
6 RED| AP TC CALL pl{4)
Q7 YNEI i(4) BRL pl4)
8] XMAI(XY) SEM n{2) | REM n(2) T™ n{2) w0 SEMD n{2) I REMD n(2) | TMD n{2)
9| LAMIXY) | LMA(XY) b i _— [ f -
A foro m{/]ms|/!uw LMID it4)
B TBR pl4) P p(4)
C| XMB(XY) pud ~Ttea o8
D |waovix) vy YA Y
E |70 |/Isso LXA Re SEC CAL atel
F LWI i{2)
o] LBl i(4)
1 Lyl i(4)
2 LXI i(4)
3 LAl i(4)
4 LBR mi4})
[ LAR mi4)
6 REDD m{4)
1(7 LAMR m{4) BR b({8)
8 Al i(4)
9 LMy i{4)
A TDD m{4)
B ALEI i(4)
Cc LRB m(4}
D LRA m{4)
E SEDD m{4)
F XMRA m(4)
(" }-t-word/2-cycle [__Y}-1-word/3-cycle [ }--RAM Direct Address [ }-2-word/2-cycle
Instruction Instruction Instruction Instruction
(2-word/2-cycle)
@ HITACHI
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HMCS412C/HMCS412CL/HMCS412AC 1-49-19-04
Absolute Maximum Ratings

ftem Symbol Value Unit Note
Supply Voltage Vee -03t0+7.0
Terminal Voltage Vr - 0.3toVee + 0.3 3
Vee — 46 to Ve + 0.3 4
Total Allowance of Input Currant  Z 1o 25 mA 5
Maximum Input Current lo 16 mA 7.8
Maximum OQutput Current - lo 4 {2) mA 9, 10, 13
6 (3) mA 9,11, 13
30 (16) mA 9,12, 13
Total Allowance of Qutput Current — 2 lo 85 {100) mA 6, 13
Operating Tempsrature Topr -~ 20to + 75 ‘c
Storage Temperature Tstg - B6to + 126 ‘c
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera-
tion should be under the conditions of Electrical Characteristics. If these conditions are
exceeded, It may cause a malfunction or affect the reliability of LSI.
2. All voltages are with respect to GND.
3. Standard pins.
4. High-voltage pins.
5. Total allowance of input current is the total sum of input currents which flow in from all
I/0 pins to GND- simultaneously.
6. Total allowance of output current is the total sum of the output currents which flow out
from Ve to all I/O pins simultaneously.
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND.
8. Do—D3, R3 and R4,
9. Maximum output current is the maximum amount of output current from Vee to each 1/0
pin,
10. Do—-D3, R3 and R4.
11. RO-R2,
12. Da—Dus.
13. — 3 lo = 100 mA if —lois equal to or less than 2 mA, 3 mA, or 16 mA,

418
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Electrical Characteristics T-49-19-04
DC Characteristics
(GND = 0 V, Vaip = Ve — 40 V to Ve, T = —20°C to + 75°C,
HMCS412C: Vec = 3.5 Vto 6 V,
HMCS412CL: Veec = 26 Vto 6 V,
HMCS412AC: Ve = 4.5 V to 6 V)
item Symbol Pin Min Max Unit Test Condition Note
Input High Vin RESET, 0.8 Vee Vee +0.3 v
Voltage R32/INTp,
R33/INT4
0SCy Vee - 0.5 Vec+0.3 v HMCS412C/AC
Vee - 0.3 Vec+0.3 vy HMCS412CL
Input Low ViL RESET, _ -0.3 0.2 Vee Vv
Voltage R32/INTo,
R33/INT;
0SC, -0.3 0.5 HMCS412C/AC
-0.3 0.3 HMCS412CL
Input/Output [ f RESET, 1 A Vin = 0V to Vec 1
Leakage R32/INTo,
Current R33/INTq,
0SCq
Current lcc Vee 1.8 mA HMCS412C; Vg = 6V; 2,6
Dissipation in fose = 4 MHz, + 8, or
Active Mode fose = 2 MHz, + 4
0.8 mA HMCS412CL; Vec = 3V; . 2.6
fose = 4 MHz, + 16, or
fosc = 2 MHz, + 8
3.0 mA HMCS412AC; Vgc = 5 V; 2.6
fosc = 4 MHz, + 4
Current isay Vec 1.0 MA  HMCS412C; Vec =65V: 3,6
Dissipation in fose = 4 MHz, + 8, or
Standby Mode fose = 2 MHz, + 4
0.5 mA HMCS412CL; Vgc = 3V; 3.5
fosc = 4 MHz, + 16, or
fosc = 2 MHz, + 8
1.4 mA HMCS412AC; Vec = 5V 3.5
fosc = 4 MHz, + 4
Current lstop Vee 10 pA Vi (TEST) = Vge — 0.3Vto 4
Dissipation in Vee: Vee, Vin(RESET) =
Stop Mode OVto3V
Stop Mode Vstop Vee 2 \
Ratain Voltage
Notes: 1. Excluding pull-up MOS current and output buffer current.
@ HITACHI
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HMCS412C/HMCS412CL/HMCS412AC

T-49-19-04

Notes: 2. The MCU is in the reset state. Input/output current does not flow.

+ MCU in reset state, operation mode
« RESET, TEST: Vec
« Do-D3, R3, R4: Vce
s D4~D14, RO-R2, RA1: Vasp

3. The timer/counter operates with the fastest clock. (nput/output current does not flow.
* MCU in standby mode
« Input/output in reset state
« RESET: GND
« TEST: Vee
« Do-D3, R3, R4: V¢c
+ D4-D14, RO-R2, RAs: Vasp

4. Excluding pull-down MOS current.

5. When fec = x MHz, estimate the current dissipation as follows:
HMCS412C/AC; Max value @ x MHz = x/4 X (max value @ 4 MHz)
HMCS412CL; Max value @ x MHz = x/2 X (max value @ 2 MHz)

Input/Output Characteristics for Standard Pins

(GND = 0 V, Vaiy =Vec — 40 V to Vee, Ta = —20°C to +76°C,
HMCS412C: Vec = 3.6 Vto6 V,

HMCS412CL: Voo = 256 Vto 6 V,

HMCS412AC: Vec = 4.5 Vo 6 V)

itam Symbol Pin Min Typ Max Unit Test Conditions Note
Input High ViH Do-Da, 0.7 Ve Vec+03 V
Voltage R3¢, R34,
R4
Input Low Viu Do-D3. -0.3 0.3Vee \Y
Voltage R3g. R3y,
R4
Qutput High VoH Do-D3, Vee - 1.0 \ HMCS412C/AC; 1
Voitage R3¢, R3s. = lon = 1.0 mA
R4
Do-D3. Vee - 0.5 \ HMCS8412C/AC; 1
R3p, R34, = loy = 0.6 mA
R4 HMCS412CL; = loy = 0.3 mA
Output Low VoL Do-D3. 0.4 \ HMCS412C/AC; gL = 1.6 mA
Voltage R3¢, R31, HMCS412CL; lgy = 0.4 mA
R4
Input/Qutput i Do-Da. 1 uA Vin = OV to Vee 2
Leakage Current R3o. R34,
R4
Pull-Up MOS ~lp Dg-D3. 30 60 160 uA Vee =BV, Vin =0V 3
Current R3¢, R3,
R4
Do-D3, 3 16 60 uhA HMCS412CL only; 3
R3g, R34, Vee =3V, Viph=0V
R4

Notes: '1. 1/0 pins with CMOS output selected by mask option.
2, Pull-up MOS current and output buffer current are excluded.
3. 1/0 pins with pull-up MOS sslected by mask option.

G HITACHI
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HNICS41ZC/HI\/IGS412CL/HMCS412AC
T-49-19-04
Input/Output Characteristics for High-Voltage Pins
(GND =0V, Vg =Vee — 40 V to Veo, Ta = —20°C to +75°C,
HMCS412C: Vce = 3.5 V to 6 v,
HMCS412CL: Voc = 25 V to 6 v,
HMCS412AC: Voc = 45V to 6 V)
tem Symbol Pin Min Typ Max Unit Test Conditions Note
Input High Vi D4-Dig, 0.7 Vge Vec +03 V
Voltage R1, R2,
RA4 .
Input Low ViL D4-D1a, Voo - 40 03Vee V
Vaoltage R1, R2,
RA4
Output High Vor D4a-Dyg Veg - 3.0 \ ~ lon=15 mA,
Voltage HMCS412C/CL;
Vee =5V £ 20%
HMCS412AC;
Vee = 4.5V1t0 6V
Vee - 2.0 \ — lon=10 mA,
HMCS412C/CL;
Vee =BV £ 20%
HMCS412AC;
Vee = 4.5V to 6V
Vee - 1.0 A\ HMCS412C/AC;
= lon= 4 mA
HMCS412CL;
- loh = 2.5 mA
RO-RZ e - 3.0 v ~ low = 3 mA,
HMCS412C/CL;
Vec =56V £ 20%
HMCS412AC;
Vee =4.5Vio6V
Veg - 2.0 \" — lon = 2 mA,
HMCS412C/CL;
Vee =5V £ 20%
HMCS412AC;
Ve = 4.5V 6V
Vee - 1.0 v HMCS412C/AC;
- lon = 0.8 mA
HMCS412CL;
- lon = 0.6 mA
Qutput Low Vou D4-D14. Vee =~ 37 v Vdisp = Vec — 40 V 1
Valtage RO-R2 .
Da-Dia, Veec - 37 v 160kQ to Ve — 40V 2
RO-R2
Input/Qutput T D4-Dyg, 20 A Vin = Ve — 40 V to Ve 3
Leakage RO-R2,
Current RA,
Pull-Down MOS |, Da-Dyg, 125 250 600 BA Vg = Ve - 35 V, 4
Current RO-R2, Vin = Vee
RAy

Notes: 1. I/O pins with pull-down MOS selected by mask option.
2. 1/Q pins without pull-down MOS (PMOS open drain) selected by mask option.
3. Pull-down MOS current and output buffer current are excluded.
4. 1/0 pins with pull-down MOS selected by mask option.
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T-49-19-04
AC Characteristics
{(GND = 0 V, Vuipy =Vec — 40 V to Vce, Ta = —20°C to +75°C,
HMCS412C: Voc =36 Vto 8 V,
HMCS412CL: Vec = 26 Vto 6 V,
HMCS412AC: Veo = 45 V to 6 V)
Test
tam Symbol Pin Min Typ Max Unit Conditions Note
Osciflation Frequency  foec 08Cy, 0SC2 0.4 4 4.5 MHz  HMCS412C;
divide by 8
0.2 2 2.25 MHz HMCS412C;
divide by 4
0.8 4 4.5 MHz HMCS412CL;
divide by 16
0.4 2 2.25 MHz HMCS412CL;
divide by 8
0.2 4 4.5 MHz HMCS412AC;
divide by 4
Instruction Cycle toye 1.78 2 20 us HMCS412C
Time
3.65 4 20 us HMCS412CL
0.89 1 20 us HMCS412AC
Qscillator Stabiliza- g 0SCy, 0SCa 20 ms HMCS412C/AC 1
tion Time
80 ms HMCS412CL 1
Extarnal Clogk tCPH, 0SCy 92 ns HMCS412C; 2
High, Low tepL divide by 8
Level Width HMCS412CL;
divide by 18
HMCS412AC;
divide by 4
203 ns HMCS412C; 2
divide by 4
HMCS412CL;
divide by 8
(continued)
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HMCS412C/HMCS412CL/HMCS412AC
T-49-19-04
AC Characteristics (Cont)
Test
ltem Symbol Pin Min Typ Max Unit Conditions Note
External Clock Rise tcp, 0S¢y . 20 ns 2
Time
External Clock Fall teet 0SCy 20 ns 2
Time
iNTo High Level tgn INTo 2 teye 3
Width
iNTo Low Level g iNTo 2 teye 3
Width
m—Tj High Level t1n m1 2 teye 3
Width
iﬁ:ﬂ Low Level t1. m?1 2 teye 3
Width
RESET High Level tnsyy  RESET 2 teye 4
Width
Input Capacitance Cin All pins 15 pF f =1 MHz,
Vin=0V

RESET Fall Time  tqqye 20 ms HMCS412C/AC 4

15 ms HMCSa12¢cL 4

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcg reaches its
minimum allowable voltage (HMCS412C; 3.5 V, HMCS41 2CL; 2.5 V, HMCS412AC;
4.5 V) after power-on, ar after RESET goes high. At power-on or stop mode release,
RESET must be kept high for at least tac. Since trc depends on the crystal or ceramic filter’s
circuit constant and stray capacitance, please get the manufacturer’s advice when design-
ing the RESET circuit. (See figure 21.)
2. See figure 22.
3. See figure 23.
4. See figure 24.
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T-49-19-04
HMCS412C/AC
c, c, —
0SsC, osc,
Crystal Ceramic
23S R¢ filter = Ay
osc, 0sGC,
C, C,
GND GND
Crystah: 4.194304MHz Ceramic filter: CSA4.00 MG (Murata)
NC-18C (Nihon Denpa Kogyo) Re=1 (MO} & 20%,
Re=1 (MQ2] & 20%, =C, = t 20%
C, = C, =22 [oF] & 20% ¢, =C, =30 [pF]
HMCS412CL
C, c,
i [
I osc osc
rystal ! Cera'mic_]_ !
— filter =
5 gr SRt
[
osc, } osc,
c, Rd C,
GND GND
Crystal: 2.087152MHz Ceramic filter: CSA 2.000MK (Murata)
DS-MGQ 308 (Sseiko) R¢ =1 IMQ] & 20%,
R¢ = IMQ & 20%, Rd = 2.2k £ 20% C, =C, =30 [pF] + 20%

C, =C, = 10pF £ 20%

Figure 21. Oscillation Circuit

HMCS412C/AC

te——no1/fcp—

] Vee— 0.5V .
o onf N

la—

tere teet

HMCS412CL

je—— 1 /fcp——>

Vgc—0.3V R
oSGt <—tcm—>\<—tcp|_
0.3V p

. -
teer teet

Figure 22. Oscillator Timing
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T-49-19-04

= e 0.,8Vcc
INTo, INT1 tioH, th le—tio, tut
0.2Vce E )

Figure 23. Interrupt Timing

RESET 0.8Vee '
0.2Vce RSTH
tastt

Figure 24. Reset Timing
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HMCS412C/HI\IICS412CL/H1VICS412AC '

T-49- 1 9. 0 4
HMCS412C/CL/AC
D
Mask Option List ate of Order
Customer
+« Please enter check marks in (]
(M, x. v}. Dept.
5V Operation: I HMCS412C Name
3V Operation: O HMCS412CL ROM Code Name
High Speed Operation: [} HMCS412AC LS1 Type Number
- {Hitachi's entry)

{1) 1/0 Option

Please enter O in applicable item to select 1/0 option.

A: Without Pull-up MOS {NMOS Open Drain) B: With Pull-up MOS
C: CMOS (cannot be used as input)

D: Without Pull-down MOS (PMOS Open Drain)  E: With Pull-down MOS

Note: 1/0 options masked by @ are not available.

1/0 Option I/0 Option
Pin Input/Qutput Pin input/Output
A|B|CID|E A|BICI|DI|E
Do e Input/Output ROo Outp;ut
Dt 5 lnput/Oﬁtput RO1 Output
] RO

D2 g Input/Output RO2 Output

Ds | taput/Output ROa | |Output
Ds Input/Output R1o g Input/Output
Ds Input/Output Rty g’ Input/Qutput
Ds lnput/Output h R12 E Input/Output
D2 @ Input/Ompﬁt Ria % Input/Output
Ds :,‘ Input/Output R2¢o Input/Qutput
Dg § fnput/Qutput a2 R2; Iriput/Qutput
Dio _'IF_» Input/Output R2; Input/Output
Dy Input/Output R23 Input/Output
Dya Input/Qutput R3¢ Input/Output
Dia Input/Qutput R3 Input/Qutput
Dia Inp;.ntIOutput Re R32 | ., Input/Output
R33 § Input/Qutput
R4y g Input/Output
R4, @ Input/Output

R4
R42 Input/Output
Ré43 Input/Output
RA |RA; g,gg Input :slesﬁ/h\il;r;
@ HiITACH!
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(2) RA1NVasp " T-49-19-04

Please check (M. X, v) applicable item.

RA1/Vasp
0 RA4: Without Pull-down MOS (D)
B Vi '
Note: RA1/Visp has to be selected as Vo pin

exept the case that all high pins are
option D.

{3) Divider (Div)

Please check (W, X, v) applicable item.

HMCS412AC

{4) ROM Code Media

Please check (M, X, v) applicable item.

ROM Cade Media
£1 EPROM: Emulator Type

1 EPROM: EPROM On-Package Microcom-
puter Type

{8) Oscillator (CPG option)

Please check (M, X, v) applicable item.

CPG N 'HMCS 412C 0 HMmCsat2cL 0 HMCSs412AC
option {8V Operation) {3V Operation) (High Speed Operation)
{3 Ceramic Filter [J Ceramic Filter 1 Ceramic Filter
[ Crystal 3 Crystal O Crystal
3 External Clock {1 External Clock D External Clock
G HITACHI
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